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1.  Ontario Geological Survey:  
Update of Strategic Perspective 
for 2014–2018 

J.A. Fyon1 
1Director’s Office, Ontario Geological Survey 

INTRODUCTION 

This article provides an update on the strategic direction of the Ontario Geological Survey (OGS) 
based on activities implemented during the fiscal 2015–2016 year. This update retains a focus on the 
geoscience and related activities for the years out to 2017–2018. 

These strategic priorities include the delivery of credible, up-to-date, professional, independent 
public geoscience knowledge about Ontario in order to 

• identify economic opportunity; 
• safeguard public health and safety related to geological factors; and 
• inform environmental and land-use planning decisions. 

In delivering on the strategic plan, OGS will continue to address the Ontario Government priorities 
and contribute public geoscience to society to meet the needs of the citizens of Ontario. 

DEFINING THE ONTARIO GEOLOGICAL SURVEY 

The OGS is a scientific government organization that was founded by the Ontario Government in 
1891 to help develop a viable Ontario mineral industry. The initial OGS role was to establish the general 
geological knowledge about Ontario so that the Ontario Government could carry out its Constitutional 
mineral-related stewardship responsibilities and on which the industry could plan detailed mineral 
exploration investigations. 

Today, the OGS remains Ontario’s principal provincial government organization responsible for the 
systematic documentation of the pan-Ontario geological description and public dissemination of that 
information. The OGS professional technical geological expertise focusses on the description of Ontario’s 
bedrock geology, surficial geology, the geological processes that shaped the landscape, and the Earth 
resources that occur within that geological framework. This geological information is used to support and 
inform decisions related to 

• environmental geochemical baseline; 
• identification of geological hazards that are a threat to public health and safety; 
• engineering infrastructure factors related to aggregate and terrain; 
• climate change impact on the land, from a geological perspective; 
• protection of areas (e.g., source water protection) and planning considerations from a geological 

perspective; 
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• biodiversity and habitat; and 
• stewardship and economic development related to groundwater, energy and minerals, from a 

geological perspective. 

VISION, MISSION AND MANDATE OF THE OGS 

The OGS vision, mission and mandate statements are 

Vision: The vision of the OGS is “a leading provider of reliable, credible, accessible geological data, 
information and knowledge for the public good”. 

Mission: The mission of the OGS is to provide the citizens and institutions of Ontario with public 
geological data, information and knowledge to meet Ontario’s economic and quality-of-life 
priorities. 

Mandate: The mandate of the OGS is to collect and disseminate geoscience data, information and 
knowledge to attract and guide efficient and effective mineral sector investment, as well as 
inform a broad range of government policy priorities, including a) vibrant and strong 
communities; b) responsible, balanced economic development; and c) a fair society. 

OGS: DELIVERING GLOBALLY SIGNIFICANT GEOLOGICAL SCIENCE 

Throughout its history, the OGS has maintained an international reputation for independent, credible, 
geoscience expertise. The following examples highlight recent achievements of the OGS scientific and 
technical professionals: 

• geochemical characterization of groundwater across southern Ontario, including the 
identification of some geochemical parameters that are of interest from a health perspective; 

• delivery of innovative surficial geochemical results that are directly attributed to the discovery 
of the Rainy River gold mine; 

• Provincially Significant Mineral Potential tool; 
• remote predictive mapping of surficial deposits: extremely useful for land-use planning, habitat 

prediction, environmental baseline; 
• groundwater aquifer mapping:  three-dimensional (3-D) modelling; 
• innovative acquisition and application of airborne and ground geophysical surveys to 

characterize the bedrock and surficial geological framework; and 
• continued delivery of a world-class inorganic geochemical laboratory, which supports the OGS 

geochemical program. 

TRENDS THAT WILL SHAPE THE OGS FUTURE 

Trends that continue to influence the OGS geoscience program include the following. 
• Long-term global growth, largely driven by the need for mineral resources; having up-to-date 

inventory of Ontario’s geology and Earth resources is a key aspect of attracting and fulfilling 
this investment potential. 

• Mineral resource exploration and development continue to push geographic and technological 
frontiers: the Far North, “deep search” for mineral resources, potential for renewable and non-
renewable energy geological sources across all of Ontario, and scarcity of quality groundwater 
resources required to support Ontario’s people and industry. 
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• Expectations for governments to provide robust guidance on management, mitigation and 
adaptation to the challenges of a changing climate require geoscience to help frame and inform 
some of those decisions, including mitigation of drought impact and to identify vulnerable 
aquifers. 

• Population growth across southern Ontario, which required geoscience to identify aquifers and 
construction materials. 

• Increasing societal need to understand, identify, and reduce disaster risks posed by natural 
geological threats and, in a geological context, protect Ontario natural environments. For each 
trend, the OGS has a vital role to play in ensuring Ontario is well positioned to face these 
challenges through provision of independent, credible, modern and comprehensive geological 
data, information and knowledge about Ontario. 

• Standards and expectations for environmental responsibility continue to grow, and having a 
sound understanding of the geological features of the Earth is critical to ensure a geochemical 
baseline is in place, that the material to be sampled for geochemical analysis is understood, and 
that the “geological container” that holds the Earth resources, such as groundwater, is described. 

• Land-use planning across the Far North and municipalities elsewhere in Ontario will continue; 
that process requires the consideration of geology in order to assess health, safety, infrastructure, 
geochemical baseline, groundwater source protection and economic potential options. 

• Expectations for rapid, evidence-based policy analysis and user-friendly data discovery, access 
and handling will continue to grow through an “open spatial data” climate. 

• Engagement, relationship-building, consultation and notification of Aboriginal people and 
citizens of Ontario related to the delivery of the OGS field activities is an essential part of 
operating with a social licence and is an integral part of the operations of the OGS geoscience 
program where a multi-year presence on the land is required. 

OGS CLIENTS AND STAKEHOLDERS 

Recognizing its constitutional duty, the OGS works closely with Aboriginal people in anticipated 
and planned geological project areas to engage, build meaningful relationships, and to consult on potential 
impacts and implications of OGS projects. The OGS practice is to identify, collaboratively with the First 
Nation, topics of mutual interest that can be the basis of a collaboration related to a geological mapping 
project. This practice has matured since OGS implemented changes in 1999 to its Aboriginal engagement 
practices. Focus during the 2015–2016 fiscal year is to continue collaborations with Cat Lake First 
Nation, Eabametoong First Nation, Fort Albany First Nation, Matawa First Nations Management, and 
Mushkegowuk Council. 

The OGS also has clients who formulate and implement policy and who are regulators in the 
provincial, municipal and local governments. During the last year, OGS introduced the concept of 
scoping a Provincial Geoscience Policy. The policy intent is to guide other Ontario ministries in applying 
geoscience to help inform their decisions. In addition, OGS data, information and knowledge are used by 
many different private sectors to inform their investment, infrastructure or other business-related decisions. 

STRATEGIC PRIORITIES 

Four strategic priorities, with implementation plans, were identified in 2013–2014 (Fyon 2014); 
these continue to be the focus of the OGS for fiscal years out to 2017–2018. 
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What Will the OGS Do Strategically? 
Priority 1.  Establish a geoscience baseline for all of Ontario in order to identify economic opportunities, 

safeguard public health and safety, and inform environmental and land-use planning decisions. 
Priority 2.  Contribute to the maintenance and enhancement of Aboriginal relations. 
Priority 3.  Contribute to mineral development investment attraction. 
Priority 4.  Inform users about the value and relevance of OGS goods and services. 

Results to Date 

PRIORITY 1 

Priority 1.  Establish a geoscience baseline for Ontario in order to identify economic opportunities, 
safeguard public health and safety, and inform environmental and land-use planning decisions. 

Strategic Objective:  Provide modern, independent and credible geoscience data, information and 
knowledge to support decision making by governments, citizens and industry. 

OGS public geoscience goods and services provide support for economic, social and environmental 
public policy decisions in a variety of areas: 

• Economy: water (groundwater and surface), mineral (including aggregate) and energy resources; 
• Environment: inorganic geochemical baseline, geological habitat that influences biodiversity, 

waste management, and climate change mitigation and adaption; 
• Public health and safety: water quality; geological and geochemical hazards; 
• Community: infrastructure planning; land-use planning; resource stewardship. 

Multi-year priorities are established and reviewed annually during the OGS planning process. This 
year, geoscience needs input has been received from Ministry of Agriculture, Food, and Rural Affairs, 
Ministry of Environment and Climate Change, and Ministry of Natural Resources and Forestry. The 
Geological Survey of Canada is also an important part of the annual geoscience priority planning. These 
inputs are in addition to geoscience needs that are identified by public and private stakeholders and clients. 
The resulting geoscience projects are distributed across all of Ontario (see Parker, this volume, Article 2). 

Results 

To deliver on the strategic priorities, different roles and responsibilities are distributed across the 
OGS Branch (Table 1.1). Some key results of the 4 key technical mapping commitments are the following. 

• Two- and three-dimensional geological mapping continued across all of Ontario to attract 
mineral investment, to inform land-use planning related to municipalities and in the Far North, 
to assess mineral and groundwater resource potential across all of Ontario, and to support 
resource and infrastructure development decisions. 

• Geochemical survey data, including groundwater characterization, were released that help to 
identify natural and anthropogenic threats to the environment, water-quality issues and geo-hazards. 

• One of the largest airborne geophysical surveys is being flown in northeastern Ontario. 
• Inventory assessments of groundwater quality have been completed across southern Ontario. 
• Mineral inventory resource assessments were completed across various parts of Ontario to 

establish a framework for assessing its resource potential. 

A number of technical initiatives are achieving these results (see Parker, this volume, Article 2). 
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Table 1.1.  Summary of OGS strategic objectives for geoscience information. 

Strategic Objectives - Geoscience Information 
Outcomes Divisional 

Mandate 
Strategic 
Objectives 

Activities How? Who? * 

Ontario 
geoscience 
portfolio 
recognized as a 
relevant 
resource to 
inform 
economic 
opportunities, 
health and 
safety decisions 
and inform 
environmental 
and land-use 
planning 
decisions 

Land-use and 
environmental 
decisions 
informed by 
OGS 
geoscience 

Mineral 
investment 
decisions 
informed by 
OGS 
geoscience 

Enhanced 
efficiency and 
effectiveness 
and reduced 
risk of 
economic 
investment 
decisions and 
land-use and 
environmental 
decisions 

Public 
awareness 
about 
geoscience 
value and 
relevance 

Collect and 
disseminate 
geoscience 
information to 
attract and 
guide mineral 
sector 
investment 
and inform a 
broad range 
of 
government 
policy 
priorities 

Establish a 
geoscience 
baseline for 
Ontario to 
identify 
economic 
opportunity 

Establish 
geoscience 
priorities based on 
public policy 
direction and input 
from stakeholders 
and clients 

Gap analysis meetings with 
external clients, 
stakeholders, and with OGS 
staff who serve as proxy for 
external clients 

Director’s Office, 
ERGMS, RGP 

Project planning ERGMS, RGP, 
GeoServices 

Establish a 
geoscience 
baseline for 
Ontario to 
safeguard 
public health 
and safety 

Collect, analyze, 
advise and archive 
geoscience 
information 

Mapping (OGS and 
collaborative projects with 
external collaborators or 
other governments) 

ERGMS, GeoServices, 
RGP 

Property/site visits-mineral, 
energy, groundwater 

RGP 

Geochemistry ERGMS, RGP, 
GeoServices 

Geophysics ERGMS 

Receive third-party 
geoscience information 

RGP, ERGMS 

John B. Gammon 
Geoscience Library 

GeoServices 

Establish a 
geoscience 
baseline for 
Ontario to 
inform 
environmental 
and land-use 
planning 
decisions 

Provide access to 
OGS geoscience 
goods and services 
in a form that meets 
client needs 

John B. Gammon 
Geoscience Library 

GeoServices 

GeologyOntario, 
OGS Earth and 
OGS Geoscience Atlas 

GeoServices, RGP, 
ERGMS, Director’s 
Office, other MNDM 
business units 

OGS expert technical staff 
participation in third-party 
technical meetings 

ERGMS, RGP, 
GeoServices 

Inform users about 
the value and 
relevance of OGS 
goods and services 
and facilitate 
application of 
OGS public 
geoscience to 
address priority 
issues faced by 
government, 
industry, and  
citizens 

Multi-ministry committees Director’s Office, 
ERGMS, GeoServices, 
RGP, other MNDM 
business units 

Social media, government 
media (newsletters, blog, 
OPSpedia), and public 
media articles, such as 
Wawatay Media 

Director’s Office, 
ERGMS, RGP, 
GeoServices 

Provide geoscience 
information at technical 
meetings, symposia, 
workshops, and through 
direct client visits 

ERGMS, RGP, 
GeoServices 

Develop Ontario 
Geoscience Policy 

Director’s Office 

*Abbreviations: ERGMS, Earth Resources and Geoscience Mapping Section; GeoServices, GeoServices Section; 
MNDM, Ministry of Northern Development and Mines; OGS, Ontario Geological Survey; RGP, Resident Geologist Program. 
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PRIORITY 2 

Priority 2.  Contribute to the maintenance and enhancement of Aboriginal relations. 

Strategic Objective:  Continue to maintain and build meaningful and respectful relationships with 
Aboriginal people and organizations as a foundation for OGS program activities. 

Within MNDM’s Mines and Minerals Division, the OGS contributes to the Divisional and Ministry 
goal to build and deliver on an Aboriginal strategy (Table 1.2). 

Results 

Focus during the 2015–2016 fiscal year is to continue collaborations with Cat Lake First Nation, 
Eabametoong First Nation, Fort Albany First Nation, Matawa First Nations Management, and 
Mushkegowuk Council. 

Table 1.2.  Strategic objectives for Aboriginal relations. 

Strategic Objectives – Aboriginal Relations 

Outcomes Divisional 
Mandate 

Strategic 
Objectives 

Activities How? Who? 

Strong and 
meaningful 
relationships 
between 
MNDM and 
Aboriginal 
people and 
organizations 

Encourage and 
facilitate 
Aboriginal 
participation in 
Ontario’s 
economy in a way 
that recognizes 
and is respectful 
of Aboriginal 
rights and culture 

Continue to 
maintain and 
build meaningful 
and respectful 
relationships with 
Aboriginal people 
and organizations 
as a foundation 
for OGS program 
activities 

Engagement 
and 
relationship-
building with 
Aboriginal 
people, at a 
community 
level, and with 
organizations 

Seek social licence for OGS 
geoscience field projects by 
engaging and relationship-
building 

Offer OGS geoscience topic area 
expertise 

Raise awareness about geoscience 
and its application to Aboriginal 
interests 

Help build capacity related to 
geoscience and mineral-related 
careers 

Serve as a bridge between 
Aboriginal people and 
Government and non-government 
topic experts 

Director’s Office, 
ERGMS,  
RGP 

*Abbreviations: ERGMS, Earth Resources and Geoscience Mapping Section; MNDM, Ministry of Northern Development and 
Mines; OGS, Ontario Geological Survey; RGP, Resident Geologist Program. 
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PRIORITY 3 

Priority 3.  Contribute to mineral development investment attraction. 

Strategic Objective:  The OGS will contribute to 3 mineral investment-related strategic objectives that 
are the primary responsibility of the Mines and Minerals Division’s (MMD) Strategic Support Branch by 

• identifying strategic investment opportunities, through research and analysis, to influence 
investment-related policy that support Ontario’s mineral competitiveness; 

• ensuring Ontario receives a fair share of the value of mineral resources extracted from the 
province; 

• enhancing and sustaining investment through promotion of Ontario’s Mineral Development 
Strategy. 

The OGS participates in the promotion of mineral development opportunities across Ontario by 
promoting geological areas having perceived mineral potential. The OGS brings geological expertise to the 
investment attraction and promotional activities led by the MMD’s Strategic Support Branch (Table 1.3). In 
addition, OGS technical experts support the MMD investment attraction efforts by providing 

• geoscience knowledge of available mineral properties in a region; 
• knowledge of Ontario geology and the potential for different types of mineral resource 

opportunities across all of Ontario; and 
• knowledge of key players in the mineral industry and the ability to broker between interested 

clients. 

Results 

The technical staff of the OGS participated at the Prospectors and Developers Association of Canada 
Annual Convention, Cordilleran Roundup, Cambridge House, Manitoba Mines and Minerals Convention 
and Quebec Mining Exploration Convention. 

Table 1.3.  Strategic objectives for mineral development investment and opportunities. 

Strategic Objectives – Mineral Development Investment and Opportunities 

Outcomes Divisional 
Mandate 

Strategic 
Objectives 

Activities How? Who? 

Identification of investment 
opportunities and/or 
advantages that maximize 
mineral resources potential 
for Ontario economic 
development 

Sustain and increase 
investment in Ontario’s 
mineral sector 

Encourage, 
promote and 
facilitate the 
sustained 
economic benefits 
of Ontario’s 
mineral resources 
(and Ontario’s 
energy and 
groundwater 
resources) 

Attract 
development 
investment to 
Ontario 

Identify, assess, 
and promote 
investment 
opportunities 
to industry  
(and local 
governments, 
conservation 
authorities, and 
groundwater-
related interests) 

Participate in 
marketing and 
promotional 
events, both 
domestic and 
international 

Director’s Office, 
ERGMS, 
GeoServices, 
RGP 
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PRIORITY 4 

Priority 4.  Inform users about the value and relevance of OGS goods and services. 

Strategic Objective:  The objective is to raise awareness and understanding about the relevance and 
value of OGS public geoscience and the application of OGS public geoscience to help frame decision 
options facing Government, industry and citizens. 

The OGS role is to communicate to users and potential users the existence, relevance and application 
of OGS geoscience to address decisions facing governments, industry and citizens. The OGS provides a 
broad range of products and services to deliver geoscience information to users, including two- and three-
dimensional geological maps, reports, technical posters, technical presentations, and office-based expert 
advice. 

All publications will be integrated into the GeologyOntario data warehouse. Some key data sets will 
also be made available using the Google Earth™ mapping service (“OGS Earth”) visualization platform. 
This year, the Resident Geologist Program enhanced its monthly reports by using OGS Earth as a delivery 
channel and by incorporating mineral deposit and assessment file information. 

Results 

The OGS continued to use a variety of communication channels to deliver its products and to raise 
awareness about geoscience, including 

• “social media”, such as Twitter and Facebook; 
• formal public presentations that describe the value, relevance and application of geoscience to 

address key societal topics; 
• other internal communication channels, such as MNDM NewsBlast and OPSpedia; and 
• conceptual development of an Ontario policy related to the application of public geoscience to 

address the range of issues and decisions facing governments, industry and citizens. 
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THE FUTURE 

To date, the OGS information holdings include 9972 maps, 3277 reports, 628 data releases; 
file downloads from our Web site, in the period January 1 to October 31, 2015, were in excess of 
503 733 maps and reports in portable document format (.pdf) and image (.jpg) format. Portable document 
format (PDF) downloads have increased almost 24%. During this same period, the OGS published 
13 new reports, 175 new maps, and 20 new data set releases. 

The OGS continues to 
• implement a geoscience program based on independent, credible, neutral, geoscience data and 

information and knowledge to help inform decisions facing government, industry and citizens; 
• identify geological characteristics relevant to Ontario’s public health and safety; 
• publish and promote information about Ontario’s Earth resources, including its mineral, energy 

and water resource endowments; 
• develop new geoscience products that help present our complex geoscience data in a form that 

is understood by non-geoscience users, including the development of products that use Google 
Earth™ mapping service (“OGS Earth”), to broaden the access and awareness of OGS 
geoscience goods and services to both traditional and non-traditional users; 

• continue utilization of social media, such as OGS Facebook (https://www.facebook.com/OGSgeology) 
and Twitter (https://twitter.com/ogsgeology). 

The OGS public geoscience goods and services play an important role in helping support public-
policy decision makers, investors and other users. Societal needs are increasingly complex and require a 
sound and objective understanding of geoscience to help assess and frame the complex options available. 
Geoscience is an essential element of social, environmental, and resource management decision-making 
processes. One important future step for Ontario would be the establishment of a geoscience policy, 
designed to 

• guide Government ministries in their application of geoscience information to help inform 
social, environmental, and development decisions; 

• help inform evaluation of land-use management and stewardship options on basis of 
conservation, protection of human and ecologic health and safety, and economic growth; 

• provide a consistent and defensible standard for use by ministries; and 
• contribute to safer and stronger communities, a more sustainable environment, and a more 

prosperous economy. 

https://www.facebook.com/OGSgeology
https://twitter.com/ogsgeology
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EPILOGUE 

In 2004, I became the 9th Director of the OGS. This is my last contribution to the Summary of Field 
Work and Other Activities volume. I will step down as Director of the Ontario Geological Survey on 
December 31, 2015. It has been a joy and an honour to be part of the OGS organization. A big part of that 
satisfaction comes from working with, and representing, the fabulous and committed OGS staff—people 
who are deeply committed to deliver geoscience value to the people of Ontario. I have a deep respect for 
all the OGS staff and I hold all in the highest regard. External to the OGS, I have a deep respect for the 
many First Nation and Métis friends that I have met and worked with across Ontario. We are growing 
together through a time of profound change—a change that is much needed and is based on 
reconciliation. My life has been profoundly changed by the learning, friendship and camaraderie that all 
of you have shared with me. The OGS client interests have grown over the years and range from minerals, 
to energy, groundwater, climate change, and public health and safety. What is common to all our clients is 
their expectation for high-quality, relevant and modern geoscience data, information, and knowledge. 
You, as our clients, hold us accountable to deliver on your needs. 

As future focus, the OGS must continue to demonstrate the value and application of geoscience. Said 
simply, geology saves lives, contributes to a sustainable environment, and is a foundation for a groundwater, 
energy and mineral economy. Yet, geology remains one of the poorly understood sciences and its 
relevance and application remains even less well understood. The OGS is the Ontario Government’s 
geoscience organization with the regional and holistic geoscience mandate, skills, knowledge, methods, 
standards, distribution networks, and collaborations in place to deliver on this complex science challenge.  
If there is a question related to  

 public health and safety related to natural geological hazards,  
 economic development related to energy, groundwater and minerals,  

 environmental geochemical baseline,  
 impact of climate change,  

 physical infrastructure,  
 biodiversity and habitat, then 

 geoscience holds part of the answer. 

It remains a really exciting future as we continue to serve the people of Ontario and to position the 
OGS to meet the societal challenges of the future. 

REFERENCE 
Fyon, J.A. 2014. Ontario Geological Survey: Strategic Perspective for 2014-2018; in Summary of Field Work and 

Other Activities 2014, Ontario Geological Survey, Open File Report 6300, p.1-1 to 1-11. 
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2.  Earth Resources and 
Geoscience Mapping Section:  
2015 Program and Project Overview 

J.R. Parker1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

GOAL AND RESPONSIBILITY OF THE SECTION 

The goal of the Ontario Geological Survey’s (OGS) Earth Resources and Geoscience Mapping 
Section (ERGMS) is to improve the understanding of the geology, geochemistry and Earth resources of 
Ontario and to convey this knowledge to the public through multi-year, multi-disciplinary geoscience 
projects that address critical geoscience problems in key geographic areas. These studies may be 
delivered as part of the ERGMS geoscience mapping function or through collaborative geoscience 
projects or initiatives. 

The ERGMS is responsible for 

• mapping Ontario’s Precambrian and Phanerozoic bedrock geology and understanding various 
Earth resources at a regional scale; 

• mapping and sampling Quaternary sediments to understand regional distribution, compositional 
trends (geochemical and mineralogical) and glacial history for the purpose of resource 
evaluation with special emphasis on areas covered by thick Quaternary deposits; 

• mapping overburden and bedrock hydrostratigraphic units and contained groundwater resources 
at a regional scale and understanding the geochemical effects of groundwater interactions with 
rock and surficial media; 

• collecting regional ground and airborne geophysical data and producing derivative products in 
support of bedrock geology and groundwater mapping projects; 

• collecting regional surficial geochemistry data from water and other surficial media (e.g., lake and 
stream sediments, peat, etc.) with direct relevance to mineral exploration, land-use planning, 
assessment of watershed quality and the establishment of environmental baseline databases; 

• mapping aggregate and industrial minerals to provide up-to-date inventories and quality 
assessments of aggregate and industrial mineral resource potential; and 

• mapping traditional and unconventional non-renewable energy resources to identify new energy 
sources and better understand the effect of hydrocarbon interaction on groundwater resources. 

The program direction and strategies of the ERGMS address the strategic objectives and core 
business of the Ontario Geological Survey Branch, which, in turn, are linked to those of the Ministry of 
Northern Development and Mines (MNDM) and the Mines and Minerals Division. Government priorities 
(Table 2.1) are achieved through strategies and initiatives that consist of one or more projects. Therefore, 
project planning, development, evaluation, selection and implementation are based on strategies and 
initiatives designed to achieve alignment of individual projects with Ministry and Government priorities. 
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Table 2.1.  Government priorities linked to current projects of the Earth Resources and Geoscience Mapping Section:  2015–2016. 

Region Government Priority Strategy Objective Initiative Activity Current Projects 
Far North Economy: 

• aggregate material is 
essential to infrastructure 
development and growth 
• understanding the 
geology and Earth resource 
potential of Ontario 
attracts investment dollars, 
triggers economic 
development and assists in 
closing the socio-economic 
gap between Aboriginal 
and non-Aboriginal 
Ontarians; contribute 
geoscience data to assess 
non-renewable energy 
potential for the Far North 
as a transition source and 
to support remote 
development 
Improving Quality of 
Life: 
• collection of new, 
accurate geoscience data 
informs land-use planning 
for protection of natural 
beauty and development of 
resources and for healthy 
families + communities; 
provide a foundation to 
help assess cumulative 
impact on the land from 
development and climate 
change 

In 
collaboration, 
apply 
geoscience 
techniques to 
assess Earth 
resource 
potential to 
meet societal 
and 
government 
priorities 

Provide the geologic 
framework to support 
Earth resource 
exploration (minerals, 
metals and energy), 
land-use planning, 
economic and 
infrastructure 
development and 
provide a geoscience 
baseline to help assess 
cumulative impacts of 
development by 
collecting, interpreting, 
synthesizing and 
disseminating 
geoscience information 

“Ring of Fire” 
Initiative 
Far North Land Use 
Planning Initiative 

Precambrian 
Bedrock Geology 
Mapping 

a)  Bedrock geology and compilation of the 
McFaulds Lake region:  multi-year bedrock 
geology mapping, core re-logging and 
compilation in the “Ring of Fire” as in-kind 
support to the TGI-4 Initiative 

b)  Bedrock geology and compilation of the Fort 
Hope greenstone belt:  multi-year bedrock 
geology mapping and compilation; mapping in 
the Eabamet Lake area in 2015 

c)   Bedrock geology of the McVicar Lake–Lang Lake 
greenstone belt:  data releases in 2015 

Surficial 
Geochemistry of 
Northern Ontario 
Initiative 
2-D Surficial 
Sediment Mapping 
Initiative 
“Ring of Fire” 
Initiative 
Far North Land Use 
Planning Initiative 

Surficial Geology 
Mapping and 
Sampling;  
Remote Predictive 
Mapping;  
Surficial 
Geochemistry 

d)  Far North terrain mapping project:  remote 
sensing, field checking; 2 reconnaissance 
mapping and aggregate assessment projects in 
the Moose River Basin 

e)  Surficial deposits sampling in the “Ring of Fire” 
region:  analytical work on overburden samples 
for fine-fraction geochemistry and indicator 
minerals 

f)  Geochemistry of detrital chromite: investigating 
their use as a vector to nickel-copper-PGE, 
chromium and iron-titanium-vanadium deposits 

g)  McFaulds Lake area lake sediment and water 
sampling project:  high-density lake sediment 
and water geochemistry survey – mineral 
exploration and baseline environmental data 

h)  Characterize history of Early Holocene Tyrrell 
Sea transgression – MSc thesis study 

Far North Land Use 
Planning Initiative; 
Geo-mapping for 
Energy and Minerals 
(GEM-2) 

Paleozoic Bedrock 
Geology Mapping 

i)  Paleozoic stratigraphy and hydrocarbon resource 
potential of the Hudson Platform:  in support of 
the GEM-2 Initiative; focussed in the Moose 
River Basin in 2015 
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Table 2.1, continued. 

Region Government Priority Strategy Objective Initiative Activity Current Projects 
Near North - 
Northeast 

Economy: 
• understanding the 
geology and Earth resource 
potential of Ontario 
attracts investment dollars, 
triggers economic 
development 
Improving Quality of 
Life: 
• collection of new, 
accurate geoscience data 
informs land-use planning 
for protection of natural 
beauty and development of 
resources and for healthy 
families + communities; 
provide a foundation to 
help assess cumulative 
impact on the land from 
development and climate 
change 

In 
collaboration, 
apply 
geoscience 
techniques to 
assess Earth 
resource 
potential to 
meet societal 
and 
government 
priorities 

Provide the 
geologic 
framework to 
support Earth 
resource 
exploration 
(minerals, metals 
and energy), land-
use planning, 
economic and 
infrastructure 
development and 
provide a 
geoscience baseline 
to help assess 
cumulative impacts 
of development by 
collecting, 
interpreting, 
synthesizing and 
disseminating 
geoscience 
information 

Abitibi Initiative Precambrian 
Bedrock 
Geology 
Mapping 

a)  Bartlett and Halliday domes bedrock geology 
mapping:  data compilation project 

b)  Geochemical database value-added products:  
construct value-added products from compiled 
lithogeochemical data 

c)  Southern Swayze bedrock geology mapping project:  
1:20 000 scale bedrock geology mapping in Chester 
and Yeo townships 

d)  Gold metallogeny and structural synthesis in the 
southern Swayze greenstone belt – PhD thesis study 

e)  Structural and tectonic study of the Ridout shear zone 
– PhD thesis study 

f)  Northeast Michipicoten greenstone belt bedrock 
geology mapping:  1:20 000 scale township mapping 

g)  Characterize gold mineralization in the vicinity of the 
Renabie Mine – MSc thesis study 

Proterozoic Initiative Proterozoic 
Bedrock 
Geology 
Mapping 

h)  Southwest Sudbury Structure bedrock geology mapping 
project:  1:20 000 scale bedrock geology mapping of 
Drury, Denison, Trill and Fairbank townships 

i)   Structural and lithological characterization of 
Sudbury low-sulphide PGE-rich footwall 
mineralization – MSc thesis study 

j)   Geological mapping and structural analysis in the 
Nepewassi domain, Central Gneiss Belt, Grenville 
Province – MSc thesis study 

Surficial Geochemistry 
of Northern Ontario 
Initiative 
Proterozoic Initiative 
Abitibi Initiative 

Surficial 
Geology 
Mapping and 
Sampling 

k)  Surficial geology mapping and till sampling in the 
Chapleau area:  completed 

l)   Quaternary mapping of Drury and Denison townships:  
1:20 000 scale surficial mapping and sampling 

m)  Analysis of B- and C-horizon soil samples collected 
in the Temagami, Sudbury and Algoma forest 
management units in northeastern Ontario 

Geophysical 
Techniques in Support 
of Bedrock Geology 
Mapping Initiative 
Community-Guided 
Geoscience Initiative 
(NeCN (see text)) 
Abitibi Initiative 

Geophysical 
Mapping 

n)  Aeromagnetic gradiometer and gamma-ray 
spectrometer airborne geophysical survey, eastern 
Quetico Subprovince, northeastern Ontario 

o)  Project management and QA/QC of airborne 
geophysical surveys 
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Table 2.1, continued. 

Region Government Priority Strategy Objective Initiative Activity Current Projects 
Near North - 
Northwest 

Economy: 
• understanding the 
geology and Earth resource 
potential of Ontario 
attracts investment dollars, 
triggers economic 
development 
Improving Quality of 
Life: 
• collection of new, 
accurate geoscience data 
informs land-use planning 
for protection of natural 
beauty and development of 
resources and for healthy 
families + communities; 
provide a foundation to 
help assess cumulative 
impact on the land from 
development and climate 
change 

In 
collaboration, 
apply 
geoscience 
techniques to 
assess Earth 
resource 
potential to 
meet societal 
and 
government 
priorities 

Provide the geologic 
framework to support 
Earth resource 
exploration (minerals, 
metals and energy), 
land-use planning, 
economic and 
infrastructure 
development and 
provide a geoscience 
baseline to help assess 
cumulative impacts of 
development by 
collecting, interpreting, 
synthesizing and 
disseminating 
geoscience information 

Geology of 
Northwestern 
Ontario Initiative 
Proterozoic Initiative 

Precambrian 
Geology Bedrock 
Mapping 

a)  Western Wabigoon Subprovince synthesis:  
publication in 2016 

b)  Minnitaki Lake (Northeast Bay) bedrock geology 
mapping project:  1:20 000 scale mapping, data 
release in 2015 

c)  Bedrock geology mapping of Sackville Township, 
Shebandowan greenstone belt:  1:20 000 scale 
mapping 

d)  Bedrock geology mapping of Adrian Township:  
1:20 000 scale mapping 

e)  Geochemistry of ultramafic rocks in the 
Shebandowan greenstone belt – MSc study 

f)  Rowan–Kakagi lakes bedrock geology mapping 
project:  1:50 000 scale mapping 

g)  Bedrock geology mapping of Walsh and Tuuri 
townships, Schreiber–Hemlo greenstone belt:  
1:20 000 scale mapping  

h)  Bedrock geology mapping of the Quetico 
Subprovince and related Proterozoic rocks 
northwest of Thunder Bay:  1:50 000 scale 
mapping 

i)  Geology and geochemistry of the Laird Lake 
property, Red Lake greenstone belt – MSc thesis 
study 

j)  Marmion terrane 4-D crust–mantle evolution and 
mineral systems – PhD thesis study 

Geology of 
Northwestern 
Ontario Initiative 
Proterozoic Initiative 

Proterozoic Bedrock 
Geology Mapping 

k)  Petrogenesis of the Crystal Lake gabbro and the 
Mount Mollie dike and characterization of 
nickel-copper-platinum group element 
mineralization – MSc thesis study 

Geology of 
Northwestern 
Ontario Initiative 

Geochemical 
Mapping 

l)  High-density lake sediment and water 
geochemistry survey:  Nakina–Marshall Lake 

m)  High-density lake sediment and water 
geochemistry survey:  Municipality of Greenstone 

n)  High-density lake sediment and water survey 
pilot study:  Current Lake area 

o)  High-density lake sediment and water 
geochemistry survey:  Marathon region 
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Table 2.1, continued. 

Region Government Priority Strategy Objective Initiative Activity Current Projects 
South Economy: 

• understanding the geology and Earth 
resource potential of Ontario attracts 
investment dollars, triggers economic 
development 
Improving Quality of Life: 
• collection of new, accurate geoscience 
data informs land-use planning for 
protection of natural beauty and 
development of resources and for healthy 
families + communities; provide a 
foundation to help assess cumulative 
impact on the land from development and 
climate change 

In collaboration, 
apply geoscience 
techniques to assess 
Earth resource 
potential to meet 
societal and 
government 
priorities 

Provide the geologic 
framework to support 
Earth resource exploration 
(minerals, metals and 
energy), land-use planning, 
economic and 
infrastructure development 
and provide a geoscience 
baseline to help assess 
cumulative impacts of 
development by collecting, 
interpreting, synthesizing 
and disseminating 
geoscience information 

Proterozoic  
Initiative 

Proterozoic 
Bedrock 
Geology 
Mapping 

a)  Geology of the Brudenell area:  bedrock 
geology and compilation mapping 
project, northeast Central 
Metasedimentary Belt, Grenville Province 

b)  Geology of the Cobden area:  multi-year 
1:50 000 scale bedrock geology and 
compilation mapping project to improve 
understanding of the geology and mineral 
deposits, Grenville Province 

c) Geology of the Perth area:  multi-year 
1:50 000 scale bedrock geology and 
compilation mapping project to improve 
understanding of the geology and 
mineral deposits, Grenville Province 

d)  Geology of the Mud Lake, Black Donald 
Lake and Centennial Lake areas:  multi-
year 1:20 000 scale bedrock geology and 
compilation mapping project 

 Improving Quality of Life: 
• identification of natural and 
anthropogenic metals and organic 
components in the environment mitigates 
the impact of geohazards on public health 
and safety 

In collaboration with 
other government 
ministries, apply 
geoscience 
techniques in areas 
of environmental 
priority to identify 
natural and 
anthropogenic 
hazards 

Provide the geologic 
context for identification 
and interpretation of 
natural and anthropogenic 
threats to the environment, 
water quality issues, and 
geohazards by collecting, 
interpreting, synthesizing 
and disseminating 
geoscience information 

Environmental 
Initiative 

Stream 
Sediment 
Sampling 
and 
Analysis 

e)  Southern Ontario stream sediment 
geochemistry survey:  collaborative 
project with the Ministry of the 
Environment and Climate Change to 
conduct analysis of organic and inorganic 
compounds in collected stream sediment 
samples, southern Ontario 

f)  Characterization of phosphorus in 
stream sediments and waters in the Lake 
Erie region: data release in 2016 

 Economy: 
• aggregate material is essential to 
infrastructure development and growth 
Infrastructure Investments: 
• aggregate resource supply is essential to 
infrastructure investments 
Improving Quality of Life: 
• collection of new, accurate geoscience 
data on aggregate and industrial mineral 
resources informs land-use planning for 
protection of natural beauty, development 
of resources required to support healthy 
families and communities 

Apply geoscience 
techniques in areas 
of aggregate 
resource priority to 
meet societal and 
government 
priorities 

Provide the geoscience 
framework for 
identification of aggregate 
and industrial mineral 
resources for land-use 
planning and for resource 
and infrastructure 
development by collecting, 
interpreting, synthesizing 
and disseminating 
geoscience information 

Aggregate 
Resources 
Initiative 

Aggregate 
Resources 
Mapping 
and 
Inventory 

g)  Renfrew County ARIP:  complete 
aggregate resources inventory 

h)  Elgin County ARIP:  complete aggregate 
resources inventory 

i)  Aggregate Resources of Southern 
Ontario project:  compile existing ARIP 
maps to create a digital (GIS) map for 
southern Ontario 
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Table 2.1, continued. 

Region Government Priority Strategy Objective Initiative Activity Current Projects 
South, 
continued 

Economy: 
• water is essential to growth 
Improving Quality of Life: 
• abundant clean water is a 
prerequisite for healthy families 
and communities (Places to 
Grow; climate change) 
• understanding groundwater 
systems (Clean Water Act; 
Greenbelt) will enable 
protection of natural beauty and  
resources 
• identification of groundwater 
quality issues and geohazards 
mitigates public health and 
safety issues 

Apply 
geoscience 
techniques in 
areas of 
groundwater 
priority to 
meet societal 
and 
government 
priorities 

Provide the 
geoscience 
framework for 
groundwater use, 
protection, and 
planning by 
collecting, 
interpreting, 
synthesizing and 
disseminating 
geoscience 
information 

2-D and 3-D 
Surficial Sediment 
Mapping 
Groundwater 
Initiative 

Surficial Geology 
Mapping and 
Sampling 

j)  Quaternary geology of the Lindsay–
Peterborough area:  1:50 000 scale maps and 
data to be published in 2016 

k)  Three-dimensional (3-D) mapping of Quaternary 
geology in southern Simcoe County:  3-D model 
to be published in 2016 

l)  Three-dimensional (3-D) mapping of Quaternary 
geology in central Simcoe County:  multi-year 
project to generate geologic model for 
groundwater assessment 

m)  Three-dimensional (3-D) mapping of 
Quaternary geology in the Orangeville–Fergus 
area:  3-D model to be published in 2016 

n)  Three-dimensional (3-D) mapping of Quaternary 
geology deposits in the Niagara Peninsula:  
multi-year project to generate geologic model for 
groundwater assessment 

2-D and 3-D 
Bedrock Geology 
Mapping 
Groundwater 
Initiative 

Paleozoic Bedrock 
Mapping 

o)  Bedrock aquifer, karst and Early Silurian 
sequence stratigraphy mapping project:   
Guelph to Owen Sound 

p)  Bedrock aquifer mapping of the Niagara 
Escarpment cuesta 

q)  Characterize groundwater flow systems of the 
Early Silurian rocks of the Niagara Escarpment 
cuesta – PhD thesis study 

r)  Lineament and structural analysis of Chatham 
airborne magnetic data:  collaboration with 
Ministry of Natural Resources and Forestry 

s)  Lineament and structural analysis of eastern 
Ontario airborne magnetic data 

t)  Sequence stratigraphic and sedimentologic study 
of the Late Silurian to Middle Devonian 
succession, southwestern Ontario – PhD thesis 
study 

u)  South Niagara Peninsula bedrock geology 
mapping project – release unpublished maps 
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Table 2.1, continued. 

Region Government Priority Strategy Objective Initiative Activity Current Projects 
South, 
continued 

Economy: 
• water is essential to growth 
Improving Quality of Life: 
• abundant clean water is a 
prerequisite for healthy families 
and communities (Places to 
Grow; climate change) 
• understanding groundwater 
systems (Clean Water Act; 
Greenbelt) will enable 
protection of natural beauty and  
resources 
• identification of groundwater 
quality issues and geohazards 
mitigates public health and 
safety issues 

Apply 
geoscience 
techniques in 
areas of 
groundwater 
priority to 
meet societal 
and 
government 
priorities 

Provide the 
geoscience 
framework for 
groundwater use, 
protection, and 
planning by 
collecting, 
interpreting, 
synthesizing and 
disseminating 
geoscience 
information 

Ambient 
Groundwater 
Geochemistry 
Mapping 
Groundwater 
Initiative 

Geochemical 
Mapping 

v)  Ambient Groundwater and Geochemistry 
Project:  data interpretation 

w)  Patterns and controls of groundwater chemistry 
in eastern Ontario – MSc thesis study 

x)  High-density hydrogeochemical assessment of 
the Niagara Peninsula – MSc thesis study 

y)  Aquifer capability screening tool pilot study for 
the Township of Alfred and Plantagenet area  
– collaboration 

Pan-
Provincial 

Economy: 
• understanding the geology 
and Earth resource potential 
of Ontario attracts investment 
dollars and triggers economic 
development 
Improving Quality of Life: 
• collection of new, accurate 
geoscience data informs land-
use planning for protection of 
natural beauty, development 
of resources and for healthy 
families + communities 

Apply 
geoscience 
techniques to 
assess Earth 
resource 
potential to 
meet societal 
and 
government 
priorities 

Provide the 
geoscience 
framework to 
support Earth 
resource exploration 
(minerals, metals 
and energy), land 
use planning, 
economic and 
infrastructure 
development and 
provide a geoscience 
baseline to help 
assess cumulative 
impacts of 
development by 
collecting, 
interpreting, 
synthesizing and 
disseminating 
geoscience 
information 

Provincial-scale 
Metallogenic 
Inventory 
Maintenance of 
Provincial 
Geophysical Data 

Precambrian 
Bedrock Geology 
Mapping; 
Geoscience Data 
Inventory and 
Compilation 

a)  Metamorphic patterns in Archean greenstone 
belts 

b)  Maintain geochronology database for Ontario 
c)  Magnetic supergrid update 
d)  Processing proprietary geophysical data 
e)  Maintaining Ontario Precambrian bedrock 

magnetic susceptibility geodatabase 
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The ERGMS supported 69 active projects during the 2015–2016 fiscal year, which includes 
45 active core projects (see Table 2.1) and 24 active collaborative projects (Table 2.2). The collaborative 
projects include 3 projects with other provincial ministries; 4 projects with the Geological Survey of 
Canada (GSC); 1 project with the City of Guelph; 1 project with the South Nation Conservation 
Authority; 1 project with the Northeast Community Network (NeCN); and 14 graduate thesis projects with 
universities.  Locations for projects for which there are corresponding articles in this volume are depicted 
in Figures 2.1 and 2.2. 

 

Figure 2.1.  Location of the Earth Resources and Geoscience Mapping Section projects in northern Ontario and the Far North as 
described in Summary of Field Work and Other Activities, 2015.  Numbers correspond to article numbers. 
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From November 2014 to October 2015 inclusive, the ERGMS produced 11 Preliminary Maps, 
5 Open File Reports, 8 Miscellaneous Releases—Data (MRD), 1 Aggregate Resource Inventory Paper 
(ARIP), 11 Geophysical Data Sets (GDS), 165 airborne geophysical survey maps and 2 ground 
geophysical survey maps (see “List of Publications” in this article for a complete listing of these 
publications, with the exception of the geophysical maps). The ERGMS staff presented numerous 
technical talks and posters at various geoscience forums and meetings throughout the year. 

 

Figure 2.2.  Location of the Earth Resources and Geoscience Mapping Section projects in southern and eastern Ontario as 
described in Summary of Field Work and Other Activities, 2015.  Numbers correspond to article numbers. 
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Table 2.2.  Earth Resources and Geoscience Mapping Section collaborative initiatives and projects, 2015–2016. 

Initiative Project Project Collaborator(s) Project Progress 

Proterozoic Initiative MSc thesis study to conduct geological mapping in the 
Nepewassi domain, Central Gneiss Belt, Grenville Province 

Dalhousie University Summary of Field Work article in 2015 
and final publication in 2016 

MSc thesis on the structural and lithological characterization 
of Sudbury low-sulphide PGE-rich footwall mineralization 

Mineral Exploration Research Centre 
(MERC) – Department of Earth 
Sciences, Laurentian University 

Summary of Field Work article in 2015 

MSc thesis study of the petrogenesis of the Crystal Lake 
gabbro and the Mount Mollie dike in the Thunder Bay area and 
characterization of nickel-copper-PGE mineralization in the 
intrusions 

Lakehead University Summary of Field Work article in 2015 

Abitibi Initiative PhD thesis study of gold metallogeny and structural synthesis 
of the southern Swayze greenstone belt 

Mineral Exploration Research Centre 
(MERC) – Department of Earth 
Sciences, Laurentian University 

Summary of Field Work article in 2015 

MSc thesis study to conduct a structural and tectonic study of 
the Ridout shear zone 

University of Waterloo Summary of Field Work article in 2015 

MSc thesis study to characterize gold mineralization in the 
vicinity of the Renabie Mine, northeast Michipicoten 
greenstone belt 

Mineral Exploration Research Centre 
(MERC) – Department of Earth 
Sciences, Laurentian University 

Summary of Field Work article in 2015 

Geology of Northwestern 
Ontario Initiative 

PhD thesis study of the Marmion terrane 4-D crust–mantle 
evolution and mineral systems in the Wabigoon Subprovince 

Lakehead University,  
University of Western Australia 

Completion in 2016 

MSc thesis to characterize the geochemistry of ultramafic 
metavolcanic rocks in the Shebandowan greenstone belt 

Lakehead University Summary of Field Work article in 2015 

MSc thesis to study the geology and geochemistry of the Laird 
Lake gold property, Red Lake greenstone belt 

Lakehead University Summary of Field Work article in 2015 

2-D and 3-D Paleozoic 
Bedrock Geology Mapping 
Initiative 

Collaboration and data sharing agreement as part of the 
Bedrock Aquifer Mapping of the Niagara Escarpment Cuesta 
project 

City of Guelph Ongoing 

Collaborate on a lineament and structural analysis of airborne 
geophysical data in the Chatham–Sarnia region. 

Ministry of Natural Resources and 
Forestry (MNRF) 

Ongoing 

PhD thesis study consisting of sequence stratigraphic and 
sedimentologic study of the Late Silurian to Middle Devonian 
succession, southwestern Ontario 

University of Western Ontario Summary of Field Work article in 2015 
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Table 2.2, continued. 

Initiative Project Project Collaborator(s) Project Progress 

Environmental Initiative Southern Ontario stream-sediment geochemistry survey Ministry of the Environment and 
Climate Change (MOECC) 

Ongoing 

Stream water and sediment geochemistry project in the Lake 
Erie region with a focus on phosphorus characterization 

Ministry of Agriculture and Food, 
Ministry of Rural Affairs 

Data release in 2016 

Groundwater Initiative MSc thesis study of patterns and controls of groundwater 
chemistry in eastern Ontario 

University of Western Ontario Completion in 2016 

MSc thesis study to investigate and characterize a groundwater 
geochemical anomaly on the Niagara Peninsula 

McMaster University Summary of Field Work article in 2015 

PhD thesis study to characterize groundwater flow systems of 
the Early Silurian rocks of the Niagara Escarpment cuesta 

University of Waterloo Ongoing 

Collaboration to develop a groundwater aquifer capability 
screening tool pilot study for the Township of Alfred and 
Plantagenet area 

South Nation Conservation Authority 
(SNCA) 

Summary of Field Work article in 2015 

2-D and 3-D Surficial 
Sediment Mapping Initiative 

MSc thesis study to characterize history of Early Holocene 
Tyrrell Sea transgression 

Laurentian University Commencing in 2015 

Community-Guided 
Geoscience Initiative 

Aeromagnetic gradiometer and gamma-ray spectrometer 
airborne geophysical survey, eastern Quetico Subprovince, 
northeastern Ontario 

Northeast Community Network 
(NeCN) 

Ongoing, publication of data in spring 
2016 

Collaborative Projects with 
the GSC: 

Groundwater Program 

Collaborate on reflection seismic geophysical surveys and 
down-hole geophysics in central Simcoe County and the 
Niagara Peninsula in support of 3-D surficial geology mapping 

Geological Survey of Canada Ongoing 

Collaborate on groundwater geoscience projects (aquifer 
mapping and characterization) in southern Ontario as part of 
the Federal groundwater program 

Geological Survey of Canada Ongoing 

Collaborative Projects with 
the GSC: 

Geo-mapping for Energy 
and Minerals 2 (GEM2) 
Initiative 

Collaboration to study Paleozoic stratigraphy and hydrocarbon 
resource potential of the Hudson Platform 

Geological Survey of Canada Ongoing data collection and 
compilation 

Collaborative Projects with 
the GSC: 

Targeted Geoscience 
Initiative 4 (TGI-4) 

Bedrock geology mapping, diamond-drill core re-logging and 
compilation of the McFaulds Lake (“Ring of Fire”) region 

Geological Survey of Canada Completion in 2014–2015 
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PROGRAM DIRECTION:  STRATEGIES 

Core Geoscience Program 

The ERGMS strategies and objectives (see Table 2.1) are derived from OGS strategic priorities, 
which are derived from the MNDM business goals and the Mines and Minerals Division Strategic 
Framework. 

The purpose of ERGMS strategies is to focus staff and resources in key geological areas or 
geoscience themes, over a period of 3 to 5 years, to contribute to 

• expanding the geoscience database of Ontario; 
• support sustainable development and effective land-use planning; 
• provide the geoscience framework for groundwater use and source water protection, public 

health and safety and the public good; 
• support and attract new mineral investment; 
• build new collaborations with Aboriginal communities, private sector, academe and federal 

government; and 
• collaborate with other ministries on initiatives of mutual interest. 

These strategies are addressed through a series of initiatives built upon one or more projects (see 
Table 2.1). In addition, the ERGMS participates in several collaborative projects (see Table 2.2) to 
complement existing staff skills and capacity and to expand the amount of geoscience data that describe 
Ontario. Collaborative projects are an important means to extend government resources and to capitalize 
on resources and expertise available in other government geological surveys, universities or private sector. 

The ERGMS program is organized into 5 technical strategies or objectives to provide the geoscience 
framework or context to 

1. support Earth resource exploration (minerals, metals, groundwater and energy), land use 
planning, economic and infrastructure development and provide a geoscience baseline to help 
assess cumulative impacts of development by collecting, interpreting, synthesizing and 
disseminating geoscience data; 

2. assess energy potential in the south and Far North and the relationship between the geology and 
groundwater quality and public health and safety; 

3. identify and interpret natural and anthropogenic threats to the environment, water-quality issues 
and geohazards by collecting, interpreting, synthesizing and disseminating geoscience data; 

4. identify and inventory aggregate and industrial mineral resources for land-use planning and 
resource and infrastructure development by collecting, interpreting, synthesizing and 
disseminating geoscience data; and 

5. identify and inventory groundwater resources for use, protection, and planning by collecting, 
interpreting, synthesizing and disseminating geoscience data. 
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INITIATIVES 

The ERGMS initiatives are based on geographic or functional groupings and are made up of 
1. team initiatives (i.e., Abitibi Initiative) consisting of individual projects that are designed to 

meet an overall goal; 
2. interjurisdictional team initiatives, such as the Targeted Geoscience Initiative 4 (TGI-4) and 

Geo-mapping for Energy and Minerals (GEM) Initiative, that consist of individual and joint 
OGS and GSC projects that are also designed to meet an overall goal or objective; and 

3. individual, focussed projects. 

The major initiatives of the ERGMS are subdivided into 8 broad categories outlined below and in Table 2.1. 

Initiatives that involve collaborative project agreements with the GSC: 
• Targeted Geoscience Initiative 4 (TGI-4) nickel-copper-platinum group element (PGE)-

chromium projects and lode gold projects; 
• Geo-mapping for Energy and Minerals 2 (GEM-2) Initiative projects; 
• groundwater geoscience projects in southern Ontario as part of the Federal groundwater 

program 

Initiatives involving provincial-scale mineral resource compilation and inventory studies: 
• documentation of specific types of mineralization; 
• developing inventories of various tectonic settings relevant to mineral exploration. 

Initiatives based on geographic area: 
• Abitibi initiative; 
• “Ring of Fire” initiative; 
• Far North Land Use Planning initiative; 
• geology of northwestern Ontario initiative; 
• surficial geochemistry of northern Ontario initiative; 
• surficial mapping of northern Ontario initiative; 
• surficial geochemistry of southern Ontario initiative; 
• surficial mapping of southern Ontario initiative; 
• Proterozoic initiative; 
• Paleozoic initiative. 

Initiatives involving aggregate and industrial mineral resource compilation and inventory studies: 
• documentation and inventory of aggregates resources initiative; 
• documentation and inventory of industrial mineral resources initiative. 

Initiatives involving identification of overburden and bedrock hydrostratigraphic units and contained 
groundwater resources at a regional scale; and understanding the geochemical effects of surface and 
groundwater interactions with rock and surficial media: 

• two- and three-dimensional surficial sediment mapping initiative; 
• two- and three-dimensional Paleozoic bedrock geology mapping initiative; 
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• ambient groundwater geochemistry initiative; 
• environmental initiative. 

Initiatives involving documentation, compilation and inventory studies of energy resources: 
• documentation of hydrocarbons in Paleozoic rock initiative. 

Initiatives involving geophysical projects: 
• application of geophysical techniques in support of bedrock geology mapping initiative; 
• geophysics and rock properties data compilation initiative; 
• application of geophysical techniques in support of surficial sediment mapping initiative. 

Initiatives that develop and manage client, stakeholder and First Nation relationships: 
• external and internal committees; 
• maintaining relationships and exchanging technical information with regional prospector and 

land-owner associations; 
• maintaining relationships and exchanging technical information with First Nation communities. 

Community-Guided Geoscience 

NORTHEAST COMMUNITY NETWORK 

The Northeast Community Network (NeCN) is a not-for-profit corporation that facilitates and co-
ordinates regional development in partnership with community stakeholders by promoting the utilization 
of all available resources in the region from Hearst and Constance Lake First Nation to the west, to Black 
River–Matheson and Wahgoshig First Nation to the east along Highway 11, to Timmins located to the 
west along Highway 101 and the unincorporated territories within these boundaries. The NeCN’s Mining 
Subcommittee seeks to promote and advance a sustainable mineral exploration and mining industry in the 
NeCN region by developing a multi-year NeCN geoscience initiative that addresses geoscience problems 
and gaps identified by the mineral industry as critical to 1) advance the next generation of mineral 
exploration in the region; 2) reduce exploration risk; 3) enhance the likelihood of discovering a mine; and 
4) increase immediate and future resource-based economic development in the region. Staff from the 
ERGMS and the Resident Geologist Program (RGP) of the OGS provided “in-kind” support to the NeCN 
by facilitating a geoscience gap analysis meeting as part of the NeCN Geoscience initiative project planning. 
One of the high priority gaps identified during that meeting was the lack of modern, first-order regional 
airborne geophysical data in the northern part of the NeCN region and along the Highway 11 corridor 
(Parker 2014). As a result, the Ontario Geological Survey commenced an aeromagnetic gradiometer and 
gamma-ray spectrometer airborne geophysical survey in the eastern Quetico Subprovince during the 
summer of 2015 (Rainsford and Biswas, this volume, Article 24). 

Collaborative Initiatives with the Mineral Exploration Research Centre 
(MERC), Department of Earth Sciences, Laurentian University 

The Mineral Exploration Research Centre (MERC) at the Department of Earth Sciences, Laurentian 
University, commenced a 5-year, multi-disciplinary research initiative on low-sulphide PGE-rich Sudbury 
footwall mineralization in the Sudbury region (Mineral Exploration Research Centre 2015). This is a 
multi-disciplinary, collaborative initiative involving MERC researchers and students, private sector 
companies and the Ontario Geological Survey. The goal of the program is to develop an integrated 
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geological, geochemical and geophysical exploration model for low-sulphide, PGE-rich mineralization 
and identify characteristics that show measurable spatial variation within and with proximity to low-
sulphide PGE-rich mineralized zones through the characterization of 

1. mineralization (including metallurgical characterization), sulphide- and oxide- (alloys) 
mineralogy, mineral chemistry, textures, grain-size; 

2. alteration mineral assemblages, mineral chemistry, textures, structure; 
3. physical properties of mineralization, alteration and rock types; 
4. structural and lithological controls, rock types, textures, structures, and metamorphism; and 
5. surficial geochemical expression of buried mineralized zones in transported surficial media. 

Ontario Geological Survey in-kind support to this project currently consists of 

1. the southwest Sudbury Structure bedrock geology mapping project, focussing on 1:20 000 scale 
mapping of Drury, Denison, Trill and Fairbank townships (Gordon, Simard and Généreux, this 
volume, Article 21); 

2. Quaternary mapping and sampling at 1:20 000 scale in Drury and Denison townships (Hashmi, 
this volume, Article 29); and 

3. support of an MSc thesis study on the structural and lithological characterization of low-
sulphide PGE-rich Sudbury footwall mineralization (Gordon, Simard and Généreux, this 
volume, Article 21) through the Ontario Geological Survey–Laurentian University Graduate 
Mapping School Agreement. 

The ERGMS intends to also support a PhD thesis study, also through the Ontario Geological 
Survey–Laurentian University Graduate Mapping School Agreement, to characterize the surficial 
expression of low-sulphide, PGE-rich Sudbury footwall mineralization. This thesis research will a) 
determine the extent to which the geochemical signature of low-sulphide PGE mineralization is expressed 
in the surface environment; b) determine if only mechanically transported anomalies can be identified 
from shallow mineralization, or whether deeper mineralization can be detected by vertically transported 
metals; and c) what combinations of sampling strategies, geochemistry and isotopic methods can be used 
to remove anthropogenic effects on the surface geochemical environment (Mineral Exploration Research 
Centre 2015). This thesis study will commence in 2016. 

Collaborative Initiatives with the Geological Survey of Canada 

The Targeted Geoscience Initiative 4 (TGI-4) concluded its final year in March 2015. The TGI-4 
was a five-year, collaborative, federal geoscience program with a mandate to generate new geoscience 
knowledge in support of deep exploration. During TGI-4, the Geological Survey of Canada (GSC), OGS, 
private sector and academia collaborated on geoscience projects located throughout Ontario that were 
focussed on nickel-copper-PGE-chromium and lode gold deposits (Parker 2014) including a collaborative 
OGS–GSC project in the McFaulds Lake “Ring of Fire” region that consisted of bedrock geology 
mapping, diamond-drill core re-logging and compilation (Metsaranta and Houlé 2013; Metsaranta et al. 
2015). This project is now concluded and regional bedrock geology maps and data compilations for the 
region will begin to be released in 2016. 

Planning for the Targeted Geoscience Initiative 5 (TGI-5) is underway, with the GSC, OGS, private 
sector and academia collaborating on geoscience projects located throughout Ontario and focussed on 
geoscience themes and mineral commodities. 
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The ERGMS is conducting the Hudson Platform project designed to complement geoscience activities 
by the GSC as part of their Geo-Mapping for Energy and Minerals Initiative 2 (GEM-2), which, in turn, is 
focussed on geological mapping for informed resource development in the extreme Far North of Canada 
(generally north of latitude 60°). The Hudson Platform project is a study of Paleozoic stratigraphy and 
hydrocarbon resource potential of the Hudson Platform, which involves bedrock geology mapping and 
diamond-drill core logging and compilation to upgrade geoscience data for Paleozoic strata in the Hudson 
Bay Lowland and to re-evaluate hydrocarbon resource potential (Armstrong, this volume, Article 31). 
Complementary work is being conducted on Devonian (Chow and Armstrong, this volume, Article 33) and 
Upper Ordovician strata (Turner and Armstrong, this volume, Article 32) in the Far North. 

The ERGMS is also collaborating with the GSC, as part of the Earth Sciences Sector (ESS) of 
Natural Resources Canada (NRCan) Groundwater Geoscience Program. The GSC conducted reflection 
seismic geophysical surveys and down-hole geophysics in the central part of Simcoe County and in the 
Niagara Peninsula to support the ERGMS ongoing 3-D mapping of Quaternary deposits and groundwater 
aquifers in these regions (Mulligan, this volume, Article 28; Burt, this volume, Article 35). 

The GSC is also initiating a multi-year (2014 to 2019) collaborative project with the OGS, which 
will focus on aquifer mapping and characterization in southern Ontario as part of the OGS Groundwater 
Initiative and the Earth Sciences Sector (ESS) of Natural Resources Canada (NRCan) Groundwater 
Geoscience Program. The collaborative project will apply a basin analysis approach to investigating the 
complex interplay of hydrogeological issues in southern Ontario (Russell, Priebe and Parker 2015). 
Project objectives will be advanced under 5 key thematic groupings, each of which will focus on a 
number of core studies to be refined as project planning continues: 

1. Framework for Sustainable Groundwater Use:  will build on the decade of source water 
protection work and Government of Ontario and Government of Canada Open Data initiatives 
to develop a groundwater geoscience data network, regional conceptual geological framework, 
and regional geological model construction of the Phanerozoic bedrock succession and 
Quaternary geology. 

2. Support Great Lakes Water Accords:  as identified in bilateral Ontario–Canada agreements 
by contributing to improved understanding on groundwater–surface water interaction and 
contributions of groundwater to Great Lakes water quality. 

3. Methods Development for Regional Groundwater Studies:  advance the field collection and 
data processing of shallow high-resolution seismic reflection data, airborne electromagnetic 
data, down-hole geophysical data, portable X-ray fluorescence (XRF) analysis for 
chemostratigraphy and remote sensing in support of hydrogeology. 

4. Case Studies:  complete work on targeted geographic and thematic issues that can contribute to 
an emerging regional understanding. For example, possible studies include groundwater–
surface water studies and water quality in the Upper Thames River watershed, depression 
focussed recharge, a groundwater geochemical anomaly on the Niagara Peninsula and petro-
physical studies of aquitards, etc. 

5. Science and Technology Exchange:  demonstrate science leadership through collaboration and 
co-ordination of geoscience collaborations, technology exchange opportunities, etc. 
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OTHER COLLABORATIVE PROJECTS 

Other collaborative projects that the ERGMS conducted in 2015 (see Table 2.2) are as follows: 

• support of a PhD thesis study with Lakehead University and the University of Western Australia 
of zircon lutetium-hafnium and oxygen systematics of granites across the Wabigoon Subprovince, 
which includes some structural and geochemical work to map terrane boundaries and relating 
these boundaries to mineral endowment, which includes analytical support from the OGS 
Geoscience Laboratories (Bjorkman et al. 2014); 

• support an MSc thesis study with Laurentian University to characterize the history of Early 
Holocene Tyrrell Sea transgression; 

• support an MSc thesis study as part of a 5-year, multi-disciplinary research program on  
“Low-Sulfide PGE-rich Sudbury Footwall Mineralization” being conducted by the Mineral 
Exploration Research Centre (MERC) at the Department of Earth Sciences, Laurentian 
University. The thesis was initiated in 2015 as part of the southwest Sudbury Structure bedrock 
geology mapping project (Gordon, Simard and Généreux, this volume, Article 21) through the 
Ontario Geological Survey–Laurentian University Graduate Mapping School Agreement; 

• support an MSc thesis study with Lakehead University to study the petrogenesis of the Crystal 
Lake gabbro and the Mount Mollie dike and characterize associated nickel-copper-platinum 
group element (PGE) mineralization (O’Brien, Hollings, Miller and Cundari, this volume, 
Article 23); 

• support an MSc thesis study with Lakehead University to study the geology and geochemistry 
of the Laird Lake gold property, in the vicinity of the Madsen and Starrett–Olsen gold deposits 
in the Red Lake greenstone belt (Gélinas and Hollings, this volume, Article 17); 

• support an MSc thesis study with Lakehead University to characterize the geochemistry of 
ultramafic metavolcanic rocks in the Shebandowan greenstone belt (Hinz and Hollings, this 
volume, Article 16); 

• support of a PhD thesis study, through the Ontario Geological Survey–Laurentian University 
Graduate Mapping School Agreement, and with the Mineral Exploration Research Centre 
(MERC) at the Department of Earth Sciences, Laurentian University, to conduct a metallogenic 
gold study and structural synthesis of the southern Swayze greenstone belt in the southern 
Abitibi Subprovince (Hastie, Lafrance and Kontak, this volume, Article 9); 

• support of an MSc thesis with the University of Waterloo to conduct a structural and tectonic 
study of the Ridout shear zone and implications for regional tectonics in the southern Abitibi 
Subprovince (Wu and Lin, this volume, Article 10); 

• support of an MSc thesis study, through the Ontario Geological Survey–Laurentian University 
Graduate Mapping School Agreement, and with the Mineral Exploration Research Centre 
(MERC) at the Department of Earth Sciences, Laurentian University, to conduct a characterization 
of gold mineralization in the vicinity of the past-producing Renabie Mine in the northeast 
Michipicoten greenstone belt, Abitibi Subprovince (McDivitt et al., this volume, Article 6); 

• support of an MSc thesis with the University of Western Ontario to study patterns and controls 
of groundwater chemistry in eastern Ontario as part of the Ambient Groundwater Geochemistry 
project (Colgrove, Hamilton and Longstaffe 2014); 

• support of an MSc thesis with McMaster University to focus on the characterization and 
determination of groundwater quality for a geochemical anomaly located in the Niagara 
Peninsula (McEwan et al., this volume, Article 37); 
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• support of a PhD thesis study with the University of Western Ontario consisting of a sequence 
stratigraphic and sedimentologic study of the Late Silurian to Middle Devonian succession in 
southwestern Ontario, which will include isotopic chemostratigraphy and lithogeochemistry of 
formations with some focus on the Silurian–Devonian boundary and the boundary between the 
Detroit River Group and overlying Dundee Formation (Sun, Brunton and Jin, this volume, 
Article 34); 

• support of an MSc thesis with Dalhousie University to conduct geological mapping in the 
Nepewassi domain, Central Gneiss Belt, Grenville Province (Van De Kerckhove, this volume, 
Article 20); 

• collaborate with the City of Guelph as part of the bedrock groundwater aquifer mapping of the 
Niagara Escarpment cuesta; 

• support a PhD thesis at the University of Waterloo to characterize the groundwater flow systems 
of the Early Silurian rocks of the Niagara Escarpment cuesta using physical, chemical and 
numerical hydrogeological tools built on a sequence stratigraphic framework (Priebe, Neville 
and Brunton 2014); 

• collaborate with the Ministry of the Environment and Climate Change (MOECC) on a regional 
stream sediment geochemistry project across southern Ontario (Dyer, Fletcher and Reiner 2010; 
Dyer and Burke 2012); 

• collaborate with the Ministry of Agriculture and Food and Ministry of Rural Affairs 
(OMAFRA) on a study of stream water and sediment geochemistry from the Lake Erie region 
with a focus on phosphorus characterization (Burke 2013, 2014); 

• collaborate with the Ministry of Natural Resources and Forestry (MNRF) on a lineament and 
structural analysis of airborne geophysical data in the Chatham–Sarnia area to develop 
methodology for identification of fault structures in Paleozoic rocks; 

• collaborate with the South Nation Conservation Authority (SNCA) to conduct a groundwater 
aquifer capability screening tool pilot study for the Township of Alfred and Plantagenet area in 
eastern Ontario (Di Iorio, Lemieux and Hamilton, this volume, Article 38). 

PROVINCIAL-SCALE METALLOGENIC COMPILATION AND 
INVENTORY STUDIES 

The ERGMS continued 2 ongoing, multi-year, provincial-scale projects that fall under the initiative 
to create inventories of various tectonic settings relevant to mineral exploration, as follows: 

• update and maintain the geochronology database for Ontario. The current geochronology 
database is being updated and converted to a Microsoft® Access® database and GIS format; 

• documentation of metamorphic patterns in Archean greenstone belts, with work initially 
focussing on the Wabigoon Subprovince. 

INTERJURISDICTIONAL AND COMMITTEE REPRESENTATION 

Staff of the ERGMS represented the Ministry of Northern Development and Mines, the OGS and 
other geoscience organizations on several interjurisdictional committees, internal committees and 
associations during the 2014–2015 fiscal year, which are summarized below: 

• North American Commission on Stratigraphic Nomenclature (representing the Geological 
Association of Canada) 
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• Paleontology Division of the Geological Association of Canada 
• TGI-4–National Geological Surveys Committee (NGSC) Subcommittee 
• Great Lakes Geologic Mapping Coalition 
• Canadian Mining Industry Research Organization (CAMIRO) Geophysics Expert Committee 
• CAMIRO Geochemical Expert Committee 
• Conservation Authorities Geosciences Committee 
• Canadian Exploration Geophysical Society (KEGS) Scholarship Foundation 
• Far North Information and Knowledge Management Working Group 
• MNDM Green Team 
• MNDM Information Technology–Information Management (IT/IM) Strategy Committee 
• Geoscience Laboratories (Geo Labs)–ERGMS Working Group 
• Willet Green Miller Centre (WGMC) Joint Health and Safety Committee 
• GIS in the Ontario Public Service (OPS) License Management Task Force 
• Southern Ontario Stream Sediment Geochemistry Project Steering Committee 
• Canadian Working Group on Regional Groundwater Flow Systems of the International 

Association of Hydrogeologists 
• thesis committees and adjunct professorships at universities (Laurentian University, Carleton 

University, Ohio State University, University of Western Ontario, University of Toronto, 
Chinese Academy of Sciences) 

• Prospectors and Developers Association of Canada (PDAC) Health and Safety Committee 
(representing the Committee of Provincial and Territorial Geological Surveys) 

• Prospectors and Developers Association of Canada (PDAC) Student–Industry Mineral 
Exploration Workshop 

STAFFING CHANGES IN THE SECTION 

Renée-Luce Simard and Tom Gemmell accepted Precambrian Geoscientist positions; and Kayla Dell 
accepted the position of Surficial Geochemist. Julie Chartrand and Shannon Evers accepted positions as a 
Geoscience Information Applicationist and Geological Assistant, respectively. Brent Trevisan accepted a 
Precambrian Geoscientist Intern position and Sarah Hashmi accepted a Quaternary Geoscientist Intern 
position with the ERGMS as part of the Ministry of Northern Development and Mines 2-year internship 
pilot initiative. Jordan Babando joined the ERGMS as an intern placement from the Centre for Research 
on Occupational Safety and Health with the Goodman School of Mines, Laurentian University. Jordan 
worked with the ERGMS through the summer to assist in a review and update of health and safety 
documentation, practices and procedures for field activities. 

Dave Rowell retired from the ERGMS, closing a career dedicated to public service, geoscience and 
aggregate and industrial mineral mapping primarily in southern Ontario. Dave worked in various 
positions throughout the MNDM during his career and made a major contribution in his role as the 
Aggregate and Industrial Minerals Geoscientist for the OGS. 
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3.  Project Unit 14-001.  Preliminary 
Results from Bedrock Geology 
Mapping in the Eabamet Lake Area, 
Fort Hope Greenstone Belt,  
Eastern Uchi Subprovince 

B. Azar1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

The Eabamet Lake area was mapped in the summer of 2015 as part of multi-year bedrock mapping of 
the Fort Hope greenstone belt, which is located in the eastern portion of Uchi Subprovince. The map area 
covers roughly 3000 km2 and is located at 51°40′30″N latitude and 87°37′50″W longitude. The area 
encompasses the Eabametoong First Nation, which is a fly-in community with air service from Thunder Bay. 

The project commenced in 2010 with 1:50 000 scale bedrock geology mapping at Keezhik Lake 
(Buse and Purdy 2010) and Miminiska Lake (Buse 2011); last year, the Attwood Lake mapping project 
was completed by the author. Bedrock geology mapping at 1:20 000 scale was completed at Opikeigen 
Lake, directly to the east on the present map area by Hall (2005). 

The goals of the Fort Hope greenstone belt bedrock mapping project are to 
1. create a set of 1:50 000 to 1:100 000 scale bedrock geology maps for the Fort Hope greenstone belt; 
2. better define the stratigraphy of the greenstone belt and its correlation with other belts in the 

Uchi Subprovince and the McFaulds Lake (“Ring of Fire”) region using geochronology; 
3. determine the evolution of individual tectonic assemblages and the overall tectonic setting of 

the Fort Hope greenstone belt during the Uchian orogeny (Percival et al. 2006); 
4. determine the nature of the terrane and domain boundaries to the north and south of the eastern 

Uchi Subprovince; 
5. examine and, based on the above, assess the mineral potential of the eastern Uchi Subprovince. 

This article presents the results from the 2015 field season and includes descriptions of the 
metavolcanic and metasedimentary rocks, structural geology, mineralization and alteration. The 
relationships presented herein are preliminary and based on field observations and are subject to change 
upon analysis of geochemical, geochronological and petrographic data. 

REGIONAL GEOLOGY 
The Eabamet Lake area was originally mapped by V.K. Prest in 1940 and 1941 (Prest 1942) 

following reconnaissance mapping by E.M. Burwash in 1928 focussing along the Albany River system 
(Burwash 1929). Additional reconnaissance mapping was completed in 1969 as Operation Fort Hope by 
Thurston, Carter and Riley (1970). No more detailed government mapping has been completed since. The 
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purpose of this mapping effort is to add geochemical, structural and economic data for the region and to 
update the regional mapping. 

The Eabamet Lake area is located near the centre of the Fort Hope greenstone belt. No geochronological 
data have been collected in the Eabamet Lake area to date, but geochronological data from a felsic volcanic 
flow and a felsic lapilli tuff at Opikeigen Lake yielded ages of 2711±2 Ma and 2732±2 Ma, respectively 
(Madon, McIlraith and Stott 2009). The ages are broadly correlative with the St. Joseph assemblage as are 
the ages within the Miminiska metasedimentary terrane. The latter is dominated by metawackes, with a 
maximum depositional age of circa 2705 Ma, and has a felsic wedge, with an age of 2716±1 Ma (Buse and 
Hamilton 2012; Corfu and Stott 1993). It is likely that the main metavolcanic package will be correlative 
with these ages, with older metavolcanic packages to the south and north. 

GEOLOGY OF THE EABAMET LAKE AREA 

The metavolcanic rocks (Figure 3.1) in the Eabamet Lake area are dominated by mafic to intermediate 
pillow basalts and massive flows. Pillows are small to medium sized, ranging from 15 cm to over 2 m 
long when flattened (Photo 3.1A). The pillows have thin selvages, generally 0.5 to 3 cm, infilled with 
mafic metasedimentary rock and, more rarely, recrystallized hyaloclastite. Coarse- to medium-grained 
synvolcanic mafic sills and dikes are common throughout the mafic metavolcanic rocks and are up to 
100 m wide. Some mafic flows and sills contain former feldspar glomerocrysts, 5 to 30 mm, which 
appear to have been altered to zeolite. The centre of Eabamet Lake is dominated by felsic pyroclastic 
rocks with varied morphologies, including tuff and coarse volcanic rocks and sedimentary rocks derived 
from volcanic detritus (Photo 3.1B). The felsic pyroclastic rocks are often completely recrystallized and 
highly strained L-tectonites without visible primary features with the exception of a few outcrops. Fine 
laminae and bedding with some evidence of scour structures are visible in a few locations within these 
tuffaceous units. These rocks and the adjacent granodiorite are crosscut by a series of medium- to coarse-
grained mafic dikes, now amphibolite, that are interpreted to be synvolcanic with the mafic metavolcanic 
flows to the north. 

There is a 2 to 3 km wide band of metavolcanic rocks, striking roughly 030°, that appear to be an 
offshoot of the main package in the Hector Lake area extending northward. The mafic and felsic 
metavolcanic rocks of this offshoot are commonly interbedded and are strongly foliated and sheared 
(Photo 3.1C). The mafic rocks are strongly amphibolitized with some chlorite with no primary features 
remaining; coarser grained mafic sills, up to 3 m wide, are also found throughout this package. Felsic 
rocks are strongly sericitized and evidence of pyroclastic or primary features are absent. 

The metasedimentary package along the west shore of Eabamet Lake (see Figure 3.1) is composed 
primarily of quartzose and feldspathic wackes with rare mudstone interbeds. Where primary bedding is 
still visible, beds are thinly to thickly bedded. The metasedimentary rocks are migmatized as metatextite 
along much of the shoreline and consist primarily of quartz and biotite with stromatic layering; primary 
textures are destroyed or transposed into the metamorphic foliation (Photo 3.1D). Within the metatextite, 
there are foliation-parallel injections of two-mica granite with dark bands of melanosome. On islands in 
Lornjack Bay, near the northwest shoreline of Eabamet Lake, mudstones are metamorphosed to biotite-
muscovite-albite with staurolite porphyroblasts up to 6 cm in length. Garnet is commonly associated with 
the metawackes, but only in areas where they have not been migmatized. On the southwest shoreline of 
Rond Lake, greenschist-facies finely bedded and thickly laminated feldspathic wackes grade upward, 
younging to the north. The lack of strong metamorphic foliation and the low metamorphic grade of this unit 
and the related felsic tuff breccia to the north suggest that these rocks are younger than their strongly 
metamorphosed counterparts to the southeast. Thinly to moderately bedded feldspathic wacke, with 
argillaceous interbeds and rare amphibolite boudins, was found to the northeast of McIntyre Lake 
(Photo 3.1E). 
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Figure 3.1.  Simplified geologic map of the Eabamet Lake area.  Universal Transverse Mercator (UTM) co-ordinates are in 
North American Datum 1983 (NAD83), Zone 16.  Abbreviations:  Ag, silver; Au, gold; Cu, copper; ELA, Eabamet Lake 
antiform; Fe, iron; Ni, nickel. 
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Photo 3.1.  Selected photos of lithologic units in the Eabamet Lake area.  A) Mafic to intermediate pillow basalts, younging 
toward the north, along Reserve Creek (compass is 22 cm long, with sighting arm pointing north).  Pillow outlined with black 
dashed line.  B) Felsic tuff with some reworking by water including scour surfaces, younging roughly north with a late debris 
flow to the northeast; island in Reserve Bay, north side of Eabamet Lake (compass is 22 cm long, with sighting arm pointing 
north). Contact shown (black dashed line) between the felsic tuff and the debris flow.  C) Banded, highly strained mafic 
metavolcanic rocks with felsic bands typical of the Hector Lake area.  D) Z-folded metatextite after wacke showing stomatic 
texture on southwest shoreline of Eabamet Lake.  E) Bedded metawacke with thin argillaceous beds with boudinaged quartz 
veins and amphibolite, northeast of McIntyre Lake.  F) Leucogabbro intrusive breccia with blocks of orthoamphibolite, 
southwest of McIntyre Lake (compass is 22 cm long, with sighting arm pointing north). 
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Silicate-facies and oxide-facies iron formations occur as discontinuous bands ranging from 0.3 to 
3 m wide throughout the metavolcanic and metasedimentary rocks of the greenstone belt (see Figure 3.1). 
The silicate iron formation is metamorphosed and composed of dark green amphibole, garnet and quartz 
with trace pyrite ± pyrrhotite and possesses slightly elevated magnetic susceptibility readings relative to 
the mafic metavolcanic rocks. Oxide-facies iron formation was found in only one outcrop, west of Norton 
Lake. It is banded with sugary textured white quartz and magnetite layers; the widest unit was only 30 cm 
with magnetic susceptibility values of approximately 1200 ×10-3 SI units. 

Most of the mafic to ultramafic intrusions within the map area occur as lenses or dikes within the 
mafic metavolcanic packages. In the Norton Lake area, the gabbroic to pyroxenitic intrusions are found as 
lenses and sills within the metavolcanic rocks and have been interpreted as synvolcanic (Johnson 2005). 
To the southwest of McIntyre Lake, there is mesogabbroic to leucogabbroic intrusive breccia that 
contains anywhere from 2 to 80% mafic metavolcanic and amphibolite angular to subrounded xenoliths 
up to 2 m long (Photo 3.1F). 

External granitoid batholiths of different relative ages bound the greenstone belt. The oldest intrusion 
is a quartz monzodiorite to granodiorite that dominates the western half of Eabamet Lake and extends 
southward (Photo 3.1G). This intrusion may in fact be the continuation of the Hurst Lake batholith that 
extends northeast from the Attwood Lake area. Field observations suggest that the granodiorite intrusion 
has been affected by the same deformational events that affected the metavolcanic rocks. There are a series 
of unnamed, oval-shaped, possibly syntectonic to posttectonic granitic plutons occurring throughout the 
map area that have distinct magnetic characteristics on airborne geophysical maps (Ontario Geological 
Survey 2003). Lastly, a syntectonic to posttectonic muscovite ± biotite-bearing trondhjemite to granite 
intrudes the metasedimentary and migmatized rocks in Eabamet Lake (see Figure 3.1; Photo 3.1H). This 
intrusion appears relatively undeformed and is intimately associated with the metatextites as well as late 
related felsic pegmatite dikes. The two-mica granite and the pegmatite dikes contain tourmaline, and rare 
blue-green beryl as well as garnet porphyroblasts, which are indicative of S-type granites, derived from 
the melting of metasedimentary rocks. Associated dikes crosscut earlier quartz diorite and metavolcanic 
rocks. Late feldspar ± quartz porphyry dikes and sills, found in the Rond Lake and McIntyre Lake areas, 
are commonly up to 20 m wide with up to 70% augen-shaped feldspar and quartz phenocrysts up to 3 to 
5 mm in size. These dikes are strongly sheared and sericite altered hosting up to 5% finely disseminated 
pyrite east of McIntyre Lake. 

 

Photo 3.1, continued.  G) Biotite- and hornblende-bearing quartz monzodiorite on the northwest shoreline of Eabamet Lake.  
H) Muscovite- and biotite-bearing S-type granite north of Triangular Lake. 
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A minimum of 3 sets of Proterozoic diabase dikes occur within the map area (see Figure 3.1), all of 
which are strongly magnetic with distinct linear aeromagnetic signatures on airborne geophysical maps 
(Ontario Geological Survey 2003). The dikes are medium to coarse grained and are composed of 
pyroxene, plagioclase and rare olivine. Buse and Hamilton (2012) determined the ages of 2 of the dike 
sets: 1883±1 Ma for the north-northwest–trending set, which is interpreted to be part of the Pickle Crow 
dike swarm (Madon, McIlraith and Stott 2009), and 2102±1 Ma for the northeast-trending set, which is 
interpreted to part of the Marathon dike swarm (Madon, McIlraith and Stott 2009). The northwest-trending 
dikes have been interpreted as part of the Matachewan dike swarm (Madon, McIlraith and Stott 2009). 

STRUCTURAL GEOLOGY 

The northern part of the Eabamet Lake area comprises successions of supracrustal rocks that strike 
roughly east or west and dip steeply to the north or south. The facing direction in the Eabamet Lake area 
is predominantly to the north. The majority of observed pillow-younging directions are upright, with 
overturned pillows only where the stratigraphy is dipping at high angles. Scour surfaces in felsic 
metavolcanic rocks were the only other clear facing directions that were observed. These successions are 
widely affected by a regional penetrative foliation trending parallel to the general stratigraphy. The 
penetrative foliation in the greenstone belt is typically warped around syntectonic to posttectonic 
intrusions that also create their own strain aureoles within the supracrustal rocks. All relationships 
discussed below pertain specifically to the Eabamet Lake area only and are not necessarily representative 
of the entire greenstone belt. 

The western half of the Eabamet Lake area, dominated by migmatized metasedimentary rocks and 
felsic volcaniclastic rocks, exhibits a more complicated structural pattern as observed in airborne 
geophysical data (Ontario Geological Survey 2003). The supracrustal rocks are affected by a 10 km long 
regional antiform trending to the southeast, which is referred to as the “Eabamet Lake antiform” in this 
report (see Figure 3.1). A preliminary interpretation has shown that the regional antiform refolds earlier 
fold structures identified in the metasedimentary rocks (see Figure 3.1). Early fold hinges are evident in 
folded iron formation that wrap around the eastern fold termination of the Eabamet Lake antiform, which 
thus qualifies as an F2 fold. 

The F1 folding is characterized by regional, east-trending isoclinal folding expressed as isoclinal 
upright folds in outcrops (Photos 3.2A and 3.2B). These dominant east-trending fold axes locally display 
other trajectories as a result of modifications brought about by later deformation events or pluton 
emplacement. Volcaniclastic rocks and mafic dikes that dominate the central part of the Eabamet Lake 
area were mapped as well-developed L-tectonites (L>>S) with steeply plunging lineations with azimuths 
from 350° to 090° (Photos 3.2C and 3.2D). These L-tectonites are interpreted to have formed prior to F2 
folding to the west. Lineations generally trend east (see Photo 3.2C) along the south flank of the regional 
Eabamet Lake antiform (F2), whereas lineation trajectories appear to rotate counterclockwise and trend to 
the north-northeast along the hinge of the antiform. One would expect that if these lineations were formed 
at the same time as the F2 folding, they would be parallel to the axis of the F2 fold. Here, the angular 
relationship between these lineations and the F2 fold axis is roughly at 090° (see Photo 3.2D). The 
trajectory pattern related to the F2 fold axis is characterized by a strong dispersion that shows that the 
lineations formed before the F2 event, although it is unclear whether they belong to the D1 or an even 
earlier deformation event. Lineations, possibly related to the same compressional event, are also weakly 
developed in the surrounding quartz monzodiorite, but tend to be moderately plunging and associated 
with a foliation. The D2 folding event is also characterized by east-trending fold axes. These outcrop-scale 
open folds, which sometimes manifest as parasitic Z- and S-folds, are observed on the western shorelines 
of Eabamet Lake and have east-trending axes with hinge lines moderately to steeply dipping with 
azimuths toward 090° and 115°. Locally, in this area, outcrop-scale overprinting relationships also show 
evidence of the early isoclinal folds being reworked by this later folding event (see Photo 3.2B). 
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Photo 3.2.  Selected photos of structural features in the Eabamet Lake area.  A) Intense F1 east-trending folds in metatextite, on the 
north shoreline between Eabamet Lake and the Albany River; F1 fold axis indicated by red dashed line.  B) Early F1 isoclinal fold 
refolded by gentle 110° trending F2 fold in metawacke, on the south shoreline of Eabamet Lake (compass is 22 cm long, with 
sighting arm pointing north); F1 and F2 fold axes indicated by red dashed and yellow dashed lines, respectively.  C) Steeply 060° 
plunging mineral lineation (black arrow) in felsic metatuff L-tectonite, south of the projected Eabamet Lake anticline axis.  
D) Steeply 010° plunging lineation (black arrow) in mafic amphibolite L-tectonite, along the Eabamet Lake anticline axis.   
E) Z-folding in metasedimentary rocks northeast of McIntyre Lake.  F) Z-folding in shear zone interpreted as being a drag fold 
with a dextral shear sense, west of McIntyre Lake (compass is 20 cm long, with mirror pointing north); Z fold axes indicated by 
red dashed lines. 
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Similar regional-scale folds identified from the magnetic airborne geophysical maps have been found 
east of Hector Lake and southwest of Norton Lake. However, assigning these regional folds either to the 
D1 or D2 events remains problematic because of the lack of overprinting relationships in the area. Some 
areas with limited outcrop, such as to the northeast of McIntyre Lake, showed Z-folding, but its 
relationship to the folding events discussed above is unclear (Photo 3.2E). 

Ductile deformation is characterized by the presence of shear zones. These shear zones are generally 
striking between 250° and 280° and are up to 50 m wide. They were found in the Reserve Creek area and 
west of the McIntyre Lake area, both of which contained primarily dextrally oriented shear sense indicators 
(Photo 3.2F). In the McIntyre Lake shear zone, pillows are stretched with aspect ratios up to 20:1. Smaller 
scale shear zones were found throughout the mafic metavolcanic rocks and were consistently parallel to 
foliation. 

Late brittle faults displacing quartz veins or other planar features were found in some outcrops and 
generally were striking between 280° and 015° with steep dips, and with varied dextral and sinistral 
displacement. 

METAMORPHISM AND ALTERATION 

Metamorphism in the Eabamet Lake area ranges from greenschist to upper amphibolite facies. 
Amphibolite-facies metamorphism is focussed in the centre of Eabamet Lake. Mafic mineral assemblages 
are dominated by hornblende and plagioclase and the felsic assemblages comprise plagioclase + 
hornblende ± quartz ± garnet ± biotite. Metawackes are composed of biotite + quartz + albite ± garnet, 
whereas the meta-mudstones contain staurolite crystals up 6 cm long and contain a large proportion of 
muscovite. The main east-trending metavolcanic package is dominantly greenschist facies with sericite 
present in most felsic metavolcanic rocks and chlorite ± actinolite in the mafic metavolcanic rocks. The 
majority of metamorphic, porphyroblastic minerals appear to have crystallized during the development of 
penetrative fabrics; growth of the minerals may have outlasted deformation as demonstrated by little 
evidence of pressure shadows or flexure of the predominant foliation around the porphyroblasts. 

Feldspar-epidote-quartz alteration (also referred to as spilitization) of the pillowed mafic 
metavolcanic rocks commonly affects the centres of the individual pillows and occurs as patches within 
amphibolitic mafic rocks. In other areas, the metamorphic grade is higher and the alteration is less 
pervasive. Most supracrustal rocks contain large and abundant anhedral to subhedral garnet poikiloblasts 
that might be attributed to synvolcanic alteration (Photo 3.3A), but require further investigation. 

ECONOMIC GEOLOGY 

There are many mineral occurrences and prospects in the Eabamet Lake area (see Figure 3.1), 
including the Norton Lake deposit, hosted in a gabbroic to pyroxenitic intrusion, with a resource estimate 
(Measured+Indicated) of 1.88 million tonnes grading 0.73 weight % Ni, 0.65 weight % Cu, 0.03 weight 
% Co and 0.49 g/t Pd at a 0.5 weight % Ni cut-off (Jobin-Bevans et al. 2009, p.7). Currently, there are 
3 companies with active claims in the area. SLAM Exploration Ltd. currently holds 17 claims including 
the former Fort Hope Lake Mine to the east of Rond Lake and 5 claims abutting against the eastern Fort 
Hope reserve boundary along Reserve Creek. Copper Lake Resources Ltd. holds 32 contiguous claims in 
the Norton Lake area including the Norton Lake deposit. Lastly, China Metallurgical Exploration 
Corporation holds a large block of claims east of McIntyre Lake that extends beyond the eastern extent of 
the map area. 
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Mineralization at Norton Lake is focussed within a lensoid pyroxenitic to gabbroic intrusion as 
pyrrhotite stringers, veins and patches. The mineralization style is orthomagmatic nickel-copper-platinum 
group elements (PGE) with evidence for later copper and PGE remobilization and enrichment (Johnson 
2005). The mineralization is not found on surface, but several, likely related lenses and dikes of gabbro to 
hornblendite occur throughout the mafic metavolcanic rocks and are associated with weakly disseminated 
sulphide mineralization (Photo 3.3B). 

The shaft of the Fort Hope gold mine, which is where the cluster of gold occurrences is located west 
of Rond Lake (see Figure 3.1), was sunk in 1928 with additional work in 1935 targeting gold-bearing 
quartz ± carbonate ± sulphide–bearing veins, which occasionally contain visible gold, hosted within mafic 
and felsic metavolcanic rocks. The veins ranged from 8 to 40 cm wide and are reported to have been 
continuous along strike for up to 125 m, generally striking east to northeast and steeply dipping. Gold was 
also found in felsic rocks with pervasive silica-carbonate alteration and finely disseminated pyrite, as well 
as associated with felsic porphyry dikes that crosscut the metavolcanic package. A 3105 kg bulk sample 
of one of these quartz veins yielded an average of 3.54 ounces gold per ton in 1959 (Mason and White 
1995). Drilling by SLAM Exploration has yielded 4 intersections between 7 and 27.2 m returning 1.37 to 
6.22 g/t Au, although it is not specified whether these intersections are representative of true widths of  

 

Photo 3.3.  Selected photos of mineralization and alteration in the Eabamet Lake area.  A) Large garnets in mafic amphibolitic 
rocks, south side of Eabamet Lake.  B) Disseminated pyrrhotite within a gabbroic lens in the Norton Lake mafic metavolcanic 
package, southwest of Norton Lake (compass is 22 cm long, with sighting arm pointing north).  C) Sericite-chlorite–altered shear 
zone with up to 5% disseminated sulphides on the north side of Reserve Creek (compass is 22 cm long, with sighting arm 
pointing north).  D) Quartz boudin within sheared mafic metavolcanic rocks with green malachite (“mlc”) staining and chalcopyrite 
(“cp”) mineralization, south side of Reserve Creek. 
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mineralization (Chataway 2011). In the Reserve Creek area to the east, gold, copper and silver 
mineralization is associated with quartz veining and sulphide mineralization within shear zones hosted by 
mafic metavolcanic rocks and what is described as magnetite-bearing mafic tuff (Photo 3.3C) 
(Publicover-Lloyd 2011). The mineralization occurs as shoots steeply plunging to the west with high-
grade drill intercepts up to 16.45 g/t Au over 16.85 m (Publicover-Lloyd 2011). Chalcopyrite and bornite 
mineralization were observed during the current mapping in several rusty quartz boudins, up to 3 m long 
and 2 m wide, in the Reserve Creek area (Photo 3.3D). The sheared mafic tuff, targeted by SLAM 
Exploration, is rusty with abundant sericite and chlorite alteration and up to 5% finely disseminated 
pyrite, pyrrhotite and chalcopyrite (see Photo 3.3D). 

No previously unidentified mineralization was discovered during the field season, but it is 
recommended that exploration remain focussed within the metavolcanic rocks on strike with the known 
gold occurrences, specifically targeting shear zones with quartz veining. Additionally, synvolcanic to 
postvolcanic mafic to ultramafic intrusions within the metavolcanic packages in the Norton Lake area and 
east of McIntyre Lake may be desirable targets for magmatic sulphide mineralization. The presence of 
beryl associated with the two-mica (S-type) granites is indicative of a highly fractionated system with 
potential for rare earths, such as the Lilypad Lakes rare earth pegmatites to the west of the map area. 
Since much of the region is under thick overburden cover, it is also recommended that potential targets be 
identified using geophysical data, such as the Ontario Geological Survey’s airborne geophysical 
(magnetic and electromagnetic) surveys (Ontario Geological Survey 2003). 
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INTRODUCTION 

The Lang Lake greenstone belt is located 80 km west of Pickle Lake and 35 km southeast of the Cat 
Lake First Nation community. A one-year, 1:20 000 scale, bedrock geology mapping project was conducted 
in 2014 (Magnus 2014, 2015a, 2015b) to improve our knowledge of the greenstone belt, which had been 
last mapped in the 1930s and the 1970s (Laird 1930, 1931; Fenwick 1970, 1971; Fenwick and Srivastava 
1972; Sage and Breaks 1982). This article presents a volcanic and intrusive magmatic evolutionary 
framework for the Lang Lake greenstone belt, based on geochemical and new U/Pb geochronological data 
acquired by isotope dilution–thermal ionization mass spectrometric (ID–TIMS) and laser ablation 
inductively coupled plasma mass spectrometric (LA-ICP–MS) methods that build upon previous 
geochronology by Corfu and Stott (1993). 

Geological Setting 

The Lang Lake greenstone belt is located within the central Uchi domain of the Superior Province, 
along its northern boundary with the core of the North Caribou terrane. The Uchi domain has been 
interpreted to represent mostly Neoarchean and locally Mesoarchean supracrustal and intrusive rocks built 
upon the Mesoarchean, predominantly tonalitic to granodioritic, core of the North Caribou terrane (Stott 
et al. 2010). 

The supracrustal rocks of the Uchi domain record approximately 290 million years of depositional 
and tectonic history, and have been subdivided into several assemblages based on tectonofacies 
relationships and age determinations (Corfu and Stott 1993). The supracrustal rocks of the Lang Lake 
greenstone belt have been included in the Confederation assemblage (2750 to 2730 Ma) as described by 
Stott and Corfu (1991), based on a U/Pb age of 2747 +4/−3 Ma from a quartz-porphyritic metavolcanic 
rock collected at McVicar Lake. Throughout the other greenstone belts in the Uchi domain, the rocks of 
the Confederation assemblage have been described as consisting primarily of metamorphosed tholeiitic 
pillow lavas and calc-alkalic massive to pillowed and pyroclastic flows; significant proportions of mature 
sedimentary facies are only described from the Lang Lake and the Bee Lake greenstone belts (Corfu and 
Stott 1993). 
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GEOLOGY 

The geology of the Lang Lake greenstone belt (Figure 4.1) has been described in a previous 
publication (Magnus 2014) and on 2 maps (Magnus 2015a, 2015b). The following is a summary of the 
main rock units and their distribution within the greenstone belt (see Figures 4.1 and 4.2). 

Supracrustal Rocks 

The supracrustal rocks within the Lang Lake greenstone belt have been subdivided into 4 distinct 
facies units: coherent volcanic rocks (such as massive to pillowed flows and synvolcanic dikes), volcanic-
derived clastic rocks (volcanic conglomerates, volcanic sandstone to mudstone), siliciclastic sedimentary 
rocks (conglomerate, sandstone and mudstone), and chemically precipitated sedimentary rocks (chert, 
magnetite iron formation). Magnus (2014) recognized 5 depositional packages of supracrustal rocks 
within the greenstone belt based on mixtures of these 4 facies units (see Figure 4.2). 

DEPOSITIONAL PACKAGES A AND B 

Along the northern (depositional package A) and southern (depositional package B) margins of the 
greenstone belt, massive to pillowed (“coherent-facies”) mafic metavolcanic rocks are intercalated with 
chemical metasedimentary rocks (chert, magnetite iron formation) and a relatively high proportion of 
mafic-derived volcaniclastic rocks (sandstone to mudstone). No coherent felsic flows have been observed 
in this depositional package; however, there are small lenses of felsic to intermediate volcaniclastic rocks 
located in the vicinity of Saddle Lake and Boyes Lake in the northwest corner of the belt. 

DEPOSITIONAL PACKAGE C 

Between Lang Lake and McVicar Lake, coherent- (massive) and clastic-facies felsic metavolcanic 
rocks are intercalated with predominantly clastic (volcanic conglomerate) and subordinate coherent 
(massive to pillowed) mafic metavolcanic rocks. A possible band of chemical metasedimentary rock in 
this depositional package is poorly exposed on the northern shore of McVicar Lake. 

 
Figure 4.2.  Simplified sketch map showing the supracrustal depositional packages (A to E) within the Lang Lake greenstone 
belt; see text for more details.  Abbreviations: BHSZ, Bear Head shear zone; SLSZ, Saddle Lake shear zone.  All UTM co-
ordinates are provided using NAD83 in Zone 15. 
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DEPOSITIONAL PACKAGE D 

Located at the west end of Lang Lake, a depositional package of metasedimentary rock is present. It 
consists primarily of thinly bedded siltstone and mudstone, but with coarser grained rocks being more 
common eastward along Lang Lake (sandstone and greywacke). 

DEPOSITIONAL PACKAGE E 

Approximately half of the supracrustal rocks in the eastern portion of the greenstone belt are 
composed of metamorphosed sandstone and greywacke and minor mudstone. Several lenses of polymictic 
clast- to matrix-supported conglomerate and minor coherent- and clastic-facies felsic metavolcanic rocks 
are also present in this depositional package. 

Structure 
Pillow facing directions in depositional packages A and B (dominantly mafic metavolcanic rocks) 

along the north and south edges of the belt face inward, which suggest that the supracrustal rocks are in a 
major, eastward-facing syncline. The felsic volcanic-dominated depositional package C and the 2 packages 
of metasedimentary rocks (D and E) occupy the centre of the interpreted syncline, which suggests that 
they are younger than the mafic-dominated depositional packages (A and B). Deformation along the Bear 
Head shear zone and its splays has offset these supracrustal rocks horizontally (in plan view, see Figures 
4.1 and 4.2) and, although there is some evidence of minor vertical displacement (possible reactivation), 
it does not seem to have affected the overall synclinal arrangement of the supracrustal rocks. 

Intrusive Rocks 
Tonalitic to granodioritic rocks surround and crosscut the supracrustal rocks of the Lang Lake 

greenstone belt (see Figure 4.1). The intrusive rocks are typically aphyric, medium grained and 
equigranular, with varied abundances of mafic phases (typically biotite) up to 5 modal %. These granitoid 
rocks are generally indistinguishable from one another in hand-specimen and outcrop. An exception is the 
Shonia Lake stock (new informal name, not labelled on Magnus 2015a), a fine-grained equigranular 
beige, aphyric to quartz-porphyritic tonalite that changes from a hornblende granodiorite phase along its 
southeastern edge to a medium- to coarse-grained potassium feldspar porphyritic biotite granodiorite at 
the west end of Lang Lake. 

Two prominent mafic intrusions are present within the greenstone belt. A complex body, comprising 
medium-grained gabbro and diorite, with minor hornblendite and adcumulate anorthosite, is present 
around McVicar Lake (“McVicar Lake intrusion”), which displays a myriad of magma mixing, assimilation, 
separation and hybridization (“MASH”) textures. This pluton contains 2 magmatic copper-nickel mineral 
occurrences (see Magnus 2015a, 2015b: MDI occurrences 22 and 25, respectively). A smaller mafic 
intrusion near Jutzi Lake (referred to herein as the “East mafic intrusion”), at the east end of the belt, is 
composed of medium-grained metagabbro to very coarse-grained (megacrystic) anorthosite. 

Between Lang Lake and Sor Lake, the Sor Lake stock, of pink medium- to coarse-grained 
equigranular quartz monzonite to hornblende monzodiorite, crosscuts the metavolcanic and 
metasedimentary rocks. The Otoskwin pluton, which is a large pluton (5 by 9.5 km) with a positive 
aeromagnetic anomaly (Ontario Geological Survey 2001), crops out on the Otoskwin River, and varies in 
composition from fine- to medium-grained hornblende granodiorite to coarse-grained diorite (see Magnus 
2015b). Several fine-grained plagioclase porphyritic mafic dikes, with positive linear aeromagnetic 
anomalies, crosscut all rock units of the greenstone belt. 
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GEOCHEMISTRY 
A total of 303 samples were submitted for whole-rock geochemical analysis to the Geoscience 

Laboratories in Sudbury, Ontario. Quality control for all of the analytical procedures was conducted using 
both in-house blanks and duplicates, and using field-duplicates. Only data collected by X-ray fluorescence 
(for major oxides), titration (for FeO) and inductively coupled plasma mass spectrometry (for trace 
elements, including the rare earth elements) is used herein; all other data will be available in a 
forthcoming Miscellaneous Release—Data. 

Although 137 samples of supracrustal rocks were submitted for whole-rock geochemical analysis, 
only those samples that are interpreted to represent primary magmas (i.e., massive to pillowed flows and 
synvolcanic dikes) have been used in the tectono-magmatic geochemical analysis of the belt, because they 
represent direct samples of the magmas that constructed the belt, whereas rocks of the volcaniclastic and 
clastic metasedimentary facies have been affected by surficial weathering and sedimentary processes. 
Despite the large number of supracrustal rocks analyzed, only 8 samples from depositional packages A 
and B and 20 samples from depositional package C likely represent primary magmas that can be used in 
the interpretation of the tectono-magmatic history of the Lang Lake greenstone belt. 

Mafic Supracrustal Rocks 
All of the metavolcanic and dike rocks from depositional packages A, B and C are plotted on a silica 

versus total alkalis diagram (Figure 4.3). All 8 samples from depositional packages A and B plot in the 
“basalt” field; whereas for the samples from depositional package C, 8 samples plot in the “basalt” field, 
7 samples plot in the “basaltic andesite” and “andesite” fields, 1 sample plots in the “dacite” field, and 
4 samples plot in the “rhyolite” field. All of these samples are located below the alkaline–subalkaline 
discrimination line indicating that no alkaline volcanism occurred within the Lang Lake greenstone belt. 

 
Figure 4.3.  Silica versus total alkalis discrimination diagram of Le Maitre et al. (2002) with the alkaline–subalkaline boundary 
of Irvine and Baragar (1971) superimposed.  Coherent-facies metavolcanic and subvolcanic dike rocks from depositional 
packages A, B and C are included, all of which plot in the subalkaline field. 
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Figures 4.4 and 4.5 display rare earth element (REE) and multi-element plots (chondrite-normalized 
and primitive mantle–normalized, respectively, using the normalizing factors of McDonough and Sun 
(1995)) for each of the rock types in depositional packages A and B and in depositional package C. 
Basaltic rocks from depositional packages A and B display flat to light REE-depleted patterns. Basaltic 
rocks from depositional package C display flat to light REE-enriched patterns, with a few of the samples 
displaying small positive or negative europium anomalies, suggesting that plagioclase fractionation was 
not a significant process in the magma chamber prior to eruption of these basaltic rocks. Basaltic rocks  

 

Figure 4.4.  Rare earth element and extended trace element plots, normalized to chondritic and primitive-mantle values, 
respectively, using the normalizing factors of McDonough and Sun (1995): A) coherent-facies basaltic rocks in depositional 
packages A and B; B) coherent-facies basaltic rocks in depositional package C; and C) coherent-facies basaltic andesitic and 
andesitic rocks from depositional package C. 
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from all 3 depositional packages display negative niobium-tantalum anomalies and varied large ion 
lithophile element (LILE) (cesium, rubidium, barium, potassium, lead) enrichment typical of a 
metasomatized mantle source. The negative phosphorus anomalies suggest that apatite was either 
fractionated in a magma chamber prior to eruption or was a refractory phase in the mantle source. 

Plotting the basaltic and basaltic andesitic rocks from depositional packages A, B and C onto the 
discrimination diagram of Cabanis and Lecolle (1989) indicates that all of the basaltic rocks from 
depositional packages A and B lie within the back arc basin field (Figure 4.6). Basaltic rocks from 
depositional package C plot either in the “back-arc basin” field or the “continental arc” field with the 
basaltic andesitic rocks plotting in the “calc-alkaline” field (see Figure 4.6). In a mantle component 
diagram (Tomlinson and Condie 2001), all of the basaltic rocks from depositional packages A and B plot 
near the primitive-mantle and depleted-mantle components (Figure 4.7). In contrast, the basaltic and 
basaltic andesitic rocks from depositional package C generally fall on a trend between the depleted-
mantle and Archean upper crust end members, with a slight excursion toward the enriched-mantle end 
members (EMI, EMII and HIMU) (see Figure 4.7). Neodymium isotopic data from metavolcanic rocks 
from depositional packages A, B and C are consistent with the trace element data: the basaltic rocks from 
each package have an εNd value of between +2 and +1, slightly more negative than the depleted mantle at 
2750 Ma (εNd = +2.14), indicating that a small amount of crustal assimilation likely occurred during 
magma genesis and ascent. The basaltic andesitic magmas likely experienced more crustal assimilation, 
as they have εNd values between +1 and 0 (Figure 4.8). 

 

Figure 4.5.  Rare earth element and extended trace element plots, normalized to chondritic and primitive-mantle values, 
respectively, using the normalizing factors of McDonough and Sun (1995): A) coherent-facies dacitic and rhyolitic rocks in 
depositional package C, and B) tonalitic rocks of the Shonia Lake stock. 
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Figure 4.6.  Trace element discrimination diagram for basaltic rocks (after Cabanis and Lecolle 1989).  Basaltic rocks from 
depositional packages A, B and C are plotted, as well as basaltic andesitic rocks from depositional package C.  Abbreviations:  
E-MORB, enriched mid-ocean ridge basalt; N-MORB, normal mid-ocean ridge basalt; VAT, volcanic arc tholeiite. 

 

Figure 4.7.  Trace element discrimination diagram for basaltic rocks from various mantle sources (after Tomlinson and Condie 
2001).  Basaltic and basaltic andesitic rocks from depositional packages A, B and C are shown.  Mantle components: 
AUC, Archean upper crust; DM, depleted mantle; EMI and EMII, enriched mantle 1 and enriched mantle 2; HIMU, high μ 
(μ =238U/204Pb); and PM, primitive mantle. 
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These data suggest that the basaltic rocks that were erupted to form depositional packages A and B 
were derived from a partially depleted primitive-mantle source in an extensional back-arc setting with 
minimal crustal assimilation and/or fractional crystallization occurring during ascent. The basaltic rocks 
that were erupted to form depositional package C were likely derived from a similar mantle source, which 
had been enriched by metasomatic fluids driven from crustal material recycled into the mantle during 
subduction, but were subjected to moderate amounts of crustal assimilation and minimal fractional 
crystallization upon ascent. 

Felsic Supracrustal Rocks and the Shonia Lake Stock 

The andesitic, dacitic and rhyolitic rocks display increasing light REE contents with increasing silica 
content. They generally have flat, relatively low heavy REE contents typical of calc-alkaline volcanic 
rocks, with pronounced negative europium anomalies suggesting plagioclase fractionation was a 
significant process prior to eruption of these felsic rocks (see Figures 4.4 and 4.5). The trace element 
patterns for these felsic rocks show similar metasomatized mantle-source features to those of the basaltic 
rocks; however, they display negative strontium anomalies, consistent with the negative europium 
anomalies attributed to plagioclase fractionation (see Figure 4.5). They also have negative titanium 
anomalies, which suggest that a titanium-bearing phase was either fractionated prior to eruption of the 
felsic magmas, or was a refractory phase in the magma source. Neodymium isotopic data from rhyolitic 
rocks of package C (see Figure 4.8) suggest that crustal material was assimilated upon generation and 
ascent of these felsic magmas, with εNd between +1 and −1. Plotting all of the felsic volcanic rocks from  

 

Figure 4.8.  Silica versus epsilon-neodymium (normalized to chondritic uniform reservoir evolution: εNd (CHUR)) plot, with the 
dashed line representing the estimated εNd value for the depleted mantle at circa 2750 Ma.  Note the correspondence between 
decreasing εNd values and increasing SiO2 values. 
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the Lang Lake greenstone belt on the discrimination diagram of Lesher et al. (1985) places the rhyolitic 
rocks between the average FII and FIII rhyolite compositions, whereas the more dacitic rocks plot 
between average FII and FI compositions (Figure 4.9). 

Although samples of all of the major intrusive rock units in and around the Lang Lake greenstone 
belt were sampled for geochemistry, for the sake of brevity, samples from the surrounding large 
granodioritic to tonalitic intrusions are not described herein. 

The REE and trace element patterns for samples of the tonalitic Shonia Lake stock (8 samples, see 
Figure 4.5) are nearly parallel to those of the rhyolitic volcanic rocks of depositional package C. 
Approximately half of the samples from the Shonia Lake stock display smaller negative europium, 
strontium, phosphorus and titanium anomalies. This range in anomalies suggests that fractional 
crystallization of plagioclase, apatite and a titanium-bearing phase likely occurred during crystallization 
of the Shonia Lake stock. 

Mafic Intrusive Rocks 

Sixty-one samples were collected from the McVicar Lake intrusion, including 4 nickel-copper 
sulphide–mineralized samples, and 8 samples were collected from the East mafic intrusion for whole-rock 
geochemical analysis. Major and trace element data (not included herein) support observations in the field  

 

Figure 4.9.  Discrimination for felsic volcanic rocks (after Lesher et al. 1985).  Note that all of the rhyolitic rocks from 
depositional package C plot on a trend between FII and FIII compositions, whereas the dacitic rocks from depositional package C 
and the felsic rocks from packages A and B plot toward the average FI composition.  Rocks with FII and FIII compositions have 
higher potential for hosting volcanogenic massive sulphide (VMS) mineral deposits. 



Earth Resources and Geoscience Mapping Section (4) S.J. Magnus et al. 

4-11 

(presence of adcumulate-textured anorthosite, and the presence of thick melanocratic and leucocratic 
layers) that fractional crystallization of plagioclase played a major role during crystallization of the East 
mafic intrusion and, to a lesser degree, during crystallization of the McVicar Lake metagabbro. 

Assuming that the mafic intrusive rock samples have not been greatly modified by fractional 
crystallization and other processes, they have been plotted on various discrimination diagrams to aid in 
distinguishing the possible source regions. On the Cabanis and Lecolle (1989) diagram, samples from the 
McVicar Lake intrusion fall into 2 populations: herein labelled Group 1 and Group 2 (Figure 4.10). Group 
1 samples (and the nickel-copper–mineralized samples) are composed mainly of gabbroic rocks, with 
only minor anorthositic and dioritic phases, and plot in and around the volcanic arc tholeiite field; 
whereas the Group 2 samples, which plot entirely in the calc-alkaline field, are composed of a much 
greater variety of rock types—gabbro, anorthosite, diorite, quartz diorite and monzodiorite—and 
commonly display MASH textures. Plotting these samples on the mantle component diagram of 
Tomlinson and Condie (2001) places the McVicar Lake intrusion Group 1 and nickel-copper–mineralized 
samples near the primitive-mantle and depleted-mantle components (Figure 4.11). The samples of 
McVicar Lake intrusion Group 2 cluster between the primitive-mantle and depleted-mantle components 
and the Archean upper crust component. These data suggest that the McVicar Lake intrusion Group 1 
rocks most likely were derived from a primitive-mantle source in a compressional volcanic arc setting and 
experienced minor crustal assimilation and fractional crystallization. In contrast, the Group 2 rocks were 
derived from a similar mantle source, but experienced significant crustal assimilation that likely caused 
the wide range of gabbroic rock types present in Group 2. The process that resulted in magmatic nickel-
copper sulphide–mineralization in the Group 1 gabbroic rocks is currently undetermined. 

 

Figure 4.10.  Trace element discrimination diagram for basaltic rocks (after Cabanis and Lecolle 1989).  Mafic intrusive rocks 
from the McVicar Lake gabbro-diorite intrusion and from the East Mafic intrusion are plotted.  Note the separation between 
McVicar Lake groups 1 and 2 rocks, and the close association between the copper-nickel–mineralized samples and the Group 1 
tholeiitic rocks.  Abbreviations: E-MORB, enriched mid-ocean ridge basalt; N-MORB, normal mid-ocean ridge basalt; VAT, 
volcanic arc tholeiite. 
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The 8 samples from the East mafic intrusion plot in both the normal mid-ocean ridge basalt (N-MORB) 
and volcanic arc tholeiite (VAT) fields (see Figure 4.10). These data suggest that the East mafic intrusion 
was derived from a primitive-mantle source. 

Late-Tectonic Intrusive Rocks 

Six samples were collected from the monzonitic Sor Lake stock, 4 from the mafic Otoskwin pluton, 
and 3 samples of different mafic dikes for whole-rock geochemical analysis. Rocks from each of these 
late-tectonic intrusive rocks display similar REE patterns that are typical of calc-alkaline rocks, as well as 
negative niobium-tantalum anomalies, and small negative europium anomalies (Figure 4.12). 

The Otoskwin pluton and the late mafic dikes contain low concentrations of zirconium, uranium, 
thorium and lead, a unique geochemical feature within the Lang Lake greenstone belt. The low contents 
of these lithophile elements result in the late-tectonic mafic intrusive rocks plotting near the enriched-
mantle components (HIMU, EMI and EMII) on the La/Yb versus Th/Ta plot (Figure 4.13). In contrast, 
the Sor Lake stock and the other felsic intrusive rocks plot near the Archean upper crust component (see 
Figure 4.13). 

 
Figure 4.11.  Trace element discrimination diagram for basaltic rocks from various mantle sources (after Tomlinson and Condie 
2001).  Samples from the McVicar Lake gabbro-diorite and the East mafic intrusions are shown.  Note the close association 
between the copper-nickel–mineralized samples and the Group 1 rocks of the McVicar Lake intrusion.  Mantle components: 
AUC, Archean upper crust; DM, depleted mantle; EMI and EMII, enriched mantle 1 and enriched mantle 2; HIMU, high μ 
(μ =238U/204Pb); and PM, primitive mantle. 
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Figure 4.12.  Rare earth element and extended trace element plots, normalized to chondritic and primitive-mantle values, 
respectively, using the normalizing factors of McDonough and Sun (1995): A) the monzonite to monzodiorite Sor Lake stock, 
B) the mafic Otoskwin Lake intrusion, and C) late-tectonic mafic dikes. 



Earth Resources and Geoscience Mapping Section (4) S.J. Magnus et al. 

4-14 

 

 
Figure 4.13.  Trace element discrimination diagram for basaltic rocks from various mantle sources (after Tomlinson and Condie 
2001).  Samples from the Otoskwin pluton and the late mafic dikes are plotted, as are the felsic intrusive rocks that surround the 
Lang Lake greenstone belt, for comparison.  Note that the samples from the Otoskwin pluton and the late mafic dikes cluster 
around the enriched-mantle components.  Mantle components: AUC, Archean upper crust; DM, depleted mantle; EMI and EMII, 
enriched mantle 1 and enriched mantle 2; HIMU, high μ (μ = 238U/204Pb); and PM, primitive mantle. 
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GEOCHRONOLOGY 

Three samples were submitted to the Jack Satterly Geochronology Laboratory at the University of 
Toronto for uranium–lead (U/Pb) zircon analysis using isotope dilution thermal ionization mass 
spectrometry (ID–TIMS), and 4 samples were submitted to the Mineral Exploration Research Centre 
(MERC) at Laurentian University for U/Pb zircon and apatite analysis using laser ablation inductively 
coupled plasma mass spectrometry (LA-ICP–MS) (Kamo 2015; Petrus 2015). Table 4.1 provides the 
sample locations and a summary of the ages; Figure 4.1 indicates the sample locations with respect to the 
Lang Lake greenstone belt. This section provides a summary of the ages determined and their relevance 
to the geology and geochemistry in and around the Lang Lake greenstone belt. All errors are reported at 
the 95% confidence level (2 sigma (2σ)). 

Methods 

JACK SATTERLY GEOCHRONOLOGY LABORATORY 

Rock samples, weighing approximately 8 to 12 kg, were crushed and milled using standard methods 
(jaw crusher and Bico disk mill, respectively). Heavy mineral concentrates were recovered by reprocessing 
the heavy mineral splits on a Wilfley table until a significantly reduced sample size of approximately 5 to 
10 g remained. This was followed by standard mineral separation procedures using magnetic separation 
and methylene iodide methods to produce a zircon concentrate. 

Uranium–lead analysis was by ID–TIMS methods. Prior to analysis, zircon crystals were selected 
under a binocular microscope, and then thermally annealed and chemically etched (chemical abrasion), 
which has the advantage of penetrative removal of alteration zones where lead loss has occurred and 
generally improving concordance (Mattinson 2005). These zones correlate with high uranium zones that 
have suffered radiation damage prior to alteration. The pre-treatment involved placing zircon grains in a 
muffle furnace at approximately 1000°C for ~24 to 60 hours to repair radiation damage and anneal the 
crystal lattice, followed by a modified single-step partial dissolution procedure in 0.10 mL of 50% HF 
(occasionally diluted if zircon grains appeared to be severely metamict) and 0.020 mL 7N HNO3 in 
Teflon™ dissolution vessels at 195°C for 2 to 12 hours. Zircon grains were rinsed with HNO3 at room 
temperature prior to dissolution. A 205Pb–235U spike was added to the Teflon™ dissolution capsules 
during sample loading. 

Zircon grains were dissolved in Teflon™ dissolution capsules using 0.10 mL of concentrated HF 
acid and 0.02 mL of 7N HNO3 at 195°C for 3 to 5 days. Samples were dried to a precipitate and 
redissolved in 0.15 mL of 3N HCl overnight (Krogh 1973). Uranium and lead were isolated from the 
zircon using 50 μL anion exchange columns using HCl, deposited onto outgassed rhenium filaments with 
silica gel (Gerstenberger and Haase 1997), and analyzed with a VG354 mass spectrometer using a Daly 
detector in pulse-counting mode. Corrections to the 206Pb/238U ages for initial 230Th disequilibrium in the 
zircon have been made assuming a Th/U ratio in the magma of 4.2. All common lead was assigned to 
procedural lead blank for zircon. Dead time of the measuring system for lead and uranium was 16 and 14 ns, 
respectively. The mass discrimination correction for the Daly detector is constant at 0.05% per atomic 
mass unit. Amplifier gains and Daly characteristics were monitored using the SRM 982 lead standard. 
Thermal mass discrimination corrections are 0.10% per atomic mass unit for lead and uranium. Decay 
constants are those of Jaffey et al. (1971). All age errors quoted in the text and table, and error ellipses in 
the Concordia diagrams are given at the 95% confidence interval. Plotting and age calculations were done 
using Isoplot 3.00 (Ludwig 2003). 
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MINERAL EXPLORATION RESEARCH CENTRE 

The samples were crushed, milled, and passed over a Wilfley table to pre-concentrate heavy minerals. 
This pre-concentrate was split into a series of magnetic fractions using a Frantz isodynamic magnetic 
separator. The least magnetic fraction from each sample was passed through a heavy liquid (methylene 
iodide or tetrabromoethane) to further separate zircon and other dense minerals (e.g., apatite). Each 
sample was thoroughly scanned for zircon under a microscope. Zircon and apatite were picked randomly 
and mounted in one-inch epoxy pucks. These pucks were polished down to a one-micron diamond paste. 

The zircon and apatite were analyzed using a 193 nm ArF excimer laser (Resonetics RESOlution M-50) 
coupled to a Thermo® XSeries 2® quadrupole ICP–MS. The laser was used to ablate material from each 
grain with a spot size of 36 μm, fluence of 6 J/cm2, and repetition rate of 6 Hz. Ablation occurred in 
ultrapure He with minimal Hg blanks and the material was delivered to the plasma via a mixed gas stream 
of He (600 mL/minute), Ar (800 mL/minute), and N2 (6 mL/minute). The zircon and apatite were analyzed 
primarily for uranium and lead content. Additional elements were analyzed to confirm composition 
(zirconium, calcium) and to qualitatively assess the alteration or common lead contamination (strontium, 
mercury, 204Pb) of each grain, but were not calibrated to determine their absolute concentrations. 

The U/Pb data (including ratios and ages) were calibrated using the 91500 geostandards zircon, 
which has an accepted age of 1065.3±0.3 Ma (Wiedenbeck et al. 1995). Quality control and assurance 
were accomplished by analyzing 4 additional geostandards zircon: AusZ5 (38.9±0.1 Ma: Kennedy et al. 
2014), Plešovice (337.13±0.37 Ma: Sláma et al. 2008), TEMORA-2 (416.78±0.33 Ma: Black et al. 2004), 
and occasionally FC-1 (circa 1100 Ma: Paces and Miller 1993), all of which produced ages within 
uncertainty of their accepted values. The reference materials were analyzed before or after every 10 
unknown samples so that instrument drift could be compensated for. 

The data were processed using the Iolite (Paton et al. 2010, 2011) and VizualAge (Petrus and 
Kamber 2012; Chew, Petrus and Kamber 2014) software packages. Raw signal intensities were 
background subtracted, down-hole fractionation (double exponential model) and drift corrected, and 
calibrated, resulting in reasonably precise ages (typically <2% 2σ). The time-resolved analysis of each 
individual ablation pit was inspected to distinguish distinct zones of Th/U, 207Pb/206Pb, 204Pb and/or 88Sr. 
Zones exhibiting particularly strong alteration (high strontium) or common lead contamination (high 204Pb) 
were avoided, if possible. 

Samples 14SJM246 and 14SJM296 contained little to no zircon, but did contain some apatite; 
therefore, in an attempt to constrain their geochronology, apatite was selected from the heavy mineral 
concentrate and mounted and analyzed, similar to the zircon, but with a 48 μm spot. McClure mountain 
apatite was used as the primary reference material and, in this case, Madagascar apatite was used to assess 
the quality of the data (see Chew, Petrus and Kamber 2014, and references therein, regarding the use of 
these apatites for U/Pb analyses). Since the apatite reference materials contain varying amounts of 
common lead, the specialized data reduction scheme of Chew, Petrus and Kamber (2014) was used to 
process the data. The age determined for the secondary reference Madagascar apatite (479±5 Ma) is in 
reasonable agreement with the accepted age of 473.5±0.7 Ma (Chew, Petrus and Kamber 2014). 
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Table 4.1.  List of samples analyzed for U/Pb geochronology.  All ages listed were obtained from zircons, except for sample 
14SJM296, which was obtained from apatite.  The ID–TIMS data are from Kamo (2015); LA-ICP–MS data from Petrus (2015). 

Number1 Easting2 
(m) 

Northing2 
(m) 

Sample 
Number 

Rock Type Geological 
Unit 

Age 
(Ma) 

Method3 Interpretation 

1 621534 5717715 14SJM246 Tonalite clast Package E 2817±3     LA-ICP–MS Maximum age of 
deposition 

2 622740 5717262 14SJM296 Rhyolite Package E 2734±111 LA-ICP–MS Eruption 
3 596409 5715183 14SJM205A Siltstone Package D 2821±6     LA-ICP–MS Population of 

source region 1 
3 596409 5715183 14SJM205A Siltstone Package D 2762±8    LA-ICP–MS Population of 

source region 2, 
maximum age of 
deposition 

4 602408 5715025 14VDB158A Monzodiorite Sor Lake 
stock 

2722.8±1.0  ID–TIMS Emplacement 

5 604364 5715000 14SJM209A Rhyolite Package C 2749±2     ID–TIMS Eruption 
6 607103 5713529 14SJM129B Tonalite Shonia Lake 

stock 
2748.0±1.0  ID–TIMS Emplacement 

7 604084 5712520 14SJM062A Diorite McVicar 
intrusion 
Group 2 

2734±2     LA-ICP–MS Emplacement 

7 604084 5712520 14SJM062A Diorite McVicar 
intrusion 
Group 2 

2813±20   LA-ICP–MS Inherited zircon 

1Refers to geochronology sample location shown on Figure 4.1. 
2Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 15. 
3Abbreviations: ID–TIMS, isotope dilution mass spectrometry; LA-ICP–MS, laser ablation inductively coupled plasma mass 
spectrometry. 

14SJM246 Tonalite 

This sample was submitted for LA-ICP–MS analysis. It is a single clast of quartz porphyritic tonalite 
from a metaconglomerate in depositional package E west of Cannon Lake (see Figure 4.1). A total of 29 
zircons produced a Concordia age (Ludwig 1998) of 2817±3 Ma, which represents the best estimate for 
the age of the tonalite from which this clast was derived, and a maximum age for deposition of the 
metaconglomerate (Figure 4.14). The youngest zircon grain yielded a 207Pb/206Pb age of 2711±13 Ma, and 
5 concordant apatite grains produced a Concordia age of 2692±15 Ma, which overlaps the zircon age 
within error (Figure 4.15). These young ages may represent metamorphic crystal growth, or inclusion of 
matrix material in the sample, which was not anticipated. 
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Figure 4.14.  Concordia diagram for zircon grains from 14SJM246, a quartz porphyritic clast from a metaconglomerate in 
depositional package E.  Blue ellipses represent data not included in the age calculation.  Abbreviations: MSWD, mean square 
weighted deviation; N, number of samples in population. 

 
Figure 4.15.  Concordia diagram for apatite crystals from 14SJM246, a quartz porphyritic clast from a metaconglomerate in 
depositional package E.  Blue ellipses represent data not included in the age calculation.  Abbreviations: MSWD, mean square 
weighted deviation; N, number of samples in population. 
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14SJM296 Rhyolite 

This sample was submitted for LA-ICP–MS analysis. It is a sample of an aphyric, coherent facies, 
rhyolite collected from Cannon Lake, near the southern contact between depositional packages B and E 
(see Figure 4.1). It has a geochemical composition nearly identical to the rhyolitic rocks of package C. 
No zircon grains were recovered; however, 20 apatite crystals were recovered and analyzed. Despite high 
common lead contamination, these grains produced a Discordia with lower intercept age of 2734±111 Ma 
on a Tera-Wasserburg Concordia diagram (Figure 4.16), which is interpreted to represent the time of 
eruption of the massive felsic flow. Assuming that this rhyolite is intercalated with the metasedimentary 
rocks of package E, then this suggests that depositional package E was deposited at circa 2730 Ma. 
However, a paucity of younging directions in the sedimentary rocks makes it uncertain whether this 
volcanic rock is at the top, bottom, or somewhere in between, in the sedimentary package. 

 

Figure 4.16.  Tera-Wasserburg–style Concordia diagram for apatite crystals from 14SJM296, an aphyric, coherent-facies rhyolite 
collected from Cannon Lake, near the southern contact between depositional packages B and E.  Tera-Wasserburg diagram after 
Tera and Wasserburg (1972a, 1972b). 
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14SJM205A Siltstone 

This sample was submitted for LA-ICP–MS analysis. It is a sample of a very fine-grained feldspathic 
metawacke to metasiltstone collected from depositional package D at the west end of Lang Lake (see 
Figure 4.1). Seven zircon grains were recovered and analyzed, some of which are prismatic and angular. 
The zircons plotted into 2 concordant groups at 2821±6 Ma (4 grains) and 2762±8 Ma (3 grains) 
(Figure 4.17). The age of 2762±8 Ma is interpreted to represent the maximum age of deposition for this 
metasedimentary unit. The bimodal age population is interpreted as suggesting that the detritus 
incorporated in the wacke to siltstone was derived locally from 2 different units. The limited age 
population is inferred to indicate that there was only limited felsic volcanism occurring in the greenstone 
belt during the time period between these ages. 

 

Figure 4.17.  Concordia diagram for zircon grains from 14SJM205A, a fine-grained feldspathic metawacke to metasiltstone from 
depositional package D at the west end of Lang Lake.  Abbreviation: MSWD, mean square weighted deviation. 
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14VDB158A Monzodiorite 

This sample was submitted for ID–TIMS analysis and is a medium-grained diorite to monzodiorite 
from the Sor Lake stock (see Figure 4.1). Three zircon grains were analyzed, 2 of which produced 
concordant overlapping 207Pb/206Pb ages at 2722.8±1.0 Ma, which is interpreted to represent the time of 
crystallization of the Sor Lake stock (Figure 4.18; Table 4.2). This age provides a minimum age 
constraint on the deposition of the supracrustal rocks in the greenstone belt (depositional packages A to E) 
and a maximum age on the weak deformation event that has affected the stock. 

14SJM062A Diorite 

This sample was submitted for LA-ICP–MS analysis and is a medium-grained diorite to quartz 
diorite from the McVicar Lake intrusion containing suspected xenocrysts of potassium feldspar and 
quartz. Geochemically, it belongs to the McVicar Lake intrusion Group 2 rocks. Forty-three of the 65 
analyzed zircon grains produced a concordant cluster at 2734±2 Ma, with several older (up to 2813±20 Ma) 
and younger (2579±20 Ma) concordant analyses, as well as numerous discordant analyses (Figure 4.19). 
The age of 2734±2 Ma is interpreted to represent the time of crystallization of the diorite; the older 
concordant zircons are interpreted to represent assimilated crustal material up to 2813±20 million years 
old. The younger zircons likely represent metamorphic resetting and/or new crystal growth. 

14SJM209A Rhyolite 

This sample was submitted for ID–TIMS analysis and is a very fine-grained, aphyric, coherent facies 
rhyolite collected from depositional package C between Lang Lake and McVicar Lake (see Figure 4.1). 
Of the 4 zircons analyzed, 2 produced overlapping concordant 207Pb/206Pb ages and, along with 1 slightly 
discordant datum, produced an upper intercept age of 2749±2 Ma, which is interpreted to represent the 
time of eruption of this massive rhyolitic flow (Figure 4.20; see Table 4.2). This is consistent with the 
zircon age obtained by Corfu and Stott (1993) of 2747 +4/−3 Ma from a quartz porphyritic felsic flow from 
the same depositional package collected from McVicar Lake. 

14SJM129B Tonalite 

This sample was submitted for ID–TIMS analysis. It is a medium-grained, equigranular, tonalite 
from the Shonia Lake stock on McVicar Lake. Two single zircon grains and one 2-grain fraction were 
analyzed, which produced overlapping near-concordant data with a weighted mean 207Pb/206Pb age of 
2748.0±1.0 Ma (Figure 4.21; see Table 4.2). This is interpreted to represent the time of crystallization of 
the Shonia Lake stock, and provides a minimum age constraint on the crystallization of the adjacent 
McVicar Lake intrusion that it cuts. This age is similar to that of the Dobie Lake batholith at 2750±3 Ma 
obtained by Corfu and Stott (1993), and to the 2 ages obtained from rhyolitic rocks of depositional 
package C, as reported above and in Table 4.1. 
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Figure 4.18.  Concordia diagram for 14VDB158A, a medium-grained diorite to monzodiorite from the Sor Lake stock.  
Abbreviations: MSWD, mean square weighted deviation; N, number of samples in population. 

 
Figure 4.19.  Concordia diagram for 14SJM062A, a medium-grained diorite to quartz diorite from the McVicar Lake mafic 
intrusion Group 2 rocks.  Abbreviations: MSWD, mean square weighted deviation; N, number of samples in population. 
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Figure 4.20.  Concordia diagram for 14SJM209A, a very fine-grained aphyric, coherent-facies rhyolite from depositional package C.  
Abbreviations: MSWD, mean square weighted deviation; N, number of samples in population. 

 
Figure 4.21.  Concordia diagram for 14SJM129B, a medium-grained equigranular tonalite from the Shonia Lake stock.  
Abbreviations: MSWD, mean square weighted deviation; N, number of samples in population. 



 

 

Table 4.2.  U/Pb zircon ID–TIMS data from the Jack Satterly Geochronology Laboratory for rock samples collected from the Lang Lake greenstone belt. 

Sample / 
Analysis 
No. 

Th/U PbC 
(pg) 

206Pb/204Pb 
measured 

207Pb/235U 2σ 206Pb/238U 2σ 207Pb/206Pb 2σ 206Pb/238U 
Age  
(Ma) 

2σ 207Pb/235U 
Age  
(Ma) 

2σ 207Pb/206Pb 
Age  
(Ma) 

2σ % 
Disc. 

Error 
Correlation 

14SJM-129B Tonalite, Shonia Lake stock (UTM 607103E 5713529N) 
Z1 0.57 0.3 32366 13.928 0.040 0.5299 0.0013 0.19062 0.00017 2741.2 5.7 2744.8 2.7 2747.5 1.5 0.3 0.952 
Z2 0.60 0.3 24359 13.906 0.039 0.5284 0.0014 0.19087 0.00025 2734.6 5.9 2743.3 2.6 2749.7 2.1 0.7 0.887 
Z3 0.57 0.8 15230 13.886 0.038 0.5284 0.0013 0.19060 0.00023 2734.7 5.6 2742.0 2.6 2747.3 1.9 0.6 0.902 

14SJM-209A Rhyolite, depositional package C (UTM 604364 571000N) 
Z1 0.57 0.6 1742 13.968 0.075 0.5316 0.0023 0.19055 0.00052 2748.3 9.6 2747.5 5.1 2746.9 4.5 -0.1 0.863 
Z2 0.48 0.5 1676 13.855 0.079 0.4266 0.0027 0.19081 0.00045 2727.3 11.4 2739.9 5.4 2749.1 3.8 1.0 0.912 
Z3 0.66 1.4 2148 13.623 0.051 0.5183 0.0016 0.19064 0.00032 2691.9 7.0 2723.9 3.5 2747.7 2.8 2.5 0.893 
(not plotted) 0.48 4.5 425 9.141 0.081 0.3552 0.0011 0.18664 0.00124 1959.5 5.4 2352.2 8.2 2712.8 11.0 32.1 0.797 

14VDB-158A Monzodiorite, Sor Lake stock (UTM 602408E 5715025N) 
Z1 0.88 0.6 41345 13.668 0.035 0.5279 0.0012 0.18777 0.00017 2732.7 5.1 2727.0 2.4 2722.7 1.5 –0.5 0.935 
Z2 0.85 0.5 36415 13.585 0.032 0.5247 0.0011 0.18778 0.00016 2719.1 4.5 2721.3 2.3 2722.8 1.4 0.2 0.939 
(not plotted) 0.90 0.4 26061 14.736 0.037 0.5692 0.0013 0.18777 0.00017 2904.4 5.2 2798.3 2.4 2722.7 1.5 -8.3 0.936 

Notes:  All locations are provided in Universal Transverse Mercator (UTM) co-ordinates using North American Datum 1983 (NAD83) in Zone 15. 
All samples use 205Pb/235U ROM spike and all grains have been chemically abraded (see Mattinson 2005). 
Th/U calculated from radiogenic 208Pb/206Pb ratio and 207Pb/206Pb age assuming concordance. 
PbC is common Pb in picograms; assigned the isotopic composition of laboratory blank. 
206Pb/204Pb and Pb/U corrected for fractionation and common Pb in the spike; Pb/U ratios also corrected for blank. 
Correction for 230Th disequilibrium in 206Pb/238U and 207Pb/206Pb assuming Th/U of 4.2 in the magma. 
% Disc. is percent discordance for the given 207Pb/206Pb age. 
Error correlation is correlation coefficients of X–Y errors on the Concordia plot. 
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Table 4.3.  Tectonomagmatic history of the Lang Lake greenstone belt.  For ages collected as part of this study, see Table 4.1. 

Age Events in the Lang Lake Greenstone Belt Regional Events in the Central Uchi Domain 
>2762 Ma Depositional packages A and B, the outermost units of the synclinal 

structure, are the oldest rocks in the map area.  Geochemical analysis of 
the coherent mafic volcanic rocks within these packages suggests that 
the basaltic magmas were derived from a primitive- to depleted-mantle 
source in a back-arc basin setting (i.e., an extensional setting) and 
experienced minimal crustal contamination and fractional crystallization 
prior to eruption.  The basaltic flows are highly intercalated with 
volcaniclastic to siliciclastic sedimentary rocks, with the presence of 
several periods of volcanic and sedimentary quiescence indicated by the 
occurrence of chemical and pelagic metasedimentary rocks.  Based on 
similarities in geochemistry, the East mafic intrusion may be genetically 
related to these basaltic volcanic rocks. 

Volcanism occurred in the Pickle Lake greenstone belt at 2836±3 Ma 
and in the Meen–Dempster greenstone belt at 2842 +5/−2 Ma and 
2825±1.5 Ma (all ages from Corfu and Stott 1993) and represents the 
Woman assemblage in both of these belts (Corfu and Stott 1993). 

Felsic plutonic activity in the Central Uchi domain,  
from oldest to youngest: 
– emplacement of the Pickle–Crow porphyry at 2892 +5/−2 Ma 
(Corfu and Stott 1993), which provides a minimum age constraint for 
deposition of the Pickle–Crow assemblage, and  
– emplacement of the Pembina tonalite gneiss at 2887±3 Ma 
(Corfu and Stott 1993) and the Quarrier tonalite gneiss at 
2821 +3/−2 Ma (Corfu and Stott 1993). 

circa 2762 Ma Depositional package D, composed primarily of silty, locally 
volcaniclastic metagreywacke with minor mudstones, is deposited.  
Uplift and erosion of a felsic volcanic centre occurs and is the likely 
source for the more mature (and more abundant) siliciclastic 
metasedimentary rocks present in depositional package D as compared 
to the mostly volcanic-derived clastic rocks in depositional packages A 
and B. 

There are currently no ages at circa 2762 Ma known in the Central 
Uchi domain, apart from the Lang Lake greenstone belt. 

circa 2750 Ma Depositional package C, consisting mainly of calc-alkaline mafic to 
felsic volcaniclastic rocks intercalated with tholeiitic basaltic, and calc-
alkaline basaltic andesitic and rhyolitic volcanic rocks, likely represents 
a modern stratovolcano that formed in an arc or back-arc basin tectonic 
setting (Hanewich 2015). 

The FII to FIII rhyolitic volcanic rocks of depositional package C 
were likely derived from a volcanic centre, which is now represented by 
the tonalitic Shonia Lake stock, a subchamber of the Dobie Lake 
batholith.  Fractional crystallization processes within the Shonia Lake 
stock resulted in lower concentrations of Eu, Sr, P and Ti within the 
volcanic equivalents of the stock.  The Shonia Lake stock crosscuts 
metagabbroic to dioritic rock of the McVicar Lake intrusion, indicating 
that at least part of that intrusion is older than circa 2750 Ma. 

A quartz porphyritic stock was emplaced into the 
Woman assemblage in the Meen–Dempster greenstone belt at 
2751 +11/−7 Ma (Corfu and Stott 1993), which is similar to the 
emplacement age of the Dobie Lake batholith. 

A clast of quartz porphyritic tonalite from the 
Billett metasedimentary assemblage gave an age of 2748 +5/−4 Ma 
(Corfu and Stott 1993), similar to that of the Dobie Lake batholith 
and its associated rocks. 
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Table 4.3, continued. 

Age Events in the Lang Lake Greenstone Belt Regional Events in the Central Uchi Domain 
circa 2734 Ma Rhyolitic volcanism deposited massive felsic flows at 2734±111 Ma 

(see Table 4.1) into the clastic metasedimentary dominated depositional 
package E, which is composed mainly of turbiditic metagreywacke 
intercalated with minor chemical metasedimentary and conglomeratic 
rocks.  This flow provides a stratigraphic marker in the metasedimentary 
package; however, more detailed mapping and detrital-zircon analyses 
throughout depositional package E are needed to better understand its 
stratigraphic position (e.g., lower, middle, upper). 

The presence of quartz-porphyritic tonalitic clasts, with an age of 
2817±3 Ma, within conglomerates in depositional package E (see Table 
4.1), proximal to the felsic flow circa 2734 Ma, suggests that a major 
intrusion had been uplifted and eroded at this time. 

Group 2 calc-alkaline dioritic rocks of the McVicar Lake intrusion 
were emplaced into the older tholeiitic gabbroic and tonalitic rocks 
(Group 1) of the McVicar Lake intrusion metagabbro and the tonalitic 
Shonia Lake stock at 2734±2 Ma (see Table 4.1). 

Volcanism occurred in the Lake St Joseph greenstone belt from 
2737 to 2730 Ma (Corfu and Stott 1993). 

The Stoughton Creek granodiorite pluton, currently located south 
of the Bear Head shear zone along the northern boundary of the 
Meen–Dempster greenstone belt, was emplaced at 2732 +11/−7 Ma 
(Corfu and Stott 1993). 

circa 2722 Ma No volcanic rocks younger than circa 2734 Ma have been found in the 
Lang Lake greenstone belt. 

The alkalic, monzonite to monzodiorite Sor Lake stock was emplaced 
at 2722.8±1.0 Ma (see Table 4.1). 

Volcanism occurred in the Lake St. Joseph greenstone belt 
at 2724±2 Ma (Corfu and Stott 1993) and in the Fort Hope 
greenstone belt at circa 2722 Ma (Corfu and Stott 1993), 
approximately coeval with emplacement of the Kawashe Lake 
tonalitic stock into the Meen–Dempster greenstone belt 
at 2722 +6/−4 Ma (Corfu and Stott 1993). 

Questions 
Remaining 
about the 
Lang Lake 
Greenstone 
Belt 

Because of the absence of coherent facies felsic volcanic rocks within depositional packages A and B, no samples were collected for 
geochronology.  A maximum depositional age for the felsic to intermediate volcaniclastic rocks in these packages would place a maximum age 
constraint on their deposition. 

Although it is certain that some of the metagabbroic rocks of the McVicar Lake intrusion are older than circa 2750 Ma (see above), the age 
difference between the Group 1 and Group 2 intrusive rocks in the intrusion is unknown.  An emplacement age for the Group 1 tholeiitic rocks 
would be useful for constraining the timing of the magmatic nickel-copper mineralization present in these rocks. 

The age of the tonalitic and granodioritic plutonic rocks, which surround the Lang Lake greenstone belt (apart from the Dobie Lake batholith), is 
not known.  An emplacement age on these surrounding intrusions would provide a maximum age for D1 deformation (upright folding) within 
the belt (Magnus 2015a, 2015b), as well as a maximum age of emplacement of the Otoskwin pluton and the late-tectonic mafic dikes. 

The ages of the Otoskwin pluton and geochemically similar mafic dikes are not known.  An emplacement age on the Otoskwin pluton would 
place a lower limit on deformation (locally), since no structural fabrics were observed in these rocks. 
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Discussion 

The eastward younging of various supracrustal rocks sampled for geochronology, namely from the 
maximum depositional age of 2762±8 Ma for depositional package D in the west, to the age of 2749±2 Ma 
for rhyolitic volcanism in depositional package C in the centre of the belt, to the age of 2734±111 Ma for 
volcanism in depositional package E in the east of the belt, supports the structural interpretation of the 
supracrustal rocks as forming an eastward-facing syncline. Based on this interpretation, supplemented by 
the petrological and geochemical analyses of the supracrustal and intrusive rocks present in the study 
area, the following tectonomagmatic history of the Lang Lake greenstone is proposed and presented in 
Table 4.3. 

RECOMMENDATIONS FOR EXPLORATION AND FUTURE RESEARCH 

Felsic metavolcanic rocks (coherent and volcaniclastic facies) from all 3 volcanic-dominated 
depositional packages (A, B and E) are shown in Figure 4.9. Most of the volcaniclastic samples from 
depositional packages A and B (which contain no observed coherent-facies felsic rocks) and the dacitic 
rocks from depositional package C typically plot between the average FI and FII compositions, whereas 
the rhyolitic rocks from depositional package C plot between the average FII and FIII compositions. The 
FII and FIII composition rocks are historically most prospective host rocks for volcanogenic massive 
sulphide (VMS) copper-zinc mineralization (Lesher et al. 1985), suggesting that depositional package C 
is the best target in the Lang Lake greenstone belt for hosting VMS-style mineralization. 

The magmatic nickel-copper sulphide–mineralized samples from the McVicar Lake intrusion are 
associated with the Group 1 tholeiitic rocks present in this body. More detailed mapping and geochemical 
sampling, supplemented by isotopic and geochronological studies, may help to better understand the 
relationship between the Group 1 rocks and mineralization, which, in turn, may lead to more discoveries 
of mineralization. 

Geochemical and geochronological analyses did not provide any new insights into the timing or 
distribution of the abundant gold-bearing occurrences that occur in the McVicar Lake area (Magnus 2014, 
2015a, 2015b). Detailed structural mapping and additional petrographic and geochemical studies are 
required to constrain the timing, source and cause of gold mineralization. 
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INTRODUCTION 

The geological bedrock mapping carried out this summer is part of a multi-year project to update the 
geological knowledge of the northeast Michipicoten greenstone belt. During the summer of 2015, detailed 
1:20 000 scale mapping focussed on Rennie and Leeson townships (Figure 5.1). The objectives of this 
summer’s work were the following:  1) update and conduct geological mapping in Rennie and Leeson 
townships, which were last mapped in 1967 and 1942, respectively (Riley 1971; Bruce and Horwood 1942); 
2) characterize the major lithological units and stratigraphy; 3) evaluate the mineral potential of the area; and 
4) perform a detailed study of the Renabie Mine area (MSc thesis study by J.A. McDivitt; see McDivitt et al. 
this volume). 

REGIONAL GEOLOGY 

The Michipicoten greenstone belt consists of successions of Archean metavolcanic and metasedimentary 
rocks intruded by Archean granitic rocks (Turek, Smith and Van Schmus 1982) and later Proterozoic dikes. 
The metavolcanic rocks of the belt have been previously subdivided into 3 distinct volcanic cycles based on 
whole-rock geochemical analyses and U/Pb zircon ages: 2900 Ma, 2750 Ma and 2700 Ma (Sage and 
Heather 1991; Heather and Arias 1992; Turek, Smith and Van Schmus 1982, 1984; Turek, Van Schmus 
and Sage 1988). New geochronological data from the mapping suggest that there is a volcanic cycle tentatively 
ranging from 2723 to 2728 Ma, which was not previously recognized in this belt (see “Metavolcanic Rocks”). 

The Michipicoten greenstone belt has been previously interpreted as the continuation of the southern 
Abitibi greenstone belt west of the Kapuskasing Structural Zone (Ayer et al. 2010). In comparison, the 
Abitibi greenstone belt consists of stratigraphically continuous sequences of Archean metavolcanic rocks 
with minor metasedimentary rocks ranging from pre-2750 Ma (rarely) to 2695 Ma followed, in Ontario, by 
2 sedimentary basins: Porcupine-type from 2690 to 2682 Ma and Temiskaming-type from 2676 to 2670 Ma 
(Ayer et al. 2002; Ayer, Trowell, Amelin et al. 1999; Ayer, Trowell, Madon et al. 1999; Ayer, Ketchum and 
Trowell 2002; Ayer et al. 2005). The second (2750 Ma) and third (2700 Ma) volcanic cycles of the 
Michipicoten greenstone belt, as well as the newly recognized cycle, presented above, may represent time-
equivalent volcanism similar to the Abitibi greenstone belt; however, no volcanism at 2900 Ma has been 
described in the Abitibi greenstone belt. 
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GEOLOGY OF RENNIE AND LEESON TOWNSHIPS 
Intermediate to felsic plutonic rocks occur in the eastern and northern portions of the map area. 

Felsic to mafic metavolcanic volcaniclastic rocks and coherent flows underlie the southwestern portion of 
the study area. The Archean rocks are intruded by Archean felsic stocks, sills and dikes and Proterozoic 
gabbroic dikes (Figure 5.2). 

Metavolcanic Rocks 
Felsic to intermediate metavolcanic rocks dominate the south-central portion of Rennie Township 

(see Figure 5.2). They are generally fine- to medium-grained volcaniclastic rocks dominated by tuffs and 
crystal tuffs (Photo 5.1A). The fresh surface is light grey and weathers to lighter grey to beige. Tuff-breccias 
(Photo 5.1B) and lapilli tuffs are locally noted in the southern portion of the study area. These rocks are 
interpreted to be the northern extent of an intermediate to felsic volcaniclastic package with an age of 
2728.6±1.1 Ma in Brackin Township (Kamo 2015) and 2723±5 Ma in Marsh Township (Kamo 2014). 

Mafic metavolcanic rocks are predominant in the northern portion of Rennie Township and are 
interlayered with the felsic to intermediate metavolcanic rocks (see Figure 5.2). Massive flows are  

 

Photo 5.1.  A) Felsic crystal tuff (UTM 281419E 5362244N); pencil, for scale, is 1 cm wide and points north.  B) Felsic tuff 
breccia (UTM 283838E 5361108N).  C) Mafic metavolcanic rocks exhibiting molar shape pillows (UTM 282256E 5365700N).  
D) Highly foliated conglomerate (UTM 279434E 5361230N).  All UTM co-ordinates provided using NAD83 in Zone 17.  
Compass for scale in Photos 5.1B, 5.1C and 5.1D is 7.1 cm wide, with sighting arm pointing north. 
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predominant, but pillowed flows (Photo 5.1C) are locally observed in central and southern Rennie 
Township. The pillows are well developed and vary in size from a few decimetres to a metre in diameter. 
The mafic metavolcanic flows are dark grey to black on fresh surfaces and are typically fine grained and 
well foliated. Mafic metavolcanic rocks are largely characterized by greenschist-facies metamorphic 
mineralogy, although, near the margin of the Missinaibi Lake batholith and the Wabatongushi Lake 
granitoid complex (see Figure 5.2), the metamorphic mineralogy is amphibolite facies. 

Metasedimentary Rocks 

Clastic metasedimentary rocks are mostly restricted to the southwestern part of Rennie Township, 
but minor occurrences can be observed in central Rennie Township. They consist of buff grey, quartz-rich, 
thinly bedded siltstone, sandstone and conglomerate (Photo 5.1D). Siltstone is the dominant sedimentary 
unit, but sporadic beds of sandstone and conglomerate also occur. The conglomerate is matrix supported, 
but contains large cobbles of predominantly tonalitic porphyry composition with a few mudstone and 
siltstone cobbles. Cross-bedding and graded bedding are observed and indicate younging to the northeast. 

Iron formation (Photo 5.2A) was only observed in 2 locations; however, based on geophysical 
evidence, the extent of iron formations is much greater (Ontario Geological Survey 2002, 2003a, 2003b, 
2011a). One occurrence is associated with the clastic metasedimentary rocks in the southwest corner of 
Rennie Township. The other occurrence is located in eastern central Rennie Township, south of the 
Wabatongushi Lake granitoid complex. The iron formation consists of magnetite-rich layers interlayered 
with sandstone and are often folded. Disseminated pyrite and chalcopyrite were also noted within the 
sandstone layers. 

Archean Intrusions 

The most volumetrically important Archean intrusion in the map area is the Missinaibi Lake batholith 
(see Figure 5.2). It is largely composed of medium-grained tonalite to granodiorite (Photo 5.2B) with 
minor occurrences of granite. The main mafic mineral is typically biotite, but the presence of hornblende 
is noted in varying amounts locally. The rocks are generally moderately to well foliated, although some 
areas are characterized by weak fabric development. Quartz veining and hematite and epidote staining are 
the dominant types of alteration. Kamo (2015) reports a U/Pb age of 2720.8±1.4 Ma for a tonalitic phase 
of the Missinaibi Lake batholith in Brackin Township. A U/Pb age of 2713.6±1.1 Ma was also reported 
(Kamo 2014) for a tonalitic phase of the Missinaibi Lake batholith in Lang Township. Turek et al. (1996) 
reported a U/Pb age of 2741±21 Ma for a tonalitic phase of the Missinaibi Lake batholith. Later phases 
(Photo 5.2C) of the Missinaibi Lake batholith occur throughout the pluton as dikes. The largest 
occurrence of these later phases is in the southern section of Leeson Township near Crooked Lake. There 
are at least 2 younger phases of tonalitic composition observed, both of which are finer grained than the 
early phase of the Missinaibi Lake batholith. One of the later phases displays the regional foliation, 
whereas the other phase is massive. Later phases of the Missinaibi Lake batholith have ages of 2688±2 Ma 
(Kamo 2015) and 2666±2 Ma (Kamo 2014). 

The northern portion of Rennie Township is occupied by the felsic intrusive rocks of the 
Wabatongushi Lake granitoid complex (Photo 5.2D). Although similar to the rock of the Missinaibi Lake 
batholith, these rocks are somewhat different in composition. They vary in composition from tonalite to 
granodiorite, but contain less biotite than the Missinaibi Lake batholith rocks. There is a 500 m thick 
boundary between the granitoid complex and the mafic metavolcanic rocks to the south. This boundary is 
characterized by lit-par-lit injection of the mafic metavolcanic by felsic intrusive rocks. 

The Rennie Lake stock, which occurs in the southwest portion of Rennie Township (see Figure 5.2), 
is composed of massive, nonfoliated, granitic to granodioritic rocks. The main mafic mineral is amphibole 
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with minor biotite. The rocks are light pink on fresh surfaces and weather to creamy pink. The Rennie 
Lake stock is interpreted to be temporally related to the Ruby Lake stock. Turek et al. (1996) reports a 
U/Pb age of 2661±11 Ma for the Ruby Lake stock and a U/Pb (single zircon) age of circa 2668 Ma for 
the Rennie Lake stock. 

Gabbroic rocks (see Figure 5.2) intrude the supracrustal rocks in Rennie and Leeson townships, 
notably the felsic and mafic metavolcanic rocks in the study area. The gabbro intrusions are medium to 
coarse grained, foliated and typically amphibolitized. Fine-grained felsic intrusions also occur in the 
mafic metavolcanic flows, but these are always less than a metre in width. Typically foliated, these very 
fine- to fine-grained felsic intrusive rocks occur near the contact between the mafic metavolcanic rocks 
and the Missinaibi Lake batholith. 

Rare ultramafic intrusive rocks occur predominantly in the northeastern portion of Rennie Township. 
These intrusions are typically fine grained, have a massive texture and do not have an apparent foliation. 
The extent of these intrusions is limited, and contacts were not observed. 

Rare occurrences of feldspar porphyry are also noted in the map area and may be related to felsic 
crystal tuffs that are observed among the felsic volcanic rocks. 

 

Photo 5.2.  A) Banded iron formation (UTM 277276E 5361723N).  B) Tonalite from the Missinaibi Lake batholith 
(UTM 291768E 5367698N).  C) Later phases of the Missinaibi Lake batholith crosscutting an early phase of the Missinaibi Lake 
batholith (UTM 292277E 5367900N).  D) Granitic rock from the Wabatongushi Lake granitoid complex (UTM 282903E 
5368212N).  All UTM co-ordinates provided using NAD83 in Zone 17.  Compass for scale in Photos 5.2B and 5.2C is 7.1 cm 
wide, with sighting arm pointing north. 
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Proterozoic Intrusions 

Proterozoic intrusions are gabbroic in composition. Most dikes trend north-northwest; however, 
some dikes trend northeast. These dikes generally have sharp, linear aeromagnetic signatures and were 
generally delineated by using airborne magnetic data (Ontario Geological Survey 2002, 2003a, 2003b, 
2011a). These dikes are composed predominantly of fine- to medium-grained gabbroic rocks, commonly 
with a diabase texture and sporadic plagioclase phenocrysts or glomerocrysts. The dikes sometimes 
contain trace amounts of sulphide minerals, predominantly pyrite. Based on their orientation, the north-
northwest-trending dikes have been interpreted to be part of the Matachewan dike swarm and the 
northeast-trending dikes have been interpreted to be part of the Biscotasing dike swarm. 

STRUCTURAL GEOLOGY 

Bedding (S0) is observed as sedimentary bedding and pillowed flows. Primary layering features are 
commonly observed in the study area, but do not always indicate facing direction. In the eastern portion of 
the map area along the boundary with the Missinaibi Lake batholith, facing is to the west (see Figure 5.2). In 
the northern mafic metavolcanic rocks, just south of the Wabatongushi Lake granitoid complex, facing is 
to the southwest (see Figure 5.2). The clastic metasedimentary rocks in the southwest corner of Rennie 
Township young northeastward (see Figure 5.2). Several deformation events can be observed throughout 
the map area and are briefly described here: a more detailed study is provided by McDivitt et al. (this volume). 

The earliest observable foliation (S1) is not well defined and is rarely observed in outcrop because of 
overprinting by the dominant regional foliation. Where it is preserved, the S1 foliation is shallowly 
dipping and is often axial planar to F1 folds before being overprinted by the later regional deformation. 

A regional foliation (S2) is defined within the supracrustal rocks and the plutonic rocks in Rennie and 
Leeson townships. The S2 regional foliation is steeply dipping and parallels bedding and the contact 
between the mafic metavolcanic rocks and the Missinaibi Lake batholith in the eastern portion of the map 
area. In the north and west, the S2 regional foliation parallels the Wabatongushi Lake granitoid complex 
and contours the Rennie Lake stock. On the west side of the stock, the foliation trends southeast. The F2 
fold hinges parallel the L2 lineations, which plunge moderately to the northwest (see Figure 5.2). 

Late steeply dipping shear zones (S3) trending 110° can be observed locally in the study area, notably 
near the Renabie Mine (see Figure 5.2, occurrence 23). These late shear zones display sinistral shear 
sense indicators, but a late dextral reactivation is apparent. 

ECONOMIC POTENTIAL 

A total of 30 properties are reported as Mineral Deposit Inventory (MDI) sites (Table 5.1; see also 
Figure 5.2; Ontario Geological Survey 2015). Gold is the dominant metal commodity reported in Rennie 
and Leeson townships based on mineral exploration programs by mining companies and prospectors. 
Other commodities include silver, zinc, copper and asbestos. 

Gold mineralization is found predominantly in the Missinaibi Lake batholith and along its margin 
(see Figure 5.2; see Table 5.1). In some instances, silver is observed as a secondary commodity along 
with the gold. Gold mineralization is typically associated with quartz or quartz-carbonate veins and shear 
zones within the batholith. Pyrite veins were noted at some of the mineral occurrences. The gold 
mineralization is also characterized by the presence of varied alteration phases, notably epidote, sericite, 
hematite and potassium feldspar. Several mineral occurrences are found along the Renabie trend (~110°), 
which parallels the S3 shears and extends from the Renabie Mine (see Figure 5.2, occurrence 23) to the 
Nudulama prospect (see Figure 5.2, occurrence 29). 
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Table 5.1.  Main characteristics of mineral occurrences in Rennie and Leeson townships. 

Occurrence 
MDI Number 

Number in 
Figure 5.2 

Commodities Best Historic Value Host Units 

Butler Lake asbestos deposit 
MDI42B05NW00002 

1 Asbestos Up to 1.48% asbestos Ultramafic intrusive rock 

Conboy Lake occurrence 
MDI42B05NW00021 

2 Zn, Ag, Cu, Au Up to 14.8% Zn, 20.28 oz/t Ag, 
2.15% Cu and 0.95 oz/t Au 

Felsic to intermediate metavolcanic 
rocks 

Peter Ginn occurrence 
MDI42B05NW00014 

3 Au Up to 3.44 oz/t Au Quartz vein in felsic to intermediate 
metavolcanic rocks 

Noranda DDH Ren 80-2 
MDI42B05NW00030 

4 Au Up to 1.32 g/t Au Quartz vein in felsic to intermediate 
metavolcanic rocks 

Southwest vein 
MDI42B05NW00033 

5 Au Up to 0.04 oz/t Au Quartz vein in felsic to intermediate 
metavolcanic rocks 

Camchib area 16 
MDI42B05SW00034 

6 Au Up to 0.04 oz/t Au Quartz vein in felsic to intermediate 
metavolcanic rocks 

Hard Rock B zone 
MDI42B05NW00015 

7 Au Up to 0.18 oz/t Au Quartz vein in tonalite 

Hard Rock F zone 
MDI42B05NW00035 

8 Au Up to 0.03 oz/t Au Quartz vein in tonalite 

Hard Rock C zone 
MDI42B05NW00016 

9 Au Up to 0.08 oz/t Au Quartz vein in tonalite 

Hard Rock A zone 
MDI42B05NW00003 

10 Au Up to 0.07 oz/t Au Quartz vein in tonalite 

Hard Rock E zone 
MDI42B05NW00017 

11 Au Up to 0.02 oz/t Au Quartz vein in tonalite 

Trail vein  
MDI42B05NW00036 

12 Au Up to 0.14 oz/t Au Sheared quartz vein in tonalite 

Jenner vein 
MDI42B05NW00004 

13 Au (Ag) Up to 0.24 oz/t Au and 5.1 g/t Ag Quartz vein in tonalite 

Mickelson vein 
MDI42B05NW00008 

14 Au (Ag) Up to 0.93 oz/t Au and 0.26 oz/t Ag Quartz vein in tonalite 

Hutchinson vein 
MDI42B05NW00037 

15 Au Up to 0.72 oz/t Au Quartz vein in tonalite 

North Goldfields north vein 
MDI42B05NW00044 

16 Au Up to 0.3 oz/t Au Quartz vein in tonalite 

North Goldfields tie line vein 
MDI42B05NW00043 

17 Au, Ag Up to 0.63 oz/t Au and 1.87 oz/t Ag Quartz vein in tonalite 

Smith Lake property 
MDI000000001370 

18 Au Up to 77.1 g/t Au Quartz vein in intermediate 
metavolcanic rocks 

Frontenac vein 
MDI42B05NW00009 

19 Au Up to 10.15 oz/t Au Quartz vein in tonalite 

Frontenac extension vein 
MDI42B05NW00010 

20 Au (Ag) Up to 0.12 oz/t Au and 22 g/t Ag Quartz vein in tonalite 

Trench 12 
MDI000000001622 

21 Au Up to 0.204 oz/t Au Quartz vein in tonalite 

Tower zone 
MDI42B05NW00046 

22 Au Up to 0.471 oz/t Au Quartz-carbonate vein in 
mafic metavolcanic rocks 

Renabie Mine 
MDI42B05NW00006 

23 Au Produced 1.1M oz Au, average grade 
of 0.246 oz/t Au, up to 8.9 g/t Au 

Quartz vein in tonalite 

B north zone 
MDI42B05NW00041 

24 Au Up to 0.248 oz/t Au Quartz vein in tonalite 

C north zone 
MDI42B05NW00039 

25 Au Up to 0.036 oz/t Au Quartz vein in tonalite 

C zone west 
MDI42B05NW00038 

26 Au Up to 0.151 oz/t Au Quartz vein in tonalite 

C zone east 
MDI42B05NW00040 

27 Au Up to 0.140 oz/t Au Quartz vein in tonalite 

Dulama No. 2 vein 
MDI42B05NW00012 

28 Au Up to 0.076 oz/t Au Quartz vein in tonalite 

Nudulama prospect 
MDI42B05NW00007 

29 Au Up to 0.74 oz/t Au Quartz vein in tonalite 

Ken-Bay Gold Mines DDH 7A 
MDI42B05NW00045 

30 Au Up to 0.315 oz/t Au Quartz vein in tonalite 

Abbreviations:  MDI, Mineral Deposit Inventory; g/t, grams per tonne; M oz, million ounces; oz/t, ounces per ton.   
Sources:  Ontario Geological Survey (2015); Wilson (1992). 
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The Conboy Lake occurrence (see Figure 5.2, occurrence 2; see also Table 5.1) is a zinc, silver and 
copper occurrence with secondary gold. The zinc mineralization occurs as thick layers of massive 
sphalerite with disseminated pyrite and chalcopyrite (Photo 5.3A); rare nodules of pyrite are also 
observed. The occurrence is found within felsic tuff displaying pervasive sericite alteration (Photo 5.3B). 

Asbestos (Photo 5.3C) is found in the north part of Rennie Township within ultramafic intrusive 
rocks (see Figure 5.2, occurrence 1; see also Table 5.1). The asbestos mineralization occurs as veins of 
varied thicknesses and has an acicular crystal habit. 

In addition to the areas covered by the MDI occurrences, various types of alteration were observed; 
notably, approximately 1800 m south of Battley Lake, pyrite, garnet, amphibole and chlorite alteration 
bands can be observed in felsic crystal tuff in several outcrops, adjacent to sericite-altered felsic tuffs with 
extensive pyrite mineralization. The alteration tends to parallel the bedding in the area. 

A second area of interest is south of Rennie Lake, where pervasive sericite alteration can be observed 
and is coincident with pods of pyrite mineralization. 

 

Photo 5.3.  A) Massive sphalerite vein with disseminated pyrite and chalcopyrite (UTM 284452E 5366813N); Conboy Lake 
occurrence (see Figure 5.2 and Table 5.1: occurrence 2).  B) Sericite-altered felsic tuff (UTM 284452E 5366813N); Conboy Lake 
occurrence (see Figure 5.2 and Table 5.1: occurrence 2); stylus, for scale, is 9.7 cm long.  C) Asbestos vein in ultramafic 
intrusive rock (UTM 284452E 5367749N); Butler Lake asbestos deposit (see Figure 5.2 and Table 5.1: occurrence 1).  All UTM 
co-ordinates provided using NAD83 in Zone 17. 
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6.  Project Unit 14-007.  
Characterization of 
Gold Mineralization in the 
Missanabie–Renabie District of the 
Wawa Gold Camp 

J.A. McDivitt1, B. Lafrance1, D.J. Kontak1 and L. Robichaud2 
1Department of Earth Sciences, Mineral Exploration Research Centre, Laurentian University, Sudbury, Ontario  P3E 2C6 
2Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario  P3E 6B5 

INTRODUCTION 

The Renabie gold mine is a past-producing mine in the Missanabie–Renabie district of the Wawa 
gold camp. It produced approximately 1.1 million ounces of gold at a grade of 6.6 g/t Au during its 50 
years of operation from 1941 to 1991 (Turek et al. 1996; Callan and Spooner 1998). The characterization 
of mineralization at the Renabie Mine and nearby gold occurrences is the central theme of a two-year 
Master of Science thesis under the Laurentian University–Ontario Geological Survey Mapping School 
Agreement. The main goals of the project are to 1) determine the structural controls on mineralization; 
2) constrain the relative chronology of alteration, mineralization and structural events; 3) improve 
knowledge of the gold-bearing hydrothermal fluids; and 4) provide a genetic model for the emplacement 
of gold mineralization in the district. This article reports on the results of detailed 1:100 to 1:10 000 scale 
mapping of the surface expression of the Renabie gold zones (C-zone, Nudulama, Nudulama East) and 
nearby gold showings (Baltic D, Pileggi No.1, Pileggi Central, Boundary zone and Braminco South) 
during the summers of 2014 and 2015. Their locations are shown on Figure 6.1. 

GEOLOGICAL SETTING 

The Renabie Mine is located within the Missinaibi Lake batholith (MLB) at the northeast margin of 
the Michipicoten greenstone belt in the Wawa Subprovince. The MLB is a composite intrusive complex, 
characterized as a biotite-bearing tonalite near the Renabie Mine, for which a U/Pb zircon age of 
2720.8±1.4 Ma was reported by Kamo (2015) (Figure 6.2). 

The emplacement of the MLB postdates the deposition of mafic to felsic metavolcanic flows and 
pyroclastic units in the area. These metavolcanic rocks are grouped within the second (2750 Ma) of 
3 cycles of bimodal volcanism defined in the belt (Sage, Thorpe and Berdusco 1987; Sage and Heather 
1991). Later regional folding and shortening of the metavolcanic rocks against the MLB produced a 
bedding-parallel foliation that parallels the trend of metamorphosed gabbroic and variably biotitic felsic 
intrusions. Late, north-trending mafic dikes cut across the metavolcanic rocks and MLB. The dikes 
variably contain phenocrysts and glomerocrysts of epidote-altered plagioclase surrounded by a medium- 
to fine-grained matrix of acicular plagioclase and ferromagnesian minerals. They are similar in texture 
and orientation to mafic dikes of the Paleoproterozoic Matachewan dike swarm (circa 2454 Ma) (Halls 
and Palmer 1990). 
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DEFORMATION HISTORY 

D1 Deformation 

Outcrop-scale, isoclinal F1 folds with an axial planar S1 cleavage formed during D1 deformation. The 
S1 foliation is shallowly to moderately dipping (30 to 50°) in the hinges of upright overprinting folds and, 
where later folds are not well developed, suggesting that F1 folds were inclined to recumbent prior to later 
deformation. Good examples of D1 structures are present at the Pileggi No.1 showing (Photo 6.1A), the 
Boundary zone and the Baltic D showing, where F1 folds are defined by laminated quartz veins with an 
axial planar S1 cleavage. The S1 cleavage is defined by quartzofeldspathic microdomains alternating with 
biotite, chlorite and/or amphibole (Photo 6.1B). 

 

Figure 6.2.  Simplified lithology and alteration map of the Renabie Mine site.  The “shaft fault” is compiled from Ferguson 
(1968).  Geochronology data: “2014 OGS geochronological sample locations” indicate ages from Kamo (2015); “Other 
referenced geochronology sample locations” indicate ages from Turek et al. (1996).  All Universal Transverse Mercator (UTM) 
co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17. 



Earth Resources and Geoscience Mapping Section (6)  J.A. McDivitt et al. 

6-4 

 

Photo 6.1.  A) An F1 fold defined by laminated veins with an axial planar S1 cleavage being folded into F2 folds; Pileggi No.1 
showing (UTM 277709E 5358497N).  B) Shallowly dipping S1 foliation within the Missinaibi Lake batholith (UTM 288603E 
5361506N).  C) Interference pattern of F2 and F3 fold generations within a laminated quartz vein at Nudulama East (UTM 
289003E 5361859N).  D) The L2 stretching lineation at Nudulama East (UTM 289003E 5361859N).  E) A D3 shear zone 
deflecting the S2 foliation sinistrally at the C-zone (UTM 287891E 5362050N).  F) Z-folding of the S3 foliation defines F4 folds at 
the Nudulama outcrop (UTM 288621E 5361923N).  Compass for scale (6.9 cm wide), with sighting arm indicating north in 
Photos 6.1B and 6.1C.  Pencil for scale (0.8 cm wide) with tip indicating north in Photos 6.1D, 6.1E and 6.1F.  All UTM co-
ordinates provided using NAD83 in Zone 17. 
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D2 Deformation 
The F1 folds and S1 foliation are overprinted by tight, generally upright, F2 folds (Photos 6.1A and 6.1C). 

A regional S2 cleavage is axial planar to the folds and typically parallel to bedding and lithological units, 
including contacts between intrusions and metavolcanic rocks. It varies in orientation from north to northwest 
striking, near the Renabie Mine, to east to southeast striking, at Pileggi No.1. Within the MLB, the S2 
foliation is defined by quartz–feldspar microdomains alternating with biotite. An L2 lineation, which is 
defined by recrystallized quartz and feldspar, is present along both S1 and S2 foliations (Photo 6.1D). Hinges 
of F2 folds are typically parallel to subparallel to the L2 lineation, which plunges approximately 45° trending 
approximately 300°. The L2 lineation becomes more pronounced along lithological contacts, where the 
strain is more intense, and in the mineralized zones, where the rocks have been strongly altered to sericite. 

D3 Deformation 
The gold-bearing shear zones at C-zone, Nudulama and Nudulama East (Renabie shear zones) 

formed during D3 deformation. They were mined underground and from open pits when the Renabie 
Mine was in production and they are well exposed along strike of the open pits. The shear zones strike 
east to east-southeast and dip steeply to the south (Photo 6.1E). They are characterized by a strong S3 
foliation and variably folded laminated quartz veins. Adjacent to the shear zones at the C-zone and 
Nudulama East, the S2 foliation and F2 folds are folded by F3 folding (see Photo 6.1C) and rotated into 
parallelism with the S3 foliation in the shear zones. Shear bands, drag folds and the rotation of the S2 and 
L2 fabrics into the shear zones suggests reverse-sinistral kinematics. 

D4 Deformation 
Structures related to D4 deformation include Z-shaped F4 folds (Photo 6.1F) and west-northwest–

striking dextral shear bands oriented clockwise to S3 foliation within the Renabie shear zones. Analogous 
structures and northwest-striking quartz-filled tension gashes are present along an east-striking shear zone 
at the Pileggi No.1 showing. The S3 foliation is overprinted by F4 folds and west-northwest–striking shear 
bands, which suggests dextral reactivation of east-trending shear zones during D4 deformation. 

D5 Deformation 
The D5 event is a late, brittle deformation event. North-trending cross faults, oriented subparallel to 

the late Matachewan mafic dikes, formed during D5 deformation. The Renabie ore zones and the contact 
between the MLB and the metavolcanic units are sinistrally offset by up to 350 m along these faults, 
including the “shaft fault” (see Figure 6.2). 

GOLD MINERALIZATION 
Two main styles of gold mineralization are observed in the mineralized zones exposed at surface: 

laminated quartz veins and pyrite veins. The former yielded most of gold produced during the operation 
of the mine (Callan and Spooner 1998). 

The laminated quartz veins (Photo 6.2A) are present in all gold mineralized zones. The veins consist 
of very fine-grained, saccharoidal, milky white, quartz bands separated by sericite and chlorite laminae. 
The veins are surrounded by strong sericite alteration halos in the MLB. At the C-zone, Nudulama and 
Nudulama East, the veins occupy the centres of east-trending D3 shear zones and they are strongly folded, 
suggesting that they were emplaced either before or early during the development of the shear zones. At the 
Pileggi No.1 and Baltic D showings, the veins are isoclinally folded by F1 folds with an axial planar  
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Photo 6.2.  A) Laminated quartz vein at the Nudulama East outcrop (UTM 289003E 5361859N).  B) Gold-bearing pyrite vein at 
Nudulama East (UTM 289003E 5361859N).  C) Biotite-bearing tonalite displaying epidote-altered plagioclase from drill core at 
the Nudulama outcrop (UTM 288621E 5361923N).  D) Sericite alteration marginal to a laminated vein at Nudulama East 
(UTM 289003E 5361859N).  E) Sericite-chlorite-titanite alteration east of the Boundary zone (UTM 286678E 5362923N).  
F) Vein-distal sericite-chlorite-titanite alteration (1) and vein-marginal potassium feldspar alteration (2) at Nudulama East 
(UTM 289003E 5361859N).  Compass for scale (6.9 cm wide) ,with sighting arm pointing north in Photo 6.2B.  Pencil for scale 
(0.8 cm wide) in Photos 6.2A, 6.2D, 6.2E and 6.2F.  All UTM co-ordinates provided using NAD83 in Zone 17. 
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S1 foliation and are overprinted by upright F2 folds with an axial planar S2 foliation, suggesting that the 
veins were emplaced prior to the formation of the shear zones. At Nudulama East, the laminated veins 
also display pre-shear F2 folds (see Photo 6.1C). 

Centimetre-scale pyrite veins (Photo 6.2B) are most common at the Nudulama and Nudulama East 
outcrops. The pyrite veins strike west and northwest and are emplaced late with respect to D3 shear zone 
development. This is exemplified at Nudulama East where pyrite mineralization overprints a 
hydrothermal quartz-breccia event within which clasts displaying the shear zone foliation are entrained. 

The laminated quartz vein style of mineralization is typically higher grade and has elevated gold–
silver weight % ratios when compared to the pyrite veins (Figure 6.3). Where the 2 styles of gold 
mineralization are documented as spatially coincident, they define a composite style vein where discrete 
pyrite veins crosscut laminated quartz. 

ALTERATION TYPES 

Alteration of plagioclase to epidote (saussuritization) is pervasive in biotite-tonalite across the MLB. 
It is visible in hand sample as beige, granular aggregates within plagioclase (Photo 6.2C). In thin section, 
plagioclase is partially replaced by pale green to beige epidote, resulting in a concentric zonation defined 
by plagioclase-rich and epidote-rich domains, the latter being more albitic. Biotite near strongly epidote-
altered plagioclase is typically stable, although locally can be partially chloritized. 

 

Figure 6.3.  Plot of gold (ppm Au) versus gold–silver ratios (Au/Ag) from samples containing greater than 100 ppb Au; see text 
for further discussion. 
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Sericite alteration is observed in proximity to laminated veins (Photo 6.2D). The sericite alteration is 
superimposed on a biotite-bearing tonalite protolith and occurs at the expense of both biotite and plagioclase. 
The resultant mineralogy is sericite, quartz and residual plagioclase (±epidote). This alteration type 
surrounds auriferous, laminated quartz veins. 

A sericite-chlorite-titanite alteration, associated with hematite (Photo 6.2E), overprints saussuritized 
tonalite and is present adjacent to the contact between metavolcanic rocks and the MLB (see Figure 6.2), 
and as disseminations within the MLB. Sericite is present within red hematite-bearing plagioclase, 
whereas chlorite and titanite form as replacements of biotite. 

Hematite-bearing aggregates of fine-grained potassium feldspar occur as discrete alteration halos to 
veins (Photo 6.2F) within areas displaying the sericite-chlorite-titanite alteration assemblage. The 
potassium feldspar formed as the result of the dissolution of pre-existing mineral assemblages and the 
fabrics they defined. Veins with potassium feldspar alteration halos are typically filled with quartz and 
epidote. The veins occur regionally and, where they occur in proximity to mineralization, are observed 
locally both to crosscut and to be transposed to the S3 shear zone foliation. 

DISCUSSION 

Gold mineralization within the Missanabie–Renabie district displays many features common to 
orogenic vein systems, including an association with shear zones and quartz veins within a 
metamorphosed terrane (Hagemann and Cassidy 2000; Robert and Poulsen 2001). However, it differs 
from most orogenic gold deposits by its host rocks. Many orogenic gold deposits are hosted by mafic to 
ultramafic metavolcanic rocks, whereas the mineralization in the Renabie area is hosted by a granitoid 
intrusion external to the greenstone belt. Although the deposit is shear zone hosted and has been 
interpreted to have formed synchronously with shear zone development (Callan and Spooner 1988, 1998), 
the gold-bearing laminated veins are folded by F1 and F2 folds and are overprinted by the shear zone 
deformation, suggesting that they predate the regional deformation and the formation of the shear zones. 
More than one mineralization event contributed to the formation of the Renabie ore zones, as indicated by 
the presence of late-stage, gold-bearing pyrite veins overprinting the pre-shear, laminated quartz veins. 

An important new finding is on the origin of the stretching lineation in the Renabie shear zones. The 
lineation is not restricted to the shear zones; it is regional in distribution and is later rotated during shear 
zone development. This suggests that the Renabie shear zones formed late with respect to the 
deformational history of the Michipicoten greenstone belt. The geometry of the mineralized zones is 
controlled by D3 shear zones at the C-zone, Nudulama and Nudulama East, by D1 folds at the Baltic D 
outcrop, and by D2 structures at Braminco South. This highlights the importance of structures, which 
formed at different times during the evolution of the district, in controlling the geometry of the ore zones. 
Understanding the complete deformation history of the Michipicoten greenstone belt is imperative to 
constraining the spatial distribution of mineralization because the geometry of the ore zones are reflective 
of different deformation events. 

IMPLICATIONS FOR EXPLORATION 

Because of the variability in ore zone geometry and the early timing of laminated vein emplacement, 
exploration within the Missanabie–Renabie district should place less emphasis on a particular generation 
or orientation of structure and more emphasis on alteration style and intensity, as well as the magnitude of 
strain expressed. Mineralized zones are best characterized by the presence of laminated, saccharoidal 
quartz veins and sulphide mineralization surrounded by sericite alteration zones, and by the intense 
development of hematite-bearing alteration assemblages. The magnitude of strain associated with regional 
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deformation is significantly increased in proximity to gold mineralization, which is likely reflective of 
deformation imposed upon rheologically incompetent alteration zones. The counterclockwise deflection 
of the regional S2 foliation during D3 shear zone development provides a mapping-based vector toward 
shear zones that are favourable for gold. Exploration efforts should focus on areas that display these 
characteristics and also on areas that have proven favourable in the past, such as the contact between 
metavolcanic rocks and the MLB and the eastward trend of mineralization from the Renabie Mine toward 
Nudulama East. 

Gold-focussed studies elsewhere in the Michipicoten greenstone belt (cf. Samson, Bulent and Holm 
1997) have documented pre-deformation auriferous veins that are spatially coincident with deformation 
zones. This suggests that pre-deformation veining may be widespread within the Wawa gold camp and 
exploration implications from this study are not restricted to the Missanabie–Renabie district. 
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7.  Project Unit 06-002.  Preliminary 
Lithogeochemical Results and 
Interpretations of the Supracrustal 
Rocks of the Bartlett and Halliday 
Domes, Abitibi Greenstone Belt 

S. Préfontaine1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

The Ontario Geological Survey (OGS) started a multi-year bedrock geology mapping project, in 
2006, of the Bartlett Dome area, south of Timmins (Figure 7.1). Subsequently, in 2009, the mapping 
project was extended south to the Halliday Dome area (see Figure 7.1). The objectives of this multi-year 
project were to 1) update the geological mapping; 2) clarify and describe the major lithological units; 
3) better comprehend the stratigraphy; and 4) assess the mineral potential of the area. This article will 
concentrate on the preliminary lithogeochemical results and interpretations of the supracrustal rocks for 
both of the Bartlett and Halliday domes. 

GENERAL GEOLOGY 

The Abitibi greenstone belt is a laterally continuous package of Archean mafic to intermediate 
metavolcanic rocks, with minor ultramafic and felsic metavolcanic rocks which appear to be 
unconformably overlain by successor sedimentary basins. Based mostly on geochronology, as well as 
lithological descriptions and geochemical affinities, Ayer et al. (2002), Ayer, Trowell, Amelin et al. 
(1999), Ayer, Trowell, Madon et al. (1999), Ayer, Ketchum and Trowell (2002) and Ayer et al. (2005) 
subdivided the belt into 8 temporally constrained lithotectonic episodes; these subdivisions were revised 
in 2008 by Thurston et al., who divided the Abitibi greenstone belt into 7 discrete volcanic episodes: pre-
2750 Ma; 2750–2735 Ma (Pacaud); 2734–2724 Ma (Deloro); 2723–2720 Ma (Stoughton–Roquemaure); 
2720–2710 Ma (Kidd–Munro); 2710–2704 Ma (Tisdale); and 2704–2695 Ma (Blake River), 
uncomformably overlain by 2 sedimentary basins, referred to as the Porcupine-type (2690–2682 Ma) and 
Timiskaming-type (2676–2670 Ma) basins. Later, 2 older sedimentary basins were added: the Caopatina 
(<2700 Ma) and Opemisca (<2692 Ma) found in the Province of Québec (Ayer et al. 2010a, 2010b). 

The Bartlett Dome, located south of Timmins, was interpreted to be the southern continuation of the 
Shaw Dome (see Figure 7.1). The Archean supracrustal rocks in the Bartlett Dome area are composed of 
basal 2734–2724 Ma (Deloro) volcanic episode rocks. This episode has a lower sequence of mafic, with 
minor ultramafic, metavolcanic rocks and rare felsic metavolcanic rocks, and an upper sequence of 
intermediate to felsic metavolcanic rocks with regionally extensive chemical with minor clastic 
metasedimentary units topped by a thin mafic metavolcanic sequence (Figure 7.2). The 2734–2724 Ma 
(Deloro) episode was followed by the 2710–2704 Ma (Tisdale) episode, which has a base of ultramafic 
metavolcanic rocks followed by a middle portion of dominantly mafic units and topped by an 
intermediate to felsic metavolcanic unit (see Figures 7.1 and 7.2) as described by Houlé (2006, 2007),  
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Figure 7.1.  Volcanic and sedimentary episodes for the Bartlett, Halliday and Shaw domes.  Geology from this study and sources 
described in “General Geology”.  Abbreviation: MRF, Mattagami River fault. 
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Houlé and Solgadi (2007), Houlé, Baldwin and Thurston (2008), Houlé, Préfontaine and Brown (2008), 
Houlé, Solgadi and Préfontaine (2009), Préfontaine, Duguet et al. (2009), Duguet, Préfontaine, Brown et 
al. (2010), Duguet, Préfontaine, Cole et al. 2010), Préfontaine, Houlé et al. (2010); Robichaud (2012), 
Préfontaine (2012), Robichaud, Préfontaine and Magnus (2013) and Préfontaine (2014a, 2014b). 

 

Figure 7.2.  General geology of the area of the Bartlett, Halliday and Shaw domes; geology from this study and sources described 
in “General Geology”. 
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The Halliday Dome is located south of the Bartlett Dome (see Figure 7.1). Based on geochronology, 
the Halliday Dome metavolcanic rocks dominantly belong to the 2720–2710 Ma (Kidd–Munro) episode 
and the metasedimentary rocks present in the Halliday Dome were tentatively assigned to a Porcupine-
type basin (2690–2682 Ma). The 2720–2710 Ma (Kidd–Munro) episode is formed by 2 main volcanic 
packages: a dominantly mafic package (Hutt and Semple townships) and a dominantly felsic package 
(Sothman, Halliday and Midlothian townships; see Figure 7.2). It is overlain by dominantly 
metasedimentary rocks, such as conglomerates, sandstone and siltstones, interlayered with ultramafic 
metavolcanic rocks correlated with the Porcupine-type basin (see Figures 7.1 and 7.2; Préfontaine and 
Berger 2005, 2006; Houlé, Préfontaine and Brown 2008; Préfontaine, Duguet et al. 2009; Duguet, 
Préfontaine, Brown et al. 2010; Duguet, Préfontaine, Cole et al. 2010; Préfontaine, Houlé et al. 2010; 
Préfontaine and Magnus 2010, 2012; Préfontaine 2011; Préfontaine and Robichaud 2013; Préfontaine 
2014b). Although there is still some debate as to what episode the metavolcanic rocks west of the 
Huronian Supergroup metasedimentary rocks in Nursey Township belong, for this article, the 
metavolcanic rocks have been placed provisionally in the 2734–2724 Ma (Deloro) episode. However, 
assignment to the 2720–2710 Ma (Kidd–Munro) episode cannot be entirely ruled out (see Figure 7.2). 

Large felsic plutons (e.g., Adams pluton, Geikie pluton and the Kenogamissi batholith) and other 
smaller, ultramafic to felsic intrusions intruded the supracrustal rocks. Mafic Proterozoic dikes correlated 
with the Biscotasing, Sudbury, Matachewan, Abitibi and Nipissing swarms intruded the Archean rocks. 
Bounding the Bartlett and Halliday domes is the Kenogamissi batholith to the west, the Shaw Dome to 
the north, and the unconformably overlying Proterozoic Huronian Supergroup metasedimentary rocks to 
the east and south (Gowganda Formation; see Figure 7.2). 

LITHOGEOCHEMISTRY 

Over the course of this mapping project, a total of 1106 samples were collected and analyzed for 
lithogeochemistry. Of these samples, slightly more than 700 samples were supracrustal rocks. The density 
was first calculated for every sample. Subsequently, all of the samples were crushed in a steel jaw crusher 
followed by milling, cleaning with quartz between each sample. Major oxides were determined by X-ray 
fluorescence (XRF) using a fused disk method; CO2 and sulphur were analyzed by oxidizing carbon and 
sulphur through combustion of the sample in an oxygen-rich environment and then measured by infrared 
absorption. Iron oxide (FeO) was analyzed using potentiometric titration with standardized permanganate 
after dissolution of the sample in acid. The trace elements were determined by XRF using a pressed 
pellet; minor and trace elements were analyzed using inductively coupled plasma mass spectrometry 
(ICP–MS) with closed-vessel multi-acid digestion. All analyses were performed at Geoscience 
Laboratories, Ontario Geological Survey, Sudbury, Ontario. 

Lithogeochemistry can be a powerful and useful tool. However, some precautions must be taken 
when using the data. Understanding the regional geology is key to understanding the environment in 
which the rocks formed and the relationship between the different units. Using the proper approach to 
analyze the data is also important. For example, some rock classification plots use major oxides that can 
be very mobile. Therefore, if samples have been altered, the rock classification plots may give erroneous 
classifications because some major oxides may have been mobile during the alteration process. It is, 
therefore, preferable to employ a rock classification plot that uses elements that are generally immobile. 
Although some precautions have been taken, this article is the first attempt to classify the samples by rock 
types and affinities based on geochemistry. More work is needed to confirm and advance this topic. 
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Ultramafic Metavolcanic Rocks 

Ultramafic metavolcanic rocks are found in all 4 episodes that comprise the Bartlett and Halliday 
domes. Komatiites are defined chemically as having greater than 18% MgO, below 2% Na2O+K2O and 
less than 1% TiO2. Whereas, komatiitic basalts are defined as having less than 18% MgO, but have a spatial 
relationship with komatiites and have similar chemical signatures and textures, such as spinifex (Arndt 
2008). Field and petrographic observations showed that the vast majority of the komatiites were moderately 
to strongly altered (e.g., carbonation and silicification). This is reflected in the analyzed samples that 
display wide variations in the major oxide abundances (e.g., 4–36 weight % MgO; 0–5.3 weight % 
Na2O+K2O; 0.05–0.89 weight % TiO2; 21–63 weight % SiO2; 1–33 weight % loss-on-ignition (LOI)). 
Some of these variations may also be the result of sampling distribution in the flow because redistribution 
of olivine crystals during emplacement of komatiitic flow (e.g., cumulate versus spinifex texture versus 
chill margin) may affect major oxides, such as MgO (Lesher 1989). Sproule et al. (2003) developed 
alteration filters to identify unaltered or weakly altered komatiites. None of the samples collected would 
have been considered unaltered. Commonly, the Jensen diagram (Jensen and Pyke 1982) is used to 
identify komatiites and komatiitic basalts, of komatiitic affinity, from other affinities, such as tholeiitic 
and calc-alkaline. This diagram uses magnesium and iron, which, in certain circumstances, can be mobile, 
and uses aluminum and titanium, which are generally immobile. However, Lahaye et al. (1995) 
demonstrated that many of the komatiites that are extensively carbonatized may have variations in their 
aluminum and titanium abundances—elements that are generally considered immobile. Consequently, the 
Jensen diagram (Jensen and Pyke 1982) was used as an information tool only rather than as a rock and 
affinity classification tool. As an alternative, rare earth element (REE) patterns of whole rocks, 
normalized to the chondrite values of Sun and McDonough (1989), and chromium, nickel and, to a lesser 
extent, Al2O3 and TiO2, values were used to differentiate the different ultramafic signatures. Komatiites 
have low REE abundances, as well as low Al2O3 and TiO2, but have high chromium and nickel. 

The ultramafic metavolcanic rocks of the 2734–2724 Ma (Deloro) episode are located in 2 areas: in 
the north, in Fripp and Musgrove townships, and in the south, in Nursey Township (see Figure 7.2). They 
are dominantly komatiitic basalts intercalated with komatiites. The northern portion is dominated by 
cumulate facies and no spinifex zones were reported; however, the southern portion is composed of 
cumulate and spinifex facies, as well as breccias containing clasts of both cumulate and spinifex facies. 
Three geochemical groups were identified in this episode (Figure 7.3A). In the first geochemical group, 
the komatiites are slightly depleted in LREE (light rare earth elements) and have flat HREE (heavy rare 
earth elements) patterns typical of other komatiites found in Archean greenstone belts (see Figure 7.3A: 
open red triangle; Arndt 2008). The komatiitic basalts, on the other hand, have flat to slightly enriched 
LREE and flat HREE patterns (see Figure 7.3A: open blue square). In the northern section, there is a third 
geochemical group that has similar signature to enriched mid-ocean ridge basalts (E-MORB) of the 
Belingwe greenstone belt in Zimbabwe (Shimizu, Nakamura and Maruyama 2005), where there is a 
significant enrichment in LREE and flat HREE patterns (see Figure 7.3A: filled green triangle); however, 
chromium (2493–3568 ppm Cr) and nickel (639–1243 ppm Ni) values suggest that these rocks are more 
akin to the komatiitic suite than to basalts. Sproule et al. (2003) suggested that this elevated LREE pattern 
was likely the result of crustal contamination. 

The komatiites associated with the 2720–2710 Ma (Kidd–Munro) episode of the Halliday Dome are 
found in Midlothian Township, with a few occurrences in Montrose Township (see Figure 7.2). Most of 
the outcrops are significantly altered and primary features are difficult to distinguish, but polysuturing and 
spinifex texture were observed locally. Komatiites of the 2720–2710 Ma (Kidd–Munro) episode have 
REE patterns that are slightly depleted in LREE and flat HREE (Figure 7.3B: red open triangle), similar 
to most komatiites found in the Abitibi greenstone belt. A few patterns have a slight enrichment in LREE, 
but flat HREE (see Figure 7.3B: filled green triangle), similar to the komatiitic basalt of the Belingwe 
greenstone belt (Shimizu, Nakamura and Maruyama 2005). The last geochemical group has flat REE 
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patterns (see Figure 7.3B: open blue square), similar to tholeiitic basalt, although chromium, nickel, Al2O3 
and TiO2 values are similar to the rest of the komatiites found in this episode. 

The 2710–2704 Ma (Tisdale) episode in the Bartlett Dome has, volumetrically, a greater amount of 
ultramafic metavolcanic rocks than any of the other episodes in the area. The ultramafic metavolcanic 
rocks are located at the base of the 2710–2704 Ma (Tisdale) episode at the contact with the 2734–2724 Ma 
(Deloro) episode (see Figures 7.2 and 7.1). There are also a few exposures of ultramafic metavolcanic 
rock within the mafic metavolcanic rocks. They are either composite flows (spinifex–cumulate) or 
massive cumulate flows. Similar to the 2 previous episodes, 3 geochemical groups are observed. The 
most dominant group is marked by depleted LREE patterns (Figure 7.3C: open red triangle). Two other 
geochemical groups are displayed: the elevated LREE pattern (2 samples; see Figure 7.3C: filled green 
triangle) is seen only in samples from McArthur Township (see Figure 7.1); and the flat REE pattern 
(6 samples; see Figure 7.3C: blue open square) is seen in samples located sporadically at the base of the 
ultramafic metavolcanic package. 

Similar to the other episodes, the ultramafic metavolcanic rocks of the 2690–2682 Ma (Porcupine) 
episode display 3 main geochemical groups (Figure 7.3D). However, what is noticeably different from the 
other episodes is the field in which these samples plot in the Jensen diagram (Jensen and Pyke 1982): they 
generally plot in the komatiitic basalt and basalt fields rather than in the komatiite field. Only 2 samples  

 

Figure 7.3.  Chondrite-normalized REE plots for ultramafic metavolcanic samples from the Bartlett and Halliday domes, 
normalized to Sun and McDonough (1989): A) 2734–2724 Ma (Deloro) episode; B) 2720–2710 Ma (Kidd–Munro) episode; 
C) 2710–2704 Ma (Tisdale) episode; and D) 2690–2682 Ma (Porcupine) basin.  See text for explanations of symbols. 
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out of 28 plotted in the komatiite field. This is significantly different from the other episodes; even with 
significant alteration, most ultramafic metavolcanic rocks still plotted in the komatiite or komatiitic basalt 
fields. This variation may be primary or it may be a result of alteration and is only noted for interest. The 
dominant geochemical group is still the depletion in LREE, followed by the flat pattern group and, 
finally, the 2 samples that display enrichment in LREE (see Figure 7.3D). 

Mafic to Felsic Metavolcanic Rocks 

To separate the different rock types based on geochemistry, the rock classification of Winchester and 
Floyd (1977), as revised by Pearce (1996), using Nb/Y versus Zr/Ti was preferred over the traditional 
classification of Le Bas et al. (1986), using SiO2 versus Na2O+K2O, because the Pearce rock classification 
uses elements that are generally considered immobile. Alteration can be significant locally; thus, using 
major oxides, that may be potentially mobile, would lead to erroneous interpretations. In addition, the 
normalized REE patterns and REE ratios (Zr/Y, La/Yb, Th/Yb) defined by Barrett and MacLean (1999) 
were used to determine the affinity of the rocks. Furthermore, attempts to classify the mafic metavolcanic 
rocks into tectonic setting were done using the Nb versus La diagram of Gill (1981). The normalized 
Yb versus La/Yb diagram was used to discriminate different chemical packages of intermediate to felsic 
metavolcanic rocks. 

MAFIC METAVOLCANIC ROCKS 

The mafic metavolcanic rocks of the 2734–2724 Ma (Deloro) episode are found at the stratigraphic 
base and top of the episode in the Bartlett Dome (see Figures 7.2 and 7.1). These rocks are either massive 
or pillowed flows. The basalts display 3 geochemical groups (Figure 7.4A). The dominant group for the 
basalts has a flat REE pattern (see Figure 7.4A: open green triangle), typical of most tholeiitic basalt, 
which is also confirmed using the REE ratios of Barrett and MacLean (1999), which are consistent with a 
tholeiitic affinity. They are classified as E-MORB, using the basalt-andesite tectonic classification of Gill 
(1981). A second geochemical group was identified, but only in samples from Nursey Township (see 
Figure 7.2). It has a slight enrichment in LREE (see Figure 7.4A: filled red triangle) and varied affinity. 
The third geochemical group was observed in some of the basalt samples throughout the area, although it 
seems to be more prevalent in samples from Nursey Township (see Figure 7.2). These basalts are 
dominantly calc-alkalic to transitional affinities, based on the ratios of Barrett and MacLean (1999), and 
plot in the basalt and andesite+basaltic andesite fields in the rock classification diagram of Pearce (1996). 
They have an REE pattern with a significant enrichment in LREE and depletion to flattening HREE (see 
Figure 7.4A: open blue square). 

Three major geochemical groups were identified within the metavolcanic rocks of the 2720–2710 Ma 
(Kidd–Munro) episode. The REE pattern of the first group is generally flat, with, locally, a very slight 
enrichment in LREE and slight depletion in HREE (Figure 7.4B: open green triangle); a second group has 
slight enrichment in LREE, but a flat HREE pattern (see Figure 7.4B: open red diamond). Both of these 
geochemical groups have affinities that vary from dominantly tholeiitic to transitional and plot generally 
in the basalt field with a few samples crossing into the andesite+basaltic andesite field in the rock 
classification diagram of Pearce (1996). With the exception of a few samples, the majority of these basalts 
plot in the E-MORB field in the Gill (1981) diagram. These basalts are found in the mafic portion of the 
Halliday Dome, mainly in Hutt and Semple townships (see Figure 7.2), as well as mafic metavolcanic 
rock surrounding the intermediate to felsic volcanic dome in Sothman Township (see Figure 7.2). The 
third geochemical group has enrichment in LREE and depletion in HREE (see Figure 7.4B: open blue 
square). The affinities are dominantly transitional with fewer calc-alkalic signatures. The majority of the 
samples plot in the basalt field with some samples plotting toward the andesite +basaltic andesite field. 
These are located within and at the edge of the intermediate to felsic volcanic dome (Sothman, Halliday 
and Midlothian townships; see Figure 7.2). 
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Almost all of the mafic metavolcanic rocks of the 2710–2704 Ma (Tisdale) episode are located 
within the larger mafic sequence with a few mafic rocks located in the ultramafic metavolcanic rocks at 
the base of the episode in the Bartlett Dome (see Figure 7.2 and 7.1). They are all massive to pillowed 
flows. Almost 90% of all basalts analyzed are of tholeiitic affinity. The REE patterns are flat (Figure 
7.4C: open green triangle) typical of tholeiitic basalts. According to Gill (1981), these basalts would plot 
in the E-MORB field. Only 5 samples have enrichment in LREE, but have relatively flat to slightly 
depleted HREE patterns (see Figure 7.4C: open blue square). Based on the REE ratios of Barrett and 
MacLean (1999), these samples have varied affinities, but all plot in the basalt field in the rock 
classification diagram of Pearce (1996). These 5 samples are located only at the base of the dominant 
mafic package at the contact between the 2710–2704 Ma (Tisdale) and the 2720–2710 Ma (Kidd–Munro) 
episodes (see Figures 7.1 and 7.2). 

 

Figure 7.4.  Chondrite-normalized REE plots for mafic metavolcanic samples from the Bartlett and Halliday domes, normalized 
to Sun and McDonough (1989): A) 2734–2724 Ma (Deloro) episode; B) 2720–2710 Ma (Kidd–Munro) episode; and C) 2710–
2704 Ma (Tisdale) episode.  See text for explanations of symbols. 
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INTERMEDIATE TO FELSIC METAVOLCANIC ROCKS 

The intermediate to felsic metavolcanic rocks of the 2734–2724 Ma (Deloro) episode are located in 
the central part of the Bartlett Dome (see Figures 7.1 and 7.2). These volcaniclastic rocks vary from tuff 
to tuff breccia. Using the rock classification diagram of Pearce (1996), most of the intermediate to felsic 
metavolcanic rocks plot in the andesite+basaltic andesite field with a few in the rhyolite+dacite field. They 
all display a significant enrichment in LREE and depletion in HREE (Figure 7.5A) suggesting a calc-
alkalic affinity, which is also confirmed using the REE ratios of Barrett and MacLean (1999) (Figure 7.5D). 
All of the intermediate to felsic metavolcanic rock samples plot in a cluster in the normalized Yb versus 
La/Yb diagram, displaying low Yb values and relatively elevated La/Yb values (see Figure 7.5D). 

The intermediate to felsic metavolcanic rocks of the 2720–2710 Ma (Kidd–Munro) episode, in the 
Halliday Dome, are autobrecciated to massive flows located primarily in Sothman, Halliday and 
Midlothian townships (see Figure 7.2). Two dominant geochemical group can be seen in analyses of the 
intermediate to felsic metavolcanic rocks of this episode (Figure 7.5B). The prevailing group, which 
encompasses 90% of the intermediate to felsic rock samples from the Kidd–Munro episode, displays 
enrichment in LREE and depletion to flattening in HREE (see Figure 7.5B: open green triangle). They  

 

Figure 7.5.  Chondrite-normalized REE plots for intermediate to felsic metavolcanic samples from the Bartlett and Halliday domes, 
normalized to Sun and McDonough (1989): A) 2734–2724 Ma (Deloro) episode; B) 2720–2710 Ma (Kidd–Munro) episode; and 
C) 2710–2704 Ma (Tisdale) episode.  D) Chondrite-normalized plot (normalized to Nakamura 1974) showing the data points 
from intermediate to felsic metavolcanic rocks of the Bartlett and Halliday domes.  See text for explanations of symbols. 
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have a calc-alkalic affinity with only 2 samples showing a transitional affinity. Based on the rock 
classification diagram of Pearce (1996), they plot in the andesite+basaltic andesite field with a few 
plotting in the rhyolite+dacite field. Using the Yb versus La/Yb diagram, these rocks plot in a cluster 
similar to rocks of the 2734–2724 Ma (Deloro) episode, with low Yb values and relatively elevated La/Yb 
values (see Figure 7.5D). They are located primarily in the intermediate to felsic volcanic dome and near 
the contact with the 2710–2704 Ma (Tisdale) episode (see Figures 7.1 and 7.2). The second group displays 
moderate enrichment in LREE, but flat to very slight depletion in HREE (see Figure 7.5B: filled red 
triangle). The affinities vary from transitional to calc-alkalic to tholeiitic (REE ratios: Barrett and 
MacLean 1999). Based on the rock classification diagram of Pearce (1996), approximately half of the 
samples plot in the andesite+basaltic andesite field and the other half in the rhyolite+dacite field. They 
have elevated normalized Yb and lower La/Yb values as compared with the first group (see Figure 7.5D). 
Rocks of this group that plot in the rhyolite+dacite field can be classified as FIII felsic metavolcanic rocks 
using the Hart, Gibson and Lesher (2004) classification. 

The intermediate to felsic metavolcanic rocks of the 2710–2704 Ma (Tisdale) episode are located 
toward the stratigraphic top. They are found near the contact with the 2720–2710 Ma (Kidd–Munro) 
episode and in Cleaver Township (see Figures 7.1 and 7.2). A few outcrops, of dominantly volcaniclastic 
rocks, are also found within the main basaltic package. Three geochemical groups were identified in the 
intermediate to felsic metavolcanic rocks (Figure 7.5C). The dominant group shows enrichment in LREE 
(see Figure 7.5C: open green triangle). These samples generally plot in the andesite+basaltic andesite 
field in the rock classification diagram of Pearce (1996), with a few plotting in the rhyolite+dacite field. 
The affinities vary from calc-alkalic to transitional. The second group records an even more significant 
enrichment in LREE (see Figure 7.5C: open blue square). These samples all have a calc-alkalic affinity 
and plot in the andesite+basaltic andesite field in the rock classification diagram of Pearce (1996). Similar 
to the 2 other episodes, samples in both of these geochemical groups cluster in the normalized Yb versus 
La/Yb diagram with low Yb values and relatively elevated La/Yb values (see Figure 7.5D). Those 2 
groups occur mostly within the dominant intermediate to felsic unit or near the top of the mafic unit. 
Finally, 6 samples, classified as andesite+basaltic andesite, have a tholeiitic affinity and have relatively 
flat REE patterns (see Figure 7.5C: filled red triangle). These 6 samples have low La/Yb values and 
relatively elevated Yb values: thus, these are distinguishable from the bulk of the intermediate to felsic 
metavolcanic rocks and, because the La/Yb values are lower, are also distinguishable from the 
intermediate to felsic rocks, with elevated normalized Yb, of the 2720–2710 Ma (Kidd–Munro) episode 
(see Figure 7.5D). Rocks within this third group appear to be localized in the central part of the mafic 
sequence subparallel with the fold axial plane located in Zavitz Township (see Figure 7.2). 

Metasedimentary Rocks 

Metasedimentary rocks are found in all of the episodes, although the clastic metasedimentary rocks 
are found dominantly in the Porcupine-type basin and the chemical metasedimentary rocks are found only 
in the 2734–2724 Ma (Deloro) episode. 

CLASTIC METASEDIMENTARY ROCKS 

The metasedimentary rocks of the Porcupine-type basin of the Halliday Dome are predominantly 
located in Sothman, Halliday and Midlothian townships. They also occur in Thorneloe Township, but do 
not belong to the Bartlett Dome per se because they are located west of the Mattagami River fault (see 
Figures 7.2 and 7.1). They are composed mostly of conglomerate with minor sandstone and siltstones. 
The metasedimentary rocks of the Porcupine-type basin can be subdivided into 2 main groups based on 
provenance: 1) dominantly mafic to ultramafic provenance and 2) dominantly felsic provenance. These 
2 groups are dispersed throughout the clastic metasedimentary rocks of the Porcupine episode. The more 
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mafic group have elevated element values (maximum values: 3143 ppm Cr, 1310 ppm Ni, 284 ppm V, 
and 38 ppm Sc) that reflect a mafic to ultramafic source. The Cr/V values are elevated and may indicate 
chromite detritus and the high Nb/Th and Nb/La values also indicate a mafic source. In addition, when 
comparing the chondrite-normalized REE pattern, 3 main geochemical groups emerges (Figure 7.6A). 
The first group demonstrates depletion in LREE and flat HREE (see Figure 7.6A: open blue circles) very 
similar to the typical ultramafic metavolcanic rocks mentioned above. This is consistent with field 
observations because several of the metasedimentary rock units of the Porcupine-type basin are 
conglomerate and sandstone dominantly composed of ultramafic fragments and are interlayered with 
ultramafic volcanic flows. The second geochemical group is flat (see Figure 7.6A: filled blue circles), 
indicating derivation from predominantly mafic and/or ultramafic rock detritus. Both ultramafic 
metavolcanic rocks and tholeiitic basalts have demonstrated flat patterns, as mentioned above; however, 
the ultramafic rocks generally have lower REE abundances than basalts. The third geochemical group has 
elevated LREE and relatively flat HREE patterns (see Figure 7.6A: filled red triangle). Although the 
major detritus contribution is still mafic to ultramafic, the elevated LREE may suggest input from a more 
crustal source. However, komatiitic basalt and some other basalt also have this type of signatures (see 
“Ultramafic Metavolcanic Rocks” and “Mafic Metavolcanic Rocks”). The boundary between the more 
mafic group and the more felsic group is somewhat arbitrary and more gradational. There is an increase in 
thorium, aluminum, LREE (see Figure 7.6A: open green triangle) and zirconium, which reflect felsic and 
upper crustal sources. As well, the thorium and lanthanum ratios to scandium, cobalt, nickel and 
chromium, indicating upper crustal to mafic sources, suggest that there is a progressive increase in more 
felsic or upper crustal material influx. This is similar to a calc-alkalic signature that was previously 
recognized by Ayer et al. (2005) in the Porcupine-type basin. A smaller group is distinct within the more 
felsic group. In addition to having elevated values in all of the elements mentioned above, these samples 
have a significant enrichment in LREE and depletion in HREE (see Figure 7.6A: filled purple diamond), 
as well as low Nb/Th and Nb/La values, indicating crustal and arc-related detritus. These samples are 
located only in Midlothian Township. 

Few metasedimentary rocks of the other episodes were analyzed. Most of the metasedimentary rock 
of the 2734–2724 Ma (Deloro) episode are generally iron formations and chert beds, which will be 
addressed in “Chemical Metasedimentary Rocks”. Only 2 clastic metasedimentary rocks were analyzed 
from the 2734–2724 Ma (Deloro) episode. These 2 rocks both have a relatively flat REE pattern (Figure 
7.6B: filled red square), although the total abundances are significantly different. The 2720–2710 Ma 
(Kidd–Munro) samples have enrichment in LREE and a slight depletion in HREE (see Figure 7.6B: filled  

 

Figure 7.6.  Chondrite-normalized REE plots for clastic metasedimentary samples from the Bartlett and Halliday domes, normalized 
to Sun and McDonough (1989): A) 2690–2682 Ma (Porcupine-type) basin; and B) 2734–2724 Ma (Deloro), 2710–2710 Ma 
(Kidd–Munro) and 2710–2704 Ma (Tisdale) episodes.  See text for explanations of symbols. 
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green triangle). These samples have REE ratios suggesting a larger input of felsic detritus as compared to 
mafic to ultramafic material. Finally, only 1 sample from the 2710–2704 Ma (Tisdale) episode was 
analyzed; this sample has a relatively flat REE pattern (see Figure 7.6B: filled blue square). A dominantly 
mafic source is the likely provenance for these sedimentary rocks. 

CHEMICAL METASEDIMENTARY ROCKS 

Chemical metasedimentary rocks are found only in the 2734–2724 Ma (Deloro) episode. These are 
composed of chert layers, chert breccia, debris flows, magnetite horizons, tuff, graphitic beds, sulphidic 
argillites, sandstone and siltstones. Baldwin (2009) looked at the different iron formations found in this 
episode in the Bartlett Dome. He focussed particularly on the chert layers and suggested that 4 main 
depositional and diagenetic processes were involved in the formation of these sedimentary units:  

 “1) periods of null-deposition resulting in the formation of chert hardground;  
2) rapid deposition of amorphous silica and ultrafine detrital volcanic material from seawater;  
3) instantaneous deposition of coarse-grained heterolithic debris flows; and  
4) sub-seafloor hydrothermal circulation resulting in the replacement of other material by  
    silica and the brecciation of buried hardground.”  (Baldwin 2009, p.iv) 

These processes suggest that the banded iron formations in the Bartlett Dome were formed from 
prolonged periods of deposition with very limited material input, allowing for numerous processes to 
influence deposition (Baldwin 2009). 

The chondrite-normalized REE plot shows enrichment in LREE and a relatively flat HREE pattern 
with a significant enrichment in europium (Figure 7.7A: open green square). Peter (2003) interpreted the 
enrichment of europium in iron formations to be similar to modern high-temperature end-member 
hydrothermal black smoker vent fluids discharging on modern seafloor; to oxides from the surface of 
modern sulphide mounds at the trans-Atlantic Geotraverse (TAG) hydrothermal mound, on the mid-
Atlantic Ridge; and to metalliferous sediments, formed in modern high-temperature brine, from the 
Atlantis II Deep submarine basin, in the Red Sea. The enrichments in LREE, on the other hand, show 
similar signatures of continental sediments. Peter (2003) suggested that some of the REE patterns are 
controlled predominantly by the relative proportions of detrital, hydrothermal and hydrogenous 
components. Using this suggestion, the samples in this area would have a proportionally larger detrital  

 

Figure 7.7.  Chondrite-normalized REE plots for chemical metasedimentary samples from the Bartlett and Halliday domes.  
A) 2734–2724 Ma (Deloro) episode samples normalized to Sun and McDonough (1989).  B) 2734–2724 Ma (Deloro) episode 
samples normalized to MuQ (mud from Queensland: Kamber, Greig and Collerson 2005).  See text for explanations of symbols. 
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input resulting in enrichment in LREE. The patterns of 3 samples display flat to slight enrichment in 
LREE and enrichment in HREE, with a positive europium anomaly (see Figure 7.7A: filled red triangle) 
when normalized to chondrite. However, when normalized to the mudstone of Queensland (MuQ: 
Kamber, Greig and Collerson 2005), these samples display strong depletion in LREE and enrichment in 
HREE (Figure 7.7B: filled red triangle). Similar patterns were observed by Baldwin (2009) on chert 
samples from the Bartlett Dome, suggesting that the 3 samples may have a larger proportion of chert 
material. Finally, the last pattern (see Figure 7.7B: open blue diamond) does not appear to represent 
signatures of iron formation or chert; however, they have values ranging 49.70 to 54.35 weight % Fe2O3, 
14.58 to 20.52 weight % SiO2 and 27.13 to 29.20 weight % LOI. 

CONCLUSION 

The geochemical results presented in this paper allow some preliminary conclusions to be drawn. 
Most of the volcanic episodes of the Bartlett and Halliday domes display very similar lithogeochemical 
signatures. Nonetheless, some differences were found that apply particularly to the felsic to intermediate 
metavolcanic rocks and the Porcupine sedimentary rocks. For example, a small group of felsic to 
intermediate metavolcanic rocks of the 2710–2704 Ma (Tisdale) episode and the 2720–2710 Ma (Kidd–
Munro) have low normalized La/Yb values and relatively elevated Yb values. This group can be further 
differentiated because, out of the 2 episodes, the 2710–2704 Ma (Tisdale) episode has the lowest La/Yb 
values. When these types of felsic rocks are present, this chemical difference may permit differentiating 
the 2 episodes if there is some ambiguity to which episode a unit belongs. The clastic metasedimentary 
rocks of the Porcupine-type basin, which have been thought to have a calc-alkalic composition only, in 
this area can now be separated into 2 groups based on provenance: a mafic to ultramafic dominant detritus 
provenance and a more felsic calc-alkalic detritus provenance. The dominantly mafic to ultramafic group 
is most likely derived predominantly from the ultramafic metavolcanic flows nearby, whereas the more 
felsic group is derived potentially from the calc-alkalic volcanic rocks underlying the sedimentary rocks. 
Additionally, the ultramafic metavolcanic rocks of the 2690–2682 Ma (Porcupine) episode appear to plot 
in the Jensen diagram (Jensen and Pyke 1982) as komatiite basalts and basalts rather than komatiites. Is 
this a distinguishing feature of the 2690–2682 Ma (Porcupine) ultramafic metavolcanic rocks? More 
investigation is needed to confirm this chemical difference. This article was a first attempt using chemical 
signatures to distinguish and separate some of the supracrustal rocks. Much more can be done with the 
data collected in order to confirm and expand upon some of the preliminary interpretations presented here. 
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8.  Project Unit 14-008.  Geology and 
Mineral Potential of Chester 
Township, Southern Swayze 
Greenstone Belt 

T.P. Gemmell1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

Although, it is widely accepted that the Swayze greenstone belt is the western extension of the 
Abitibi greenstone belt (van Breemen, Heather and Ayer 2006; Thurston et al. 2008; Ayer et al. 2010a, 
2010b), it is referred in this article as the Swayze greenstone belt to facilitate geographical location. 

In 2011, the Ontario Geological Survey (OGS) started a bedrock geology mapping project south of 
Gogama (Berger 2011, 2012a, 2012b; Berger and Lodge 2012), which extends from the southeastern 
extent of the Swayze greenstone belt into the Shining Tree area. The objectives of this projects were to 
1) characterize the extent of the Ridout deformation zone as a possible extension of Larder–Cadillac 
deformation zone; 2) delineate the eastward extension of the Chester intrusive complex that hosts gold 
mineralization in Chester Township and examine the various intrusive phases associated with the 
intrusion; 3) describe and delineate the supracrustal metavolcanic and metasedimentary rock units, 
especially those correlated with the Timiskaming assemblage (Ayer, Ketchum and Trowell 2002); and 
4) investigate the contact between the supracrustal rocks, the Chester intrusive complex and the Ramsey–
Algoma granitoid complex (van Breemen, Heather and Ayer 2006). As a result of this project and the 
continued work at the Côté Gold deposit, the OGS extended the South Gogama project west into the 
southern Swayze greenstone belt. This year was the first year of a multi-year project covering the 
southern Swayze greenstone belt. This summer, Chester Township was mapped at a scale of 1:20 000 to 
update historical geological mapping by Siragusa (1981) and Heather (2001) (Figure 8.1). 

REGIONAL GEOLOGY 

The Abitibi greenstone belt is located in the eastern part of the Wawa–Abitibi terrane in the southern 
Superior Province and is considered to be the largest greenstone belt in the world (van Breemen, Heather 
and Ayer 2006). It is predominantly composed of mafic to felsic metavolcanic assemblages and minor 
ultramafic metavolcanic rocks with punctuations of clastic metasedimentary successor basin assemblages. 
These assemblages are most recently defined by Thurston et al. (2008, and references therein) as discrete 
volcanic episodes: 2750–2735 Ma (Pacaud), 2734–2724 Ma (Deloro), 2723–2720 Ma (Stoughton–
Roquemaure), 2720–2710 Ma (Kidd–Munro), 2710–2704 Ma (Tisdale) and 2704–2695 Ma (Blake River) 
episodes, unconformably overlain by 2 sedimentary basins, referred to as the Porcupine-type (2690–2682 Ma) 
and the Timiskaming-type (2676–2670 Ma) sedimentary basins. 
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The Swayze greenstone belt (see Figure 8.1) is the southwestern extent of the Abitibi greenstone belt 
and is mainly composed of mafic to locally intermediate to felsic and ultramafic metavolcanic rocks with 
associated synvolcanic intrusions, clastic and chemical metasedimentary rocks and late intermediate to 
felsic intrusions. It is bound by the Kapuskasing structural zone to the west, the Ramsey–Algoma 
granitoid complex to the south and the Neville pluton (Kenogamissi Batholith) to the north and east (see 
Figure 8.1). 

The southern Swayze greenstone belt was systematically mapped by Heather (2001) to revise the 
major rock types, construct a regional stratigraphy, establish regional structural chronology and geometry 
and characterize the geological evolution in order to correlate the Swayze greenstone belt with the rest of 
the Abitibi greenstone belt. The stratigraphic sequence that was established for the Chester Township area 
is separated into the younger Trailbreaker group, composed of mafic metavolcanic rocks of the October 
Lake formation and is contemporaneous with the 2710–2704 Ma (Tisdale) episode (Thurston et al. 2008), 
and the older Chester group, composed of felsic to intermediate metavolcanic rocks and metasedimentary 
rocks of the Yeo formation and is contemporaneous with the 2750–2735 Ma (Pacaud) episode (Thurston 
et al. 2008). 

 

Figure 8.1.  Simplified geology map of the southern Swayze greenstone belt displaying the outline of Chester Township 
(enclosed by red box).  Location information provided as Universal Transverse Mercator (UTM) co-ordinates using North 
American Datum 1983 (NAD83) in Zone 17 (modified from Ontario Geological Survey 2011). 
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CHESTER TOWNSHIP GEOLOGY 

Chester Township is located in the southeastern part of the Swayze greenstone belt (see Figure 8.1). 
The geology of Chester Township (Figure 8.2) is dominated by the Chester intrusive complex (CIC) to 
the south, and felsic metavolcanic and metasedimentary rocks of the Yeo formation and mafic metavolcanic 
rocks of the October Lake formation to the north. The supracrustal rocks have been deformed by the east-
trending Ridout deformation zone, which has been interpreted to be both the western extension of the 
Larder–Cadillac deformation zone because of its early flattening with subsequent sinistral, then dextral, 
deformation (Heather 2001; van Breemen, Heather and Ayer 2006) and as a separate structure (Berger 
2012b) because the Timiskaming assemblage rocks are on opposite sides of the deformation zone. 

Rock type names were adopted for use in the field to simplify the mapping process. Diorite was used 
for mafic intrusive rocks with 60% feldspar + quartz; gabbro was used for mafic intrusive rocks with 50% 
or less feldspar + quartz. However, because it is difficult to differentiate gabbros from diorites in the field, 
the author has grouped most of the mafic intrusive rocks into the gabbro rock type and the 2 rock types 
will be differentiated following petrographic observations and lithogeochemistry as the study progresses. 
The rest of the terms adhere to standard quartz–alkali feldspar–plagioclase (QAP) ratios. 

CHESTER INTRUSIVE COMPLEX 

The CIC is a multi-phase intrusion, 2737±11 to 2741±11 Ma (see Figure 8.2), that is bound to the 
north by felsic to intermediate metavolcanic rocks of the Chester group and to the south by the Ramsey–
Algoma granitoid complex (see Figure 8.2). It is host to the large tonnage, low-grade Côté Gold deposit 
(IAMGOLD Corporation 2013). It is mainly composed of equigranular medium-grained tonalite (Photo 8.1A), 
tonalite breccias (Photo 8.1B), quartz gabbros (Photo 8.1C) and quartz diorites. There are at least 2 phases 
of tonalite: 1) a relatively early massive to brecciated tonalite with equal amounts of amphibole, feldspar 
and quartz that almost always brecciates the diorites and gabbros and 2) a generally amphibole-poor 
tonalite that crosscuts all other rock types associated with the CIC. The gabbros range from amphibole rich 
(>60%) to having an equant felsic and mafic component (i.e., 50% quartz + plagioclase and 50% amphibole) 
to being quartz rich and commonly borderline tonalitic or granodioritic. They also commonly contain blue 
quartz phenocrysts. The diorites typically have a felsic component (feldspar + quartz) greater than 60%. 
As noted by all recent public historical maps of Chester Township (Siragusa 1981; Heather 2001; Ayer and 
Trowell 2002; Berger 2012a), there are abundant mafic metavolcanic rafts within the CIC. These rafts, in 
addition to the presence of miarolitic cavities and graphic-textured minerals (indicative of rapid cooling; 
Kontak, Creaser and Hamilton 2013), suggest that the Chester intrusive complex is intruded into a high 
crustal level (Berger 2012b). The Côté Gold deposit is also interpreted to be hypogene mineralization in a 
porphyry-style setting, which occurs at convergent-plate margins in continental crust (Berger 2012b, and 
references therein). 

The contact between the CIC and the Yeo formation felsic metavolcanic rocks has long eluded 
discovery and has significant implications for the interpretation of the evolution of the area. Historical 
mapping by Siragusa (1981) and Heather and Shore (1999) has constrained the contact to a generally east-
trending set of swamps and ponds; however, the contact itself had not been observed until the 2015 field 
season. It is interpreted by the author that an approximately 10 by 20 m outcrop, on the northern side of a 
pond between the East Arm of Bagsverd Lake and Weeduck Lake, contains the contact and is only 100 m 
north of the historical interpreted contact of Siragusa (1981). The outcrop contains an aphanitic, moderately 
to strongly sericitized, foliated section to the north, a 1 m zone of quartz flooding and shearing, 
transitioning to a weakly foliated, very fine- to fine-grained amphibole-poor tonalite to the south. 
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Figure 8.2.  Preliminary simplified geology map of Chester Township.  All geochronological data are from Kontak, Creaser and 
Hamilton (2013).  Mineral Deposit Inventory (MDI) occurrences (Ontario Geological Survey 2015) are keyed to Table 8.1.  
Location information provided as UTM co-ordinates using NAD83 in Zone 17. 
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Photo 8.1.  Outcrop photos of main rock types.  A) Equigranular homogeneous tonalite with local bluish quartz eyes (15TG178; 
UTM 435368E 5268519N).  B) Outcrop of tonalite breccia with subrounded preferentially weathered gabbroic fragments and 
subangular dioritic fragments (15TG010; UTM 427784E 5265495N).  C) Outcrop of typical equigranular quartz gabbro 
(15TG064; UTM 430321E 5262437N).  D) Outcrop of heavily chloritized and foliated mafic metavolcanic flows with dextrally 
rotated boudins of quartz and plagioclase vein (15TG093; UTM 428438E 5270970N).  E) Outcrop of felsic lapilli tuff 
(15TG028; UTM 427852E 5268592N).  F) Outcrop of quartz arenite sediments exhibiting part of the Bouma sequence with 
cross-bedding indicating tops to the south (15TG031; UTM 428333E 5269262N).  Compass, for scale, in Photos 8.1B to 8.1F is 
22 cm long; black sighting arm points north.  All UTM co-ordinates provided using NAD83 in Zone 17. 
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SUPRACRUSTAL ROCKS 

Mafic metavolcanic rocks (Photo 8.1D) of the October Lake formation occur along the contact with 
the Neville pluton as an east-trending, up to 2 km wide, package that narrows to the east (see Figure 8.2; 
van Breemen, Heather and Ayer 2006; Heather 2001; Siragusa 1981). Very fine- to fine-grained mafic 
flows are most common, with local extremely deformed remnant pillows with possible amygdules. 
Primary textures are almost completely destroyed by the deformation of the Ridout deformation zone 
(Berger 2011). 

Felsic to intermediate metavolcanic rocks (Photo 8.1E) of the Yeo formation occur between mafic 
metavolcanic rocks to the north and the CIC to the south (see Figure 8.2), where epiclastic and 
volcaniclastic tuff breccia, lapilli tuff and tuff units are observed (see Photo 8.1E). At its widest on the 
western side of the township, the southern half of the package is typically more intermediate and grades to 
more felsic composition. Deformation in this package increases toward the north as it approaches the 
Ridout deformation zone. 

Quartz siltstones and sandstones (Photo 8.1F) with rare conglomerates are observed locally at the 
northern extent of the felsic to intermediate metavolcanic rocks, and may represent the continuation of 
Timiskaming-type metasedimentary rocks described previously in St-Louis, Groves and Brunswick 
townships (Berger 2012b). The conglomerates are generally composed of 10 to 15 cm, subrounded 
tonalite fragments, felsic metavolcanic fragments and, less commonly, mafic metavolcanic fragments 
with poorly defined beds from 30 to 100 cm thick. The matrix is generally very quartz rich, with more 
chlorite-rich beds toward the south. The conglomerate is interpreted, by the author, to be at the base of the 
sandstone beds, giving a possible younging direction to the south. Locally, 1 cm wide alternating dark to 
light bands, up to 10 cm wide, of cherty or silicified material suggests potential chemical sediments. This 
hypothesis is currently under assessment and requires further investigation. 

NEVILLE PLUTON 

The Neville pluton, which is the southern section of the multi-phase Kenogamissi Batholith, has an 
age of 2682±3Ma (van Breemen, Heather and Ayer 2006) and is not exposed in Chester Township. 
However, it represents the northern boundary of the supracrustal rocks north of Chester Township and, 
therefore, was included in the mapped area. It is composed of granodiorite, monzonite and tonalite 
trending toward quartz syenite (Berger 2012b). The contact between the pluton and the supracrustal rocks 
is mostly buried under overburden; however, over a 100 m transect, 2 outcrops exhibit lit-par-lit 
injections of granodiorite dikes into the mafic metavolcanic rocks and represent a fairly abrupt transition 
similar to that observed by Berger (2012b). 

RAMSEY–ALGOMA GRANITOID COMPLEX 

The Ramsey–Algoma granitoid complex is barely exposed in Chester Township. Although the CIC 
and the Ramsey–Algoma granitoid complex have characteristic chemical fingerprints, they are very 
difficult to distinguish from one another in the field. The Ramsey–Algoma granitoid complex is generally 
composed of more granodioritic rocks, whereas the CIC is more tonalitic, but varies locally. Berger 
(2012b) determined that lithogeochemistry is a quantitative method to differentiate the 2 intrusions. 
During this study, local migmatitic outcrops were observed and were interpreted by the author to be 
within the Ramsey–Algoma granitoid complex, or at least proximal to the contact, because granodiorites 
of the Ramsey–Algoma granitoid complex are interpreted to have intruded into Chester group rocks that, 
subsequently, were affected by regional-scale deformation (Berger 2012b). 
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MINOR INTRUSIONS 

Biotite-rich lamprophyre intrusions are common in spatial association with the core of the tonalitic 
portion of the CIC and the Côté Gold deposit; however, they are not typically mineralized (Katz et al. 
2015). The lamprophyre intrusions are generally 10 to 30 cm wide with a southeast trend, steep dip and 
crosscut all mapped rock types, with the exception of the Proterozoic intrusions (Matachewan gabbro 
dikes). They have varying degrees of biotite content and locally contain chlorite. 

Felsic to intermediate porphyry intrusions are also found in spatial association with the core of the 
tonalitic portion of the CIC. They typically have a very fine-grained, preferentially weathered matrix (that 
may be sericite altered) with subrounded, medium-grained phenocrysts of plagioclase and quartz in 
varying proportions. They are also commonly altered by northeast-trending plagioclase-epidote veins. 

All rock types across the entire township are crosscut by generally north- to northwest-trending, 
steeply dipping, subgreenschist-facies Matachewan gabbro dikes. The dikes can range from centimetres to 
several metres wide and typically exhibit well-developed chilled margins. They are amphibole and 
pyroxene rich, magnetic and locally contain euhedral to anhedral epidotized feldspar phenocrysts. 

MINERALIZATION 

The most well-known occurrence in Chester Township is the large-tonnage, low-grade Côté Gold 
deposit discovered in 2009–2010 (Katz et al. 2015). It has an Indicated resource of 269 million tonnes 
averaging 0.88 g/t Au (7.61 million ounces gold) and an Inferred resource of 44 million tonnes averaging 
0.74 g/t Au (1.04 million ounces gold) at 0.3 g/t Au cut off as of 2013 (IAMGOLD Corporation 2013). 
It is hosted predominantly by magmatic (see Photo 8.1B) and hydrothermal breccias (Photo 8.2A) of the 
tonalite within the northern section of the CIC (Katz et al. 2015). The magmatic breccia is essentially 
tonalite brecciating the gabbros and diorites and, rarely, earlier tonalites. The hydrothermal breccia is 
essentially tonalite brecciated by a biotite- and chlorite-rich intrusion that may represent a dioritic phase 
with associated hydrothermal activity (Kontak, Creaser and Hamilton 2013). There are several 
mineralization styles throughout the deposit, including disseminated mineralization, breccia-hosted 
mineralization and mineralization in east-trending veins, and have been constrained to 2739±9 Ma as a 
best estimate from Re/Os geochronology (see Figure 8.2) (Katz et al. 2015). 

There are several gold and copper showings throughout Chester Township (Table 8.1; see Figure 8.2) 
that generally occur as small localized veins and stringers (Photos 8.2B and 8.2C); however, they are 
concentrated predominantly in the northern section (see Figure 8.2) of the CIC and in the felsic to 
intermediate metavolcanic rocks. The most significant occurrences (excluding the Côté Gold deposit) 
occur as 0.5 to 3 cm wide, approximately east-trending, massive sulphide shear veins with steep to 
shallow dips (see Table 8.1; Photo 8.2D). They are commonly composed of pyrite, pyrrhotite and, 
sporadically, chalcopyrite. Historically, these veins have also been reported to contain visible gold in 
sulphides and associated quartz flooding; however, this was not observed during the field season. All of 
the historic major chalcopyrite occurrences occur proximal to the tonalite–felsic metavolcanic rock 
contact (<1 km) and, because the CIC is interpreted to be coeval with the felsic metavolcanic rocks, this 
could indicate favourable conditions for potential volcanogenic massive sulphide–style mineralization in 
the metavolcanic rocks (Berger 2012b). 

Local molybdenum was observed on the northern portion of Three Duck Lake within an extensional 
quartz vein and has been reported as common mineralization in the Côté Gold deposit (Katz et al. 2015). 
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Photo 8.2.  Outcrop photos of representative mineralization.  A) Outcrop of hydrothermal breccia composed of angular 
brecciated tonalite fragments in a chloritized biotite-rich mafic matrix (15TG325; UTM 429719E 5266913N).  B) Local blebby 
chalcopyrite within preferentially weathered quartz (15TG179; UTM 435486E 5268776N).  C) Disseminated to stringer 
chalcopyrite and pyrite within, and proximal to, east-trending shears in tonalite (15TG313; UTM 432304E 5268463N).   
D) 1 to 2 cm wide heavily oxidized, east-trending massive pyrite shear vein with extensive pervasive brown staining from 
oxidation (15TG232; UTM 433160E 5268938N); compass, for scale, is 22 cm long, and black sighting arm points north.  
E) Local hematite associated with quartz, potassium and plagioclase feldspars within a quartz extensional joint (15TG179; 
UTM 435486E 5268776N).  All UTM co-ordinates provided using NAD83 in Zone 17. 
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Table 8.1.  Main features of mineral occurrences in Chester Township from the Mineral Deposit Inventory (Ontario Geological 
Survey 2015). 

Number* Occurrence and MDI Number Commodity Best Historic Value Hosted Units 
1a Kidd #3 zone 

MDI41P12SW00122 
Au Unclassified Resource of  

  408 200 t at 9.9 g/t Au 
Diorite and granodiorite 

1b Chester 3 zone 
MDI41P12SW00050  

Au Up to 6.2 g/t Au;  
Unclassified Resource of  
  408 200 t at 9.9 g/t Au 

Diorite and granodiorite 

2 Chesbar 
MDI41P12SW00073 

Au (Ag) Up to 78.35 g/t Au,  
  up to 16.4 g/t Ag;  
Unclassified Resource of  
  384 200 t at 7.64 g/t Au 

Quartz-carbonate vein, 
hornblende diorite and 
granodiorite 

3 Chester Gold 
MDI41P12SW00020 

Au Up to 143.16 g/t Au Quartz-sulphide vein, 
granite 

4 Côté Lake West 
MDI41P12SW00036 

Au (Ag) Up to 80 g/t Au, up to 20 g/t Ag;  
Indicated Mineral Resource of  
  278 600 000 t at 0.9 g/t Au  
  (as of Dec 31, 2014) 

Quartz vein, granodiorite 

5 Chester 2 zone 
MDI41P12SW00049 

Au (Ag)  
(Cu) (Mo) 

Up to 570 g/t Au,  
  up to 20 g/t Ag,  
  up to 0.292% Cu,  
  up to 0.026% Mo;  
Unclassified Resource of  
  219 500 t at 8.9 g/t Au 

Hornblende granodiorite, 
quartz-chlorite vein and 
hornblende diorite 

6 Young–Shannon DH YS-04-02 
MDI000000000339 

Au Up to 155.59 g/t Au Quartz, trondhjemite and 
diorite 

7 Emerald Isle 
MDI41P12SW00133 

Au Up to 8.8 g/t Au Granodiorite and quartz vein 

8 Young, C. 
MDI41P12SW00136 

Cu, Ag Up to 0.167 oz/t Au Granodiorite, diorite and 
quartz vein 

9 Eccles–Holmes #4 vein 
MDI41P12SW00127 

Au Up to 48 g/t Au Granodiorite 

10 Shannon Island 2 
MDI41P12SW00040 

Au Up to 22 g/t Au Granodiorite and quartz-
sulphide vein 

11 Labbe #2 
MDI41P12SW00130 

Au, Ag Up to 1.16 g/t Au, 8.9 g/t Ag Granodiorite and diorite 

12 Rockzone DDH #16 
MDI41P12SW00125 

Au Up to 0.03 g/t Au Granodiorite and quartz vein 

13 Claim S19970 
MDI41P12SW00033 

Cu, Au Up to 1.45% Cu,  
  up to 41 g/t Au 

Granodiorite and quartz 
sulphide vein 

14 Kidd #2 zone 
MDI41P12SW00058 

Au (Ag) Up to 8.22 g/t Au,  
  up to 2.9 g/t Ag;  
Probable Resource of  
  16 457 t at 6.5 g/t Au 

Granodiorite and diorite 

15 Shannon Island 
MDI41P12SW00055 

Cu, Au Up to 3.38% Cu,  
  up to 17 g/t Au 

Granodiorite and quartz vein 

16 Gogama Resources area 1 
MDI41P12SW00135 

Au Up to 9.4 g/t Au Granodiorite and quartz vein 

17 Coniston DH-1 
MDI41P12SW00077 

Au Up to 0.016 oz/t Au Granodiorite 

18 Beaver Bethnal #1 
MDI41P12SW00137 

Au Up to 4 g/t Au Quartz-sericite 
metasedimentary rocks 

19 Sheppard #1 & #2 
MDI41P12SW00053 

Au (Ag) (Cu) Up to 53 g/t Au, up to 21.7 g/t Ag,  
  up to 1% Cu 

Quartz vein, diorite and 
granodiorite 

20 Murgold #16 vein 
MDI41P12SW00132 

Au Up to 122.7 g/t Au Granodiorite, diorite and 
quartz vein 

*Refers to mineral occurrence number shown on Figure 8.2. 
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Table 8.1, continued. 

Number* Occurrence and MDI Number Commodity Best Historic Value Hosted Units 
21 Labbe #1 

MDI41P12SW00129 
Au, Ag (Cu) Up to 53 g/t Au,  

  up to 23 g/t Ag, up to 0.8% Cu 
Granodiorite, diorite and 
quartz vein 

22 Chester–Shannon 
MDI41P12SW00064 

Au, Cu (Ag) Up to 212 g/t Au,  
  up to 4.68% Cu, up to 141 g/t Ag 

Granodiorite and quartz 
sulphide vein 

23 Clam Lake 
MDI41P12SW00084 

Au Up to 1.7 g/t Au Granodiorite and quartz-
carbonate vein 

24 Logan vein 
MDI41P12SW00128 

Au Up to 8 g/t Au,  
  up to 143 g/t Ag, up to 0.36% Cu 

Quartz diorite, granodiorite 
and quartz vein 

25 Murgold #15 vein  
MDI41P12SW00131  

Au Up to 13 g/t Au Granodiorite 

26 Beaverbridge 
MDI41P12SW00056 

Cu, Au, Ag Up to 4.1% Cu,  
  up to 42 g/t Au, up to 92 g/t Ag 

Granodiorite and quartz vein 

27 Sheppard #10 
MDI41P12SW00079 

Au (Ag) (Zn) Up to 60.3 g/t Au,  
  up to 85.0 g/t Ag,  
  up to 8.65% Zn 

Quartz vein and granodiorite 

28 Ironstone Syndicate 
MDI41P12SW00014 

Au 1.25 oz/t Au Quartz vein and granodiorite 

29 Strathy Basin 
MDI41P12SW00007 

Au Up to 42 g/t Au Quartz vein, hornblende 
quartz diorite and 
granodiorite 

30 East Arm Bagsverd Lake 
MDI41P12SW00083 

Cu, Ag (Au) Up to 3.85% Cu,  
  up to 92 g/t Ag, up to 42 g/t Au 

Granodiorite 

31 Gomak 
MDI41P12SW00015 

Au (Ag) (Cu) Up to 141 g/t Au,  
  up to 20 g/t Ag, up to 1.62% Cu 
  (all a few hundred feet  
  from the shaft) 

Quartz vein, granite and 
quartz-hornblende 
granodiorite 

32 Sheppard #5 & #6 
MDI41P12SW00142 

Au Up to 6.03 g/t Au Diorite, tonalite and quartz 
vein 

33 Corbett–McCambly 
MDI41P12SW00018 

Au Up to 3 g/t Au Quartz vein that is hosted in 
shear that is crosscut by a 
felsic porphyry 

34 Three Ducks 
MDI41P12SW00051 

Au (Ag) (Cu) Up to 8.6 g/t Au,  
  up to 23 g/t Ag, up to 3.69% Cu 

Granodiorite trondhjemite 
and quartz vein 

35 Eccles–Holmes 
MDI41P12SW00061 

Au Up to 2.3 g/t Au Quartz vein, granodiorite 
and quartz-feldspar 
granodiorite 

36 Beaver Bethnal #2 
MDI41P12SW00071 

Au Up to 27 g/t Au Foliated greywacke 

37 West Side Clam Lake 
MDI41P12SW00089 

Au Up to 84 g/t Au Granodiorite and quartz vein 

38 Cryderman 
MDI41P12SW00054 

Au Up to 41 g/t Au Quartz vein, quartz diorite 
and granodiorite 

39 Lawrence 
MDI41P12SW00057 

Cu (Au) (Ag) Up to 18.88% Cu,  
  up to 5.8 g/t Au,  
  up to 17.6 g/t Ag 

Quartz-carbonate vein and 
granodiorite 

40 Cote, C. 
MDI41P12SW00062 

Au (Cu) Up to 171 g/t Au,  
  up to 9% Cu 

Granodiorite and quartz-
sulphide vein 

41 Brennan, H.J. 
MDI41P12SW00074 

Cu Up to 1.1% Cu Quartz-carbonate vein and 
granodiorite 

42 Beaverbridge DDH 67R9 
MDI000000001631 

Cu Up to 2.8% Cu Granodiorite and quartz 
diorite 

43 Nu-Start DDH NS-85-2 
MDI000000001632 

Au 0.027 oz/t Au Quartz vein and sericite-
altered intermediate tuff 

*Refers to mineral occurrence number shown on Figure 8.2. 
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ALTERATION 

In the CIC, the most commonly observed alteration minerals are chlorite (Photo 8.3A), biotite, 
potassium feldspar (Photo 8.3B), epidote (Photo 8.3C) in quartz-plagioclase veins. The veins generally 
trend roughly eastward, but may vary locally. There are also local areas that have disseminated potassic 
and chlorite alteration, which are commonly associated with intensely altered veins. There is abundant 
pervasive disseminated magnetite alteration southwest of the southern portion of Three Duck Lakes within 
the gabbroic (highly chloritized) section of the CIC. There is also local magnetite-rich tonalite in proximity 
to east-trending sulphide vein mineralization west of Clam Lake; however, the genetic relationship is not 
yet determined and is not diagnostic for other similar trending sulphide veins within the tonalite in 
Chester Township. Local hydrothermal biotite occurs in association with the Côté Gold deposit (Katz et 
al. 2015) and in close proximity to the southeastern contact between the tonalite and gabbro package. 

The felsic to intermediate metavolcanic rocks of the Yeo formation are weakly to heavily sericitized, 
silicified and chloritized; however, many of the intermediate metavolcanic rocks, interpreted as such 
based on macro observations, are likely just moderately chloritized felsic metavolcanic rocks and may not 
reflect an actual change in composition. A notable alteration was the abundant presence of iron carbonate  

 

Photo 8.3.  Outcrop photos of representative alteration.  A) Weakly chloritized vein crosscutting gabbro and quartz-plagioclase 
intrusion (15TG039; UTM 431969E 5262886N).  B) Potassic and epidote-altered quartz plagioclase vein in tonalite (15TG222; 
UTM 436227E 5268858N).  C) Fracture-filled veins, with local epidote, stemming off of east-trending pyrite- and chalcopyrite-
mineralized tonalite shears with pervasive disseminated oxidation staining (15TG279; UTM 428415E 5267050N) (compass, for 
scale, is 22 cm long, and black sighting arm points north).  All UTM co-ordinates provided using NAD83 in Zone 17. 
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in felsic metavolcaniclastic rocks, replacing both the clasts and matrix in a few instances, as observed in 
the northwestern corner of Chester Township and the northeastern corner of Yeo Township. The felsic 
metavolcanic rocks at the eastern margin of the township were relatively unaltered in comparison to those 
at the western margin. 

The mafic metavolcanic rocks of the October Lake formation are moderately to strongly chloritized 
with local epidote and plagioclase pods. Rotated quartz boudins (see Photo 8.1D) are common and 
generally reflect the most recent dextral deformational phase. 

STRUCTURE 

The Ridout deformation zone is the most significant structure in Chester Township. It stretches 
across the northern portion of the township as an east-trending zone of ductile and brittle deformation 
(Berger 2011, and references therein). Heather (2001) interpreted the Ridout deformation zone to be a 
zone of extreme flattening during D1 deformation, followed by sinistral shear and, finally, dextral shear 
within D2 deformation, which concurs with this past summer’s observations. As a result of the kinematic 
similarities between the Larder–Cadillac deformation zone and the Ridout deformation zone, Heather 
(2001) interpreted them to be the same structure. However, Berger (2012b), interprets the 2 fault zones to 
be physically separate structures that developed at or near the same time because 1) the Timiskaming-type 
sediments in the Ridout deformation zone are on the opposite side of the structure than in the Larder–
Cadillac deformation zone and 2) the 2 fault zones are located at different parts of the regional 
stratigraphic sequence. There was abundant evidence of dextral shear and folding (Photo 8.4A), such as 
rotated quartz boudins within mafic metavolcanic rocks, and dextral brittle faulting (Photo 8.4B). Locally, 
however, evidence of counterclockwise rotations in quartz boudins and sinistral brittle movement was 
observed. The Ridout deformation zone is seen predominantly in the volcanic packages in Chester and 
Neville townships where moderate to intense foliations can be observed. However, the intrusive rocks of 
the CIC record a weak foliation that can be observed up to tens of kilometres away from the centre of the 
deformation zone, which is located in the mafic metavolcanic rocks. Many of the mineralized shears, 
associated with the occurrences in the northern CIC (see Figure 8.2), are east trending and display a 
sinistral, then dextral, sense of movement and, therefore, are also likely representations of the Ridout 
deformation zone. 

 

Photo 8.4.  Outcrop photos of representative structures.  A) Tight isoclinal folding of mafic metavolcanic rocks and granodiorite 
that has gone to the extent of detaching along the shear sense at the gradational contact of the mafic metavolcanic rocks and the 
Neville pluton (15TG095; UTM 428572E 5271401N) (compass, for scale, is 22 cm long, and black sighting arm points north).  
B) Late northwest-trending dextral movement along fractures in a typical tonalite (15TG144; UTM 435325E 5271106N).  
All UTM co-ordinates provided using NAD83 in Zone 17. 
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Part of Mesomikenda Lake follows a northwest-trending sinistral fault; this fault is parallel to some 
of the other major faults in the Abitibi greenstone belt, such as the Montreal River fault system (see 
Figure 8.1). 

FUTURE WORK 

In the past 5 years, the CIC has been the subject of extensive exploration, especially in the northern 
section, by IAMGOLD Corp. and Sanatana Resources Inc.; however, the metavolcanic packages to the 
north of the CIC have undergone relatively little exploration activities or study. Therefore, with improved 
regional access to most of the metavolcanic packages, the discovery of a possible contact between the 
metavolcanic rocks and interpreted coeval CIC (Berger 2012b), the diverse alteration mineralogy and the 
base metal occurrences will be further studied in the following years in an attempt to determine possible 
vectors to volcanogenic massive sulphide–style mineralization in the southeastern Swayze greenstone 
belt. Although there are several known gold and copper occurrences throughout Chester Township 
(Ontario Geological Survey 2015), until the discovery of the low-grade, large-tonnage Côté Gold deposit, 
the focus of exploration had always been for high-grade lode gold deposits (Berger 2012b). The magmatic 
breccia, which locally hosts a portion of the Côté Gold deposit, has been observed across large portions of 
the township and is a prospective host for gold mineralization. Key outcrops in Chester Township will 
also be cleaned to further study the genesis of the CIC and the Yeo formation. 
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9.  Project Unit 14-009.  Observations 
on the Kenty and Rundle Deposits, 
Swayze Greenstone Belt 

E.C.G. Hastie1,2 B. Lafrance2 and D.J. Kontak2 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario  P3E 6B5 
2Mineral Exploration Research Centre, Department of Earth Sciences, Laurentian University, Sudbury, Ontario  P3E 2C6 

INTRODUCTION 
This article for 2015 builds upon work completed during the 2014 field season (Hastie 2014) and 

represents the second year of a four-year PhD study of gold mineralization in the southern Swayze 
greenstone belt (SGB). Although it is widely accepted that the Swayze greenstone belt is the western 
extension of the Abitibi greenstone belt (van Breemen, Heather and Ayer 2006; Thurston et al. 2008; 
Ayer et al. 2010), it is referred to in this article as the Swayze greenstone belt rather than the Abitibi 
greenstone belt to facilitate geographical location. 

The SGB is located roughly 40 km west of Shining Tree in northern Ontario. Presently, it is 
relatively underexplored compared to the Abitibi greenstone belt proper; however, the reason for its 
apparent lack of gold endowment, compared to the remaining Abitibi greenstone belt and other global 
greenstone belts, has not been addressed. In fact, the recent (2009–2010) discovery of the world-class 
Côté Gold deposit (7.6 million ounces gold Indicated resource and 1.1 million ounces gold Inferred 
resource: IAMGOLD Corporation 2013), which defines a new metallogenic gold event at 2740 Ma 
(Kontak, Creaser and Hamilton 2012), suggests that the inferred lack of endowment may be more 
apparent than real. 

This project will draw on previous studies on the evolution of the SGB (Heather 2001) and its 
tectonic and structural framework to understand the nature and origin of its different types of gold 
deposits and to address the issues noted above. Although Côté Gold is only one world-class gold deposit 
known in the SGB (Rogers et al. 2013; Katz et al. 2015), there are several smaller, but significant, gold 
deposits (e.g., Jerome, Rundle, Kenty) with poorly constrained geological settings and genetic models. 
These latter deposits provide a basis to address the links between different types of gold mineralization 
with large-scale features and processes. 

The main objectives of the project are, therefore, to 1) compile and fully characterize the different types 
of gold deposits in the southern SGB; 2) provide a tectonic framework for the formation of the different 
types of gold deposits; 3) integrate the gold deposit types defined within the evolution of the SGB; and 
4) compare these results with models for evolution of gold-endowed Archean greenstone terranes. 

GENERAL GEOLOGY 
The SGB is located to the southwest of the Abitibi greenstone belt and is bounded by the Nat River 

granitoid complex to the north, the Kenogamissi granitoid complex to the east, the Ramsey–Algoma 
granitoid complex to the south, and the Kapuskasing Structural Zone to the west (Figure 9.1). The SGB  
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Figure 9.1.  Simplified geologic map of the southern Swayze greenstone belt displaying areas of study (enclosed by red line).  
Location information provided as Universal Transverse Mercator (UTM) co-ordinates using North American Datum 1983 
(NAD83) in Zone 17 (modified after Ontario Geological Survey 2011). 
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contains intrusive and extrusive rocks of ultramafic to felsic composition and both chemical and clastic 
metasedimentary rocks, which together range from 2739 to 2695 Ma (Heather 2001; van Breemen, 
Heather and Ayer 2006). Recent work (Ayer, Ketchum and Trowell 2002) indicates the presence of 
alkalic volcanic rocks of age 2670±2 Ma in Swayze Township along an east-trending string of gold 
occurrences (e.g., Kenty and Rundle deposits; see Figure 9.1). These volcanic rocks are temporally 
equivalent to the Timiskaming-type basins (2676 to 2670 Ma) found in the Abitibi greenstone belt, which 
are dominated by coarse clastic sedimentary rocks and minor alkalic metavolcanic rocks. 

Two gold-rich fault systems, termed the “Rundle high-strain zone” and the “Ridout high-strain zone” 
(Heather 2001), extend across the central and southern portions of the SGB, respectively, and both have 
been proposed as the possible westward extensions of the Larder–Cadillac deformation zone (Atkinson 
2013). 

Five gold deposit types have been identified in the SGB based on an assessment of exploration 
reports and academic studies (Heather 2001; Kontak, Creaser and Hamilton 2012). These deposit types 
include the intrusion-related (e.g., Côté Gold), syenite-associated (?) (e.g., Jerome and Rundle), 
greenstone-hosted (e.g., Kenty), banded iron formation–hosted (e.g., 4K) gold deposits and auriferous 
volcanogenic massive sulphide (VMS) deposits (e.g., Shunsby). 

RESULTS OF SUMMER FIELD WORK 

Reconnaissance work in the region to locate access roads, assess the regional geology, and compile 
any information on historic gold occurrences was done during the 2014 field season in order to prioritize 
which deposits would to be used for a comparative study of the different styles of gold mineralization 
(e.g., Jerome, Kenty, Rundle, 4K; see Figure 9.1). The main tasks of the 2015 field season were to 
1) revisit deposits studied previously (e.g., 4K, Jerome, Namex) to more completely characterize them; 
2) perform a detailed study of the Rundle and Kenty deposits for which samples collected during the 
summer of 2014 returned high gold values; and 3) complete the reconnaissance work in preparation for 
the 2016 field season, including visiting the Shunsby deposit and other gold occurrences. 

In total, 180 samples were collected during the 2015 field season, of which 161 were collected from 
outcrops at the Kenty and Rundle deposits to be used to further characterize their styles of gold 
mineralization, specifically, rock types, alteration, structure and geochemical signature. A brief 
description of the results of mapping in the summer of 2015 at these 2 deposits follows. 

Kenty Deposit 

The Kenty gold deposit (see Figure 9.1), discovered in 1931 by J.G. and J.L. Kenty, is located in the 
northeast corner of Swayze Township and can be accessed from the Dore Road. The deposit is hosted 
within a pillowed, iron-rich tholeiitic basalt intercalated with massive basalt flows and breccias; these 
rocks are intruded by younger feldspar porphyry, lamprophyre and altered diorite dikes. Gold mineralization 
is associated with the occurrence of carbonate alteration, pyrite and quartz veins in all the rock units 
(Fumerton and Houle 1995). Two stripped outcrops, the C1 Mortimer trench and an outcrop 300 m 
southwest of this trench referred to as the Salo occurrence, were gridded and mapped (Figure 9.2). Rocks 
in the mapped areas consist of pillowed basalts that have been intruded by intermediate and potentially 
ultramafic dikes up to 2 m width and a large feldspar porphyry unit (roughly 40 by 50 m) that makes up a 
significant portion of the C1 Mortimer trench (Photo 9.1A). Quartz-feldspar veins with basalt fragments 
crosscut all rock types and are surrounded by an alteration halo of ankerite-albite-sericite-pyrite ± chlorite 
(Photo 9.1B). The veins are 5 to 30 cm wide, strike northwest and have subvertical dips, with the 
exception of a quartz-feldspar vein at the C1 Mortimer trench that dips shallowly (≈30°) and has a strike 
that varies. This shallowly dipping vein follows the contact between the feldspar porphyry unit and the  
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Figure 9.2.  Geologic outcrop map of the C1 Mortimer trench at the Kenty deposit.  Location information provided as UTM co-
ordinates using NAD83 in Zone 17. 
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Photo 9.1.  Outcrop and hand specimen photos from the Kenty and Rundle deposits.  A) Outcrop photo of the C1 Mortimer 
trench at the Kenty deposit.  B) Pyrite (py) mineralization associated with gold-bearing quartz (qtz)-feldspar (fsp)-ankerite (ank) 
vein at the Kenty deposit (UTM 378740E 5299876N).  C) Visible gold with quartz from flat-lying vein at Kenty deposit 
(UTM 378743E 5299846N).  Lines in photo are 1 cm apart.  D) Shear bands indicating dextral movement in chlorite schist at 
A-zone south outcrop, Rundle deposit (UTM 398870E 5300804N).  E) Fracture-controlled, pyrite (py)-associated mineralization 
within mafic metavolcanic rock, Rundle deposit (UTM 398893E 5300843N).  F) Gold-associated pyrite mineralization shown 
folded around F2, Z-shaped fold hinge at A-zone south outcrop, Rundle deposit (UTM 399085E 5300835N).  Location 
information provided as UTM co-ordinates using NAD83 in Zone 17. 
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pillow basalt and cuts across the latter. The vein is both cut by and crosscuts subvertical quartz-feldspar 
veins (1 to 3 cm) that display 2 dominant trends (210° and 310°). Visible gold (Photo 9.1C) was found 
within fractures and on the boundaries of the shallowly dipping quartz-feldspar vein at the C1 Mortimer 
trench (see Figure 9.2). 

Only weakly developed fabrics are present at the C1 Mortimer trench. A closely spaced S1 shear 
foliation, defined by chlorite and sericite, occurs within 10 cm of the shallowly dipping quartz-feldspar 
vein. A mineral stretching lineation, plunging 25° toward 151°, is expressed by sericite and feldspar along 
the contact between the quartz-feldspar vein and the feldspar porphyry unit. A late open F2 fold, with a 
fold axis that plunges 31° toward 110°, overprints the foliation and the shallowly dipping quartz-feldspar 
vein (see Figure 9.2). 

A sample of a quartz-feldspar vein including mineralized pillow basalt collected from the Salo 
occurrence in 2014 assayed 34.46 g/t Au. This assay, in addition to visible gold spatially associated with 
quartz-feldspar veins, indicate they are mineralized, but the continuity of grade and its relationship to 
pyrite are presently unknown. To further document and characterize the nature and location of the gold 
mineralization, host rock types, alteration assemblages, structural controls and relative timing of 
mineralization, 89 channel samples were collected from the mapped areas. 

Rundle Deposit 

The Rundle gold deposit (see Figure 9.1), currently staked by Tamaka Gold Corporation, is located 
in the central portion of the SGB in the southeast corner of Newton Township near its border with Dale 
Township. This deposit, at the contact of a feldspar porphyry stock and an east-southeast–trending zone 
of sheared ultramafic to mafic volcanic rocks, was discovered in 1940 by Claude Rundle (Love and 
Roberts 1991). During the latter half of the 2015 field season, 2 gold-bearing zones (A-zone south and 
“Main/Shaft” zones) were stripped, gridded and mapped with the focus on the A-zone south. This latter 
zone was interpreted previously to consist of komatiitic rocks (Love and Roberts 1991), but no geochemical 
data within reports or outcrop textural evidence, such as spinifex, were found to suggest such rocks occur. 
Rocks in this outcrop area consist of mafic metavolcanic and metasedimentary rocks that are strongly 
sheared to sericite-chlorite schist and intruded by at least 4 types of variably altered feldspar porphyry 
dike rocks (Figure 9.3). These dikes are, in turn, cut by quartz-feldspar and laminated quartz-pyrite veins. 

Structural features present at the A-zone south consist of upright, tight to isoclinal, shallowly west-
plunging, F1 folds that overprint the feldspar porphyry dikes. The folds are overprinted by a spaced (1 to 
10 mm) S2 schistosity that is defined by sericite, chlorite and feldspar. The S2 schistosity strikes west-
northwest and dips steeply to the north-northeast. It is oriented anticlockwise to the contacts between the 
mafic metavolcanic rocks and feldspar porphyry. A subhorizontal mineral stretching lineation (L2) lies 
along the S2 schistosity. The feldspar porphyry dikes are boudinaged and folded by tight, Z-shaped folds 
plunging steeply to the east. Although these folds overprint the S2 schistosity, they have an axial planar 
cleavage that is parallel to the general strike of the S2 schistosity on the outcrop. The anticlockwise 
orientation of the S2 schistosity to lithological contacts, the presence of Z-shaped folds and dextral shear 
bands (Photo 9.1D) collectively suggest dextral shearing during D2 deformation. 

Gold mineralization has been shown to be associated with early fracture-controlled pyrite (Photo 9.1E) 
(Love and Roberts 1991) that is folded and deformed within the dextral shear zone at the A-zone south. 
Pyrite veins are folded around the noses of Z-shaped dextral F2 folds (Photo 9.1F), suggesting that they 
predate the shearing. 

During the 2014 field season, 2 samples of altered feldspar porphyry, collected from A-zone south, 
returned values of 27.43 and 38.94 g/t Au. An additional 72 samples were collected from channel cuts 
during the 2015 field season to further characterize the rocks for gold, alteration and structural features. 
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CONCLUSIONS AND FUTURE WORK 

This report and that of Hastie (2014) suggest that multiple types of gold deposits occur in the SGB 
and that they likely reflect different gold events based on their nature and settings. 

The Kenty deposit represents a significant gold showing hosted by pillow basalts where cut by 
quartz-feldspar-ankerite veins, some of which are sheared. Although visible gold is documented in 
assessment reports on this occurrence, this study represents the first time in situ gold was collected for 
research. Questions remain as to the relationship of gold to pyrite, the timing of gold formation, the nature 
or type of the gold deposit, and how it fits into the overall evolution of the SGB and, thus, how it 
compares to gold in the Abitibi greenstone belt and global models. 

At the Rundle deposit, gold mineralization is associated with pyrite that is locally sheared, hence it 
predates this deformation or shearing, an aspect not previously documented. The close association of 
mineralization to several types of feldspar porphyry dikes prior to shearing indicates that this gold 
mineralization may show intrusion-related or syenite-associated affinity. Thus, this deposit may have 
analogues to gold mineralization in the Kirkland Lake mining camp of the Abitibi greenstone belt. 

Future work on the Kenty and Rundle gold deposits will focus on characterizing the nature and 
location of the gold mineralization, the host rock types, alteration assemblages, structural controls, and the 
relative timing of mineralization in order to properly classify these deposit types and to determine how 
they fit into the overall evolution of the SGB. 

The results of gold deposits characterized thus far (Kenty, Rundle, Jerome, 4K) suggest that there are 
many exploration opportunities within the SGB, in addition to the potential inferred by the presence of the 
world-class Côté Gold deposit. The SGB may, therefore, offer one of Ontario’s best opportunities to host 
previously unknown gold deposits and to develop both historic deposits and recently explored 
occurrences utilizing modern mining methods. 
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10.  Project Unit 14-010.  Deformation 
of the Swayze Greenstone Belt:  
Insights from Structural Geology 
and Uranium–Lead Geochronology 

Q. Wu1 and S. Lin1 
1Department of Earth and Environmental Sciences, University of Waterloo, Waterloo, Ontario  N2L 3G1 

INTRODUCTION 
The results discussed in this article are a part of an ongoing doctoral thesis study to investigate the 

structural evolution of the Swayze greenstone belt and its implications on Neoarchean tectonics. Central 
to the investigation is the role high-strain zones and large-scale intrusions played in the tectonic evolution. 
In the 2015 field season, structural mapping was carried out in both the central and the southern part of 
the Swayze greenstone belt to compare the deformation patterns between 2 major high-strain zones in the 
area: the Rundle high-strain zone and the Ridout high-strain zone. Field data collected as part of this study 
suggest the 2 high-strain zones share similar structural evolution. New zircon U/Pb ages are also reported, 
which provide important information on the timing of each deformation in the greenstone belt. 

GENERAL GEOLOGY 
Although it is widely accepted that the Swayze greenstone belt is the western extension of the 

Abitibi greenstone belt and both greenstone belts should now be considered to be part of a single 
greenstone belt (van Breemen, Heather and Ayer 2006; Thurston et al. 2008; Ayer et al. 2010), it is 
referred in this article as the Swayze greenstone belt rather than the Abitibi greenstone belt to facilitate 
geographical location. Previous mapping in the Swayze greenstone belt revealed that the supracrustal 
sequence of the greenstone belt forms an upward-facing stratigraphy with regional folding of a cuspate-
lobate geometry (Heather 1999; Heather and Shore 1999). Open anticlines are centred on large-scale 
granitoid intrusions, whereas tight to isoclinal synclines are localized in less competent “greenstone” 
volcanic rocks. This geometry may be the result of a thick-skinned folding that involves rheologically 
distinct supracrustal rocks and intrusive rocks (Heather 1999), or of a convective overturn as a result of an 
inverted density profile (Lin 2005), or a combination of the two. Two major high-strain zones, the Rundle 
high-strain zone to the north and the Ridout high-strain zone to the south (Figure 10.1), are both nucleated 
in the greenstone synclines. Structural analysis on the high-strain zones are interesting not only in terms 
of tectonic significance because they may provide the test for various tectonic models (e.g., Lin 2005; 
Benn and Peschler 2005), but also in terms of economic potential because they are often the locus of 
anomalous mineral concentration (e.g., Hastie 2014). 

STRUCTURAL ANALYSIS 
Structural mapping in the Rundle and Ridout high-strain zones reveals a similar structural evolution. 

At least 3 generations (G1 to G3) of ductile structures are identified. The term generation (G) is used instead 
of deformation (D) so as to acknowledge the fact that there may be more than one generation of structures 
in one episode of progressive deformation (Lin 2001). Detailed descriptions are presented as follows. 
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Rundle High-Strain Zone 
First generation (G1) structures in the Rundle high-strain zone area are characterized by foliation S1 

and mineral stretching lineation L1. The S1 foliation is present not only in the volcanic rocks, but also in 
the Kenogamissi Batholith. In the batholith, S1 foliation is usually defined by aligned amphiboles, as well  

 

Figure 10.1.  Simplified geological map of the Swayze greenstone belt.  Geology is modified from Heather and Shore (1999) and 
modified from Ayer and Trowell (2002) based on observations collected during this study.  Areas of this study are indicated by 
the blue boxes.  Capitalized annotations are township names.  Universal Transverse Mercator (UTM) co-ordinates provided using 
North American Datum 1983 (NAD83) in Zone 17T. 
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as elongated quartz crystals or aggregates. In volcanic rocks, the S1 foliation is defined by a spaced 
cleavage, often strongly overprinted by later S2 foliation (Photo 10.1A). At the granitoid–greenstone 
contact within the metamorphic aureole of the supracrustal rocks, the S1 foliation is characterized by 
compositional bandings, as well as the alignment of amphibole needles in the amphibolite. This implies 
that S1 foliation is probably a relatively high-temperature fabric reaching amphibolite facies, with the heat 
being contributed by the emplacement of granitoid intrusion. The overall orientation of S1 foliation is 
east-southeast striking and steeply dipping (Figure 10.2A). Local variations as a result of overprinting by 
F2 folds are observed. It is also worth noting that, in Rundle high-strain zone area, the S1 foliation in the 
batholith approximately follows the granitoid–greenstone boundary. Associated with S1 foliation is 
mineral lineation L1, which is defined by the preferred orientation of amphibole minerals in amphibolite  

 

Figure 10.2.  Equal-area lower-hemisphere projections of structural measurements in the Rundle high-strain zone area: A) poles 
to S1 foliation; B) L1 mineral-stretching lineation; C) poles to S2 foliation; and D) poles to S3 foliation. 
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Photo 10.1.  Structures in the Rundle high-strain zone G1.  A) An S1 foliation is dragged into a G2 high-strain zone and is 
overprinted by S2 foliation, which is counterclockwise to S1 foliation.  Genoa Township (UTM 413945E 5299325N); horizontal 
surface.  For scale, the compass is about 22 cm in length.  B) An L1 lineation defined by the alignment of amphibole. Desrosiers 
Township (UTM 420082E 5298802N); vertical surface.  C) An L1 lineation defined by the stretching of lapilli or bombs in an 
intermediate tuff breccia.  The lineation is so pronounced that the rock is deformed to an L-tectonite.  The photo was taken from a 
piece of rock broken off from the in situ lichen-covered outcrop because it shows the lineation better.  Desrosiers Township 
(UTM 414736E 5299826N). For scale, the hammer is about 35 cm long.  D) The plagioclase-phyric felsic dike from which 
sample 101-1B was taken.  Note that S1 foliation in the mafic volcanic rock is axial planar to the centimetre-scale crenulations on 
the margin of the dike and the dike itself is folded.  Brunswick Township (UTM 458536E 5275033N); horizontal surface.  For 
scale, the hammer is about 35 cm long.  E) A σ-type clast in the mafic metavolcanic rock is affected by G2 deformation and 
shows a sinistral sense of shear. Marion Township (UTM 406876E 5298951N); horizontal surface.  F) Some F3 drag folds with a 
Z-asymmetry, compatible with an interpretation of dextral shearing.  Desrosiers Township (UTM 417990E 5298647N); 
horizontal surface.  For scale, the hammer is about 35 cm long.  All UTM co-ordinates provided using NAD83 in Zone 17T. 
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(Photo 10.1B) and of lapillis or bombs in a lapilli tuff or tuff breccia (Photo 10.1C). The L1 lineation 
becomes more pronounced closer to the granitoid intrusion and results in the development of L-tectonite 
(see Photo 10.1C). The L1 mineral lineation plunges moderately to steeply to the northwest and has a 
uniform orientation (Figure 10.2B). 

Second generation (G2) structures are characterized by S2 foliation. The S2 foliation is penetrative 
close to and within high-strain zones, but significantly attenuates away from the zone. The S2 foliation is 
defined by strong alignment of platy minerals (e.g., chlorite and sericite) or the flattening of pillow 
structures in volcanic rocks (see Photo 10.1A). The S2 foliation is steeply dipping and its orientation is 
east, parallel to the Rundle high-strain zone (Figure 10.2C). Within the Rundle high-strain zone, S2 is 
usually associated with sinistral shear sense indicators (Photo 10.1E). Therefore, G2 structures may be 
genetically related to the development of the Rundle high-strain zone and represents a sinistral event 
therein. 

Third generation (G3) structures are characterized by northeast-striking, steeply dipping S3 foliation 
and F3 folds with axial planes parallel to S3 foliation (Figure 10.2D). The S3 foliation is localized even on 
the outcrop scale and is usually observed with dextral shear sense indicators. The asymmetry of F3 folds is 
invariably Z-shaped and they are interpreted as dextral drag folds (Photo 10.1F). With the evidence 
mentioned above, S3 foliation is interpreted to be related to dextral shearing, which may represent a 
reactivation event in the Rundle high-strain zone. 

Ridout High-Strain Zone 

First generation (G1) structures in the Ridout high-strain zone area are characterized by a penetrative 
S1 foliation. The S1 foliation is defined by the alignment of dark minerals within the granitoid intrusion, 
as well as compositional bandings in garnet-bearing amphibolite in the contact aureole between the 
intrusion and supracrustal rocks. This relationship between S1 fabrics affecting higher grade mafic 
volcanic rocks within the thermal aureole is identical to the one described for the Rundle high-strain zone. 
The S1 foliation is invariably steeply dipping, but its orientation changes from southeast striking in the 
western part of the Ridout high-strain zone area to northeast striking in the eastern part. The nature of the 
S1 fabric is not conclusive, but the fact that the S1 foliation approximately traces the granite–greenstone 
boundary implies that pluton may exert certain control on the development of the S1 fabric. 

Second generation (G2) structures are characterized by S2 foliation and F2 folds. They strongly 
overprint S1 foliation within the high-strain zone so that S1 and S2 fabrics are only distinguishable when 
there are clear overprinting relationships visible in the outcrop. The S2 foliation is characterized by the 
alignment of platy minerals in metavolcanic rocks and by the mylonitic fabric of polycrystalline quartz 
ribbons in the Neville pluton at the granitoid–greenstone contact. The S2 foliation is uniformly east 
striking and is steeply dipping. Sinistral shear sense indicators (Photos 10.2A and 10.2B) and F2 drag 
folds (Photo 10.2C) of S-asymmetry are commonly associated with S2 foliation. Therefore, the G2 
structures are interpreted to be related to a sinistral shearing event. 

Third generation (G3) structures are characterized by localized S3 foliation and F3 folds, the axial 
planes of which are parallel to S3 foliation. The S3 foliation is usually defined as a crenulation cleavage 
that overprints S2 foliation in both metavolcanic rocks and Timiskaming-type sedimentary rocks in a 
counterclockwise orientation (Photo 10.2D). As in the Rundle high-strain zone, S3 foliation in the Ridout 
high-strain zone is localized within high-strain zones or at lithological boundaries. The S3 foliation strikes 
northeast and is moderately to steeply dipping, and is usually associated with dextral sense indicators 
(Photos 10.2E and 10.2F) and Z-shaped F3 drag folds. Thus, the G3 structures are probably related to a 
regional dextral reactivation event. 
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Photo 10.2.  Structures in the Ridout high-strain zone.  A) A σ-type clast within the Timiskaming-type conglomerate shows a 
sinistral sense of shear.  Huffman Township (UTM 417376E 5271710N); horizontal surface.  For scale, the coin is 1.9 cm in 
diameter.  B) A quartz-plagioclase porphyry dike within a Timiskaming-type conglomerate is affected by a G2 high-strain zone 
and shows sinistral S-C fabric.  Huffman Township (UTM 417930E 5272247N); horizontal surface.  For scale, the part of the 
pencil is approximately 6 cm long.  C) A plagioclase-phyric felsic dike from which sample 237D was taken.  The foliation and 
the S-fold in the dike are the results of a progressive G2 deformation.  Neville Township (UTM 428438E 5270968N); horizontal 
surface.  For scale, the length of the compass is 14 cm.  D) A Timiskaming-type conglomerate, displaying S3 crenulation 
cleavage, overprints S2 foliation in a counterclockwise orientation.  Huffman Township (UTM 417546E 5271582N); horizontal 
surface.  For scale, the coin is 1.9 cm in diameter.  E) A σ-type porphyroclast in Timiskaming-type conglomerate that shows a 
dextral sense of shear.  Huffman Township (UTM 417237E 5272052N); horizontal surface.  F) An S-C fabric in a quartz-
plagioclase porphyry, which shows a dextral sense of shear.  Potier Township (UTM 420282E 5271715N); horizontal surface.  
For scale, the coin is 1.9 cm in diameter.  All UTM co-ordinates provided using NAD83 in Zone 17T. 
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AGE CONSTRAINTS ON DEFORMATION 
Dikes that display timing relationships with respect to deformation fabrics were sampled for zircon 

U/Pb geochronology. To determine ages, zircons extracted from the samples were analyzed using thermal 
ionization mass spectrometry (TIMS) at the Jack Satterly Geochronology Laboratory at the University of 
Toronto. The results are presented as follows. 

Sample 101-1B 
Brunswick Township, 458536E 5275033N, NAD83, Zone 17T 

The sample was taken from a weakly deformed plagioclase-phyric dike within the mafic volcanic 
rocks in the central-western Brunswick Township near the granitoid–greenstone contact. The surrounding 
mafic volcanic rocks bear strong S1 foliation. The dike crosscuts the S1 fabric in the volcanic rocks and is 
subsequently folded. The margin of the dike shows centimetre-scale crenulations with axial planes 
parallel to S1 foliation in volcanic rocks (Photo 10.1D). The timing of the dike intrusion is interpreted to 
be during or within the later phases of G1 deformation. Zircons extracted from the dike yielded an 
emplacement age of 2694.5±1.6 Ma, which represents the age of G1 deformation. 

Sample 237D 
Neville Township, 428438E 5270969N, NAD83, Zone 17T 

The sample is a plagioclase-phyric felsic dike within the mafic volcanic rocks in southern Neville 
Township. The surrounding mafic volcanic rocks have a strong S2 fabric. The dike has a fabric defined by 
aligned sericite, which is subsequently folded by an S-fold (see Photo 10.2C). We correlate the S-shaped 
geometry of the fold to F2 folds. The intrusion age of the dike is 2682.3±1.7 Ma, which is significantly 
younger than the age of G1 deformation determined from Sample 101-1B. Therefore, it is interpreted that 
both the S-fold and the folded fabric were generated in a progressive deformation during G2 deformation, 
and, thus, 2682.3±1.7 Ma is considered to be the age of G2 deformation. 

Sample 230C 
Desrosiers Township, 418677.62E 5297544.53N, NAD83, Zone 17T 

The sample is a quartz-plagioclase porphyry dike within the mafic volcanic rocks in northern 
Desrosiers Township. The dike bears a relatively strong foliation and locally shows a dextral S-C fabric. 
The dextral S-C fabric is correlated to be the result of G3 deformation and, because the dike registers 
G3 deformation, the emplacement of the dike predates G3 deformation. Zircons extracted from the dike 
give an age of 2677.7±1.3 Ma, which is interpreted to be the emplacement age of the dike. Therefore, 
G3 deformation would have occurred no earlier than 2677.7±1.3 Ma. 

DISCUSSIONS AND CONCLUSIONS 

Structural mapping in the Rundle and Ridout high-strain zones reveals a highly similar deformation 
history. The G1 structures are related to amphibolite-facies metamorphism and the orientation of S1 foliation 
approximately traces the granite–greenstone boundary. Therefore, G1 structures are probably genetically 
related to pluton emplacement and associated contact metamorphism. The G2 structures are localized 
within the high-strain zones. The S2 foliation is parallel to the orientation of the high-strain zones and is 
usually associated with sinistral shear sense indicators, which implies that G2 deformation is closely 
related to the development of high-strain zones and represents a sinistral movement therein. The 
G3 structures overprint the G2 structures within high-strain zones and at lithological boundaries. The 
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S3 foliation is invariably oriented counterclockwise to S2 foliation and is often associated with dextral 
sense of shear. Thus, G3 deformation represents a regional dextral reactivation. The age constraints on 
deformation shows that G1 deformation occurred at 2694.5±1.6 Ma, G2 deformation at 2682.3±1.7 Ma 
and G3 deformation no earlier than 2677.7±1.3 Ma. 
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11.  Project Unit 13-007.  Geology and 
Mineral Potential of Adrian Township, 
Shebandowan Greenstone Belt, 
Wawa–Abitibi Terrane 

L.M. Ratcliffe1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

This report describes preliminary results of the third year of a multi-year bedrock geology mapping 
project to update knowledge of the geology in the eastern part of the Shebandowan greenstone belt 
(SGB). The 2015 field season focussed on 1:20 000 scale mapping of Adrian Township (Figure 11.1), 
which is located approximately 35 km west of Thunder Bay. Adrian Township is accessible by Adrian 
Lake Road, west of Highway 590, which transects the map area and is the access route to multiple 
branching trails and logging roads. 

Historically, the majority of work on the SGB has focussed on the western and central part of the belt 
where the past-producing North Coldstream copper-gold and Shebandowan nickel-copper mines are 
located. Adrian Township was last mapped by Berger (1993, 1995), but significant regional work has 
been done recently in the eastern SGB (Corfu and Stott 1998; Lodge et al. 2013; Lodge and Chartrand 
2013). These recent studies highlight the need for updated bedrock geology maps for the eastern SGB. 
This project aims to build on these recent studies through additional 1) detailed field mapping, 2) whole 
rock geochemical data, 3) U/Pb geochronology (this study and previous studies (Corfu and Stott 1998; 
Lodge et al. 2013)) and 4) geophysical interpretation (i.e., detailed airborne geophysics (Toews and Hunt 
2008; Ontario Geological Survey 2003)). In addition to these regional studies, active exploration is ongoing, 
with data from these projects continuing to be released and new mineral prospects being identified (e.g., 
the Rockstone discretionary occurrence (Table 11.1)). Specific goals for the 2015 field season were 1) to 
update the bedrock geology of Adrian Township compiled from Berger (1995), 2) to better understand the 
stratigraphy and geological characteristics of the supracrustal map units in the township and 3) to evaluate 
the mineral potential of the area. 

REGIONAL GEOLOGY 

The Shebandowan greenstone belt (SGB) extends 150 km west from Thunder Bay in an arcuate 
shape, bordered by the Quetico Subprovince to the north and wrapping around the Northern Light–
Perching Gull Lakes batholith to the south (see Figure 11.1). The SGB contains a succession of supracrustal 
rocks and their syn-eruptive intrusive equivalents, and has undergone several deformation and intrusive 
events. Geochronological data and previous geological studies have defined 3 main supracrustal 
assemblages: the Greenwater assemblage (circa 2720 Ma), the Kashabowie assemblage (circa 2695 Ma) 
and the Shebandowan assemblage (circa 2690 to 2680 Ma) (Corfu and Stott 1998; Williams et al. 1991). 
The SGB has undergone 2 main stages of deformation (D1 and D2). The D1 deformation event occurred at 
approximately 2695 Ma, and is characterized by thrust imbrications of the Greenwater and Kashabowie 
assemblages across the SGB. The D2 deformation event records oblique northwest-directed compression 
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associated with the intrusion of late sanukitoid plutons between 2685 and 2680 Ma (Corfu and Stott 
1998). The D2 fabrics are found dominantly in the northern part of the belt. Metamorphic conditions are 
typically greenschist facies throughout most of the SGB, although lower amphibolite-facies conditions are 
recorded locally within the contact aureoles of plutons. The preservation of early, low-grade metamorphic 
assemblages suggests that the SGB was not affected by the higher grade metamorphisms and pervasive 
deformation recorded in comparable greenstone belts of the Wawa–Abitibi terrane and to the north in the 
adjacent Quetico Subprovince (Corfu and Stott 1998). 

Table 11.1.  Main features of mineral showings in Adrian Township from the Mineral Deposit Inventory (Ontario Geological 
Survey 2015). 

Number* Occurrence Commodities Best Historic Value Description 
1 Rockstone discretionary occurrence 

  MDI000000001816 
Zn, Cu Up to 762 ppm Zn 

and 148 ppm Cu 
Zinc and copper were reported from 
2 very weakly mineralized intersections 
hosted in fragmental rock drilled in 
2012 by Greencastle Resources Ltd. 

2 New Fortune 1979 
  MDI52A05NW00003 

Fe No values available Discontinuous magnetite-jasper 
ironstone units varying from 60 to 
520 m long. Hosted by mafic 
metavolcanic and clastic 
metasedimentary units 

*Refers to mineral occurrence number shown on Figures 11.2 and 11.3. 

 

Figure 11.1.  Regional geology map showing the location of Adrian Township (outlined in red).  Bedrock geology modified from 
Santaguida (2001a, 2001b) and Lodge et al. (2015).  Abbreviation: VMS, volcanogenic massive sulphide. 
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The Greenwater assemblage is a series of metamorphosed tholeiitic basalts and associated komatiite 
flows, with relatively thinner units of intermediate and felsic volcanic flows and pyroclastic units 
intercalated between thicker mafic flows (Corfu and Stott 1998). This assemblage is commonly associated 
with volcanogenic and magmatic base metal mineralization (Farrow 1993; Corfu and Stott 1998). The 
Shebandowan assemblage is characterized by calc-alkalic to alkalic mafic to felsic metavolcanic rocks 
and clastic metasedimentary rocks. The deformation and magmatic events at the time of deposition of the 
Shebandowan assemblage is temporally associated with gold mineralization (Stott and Schnieders 1983; 
Jobin-Bevans, Cullen and Kelso 2006; Lodge et al. 2013). 

GEOLOGY OF ADRIAN TOWNSHIP 

Previous mapping by Berger (1993) describes Adrian Township as being underlain by Neoarchean 
supracrustal rocks, with an older sequence assigned to the Greenwater assemblage and a younger sequence 
assigned to the Shebandowan assemblage. The Greenwater assemblage underlies the western and, 
arguably, the eastern and northeastern parts of the township and consists of ultramafic, mafic, intermediate 
and felsic metavolcanic rocks, associated clastic and chemical metasedimentary rocks and is intruded by 
peridotitic and gabbroic sills. The Shebandowan assemblage is dominated by fragmental metavolcanic 
rocks with hornblende- and plagioclase-phyric volcanic clasts, but also has minor plagioclase-phyric 
flows and other associated epiclastic metasedimentary units. Berger (1993) also described 2 deformation 
events in the region: an early event characterized by northwest-trending isoclinal folds and foliations, 
and a subsequent event characterized by northeast-trending faults and foliations. The Weigand fault 
(Figure 11.2) trends northwest across the length of the township. 

Based on field work in 2015, supracrustal rocks comprise about 90 volume % of the rock types in 
Adrian Township with the remaining 10% being intrusive rocks. Several U/Pb zircon ages reported by 
Corfu and Stott (1998) and Lodge et al. (2013), from samples collected in the township, support Berger’s 
(1993, 1995) initial observation that Adrian Township consists of the older Greenwater assemblage and 
younger Shebandowan assemblage; however, additional ages are needed to understand the regional 
stratigraphic relationships and for regional correlation. A preliminary geology map of Adrian Township is 
shown in Figure 11.2. 

Outcrop exposure is limited in Adrian Township because much of the western and southern parts of 
the township are covered by thick Quaternary glacial deposits and many areas with road access have been 
logged, resulting in dense bush and undergrowth. To address these exposure problems, traditional outcrop 
mapping was combined with interpretation of high-resolution regional airborne magnetic and 
electromagnetic data for the area (Ontario Geological Survey 2003; Toews and Hunt 2008) to define map 
unit contacts, apparent unconformities and structural patterns (Figure 11.3). 

Ultramafic Metavolcanic Rocks 

Metamorphosed ultramafic to mafic flows occur in the northeastern part of the township in 
association with ultramafic and mafic intrusions. Ultramafic metavolcanic rocks are typically fine grained 
and massive, with locally preserved spinifex texture (Photo 11.1A) and small pillows that average 20 cm 
in diameter. Petrography done on this unit by Berger (1993) suggests these are komatiitic basalts, based 
on the abundance of plagioclase and the lack of olivine. 
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Figure 11.2.  Preliminary geology of Adrian Township based on new mapping (this study), compiled data from Berger (1993) 
and interpretation of geophysical data, in particular the second vertical derivative of the total magnetic field (Ontario Geological 
Survey 2003).  Geochronological data: U/Pb ages (in Ma) are from Corfu and Stott (1998) and from Lodge et al. (2013).  Mineral 
occurrence numbers are keyed to Table 11.1.  All UTM co-ordinates provided using NAD83 in Zone 16. 
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Mafic Metavolcanic Rocks 
Mafic metavolcanic rocks are found primarily in the central-western part of Adrian Township and are 

interbedded with oxide-facies iron formation and gabbroic sills. These metavolcanic rocks are interpreted to 
be part of the Greenwater assemblage (Berger 1993; Corfu and Stott 1998). Mafic flows have also been 
identified within the fragmental unit that trends northwest across Adrian Township (see Figure 11.2). 

 
Figure 11.3.  Preliminary interpretation of geological contacts and faults underlain with an image of the second vertical derivative of 
the total magnetic field (Ontario Geological Survey 2003).  Mineral occurrence numbers are keyed to Table 11.1.  The UTM co-
ordinates provided using NAD83 in Zone 16. 
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Photo 11.1.  Photographs of metavolcanic rocks from Shebandowan and Greenwater assemblages.  A) Spinifex texture in a 
ultramafic volcanic flow (UTM 294616E 5372782N).  B) Pillows in a mafic volcanic flow (UTM 287927E 5371494N).  
C) Plagioclase-phyric mafic dike crosscutting clastic mafic volcanic rocks (UTM 286568E 5375116N).  D) Intermediate massive 
volcanic flow intruded by ultramafic rock (UTM 290823E 5375406N).  E) Intermediate lapillistone (UTM 286060E 5374591N).  
F) Quartz phenocryst in rhyolite (UTM 288968E 5371651N).  All UTM co-ordinates provided using NAD83 in Zone 16. 
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The mafic flows in the western part of map area are massive to pillowed (Photo 11.1B), aphanitic to 
fine grained, with rare plagioclase phenocrysts. Pillows typically are less than 1 m in diameter with 2 to 
3 cm thick selvages. The limited size and quality of exposures made determination of stratigraphic tops 
from pillowed flows unreliable. Mafic flows in the fragmental unit are primarily massive and contain 
abundant plagioclase phenocrysts (Photo 11.1C) and vesicles. 

Intermediate Metavolcanic Rocks 
Clastic intermediate volcanic rocks are located in the northwestern corner of the map area, west of 

the Weigand fault. Berger (1993) placed the clastic unit in the Shebandowan assemblage; however, more 
work is required to confirm this assignment. This unit is strongly sheared by a northeast-trending foliation 
and outcrops are locally schistose. Rocks range from monolithic lapilli tuff to lapillistone, clasts are 
angular, light cream and range from 2 to 60 mm in size (average less than 10 mm) in a blue-grey ash 
matrix (Photo 11.1D). In the north-central part of the map area, medium grey aphanitic to very fine-
grained massive flows are intruded by ultramafic intrusive rocks (Photo 11.1E). The ultramafic intrusions 
are considered to be part of the Greenwater assemblage, so it is inferred these pyroclastic flows are part of 
the same assemblage. 

Felsic Metavolcanic Rocks 
A felsic metavolcanic unit composed of both flows and clastic rocks is located in central Adrian 

Township along Adrian Lake Road and is bounded to the east by the Weigand fault (see Figure 11.2). 
The extent and relationship of the unit to the surrounding rocks is difficult to determine because exposure 
was limited and this unit is not distinctive on the aeromagnetic survey. The best exposure of the felsic 
metavolcanic unit is of a very light grey to white aphanitic quartz and feldspar porphyritic rock 
(Photo 11.1F). Quartz phenocrysts are rounded and can be up to 1 cm in diameter, whereas plagioclase 
phenocrysts are euhedral and are also up to 1 cm in size. Autobrecciated metavolcanic flows and lapillistone 
are also included in this map unit and can be strongly altered by iron carbonate (see Photo 11.4A). Berger 
(1993) assigned this unit to the Shebandowan assemblage. A sample of this unit was collected for U/Pb 
zircon geochronology to determine if it is part of the Greenwater or the Shebandowan assemblage. 
Elsewhere in Adrian Township, felsic tuffs are found interbedded with the package of fragmental rocks 
described in “Fragmental Rocks”. 

Metasedimentary Rocks 
Metasedimentary rocks underlie a significant proportion of Adrian Township. Two of the most 

significant metasedimentary units are discussed in “Fragmental Rocks” because they contain both 
epiclastic and volcanic components warranting further discussion. Four other metasedimentary units have 
been identified and are discussed in this section. 

The first 2 units are found adjacent to each other south of Adrian Lake and are lithologically similar: 
both units contain a relatively large proportion of mud and siltstone with some wacke and conglomerate; 
however, the unit in the southeast differs because it is interbedded with iron formation. Mudstone and 
siltstone are very thinly to thinly bedded to laminated and are typically dark grey (Photo 11.2A). 
Graphitic mudstone is found in several locations throughout the map area and is associated with 
electromagnetic conductors (Toews and Hunt 2008). Exploration activities have targeted and trenched 
these anomalies to reveal pyrite nodule–bearing graphite horizons (Photo 11.2B) that are commonly 
adjacent to a thick bed of laminated chert (Photo 11.2C). Wackes are typically medium to dark grey, 
tuffaceous, very thinly to thinly bedded and contain biotite. Conglomerates are matrix supported and 
polymictic with clasts of mudstone or tabular clasts (Photo 11.2D). Although similar lithologically, a 
significant difference in the magnetic signature between these 2 units (see Figure 11.3) implies they are  
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Photo 11.2.  Photographs of metasedimentary rocks from the Shebandowan and Greenwater assemblages.  A) Thinly bedded 
wackes and mudstones (UTM 291388E 5370156N).  B) Pyrite-bearing graphitic mudstone (UTM 293488E 5366401N).  
C) Laminated chert found proximal to a graphitic mudstone (UTM 293488E 5366401N).  D) Tabular clasts in a conglomerate 
(UTM 289316E 5371291N).  E) Chert and mud clasts in a conglomerate (UTM 289094E 5375317N).  F) Laminations and mud 
chips in a siltstone (UTM 289054E 5375246N).  All UTM co-ordinates provided using NAD83 in Zone 16. 
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separate units. An age of circa 2680 Ma for the unit to the northwest (Lodge et al. 2013: sample RL-10-360) 
suggests it belongs to a younger package of rocks still to be placed within the tectonostratigraphic 
framework of this area, whereas an age of circa 2720 Ma in Marks Township to the south (Lodge et al. 
2013: sample RL-10-019) suggests the southeastern sedimentary unit belongs to the older Greenwater 
assemblage (Corfu and Stott 1998; Lodge et al. 2013). The Weigand fault is interpreted to separate these 
units, based on geophysical interpretation (see Figure 11.3). 

A northwest-striking package of metasedimentary rocks found in the northeastern part of the map 
area is tentatively assigned to the Greenwater assemblage. A sample of this unit, collected for U/Pb 
detrital zircon geochronology analysis, will test this interpretation. This unit is in contact with ultramafic 
and mafic flows and intrusive rocks to the northeast and an iron formation clast-bearing conglomerate to 
the southwest. This third unit consists primarily of thinly to thickly bedded medium-grained tuffaceous 
wackes and conglomerates that locally contain tabular clasts and subangular chert clasts (Photo 11.2E). 
Thinly bedded siltstone is also present in this package of rocks and can contain mud chips, rip-up clasts 
and laminations (Photo 11.2F). 

The fourth metasedimentary unit consists of chemical metasedimentary rocks that are found in 
association with clastic metasedimentary and mafic metavolcanic units thought to be part of the 
Greenwater assemblage. Oxide-facies iron formation is characterized by laminated brick red to dark black 
hematite and is thinly to very thinly interbedded with sandstone and chert. An iron formation and chert 
clast–rich conglomerate in the northeastern part of the map area could represent a “basal” unit of the 
younger Shebandowan assemblage, with the chemical metasedimentary clasts representing reworked 
Greenwater assemblage rocks (Berger 1993; Borradaile and Brown 1986). This possible “basal” unit 
contains thick beds of iron formation adjacent to a relatively strongly foliated conglomerate containing 
jasper and possibly autobrecciated or in situ brecciated iron formation in a very fine-grained dark grey 
matrix; large 75 cm clasts of mafic to intermediate clasts are also present (Photo 11.3A). 

Fragmental Rocks 
Two distinct units of fragmental rocks, containing a spectrum of interbedded volcanic to sedimentary 

lithofacies, have been identified in the map area. These rocks are not easily ascribed to distinctly volcanic 
or sedimentary rock classifications and, most likely, represent a complexly interbedded package of 
pyroclastic and flow-like metavolcanic rocks and contemporaneous epiclastic metasedimentary rocks. 
These units are distinct on recent aeromagnetic maps (Ontario Geological Survey 2003; Toews and Hunt 
2008) and are characterized by large (approximately 10 by 3 km) magnetic lows that appear to overlie the 
highly magnetic lineaments characteristic of the Greenwater assemblage in this area (see Figure 11.3). 

A northern unit of these rocks trends northwest across the northern part of the map area and has been 
described previously as a debris flow (Shegelski 1980). Corfu and Stott (1998) obtained a U/Pb zircon age 
of 2679±12 Ma from a rock in this unit they classified as volcanic breccia. A southern unit trends east along 
the southern boundary of the map area. Lodge et al. (2013) reported a detrital zircon age of circa 2680 Ma 
for a conglomerate in an adjacent unit to the north that is conceivably representative of the southern 
magnetic low, thus providing a maximum depositional age for the unit (see Figure 11.3). A sample, 
located at the centre of the southern magnetic low, was collected this summer for U/Pb analysis to 
confirm the age of this unit. 

The northern unit is typically blue-green-grey lapilli tuff to tuff breccia with local coarse tuff breccia 
(Photo 11.3B). The majority of the unit contains heterolithic volcanic clasts ranging from grey, to cream-
tan to green. Hornblende- or plagioclase-phyric clasts and calcite- and quartz-amygdule–bearing clasts, as 
well as hornblende-phyric syenite clasts (see Photo 11.3B), were observed. Clast boundaries are commonly 
sharp and clasts are most commonly subrounded. Rare scoriaceous fragments were also identified. On an 
outcrop scale, the rocks are poorly sorted and do not show bedding or internal structure. Several outcrops  
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Photo 11.3.  Photographs of a volcaniclastic to epiclastic fragmental unit from the Shebandowan assemblage.  A) Conglomerate 
with abundant brecciated iron formation clasts (UTM 293962E 5372076N).  B) Volcaniclastic coarse tuff breccia with syenite 
blocks (UTM 289274E 5372635N).  C) Intermediate tuff breccia in contact with a plagioclase-phyric mafic flow (UTM 289946E 
5372673N).  D) Euhedral to angular plagioclase grains in a feldspathic wacke (UTM 288485E 5366864N).  E) Massive 
feldspathic wacke to crystal tuff overlying massive wacke with load cast (UTM 291157E 5366593N).  F) Graded bedding in a 
tuffaceous sandstone indicating way up to the south (UTM 290337E 5367277N).  All UTM co-ordinates provided using NAD83 
in Zone 16. 
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of intermediate to mafic metavolcanic flows are found in the fragmental rock unit (Photo 11.3C). Flows 
are very fine grained, plagioclase phyric and locally vesicular or pillowed. More work is required to 
characterize the stratigraphic and lateral lithofacies variations in these complex rock packages. 

The southern unit is composed of intermediate tuff, plagioclase-phyric crystal tuff and feldspathic 
wacke, commonly containing biotite in the matrix and grain size ranging from very fine grained to very 
coarse sand or ash. Plagioclase crystal–rich, tuffaceous beds are characterized by euhedral to angular 
phenocrysts and clasts that reach up to 5 mm in size (Photo 11.3D). Lithic fragments are observed in 
some outcrops and are typically 5 to 10 cm in diameter and include mudstone, bedded siltstone, chert and 
sulphide-bearing iron formation. The volumetrically dominant rock type of the southern unit is a massive 
and poorly sorted feldspathic wacke to crystal tuff (Photo 11.3E). These wackes to crystal tuffs are thickly 
bedded units interbedded with very thin to thinly bedded, well-sorted tuffaceous wackes that locally show 
graded bedding (Photo 11.3F) and load casts. 

Mafic and Ultramafic Intrusive Rocks 

Mafic intrusive rocks are commonly associated with mafic metavolcanic rocks of the Greenwater 
assemblage in the central-western part of the township and are interpreted to be synvolcanic sills and 
dikes. Mafic and ultramafic intrusive rocks, in the northeastern part of the map area, are also thought to 
be part of the Greenwater assemblage. A sample of a gabbro was collected this summer for U/Pb 
geochronology to confirm this designation. Because of the lack of road access, only limited mapping of 
this part of the township was carried out during the summer. However, helicopter work done by Berger 
(1993) is considered to be representative of the area. 

Gabbros are equigranular, fine to medium grained, dark grey and massive, range in composition 
from melagabbro to gabbro to leucogabbro, and are composed primarily of hornblende and plagioclase. 
Ultramafic intrusive rocks are fine grained, dark black to dark green and locally magnetic. An ultramafic 
dike, intruding an intermediate metavolcanic flow in the northern part of the township (see Photo 11.1D), 
was observed. Petrography done by Berger (1993) shows the majority of ultramafic intrusive rocks are 
peridotite with minimal pyroxenite. Anorthositic gabbro was identified by Berger (1993) in the 
northeasternmost gabbro unit. 

STRUCTURAL GEOLOGY 

Few structural features were observed in Adrian Township. Bedding measurements have varied 
orientations and a few graded beds and load casts provide local facing directions. Foliations tend to be 
weakly developed and are generally subparallel to the regional northwest-striking bedding, with the 
exception of a strong foliation developed in the northwestern part of the township that strikes to northeast 
and dips steeply. Aeromagnetic data from the Ontario Geological Survey (2003) and Toews and Hunt 
(2008) have provided additional insight into the structural interpretation of the area (see Figure 11.3). 

Adrian Township is separated into 2 geophysical domains: 1) a strongly magnetic unit, likely 
reflecting conformable iron formation units in the Greenwater assemblage; and 2) two geophysical lows 
with little internal structure that truncate magnetic lineaments, which likely reflect the fragmental rock 
package of the overlying Shebandowan assemblage. Although a contact between the 2 assemblages is not 
exposed, this magnetic pattern suggests an unconformity exists between the 2 assemblages. 

A township-wide electromagnetic conductor trending northwest along the southern boundary of the 
northern fragmental unit, and coincident with the Weigand River, is interpreted to mark a zone of strong 
alteration likely associated with a shear zone referred to informally as the “Weigand fault”. The “basal” 
iron formation and chert-bearing conglomerate on the northern boundary of the northern fragmental unit 
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also appear to contain a relatively stronger foliation than the surrounding units, suggesting a fault-
bounded contact. If this is the case, then the Shebandowan–Greenwater assemblages contact in this area is 
interpreted to be faulted. 

Magnetic lineaments in the central-western part of the township show a tight fold closure to the 
southeast, as illustrated in Figure 11.3. Facing directions from pillows along the north limb of the fold 
suggest younging to the south, implying a synformal geometry to the fold. Structural data plotted on a 
stereonet show variably striking, steeply dipping bedding and foliations, which are consistent with a near-
vertical fold axis. Northeast-trending faults are inferred where magnetic lineaments are truncated or 
kinked (see Figure 11.3). 

The D1 folding is strongly evident in the northwest-trending stratigraphic sequence; D2 folding is less 
dominant and is best indicated by northeast-trending faults as identified by Williams et al. (1991), Berger 
(1993) and Corfu and Stott (1998). 

ALTERATION AND MINERALIZATION 
As previously mentioned, abundant alteration is located along the Weigand fault. Iron-carbonate 

alteration is found in fragmental rocks and autobrecciated felsic metavolcanic rocks (Photo 11.4A) on 
either side of the fault. Strong silicification is also present in the vicinity of the fault. Berger (1993) 
reported anomalous gold assays of 0.014 ounces gold per ton from a pyrite-bearing, silicified 
conglomerate located 700 m east of Adrian Lake Road in the southern part of the township. Recent work 
by Lodge et al. (2013) discusses evidence that the fragmental units found in Adrian Township are a 
Timiskaming-like unit, which has a temporal association with gold elsewhere in the SGB and the 
Superior Province (e.g., Timmins and Kirkland Lake areas (Ayer et al. 1999)). 

The SGB hosts a number of volcanogenic massive sulphide (VMS)-style copper-zinc occurrences, 
for example, the Calvert–Stares showing in Aldina Township (see Figure 11.1; Bottrill 2003). Significant 
VMS-style mineralization is not known to occur in Adrian Township; however, diamond drilling by 
Greencastle Resources (Siemieniuk 2012) in the southern fragmental unit (see Figure 11.2) intersected 
anomalous zinc and copper mineralization as summarized in Table 11.1. During mapping, 2 outcrops, 
perhaps indicative of a VMS-style hydrothermal system, were noted proximally to the drill hole: 1) a 
felsic lapilli tuff with lithic clasts of sulphide-bearing iron formation and laminated clasts (Photo 11.4B) 
and 2) a fine-grained sandy rock with disseminated sulphide mineralization. 

 

Photo 11.4.  Photographs of felsic metavolcanic rocks exhibiting alteration and mineralization.  A) Iron-carbonate alteration in a 
brecciated felsic volcanic rock (UTM 288158E 5372566N).  B) Felsic tuff breccia with lithic clasts of sulphide-bearing iron 
formation (UTM 291238E 5366406N).  All UTM co-ordinates provided using NAD83 in Zone 16. 
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Peridotite and komatiite located in the northeastern part of Adrian Township are associated with 
several electromagnetic conductors (Ontario Geological Survey 2003) that could be potential nickel-copper-
platinum group element (PGE) targets. This unit extends east into Conmee Township (see Figure 11.1), 
where, on the Bateman property, komatiites and ultramafic intrusions have known nickel-copper±PGE 
potential (Lodge, Ratcliffe and Walker 2014; Hinz and Hollings, this volume). Similar units are also 
found at the past-producing Shebandowan Mine (Morton 1982; Farrow 1993). 

Metasedimentary units in the central and southeastern parts of Adrian Township contain pyrite-
bearing graphitic mudstone (see Photo 11.2B) that is easily traced on electromagnetic maps (Toews and 
Hunt 2008) and could be further investigated as a potential graphite deposit. 

Lastly, in the 1960s, New Fortune Metals Limited and Hanna Mining Company evaluated the area 
for potential iron deposits. Several units of iron formation were identified interbedded with supracrustal 
rocks of the Greenwater assemblage (see Table 11.1: New Fortune 1979 occurrence; see Figure 11.2: 
occurrence 2). This occurrence was deemed uneconomic at that time and the claims were allowed to lapse 
(Berger 1993). 
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12.  Project Unit 15-003.   
A New Mapping Project in the 
Rowan Lake–Kakagi Lake Area, 
Western Wabigoon Subprovince 

S.R. Meade1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

This article outlines the objectives and preliminary findings of a new multi-year geological mapping 
study being undertaken in the Rowan Lake–Kakagi Lake (“Rowan–Kakagi lakes”) area of the western 
Wabigoon Subprovince. Located approximately 80 km southeast of the city of Kenora, the Rowan–
Kakagi lakes area is underlain by a structurally complex greenstone terrane that hosts a number of active 
and past-producing gold and base metal prospects. The study area includes the Cameron Lake gold 
deposit with a measured and inferred resource estimate of 1.27 million ounces (Ball 2014, p.10, Table 1.4). 

BACKGROUND 

The complex structure and stratigraphy of the Rowan–Kakagi lakes area has been studied by a 
number of workers (e.g., Kaye 1973; Edwards 1976; Trowell 1986; Johns 1987) over the last 40 years, 
giving rise to a variety of formal and informal stratigraphic and lithotectonic units. Similarly, many of the 
gold occurrences in the area have, until recently, been explored independently by a variety of different 
mining companies and prospectors. As such, the relative timing and structural relationships between 
mineralized zones is poorly understood. The proposed mapping study will include a camp-scale structural 
analysis that will attempt to create a coherent framework for the timing, and style, of deformation, 
alteration and mineralization in the area. 

The existing geological maps of the Rowan–Kakagi lakes area are of a high quality; however, the 
level of detail is somewhat erratic. Furthermore, many studies have historically focussed on lithological 
mapping and, in many cases, structural features were under emphasized. The existing maps do provide a 
valuable reference, in particular, the most recent compilation for the area by Johns (2007). The current 
project will also build on recent work in the Rowan Lake area by Lewis and Woolgar (2011) and Lewis, 
Kamo and Lodge (2012). 

The proposed mapping project will be aided significantly by new airborne magnetic and 
electromagnetic data for the Rowan–Kakagi lakes area (Ontario Geological Survey 2014; see also 
Rainsford and Biswas 2014). The geophysical survey, published in 2014, was conducted with 200 m line 
spacing, producing high-resolution imagery for the study area. The images will be used to accurately 
locate the surface traces of geological structures, particularly in areas of poor bedrock exposure. 
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Figure 12.1.  Simplified geological map of the Rowan–Kakagi lakes area (modified from Johns 2007).  Abbreviations: 
AB, Aulneau Batholith; AtB, Atikwa Batholith; CL, Cameron Lake; CLSZ, Cameron Lake shear zone; DB, Dryberry Batholith; 
DPL, Dogpaw Lake, ES, Emm Bay syncline; FL, Flint Lake; LOW, Lake of the Woods; MCSZ, Monte-Cristo shear zone; 
NLS, Nolan Lake stock; PCFZ, Pipestone–Cameron fault zone; RL, Rowan Lake; SA, Shingwak anticline; SL, Stephen Lake; 
SLP, Stephen Lake pluton; WF, Wabigoon fault. 
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GEOLOGICAL SETTING 

The Rowan–Kakagi lakes area is transected by the northwest-trending Pipestone–Cameron fault zone 
(Figure 12.1). The fault zone is interpreted to be major crustal-scale structure that represents a significant 
discontinuity in the stratigraphy. To date, no correlative volcanic units have been identified across the 
fault zone (Melling 1988). The Pipestone–Cameron fault zone separates rocks of the Kakagi Lake 
greenstone belt in the southwest from the Rowan Lake greenstone belt to the northeast. The greenstone 
belts have been subjected to regional greenschist-facies metamorphism, locally with amphibolite-facies 
metamorphism at contacts with large granitoid batholiths. 

The Kakagi Lake greenstone belt includes mafic flows of the “Snake Bay volcanics”, intermediate 
pyroclastic rocks of the “Kakagi Lake volcanics” and a suite of differentiated mafic to ultramafic sills 
termed the Kakagi sills (Edwards 1976; Trowell, Blackburn and Edwards 1980). The inferred base of the 
Snake Bay volcanics is intruded by the Aulneau Batholith (2716 to 2709 Ma). The Snake Bay volcanics 
are interpreted to have an age of 2731±4 Ma and the Kakagi Lake volcanics are thought to have been 
deposited between 2724 and 2711 Ma (Davis and Edwards 1986). Field relationships suggest that the 
Kakagi sills are contemporaneous with the Kakagi Lake volcanics (Ridler 1966). The volcanic succession 
including the Kakagi sills are folded by macroscale antiform–synform pairs including the Emm Bay 
syncline, exposed in Kakagi Lake. The folded stratigraphy is truncated by the Pipestone–Cameron fault 
zone and intruded by quartz diorite of the Stephen Lake pluton (2699±2 Ma: Davis and Edwards 1986) 
(see Figure 12.1). 

The Rowan Lake greenstone belt is subdivided into 2 main stratigraphic units. The lower unit, 
known as the “Rowan Lake volcanics”, is a south-facing succession of thick, predominantly pillowed 
mafic flows. The flows are overlain by the “Cameron Lake volcanics”, a mixed succession of massive to 
pillowed mafic flows interlayered with intermediate to felsic pyroclastic rocks (Melling 1988). The 
Cameron Lake volcanics are interpreted to be 2732±2 million years old (Lewis, Kamo and Lodge 2012). 
The volcanic stratigraphy is folded by the northeast-trending, steeply southwest-plunging Shingwak 
anticline (Kaye 1973). 

In the Rowan Lake area, the Cameron Lake volcanics on the south limb of the Shingwak anticline 
are deformed by the northeast-trending Monte-Cristo shear zone. Volcanic strata south of the Monte-
Cristo shear zone are intruded by the Nolan Lake stock (see Figure 12.1). The intrusion, comprising 
granodiorite to monzonite, is interpreted by Lewis and Woolgar (2011) to be an early syntectonic 
granitoid based on fault offsets of its metamorphic aureole along the Monte-Cristo shear zone. 

The Monte-Cristo shear zone is part of a wide zone of deformation that includes the Cameron Lake 
shear zone. The faults are interpreted to be a series of arcuate splays that branch off the Pipestone–
Cameron fault zone (Edwards 1976). Numerous gold occurrences are located in the deformation zone, 
including the Victor Island gold showing and the Cameron Lake deposit (see Figure 12.1). The Cameron 
Lake deposit was described in detail by Melling (1988), who characterized the deposit as a structurally 
controlled, vein-hosted deposit. Gold was found to be associated with pyritic, quartz-albite breccia veins 
in strongly carbonitized and sericitized mafic volcanic rocks. 

In the northern part of the study area, Lake of the Woods is underlain by a northeast-trending belt of 
supracrustal rocks that extends discontinuously toward the Eagle–Wabigoon lakes area (see Figure 12.1). 
The belt is bounded to the north by the Dryberry Batholith and to the south by the Atikwa Batholith. Two 
main lithotectonic units of this greenstone belt are observed within the study area. In the southeast, the 
“Populus volcanics”, comprise mafic flows with associated hyaloclastites and pyroclastic rocks that are 
locally interlayered with intermediate pyroclastic rocks (Johns 1987). Northwest of the volcanic belt is a 
belt of metasedimentary rocks defined as the “Warclub metasediments”; these include interbedded wacke 
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and arenite with intermediate to felsic pyroclastic rocks. The sedimentary succession is interpreted by 
Davis and Edwards (1982) to have an age of 2713±6 Ma. The contact between the volcanic and 
sedimentary belts is coincident with the Wabigoon fault, a major regional structure that extends northeast 
into the Sioux Lookout greenstone belt. Some researchers, for example Johns (1987), have proposed that 
the Wabigoon fault extends under Lake of the Woods and intersects the Pipestone–Cameron fault zone; 
however, the relative timing and structural relationship between the fault zones remains poorly 
understood. 

PROJECT OBJECTIVES 

The Rowan–Kakagi lakes area project is a regional study that will focus on macro-scale structures 
and their relationship to alteration and gold mineralization in the greenstone belt. The primary objectives 
of the study are summarized below: 

• characterize the timing and kinematics of major regional shear zones, for example, the 
Pipestone–Cameron fault, Wabigoon fault and Monte-Cristo shear zones, toward compiling a 
comprehensive structural model for the area 

• identify and classify second- and third-order faults associated with the major fault zones. Gold 
distribution will be studied in the context of the new structural framework to help identify 
regionally prospective generations and orientations of mineralized structures. 

• characterize alteration assemblages associated with deformation zones and mineralization using 
a combination of petrography and geochemistry 

• compile a database of modern multi-element geochemical data to characterize volcanic and 
plutonic rocks in the area 

• add to existing geochronological data for the area, with particular emphasis on mappable 
syntectonic granitoids. These data will be valuable in understanding the tectonic evolution of 
the belt and to comment on the regional timing of gold mineralization. 

The study will incorporate targeted regional-scale geological mapping and reconnaissance sampling. 
The project will support a number of academic studies that will complement the regional synthesis by 
focussing on local fine-scale structural relationships. Preliminary work for the project, including 
compilation of existing data and structural interpretation of geophysical data, is ongoing. 

2015 GEOLOGICAL RECONNAISSANCE 

Geological reconnaissance conducted in the study area during the 2015 summer field season targeted 
the major fault zones and the most significant historic gold occurrences. Preliminary observations 
discussed below will guide continued investigations in the area. 

A number of key cross-sectional exposures through the Pipestone–Cameron fault zone were 
examined during the 2015 field season. The deformation zone is well exposed at a number of localities 
from Lake of the Woods through Dogpaw Lake, Flint Lake, Stephen Lake and Cameron Lake (see Figure 
12.1). The transects were carefully mapped and samples were collected to help characterize the alteration 
mineralogy within the zone. The deformation zone is defined by moderate to intense quartz-carbonate 
alteration and strong schistose fabric development. The ductile fabric is locally overprinted by brittle 
fractures and variably developed cleavage fabric. 
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Along the strike of the Pipestone–Cameron fault zone, subtle changes in the orientation of the main 
foliation fabric were noted. Of particular interest are exposures at Flint Lake and at the Dubinski showing 
(see Figure 12.1). This portion of the study area is characterized by east-trending shear zones that host 
gold mineralization associated with carbonate alteration. It is unclear if the east-trending shear zones 
represent a jog in the Pipestone–Cameron fault zone or a discrete crosscutting structure. The regional 
significance of these zones will be addressed by future detailed mapping. 

The Pipestone–Cameron fault zone is associated with a suite of feldspar porphyry dikes that show 
complex temporal relationships with fabric development and alteration in the fault zone. At the Dogpaw 
showing, for example, the dikes are demonstrably late-syntectonic. Here, a dike clearly crosscuts a ductile 
C–S fabric expressed in a mafic volcanic rock, but is subsequently deformed by a brittle cleavage fabric 
with weak to moderate carbonate alteration. At the Cameron Lake deposit, feldspar porphyry dikes can be 
seen crosscutting gold-bearing quartz veins; however, the dikes locally host gold-bearing quartz-breccia 
zones (Melling 1986). The field relationships suggest a complex progressive deformation history 
punctuated by dike emplacement and mineralization. 

Observations of the Stephen Lake pluton found that the quartz diorite does not have a ductile 
tectonic fabric, but is locally cut by a brittle fracture cleavage associated with iron-carbonate alteration. 
This suggests that the age of 2699±2 Ma (Davis and Edwards 1986) may represent a maximum age for 
regional brittle deformation and alteration. Further detailed geochronological and geochemical studies are 
proposed for possible correlative felsic intrusions such as the Nolan Lake stock on the northeast side of 
the Pipestone–Cameron fault zone, as well as the porphyry dikes occurring within the fault zone. 
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13.  Project Unit 13-006.  Uranium–
Lead Zircon Geochronological Study 
of the Eastern Portion of the 
Sioux Lookout Greenstone Belt, 
Western Wabigoon Subprovince 
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1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario  P3E 6B5 
2Jack Satterly Geochronology Laboratory, Department of Earth Sciences, University of Toronto, Toronto, Ontario M5S 3B1 

INTRODUCTION 

This article summarizes the results of a U/Pb geochronological study conducted in the eastern portion 
of the Sioux Lookout greenstone belt where it is exposed at Minnitaki Lake, immediately south of the 
town of Sioux Lookout. Sampling for the study was carried out as part of a multi-year geological mapping 
project focussing on the fine-scale structure, stratigraphy and gold mineralization in the Minnitaki Lake 
area (Meade 2013, 2014a, 2014b). The study also reports on the analysis of selected samples that were 
collected as part of the regional Western Wabigoon Subprovince Synthesis project (Beakhouse 2012). 

The samples were processed and analyzed by the Jack Satterly Geochronology Laboratory at the 
Department of Earth Sciences, University of Toronto. The ages have been obtained from chemically 
abraded single zircon grains by U/Pb methods using isotope dilution thermal ionization mass spectrometry 
(ID-TIMS) and by laser ablation inductively coupled plasma mass spectrometry (LA-ICP–MS). 

GEOLOGICAL SETTING 
The Sioux Lookout greenstone belt comprises 3 east-northeast–trending belts of metavolcanic rocks 

denoted as the Northern, Central and Southern volcanic belts (Figure 13.1). The metavolcanic belts are 
separated by narrow belts of metasedimentary rock including the “Ament Bay conglomerates” and “Little 
Vermilion sediments” in the north, and a laterally continuous belt of meta-greywacke, called the 
“Minnitaki Lake sediments”, in the southern portion of the belt (see Figure 13.1). The Sioux Lookout 
greenstone belt is bounded to the north by the Winnipeg River Subprovince, consisting predominantly of 
plutonic and metaplutonic rocks with an age range from 2830 to 3170 Ma (Davis, Sutcliffe and Trowell 
1988). The metasedimentary and metavolcanic successions in the Sioux Lookout greenstone belt are 
affected by greenschist-facies regional metamorphism. For brevity, the prefix “meta-” is hereafter omitted. 

The Central volcanic belt is interpreted to be 2732 to 2734 million years old based on zircon U/Pb 
ages of synvolcanic intrusive rocks (Blackburn et al. 1991; Davis, Sutcliffe and Trowell 1988; Devaney 
1999). To the north, the Central volcanic belt structurally overlies the younger Ament Bay conglomerate, 
which is interpreted to have a maximum depositional age of 2698±4 Ma (Davis, Sutcliffe and Trowell 
1988). Within the study area, the Minnitaki Lake sediments have an age of circa 2713 to 2710 Ma (Davis, 
Sutcliffe and Trowell 1988) based on zircon from a quartz porphyry clast in a conglomerate exposed in 
the northeastern part of Minnitaki Lake. Regional studies of the Minnitaki Lake sediments by Beakhouse 
(2013) suggest that the age of deposition may be slightly younger in some parts of the belt. 
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Figure 13.1.  Simplified geological map of the Minnitaki Lake area showing locations of geochronology samples; see text for 
discussions about samples.  Geology from Meade (2014a, 2015).  Abbreviations: ABC, Ament Bay conglomerates; CVB, Central 
volcanic belt; MLS, Minnitaki Lake sediments; NEB, Northeast Bay; SEB, Southeast Bay; SVB, Southern volcanic belt; WF, 
Wabigoon fault.  Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in 
Zone 15. 
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The contact between the Southern volcanic belt and the Minnitaki Lake sediments is interpreted by 
Trowell, Bartlett and Sutcliffe (1983) to be coincident with the trace of the Wabigoon fault, a major 
terrane-bounding structure that extends east from the Lake of the Woods area (see Figure 13.1). 

ANALYTICAL METHODS 

Rock samples weighing approximately 8 to 12 kg were crushed and milled using a jaw crusher and 
Bico disk mill. Heavy mineral concentrates were recovered by reprocessing the heavy mineral splits on a 
Wilfley table until a significantly reduced sample size of approximately 5 to 10 g remained. This was 
followed by standard mineral separation procedures using magnetic separation and methylene iodide 
methods to produce a zircon concentrate. 

Uranium–lead analysis was by ID-TIMS methods. Prior to analysis, zircon crystals were selected 
under a binocular microscope, and then thermally annealed and chemically etched (chemical abrasion), 
which has the advantage of penetrative removal of alteration zones where lead loss has occurred and 
generally improving concordance (Mattinson 2005). These zones correlate with high uranium zones that 
have suffered radiation damage prior to alteration. The pre-treatment involved placing zircon grains in a 
muffle furnace at 1000°C for 24 to 60 hours to repair radiation damage and anneal the crystal lattice, 
followed by a modified single-step partial dissolution procedure in 0.10 mL of 50% HF and 0.020 mL 
7N HNO3 in Teflon™ dissolution vessels at 195°C for 2 to 12 hours. Zircon and other accessory minerals 
were rinsed with HNO3 at room temperature prior to dissolution. A 205Pb–235U spike was added to the 
Teflon™ dissolution capsules during sample loading, with the exception of grains from sample 14SRM-
GC-001, which was analyzed with a 202-205Pb–233-235U spike from the EARTHTIME project. 

Zircon grains were dissolved using 0.10 mL of concentrated HF acid and 0.02 mL of 7N HNO3 at 
195°C for 3 to 5 days. Samples were dried to a precipitate and redissolved in 0.15 mL of 3N HCl 
overnight (Krogh 1973). Uranium and lead were isolated from the zircon using 50 µL anion exchange 
columns using HCl, deposited onto outgassed rhenium filaments with silica gel (Gerstenberger and Haase 
1997), and analyzed with a VG354 mass spectrometer using a Daly detector in pulse-counting mode, with 
the exception of measurements for 14SRM-GC-001, which used multiple Faraday collectors in static 
collection mode with 204Pb in the axial Daly detector. Corrections to the 206Pb/238U ages for initial 230Th 
disequilibrium in the zircon have been made assuming a Th/U ratio in the magma of 4.2. All common 
lead was assigned to procedural lead blank for zircon. Dead time of the measuring system for lead and 
uranium was 16 and 14 ns, respectively. The mass discrimination correction for the Daly detector is 
constant at 0.05% per atomic mass unit. Amplifier gains and Daly characteristics were monitored using 
the SRM 982 lead standard. Thermal mass discrimination corrections are 0.10% per atomic mass unit for 
lead and uranium (with the exception of analyses for 14SRM-GC-001, which were corrected internally 
for fractionation for lead and uranium). Decay constants are those of Jaffey et al. (1971). All age errors 
quoted in the text and table, and error ellipses in the Concordia diagrams are given at the 95% confidence 
interval. Plotting and age calculations were done using Isoplot 3.00 (Ludwig 2003). 

URANIUM–LEAD ISOTOPE DILUTION THERMAL IONIZATION MASS 
SPECTROMETRY RESULTS 

A summary of the U/Pb ID-TIMS ages obtained in this study are listed in Table 13.1 and a detailed 
description of each of the samples is provided. 
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Table 13.1.  Zircon U/Pb ID-TIMS ages for the Sioux Lookout greenstone belt reported in this study. 

Sample Number Easting 
(m)1 

Northing 
(m)1 

Lithotectonic Unit Rock Type U/Pb Age 
(Ma) 

12GPB-0616 574563 5529998 Southern volcanic belt Felsic tuff unit within mafic flows 2734±2 
13SRM-GC-001 586891 5539902 Minnitaki Lake sediments Volcaniclastic sandstone 2728±3 
12GPB-0769 584284 5535563 Minnitaki Lake sediments Felsic quartz-feldspar crystal tuff 2727±1 
13SRM-GC-002 587502 5536443 Minnitaki Lake sediments Intermediate volcanic flow breccia 2727±2 
14SRM-GC-001 582628 5542906 Central volcanic belt Diorite 2731.4±1.1 
14SRM-GC-003 573357 5537149 Central volcanic belt Quartz-feldspar porphyry dike 2703.3±1.0 
1Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 15. 

12GPB-0616 Felsic Tuff Unit Within Mafic Flows of the Southern 
Volcanic Belt 

A sample was collected from a rare, thin bed of intermediate to felsic tuff occurring within the 
dominantly mafic volcanic succession of the Southern volcanic belt (see Figure 13.1). The sample 
contained 23 zircon grains, for which the ages were first determined using LA-ICP–MS. The resulting 
data gave a mean 207Pb/206Pb age of 2732±7 Ma. A selection of the zircon grains was then chemically 
abraded and analyzed using ID-TIMS. Three grains gave discordant collinear data that give an upper 
intercept age of 2734±2 Ma, within analytical uncertainty of the age determined using ICP–MS. 

12GPB-0769 Felsic Quartz-Feldspar Crystal Tuff 
A sample of an intermediate to felsic crystal-rich tuff was collected from the northern portion of 

Southeast Bay where it occurs interlayered with the greywacke succession of the Minnitaki Lake 
sediments (see Figure 13.1). At this locality, the tuff contains rare lapilli-size fragments that suggest that 
the rock is a pyroclastic flow deposited concurrently with the Minnitaki Lake sediments. 

Abundant zircon was recovered from the sample. Pale brown, euhedral, (3/1 and 2/1 aspect ratio) 
prismatic grains were selected for U/Pb analysis. Three of 4 such grains gave concordant, overlapping 
data with a weighted mean 207Pb/206Pb age of 2727±1 Ma. One grain gave slightly discordant data with a 
207Pb/206Pb age of 2736 Ma (1.4% discordant). The best estimate for the time of deposition of this crystal-
rich tuff is 2727±1 Ma. 

13SRM-GC-002 Intermediate Volcanic Flow (Flow Breccia) 
The sample was collected from an island in the northern portion of Southeast Bay (see Figure 13.1). 

The rock is a medium- to fine-grained plagioclase porphyritic intermediate fragmental volcanic rock that 
is correlated to the volcanic unit sampled on the west shore of Southeast Bay (sample 12GPB-0769 
described above). The unit is interpreted to be interbedded with the Minnitaki Lake sediments based on 
field relationships observed at the sampling sites as well as exposures in nearby Twinflower Bay 
(Devaney 2000; Meade 2013). 

Abundant zircon was recovered from the sample and most grains show euhedral to rounded crystal 
forms. Three euhedral multi-faceted grains gave consistent data: 2 slightly discordant and 1 highly (19%) 
discordant datum, which on a line through 0 Ma, has an intercept age of 2727±2 Ma. This age is 
considered the best estimate for the time of deposition of the volcanic unit, as well the portion of the 
Minnitaki Lake sediments within which this tuff is interlayered. 
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13SRM-GC-001 Volcaniclastic Sandstone 
The rock is a medium- to fine-grained quartz-feldspar volcaniclastic sandstone that occurs as thick 

scour-based lenses within the greywacke succession of the Minnitaki Lake sediments (see Figure 13.1). 
The sandstone is associated with beds of pebble to cobble conglomerate containing quartz porphyritic 
volcanic clasts. The basal portions of sandstone-conglomerate lenses locally contain angular, cobble-sized 
rip-up clasts of black shale (Walker and Pettijohn 1971; Meade 2013). 

Zircon grains are relatively fresh, euhedral and translucent. Two grains typical of the main zircon 
population gave overlapping and concordant data with a weighted mean 207Pb/206Pb age of 2728±3 Ma. 
A third inherited grain gave a significantly older concordant age of 3038±2 Ma. The age of 2728±3 Ma is 
considered the best estimate for the time of volcanism. 

14SRM-GC-001 Diorite Northeast Bay Plutonic Complex 

A fresh, coarse-grained sample of diorite was collected from the Northeast Bay plutonic complex in 
the Central volcanic belt (see Figure 13.1). Abundant, fresh, euhedral, and translucent zircon grains gave 
2 overlapping concordant and 1 discordant data point that have identical 207Pb/206Pb ages. These give a 
weighted mean age, which is equivalent to the upper intercept age calculated through the 3 data and 
anchored through 0 Ma, of 2731.4±1.1 Ma. The age for the diorite is consistent with previously reported 
ages for the plutonic complex (Devaney 1999). 

14SRM-GC-003 Quartz-Feldspar Porphyry Dike 

Quartz-feldspar porphyritic diorite dikes in the study area occur along the contact between rocks of 
the Central volcanic belt and the Minnitaki Lake sediments (see Figure 13.1). The sample, collected at 
Burnthut Island, is of a dike that is host to gold-bearing quartz-carbonate veins (Johnston 1972a; Meade 
2014b). Zircon grains from the sample are unaltered, short prismatic and euhedral, which give overlapping 
and concordant U/Pb data that have a weighted mean 207Pb/206Pb age of 2703.3±1.0 Ma. This age 
represents the best estimate for dike emplacement and provides a maximum for the time of deformation 
and mineralization along the margins of the dike. 

DISCUSSION 

The age for the Southern volcanic belt of 2734±2 Ma suggests that it is broadly contemporaneous 
with the Central volcanic belt. Top determinations from pillowed flows in the Southern volcanic belt 
indicate that the belt generally youngs to the south and the main foliation fabric dips steeply south. 
Therefore, the Southern volcanic belt may be interpreted to structurally overlie the Minnitaki Lake 
sediments along the Wabigoon fault. The new age data suggest a south-side-up, older over younger 
relationship similar to that described for the northern edge of the Central volcanic belt. 

The 2 samples of intermediate to felsic tuff and volcanic breccia interbedded with the Minnitaki 
Lake sediments (12GPB-0769 and13SRM-GC-002) give the same age, confirming they represent a 
contiguous stratigraphic unit. However, the age of the volcanics is significantly older than the age range 
for the Minnitaki Lake sediments interpreted for the Northeast Bay area (Davis, Sutcliffe and Trowell 
1988). This would support the theory of Devaney (2000), who interpreted the sedimentary-volcanic 
succession as a proximal facies of the Minnitaki Lake sediments that constitutes a separate structural 
panel. The age range for the structural panel is consistent with an in-sequence (older-over-younger) 
structural relationship with the Minnitaki Lake sediments to the north and the Southern volcanic belt to 
the south. 
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The volcaniclastic sandstone in Northeast Bay was found to contain zircon with an age of 
2728±3 Ma suggesting that it is likely derived predominantly from the volcanic source represented by the 
tuffaceous units exposed in Southeast Bay. The presence of a zircon of the same age as the Winnipeg 
River Subprovince indicates that a portion of the sediment is sourced from the north. 

The volcaniclastic sandstone analyzed in this study is correlated to nearby conglomerate horizons 
containing quartz porphyritic clasts that are as young as 2710 to 2714 Ma (Davis, Sutcliffe and Trowell 
1988). This remains the best estimate of the maximum depositional age for the volcaniclastic portion of 
Minnitaki Lake sediments in the study area. Regionally, some siliciclastic portions of the Minnitaki Lake 
sediments may be as young as 2704 Ma, as suggested by Beakhouse (2013) based on observations west of 
the study area. 

The new age of 2731±1 Ma for the Northeast Bay plutonic complex in the Central volcanic belt is 
within error of the age reported by previous workers and gives a good approximation for the age of the 
adjacent volcanic rocks (e.g., Devaney 1999). 

The quartz-feldspar porphyry dike sampled at Burnthut Island is correlated to numerous intermediate 
to felsic dikes and small plutons occurring west of the study area in the Pickerel Arm area of Minnitaki 
Lake (Johnston 1972b, 1972c). The age of 2703±1 Ma for the dike suggests that it may be age equivalent 
to felsic volcanic units in the Pickerel arm area (Davis 1990), as well as quartz porphyry dikes exposed to 
the north in the Vermillion Lake area (Davis, Sutcliffe and Trowell 1988). The age determined for the 
dike also provides a maximum for the time of alteration and mineralization hosted within the dike and the 
deformation that occurs along its contacts with the adjacent mafic volcanic rocks. 
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14.  Project Unit 15-004.  Geology 
and Mineral Potential of Walsh, 
Tuuri and Syine Townships, 
Schreiber–Hemlo Greenstone Belt 

S.J. Magnus1 and J. Walker2 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario  P3E 6B5 
2Department of Earth Sciences, University of Laurentian, Sudbury, Ontario  P3E 2C6 

INTRODUCTION 

Walsh, Tuuri and Syine townships encompass a section of the Schreiber–Hemlo greenstone belt 
between Terrace Bay and Marathon (Figure 14.1). The purpose of this multi-year, 1:20 000 scale, geological 
mapping project is to update our knowledge of the Archean rocks in this section of the greenstone belt, 
which was most recently mapped in 1954 (Walker 1967a, 1967b). This article presents a description of 
the major rock units and a preliminary interpretation of their depositional and structural history. 

Geological Setting 

The Schreiber–Hemlo greenstone belt is located in the Wawa–Abitibi granite–greenstone terrane of 
the Superior Province. Locally, the supracrustal rocks of the Wawa–Abitibi terrane have been interpreted 
to have formed in an island arc volcanic setting offshore from the proto-continental Wabigoon and 
Marmion granite–greenstone terranes (Williams 1989). 

The age of volcanism in the map area is unknown; however, the youngest zircon collected from the 
base of the McKellar Harbour formation (see Figure 14.1) by Fralick, Purdon and Davis (2006) is 
2696±3 Ma, providing a minimum age constraint on the deposition of the metavolcanic rocks that are 
overlain by the McKellar Harbour formation. The nearby Manitouwadge and Winston Lake greenstone 
belts host past-producing volcanogenic massive sulphide (VMS)-style zinc-copper-silver deposits, 
associated with felsic volcanism at circa 2722 Ma (Davis, Schandl and Wasteneys 1994; Zaleski, van 
Breemen and Peterson 1999). Two ages of volcanism are present proximal to gold mineralization in the 
eastern portion of the Schreiber–Hemlo greenstone belt at circa 2705 Ma and circa 2695 Ma (Fage 2011). 

The age of emplacement of the large granitoid plutons that surround the supracrustal rocks in the 
map area is unknown; however, numerous gold-mineralized occurrences are associated with the Terrace 
Bay batholith located just west of the project area (Marmont 1984). The Coldwell alkalic intrusive 
complex (Sage 1991), which occupies the eastern boundary of the map area, was emplaced into the 
Archean bedrock during the Midcontinent (Keweenawan) Rift, at circa 1.1 Ga, beneath present Lake 
Superior, along with several diatreme structures and a multitude of steeply dipping to vertical diabase and 
lamprophyre dikes (Sage 1982). For the sake of brevity, descriptions of these Proterozoic rocks will not 
be included in this article. 
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Table 14.1.  List of granitoid rocks in the map area, including brief descriptions of their rock types, mineralogy and geophysical 
characteristics.  See Figure 14.2 for comparison of their aeromagnetic expressions, which, in some cases, are obscured by the 
high volume of positively and negatively magnetic Proterozoic dikes that crosscut the map area (see Figure 14.1). 

Intrusion Name Rock Types Mafic Minerals Aeromagnetic Expression Radiometric 
Expression 

Little Pic River pluton Medium-grained white 
tonalite to granodiorite 

Biotite, amphibole, 
titanite 

Strong positive anomaly Near background  

Foxtrap Lake pluton Pink granodiorite to granite Biotite Weak positive anomaly High K/Th, low U/Th 
Santoy Lake pluton Pink granite Biotite Strong positive anomaly High dose rate,  

high Th, U and K,  
low K/Th 

Terrace Bay batholith Grey to pink potassium 
feldspar porphyritic 
granodiorite 

Biotite Moderate positive anomaly Near background 

Steel River pluton* Grey to pink granodiorite Biotite Moderate positive anomaly Near background 

Note:  *The Steel River pluton is a new, but informal, name. 

REGIONAL GEOLOGY 
In the current project area, Walker (1967a, 1967b) outlined a relatively simple upward- to eastward-

facing anticlinal stratigraphy consisting of nearly equal proportions of metavolcanic and metasedimentary 
rocks. Based on lithological and structural data collected during the 2015 field season, as well as the 
airborne geophysical data (Figure 14.2), this model remains true. 

Stratigraphy 
Based on the presumed anticlinal arrangement of stratigraphy, the rock types present will be 

described in order from oldest to youngest. The locations of the supracrustal depositional packages are 
illustrated in Figure 14.3. 

DEPOSITIONAL PACKAGE A 

The oldest supracrustal rocks in the map area include massive to pillowed mafic flows intercalated 
with a nearly equal proportion of massive felsic flows and volcaniclastic felsic to intermediate rocks (see 
Figures 14.1 and 14.3). 

Pillows in the mafic metavolcanic rocks are commonly bun-shaped, aphyric to plagioclase 
porphyritic (phenocrysts up to 5 mm), with rinds up to 2 cm thick and hyaloclastite and interstices filled 
with hyaloclastite (Photo 14.1A). Locally, the pillows are variolitic, with varioles present as concentric 
bands parallel to the pillow rinds, or as unorganized bunches in the centres of pillows (Photo 14.1B). 
These variolitic pillows commonly occur in close proximity to massive flows with coarse-grained blades 
of greenish black amphibole resembling spinifex-textured minerals that are more commonly associated 
with quenched ultramafic flows. 

Massive felsic metavolcanic rocks are beige, and aphanitic to quartz and/or plagioclase porphyritic 
(Photo 14.1C). Quartz phenocrysts are commonly grey to blue, and up to 3 mm large (Photo 14.1D). 
Volcanic conglomerates include clasts of aphyric to porphyritic felsic volcanic material (Photo 14.1E) 
similar to that which constitutes the massive flows, suggesting they were likely derived locally from active 
felsic volcanic centres. True pyroclastic deposits have not yet been positively identified in the map area. 
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Photo 14.1.  Supracrustal rocks from the map area.  A) An exposure of a variolitic pillowed mafic flow of depositional package 
A located on the shoulder of Highway 17 (UTM 506191E 5403319N); pen, for scale, is 15 cm long.  B) Varioles of different size 
and arrangement in a pillowed mafic flow of depositional package A (UTM 506579E 5403325N).  C) Massive felsic metavolcanic 
flow or dike (outlined with black dotted line) in felsic volcaniclastic rocks of depositional package A (UTM 516915E 5408803N).  
D) Greyish-blue quartz phenocrysts in a massive felsic metavolcanic rock of depositional package A (UTM 516915E 5403325N).  
E) Strained felsic metavolcanic clasts in a volcanic conglomerate of depositional package A (UTM 516289E 5408220N).  
F) Classic graded beds of depositional package C indicating younging toward the south (UTM 518627E 5406027N).  The S1 fold 
axial schistosity, clockwise from bedding (S0), is indicated by the black dotted line.  All UTM co-ordinates provided using 
NAD83 in Zone 16.  All scale items point north. 
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DEPOSITIONAL PACKAGE B 

A band of clastic and chemical metasedimentary rocks separates the dominantly metavolcanic rocks 
of depositional package A and the metasedimentary rocks of depositional package C (see Figure 14.3). 
Depositional package B consists primarily of intercalated chert and graphitic mudstone with pyrite and 
pyrrhotite (sulphide facies). Oxide-facies chemical metasedimentary rocks (magnetite; no hematite) are 
present locally instead of the sulphide facies. The presence of magnetite and sulphide minerals in this unit 
produces a positive linear anomaly visible on aeromagnetic and electromagnetic resistivity maps (Ontario 
Geological Survey 2000a-d), which permits an extrapolation of the presence of these units beyond what 
was depicted on the previous map (Walker 1967a) (see Figure 14.2). However, the high volume of strongly 
magnetic Proterozoic dikes present in the map area (see Figures 14.1 and 14.3), especially in the central, 
southern and eastern portions of the map area, causes considerable interference with the magnetic 
anomaly associated with depositional package B (see Figures 14.2 and 14.3). Depositional package B has 
been interpreted previously as being upwardly gradational into the overlying metasedimentary 
depositional package C (Schnieders 1987). This suggests a period of volcanic and clastic depositional 
quiescence in the area and, as such, depositional package B may represent an unconformity. 

DEPOSITIONAL PACKAGE C 

Depositional package C (i.e., the McKellar Harbour formation; see Figure 14.3) consists of sand-
dominated, normally graded turbiditic deposits of varied bedding thickness, of centimetre to decimetre 
scale (Photo 14.1F; see also Photos 14.2A, 14.2B, 14.2E and 14.2F). Locally, the basal portions of the 
flows contain pebble- to cobble-sized clasts, and the flows are commonly capped by thin siltstones and 
mudstones. Detailed mapping in the McKellar Harbour formation by Fralick, Purdon and Davis (2006) 
resulted in an interpretation of the formation as a coarsening-upward succession typical of a 
progradational turbiditic fan environment. Based on graded-bedding measurements and general 
stratigraphic relationships, this package is likely younging toward the south-southeast. 

Massive to pillowed mafic metavolcanic rocks and minor felsic to intermediate volcaniclastic rocks 
similar to those described for depositional package A are present as lenses in depositional package C, 
suggesting that volcanic activity persisted during deposition of the turbiditic succession described above. 

DEPOSITIONAL PACKAGE D 

A panel of massive to pillowed mafic metavolcanic rocks is present to the south of depositional 
package C. Mapping during the 2015 field season was conducted near the contact between depositional 
packages C and D, where it was found that the rocks were highly strained, thus making an interpretation 
of the conformity of package D on top of package C difficult to determine. At the eastern end of the 
panel, adjacent to the Coldwell alkalic intrusive complex, the rocks are highly strained, thus obscuring 
primary volcanic features. Mafic and felsic metavolcanic rocks are both present, however, and 
geochemical and geochronological analyses may help determine the stratigraphic and structural 
relationships between this and the previously described depositional packages. A package of mafic and 
felsic metavolcanic rocks, located between the anticlinal hinge of depositional package C and the 
Coldwell alkalic intrusive complex (near Deadhorse Creek), has been tentatively assigned to depositional 
package D (see Figure 14.3). 
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Photo 14.2.  Structural features present in the map area.  A) Folded sandy to silty beds in greywacke of the McKellar Harbour 
formation (depositional package C) displaying a straight, axial planar schistosity (S1) clockwise from bedding (S0) 
(UTM 520974E 5407313N).  B) Shallowly eastward-plunging L1 fold axial lineation in schistose metasedimentary rock 
(depositional package C), crosscut by steeply plunging L2 crenulations, located along Highway 17 (UTM 522592E 5407251N).  
C) Isoclinally folded volcaniclastic rocks (depositional package A) with a fold axial plane dipping steeply toward the north; 
hammer is 40 cm long and points north (UTM 523671E 5404186N).  D) Mylonitized granite from an offshoot of the Terrace Bay 
batholith collected along the shore of Santoy Lake.  Displacement along schistosity is not readily apparent in outcrop; however, 
displacement of the granitoid body on a map scale is visible in Figure 14.1 (UTM 508751E 5410147N).  E) Composite kink fold 
axes (S2) in a finely laminated metasedimentary rock (S0 = bedding) (depositional package C), located along Highway 17 (UTM 
521345E 5407114N).  F) Major sinistral offset with subjugate dextral offsets of earlier bedding and quartz veins in depositional 
package C (UTM 518627E 5406027N).  All UTM co-ordinates provided using NAD83 in Zone 16.  All scale items point north; the 
compass, in Photos 14.2E and 14.2F, is 22 cm long. 



Earth Resources and Geoscience Mapping Section (14)  S.J. Magnus and J. Walker 

14-9 

INTRUSIVE ROCKS 

Numerous large felsic plutons of unknown age surround the supracrustal rocks in the map area (see 
Figure 14.1). Table 14.1 provides a listing of the more significant of these intrusions within the map area. 
Metamorphic and strain gradients increase in the supracrustal rocks with proximity to the felsic intrusions. 
The increase in metamorphic grade is reflected in the positive magnetic anomaly expressed by amphibolitic 
rocks, proximal to the Terrace Bay batholith (see Figure 14.2), because of the formation of magnetite 
during metamorphic recrystallization. 

Numerous metamorphosed mafic intrusions are present in the metavolcanic and metasedimentary 
depositional packages (mafic intrusions are omitted from Figure 14.1 for the sake of simplicity). These 
intrusions range in composition from leucocratic and melanocratic metagabbro to metadiorite, and are 
commonly medium to coarse grained and equigranular, with local occurrences of very coarse-grained 
dendritic textured amphibole crystals. Walker (1967b) suggested that some of these mafic intrusions may 
represent coarse-grained massive flows; however, these rocks are commonly strained along their contacts 
with the surrounding supracrustal rocks, making their true contact relationships difficult to determine. 

Structural Geology 
Several studies in the nearby Wawa–Abitibi terrane have identified an early stage of deformation, 

identified by repetitive stratigraphy and mylonitic zones oriented subparallel to bedding formed prior to 
upright folding and later transpressional features (Williams 1989; Williams and Breaks 1996; Zaleski, 
van Breemen and Peterson 1999). Evidence of this early deformation in the present map area was not 
observed during the 2015 field mapping season. It is possible that the effects of this deformation event 
diminish with distance from the boundary between the Wawa–Abitibi terrane and the Quetico Subprovince 
metasedimentary belt, causing any expression of this deformation to be cryptic or not existent in the map 
area. 

The earliest recognized deformational feature is an eastward-facing isoclinal fold with a horizontal to 
shallowly eastward-plunging fold axis and vertical to steeply northward-dipping fold axial plane 
(Photos 14.2A, 14.2B and 14.2C). An anticlinal structure is inferred based on graded-bedding 
measurements, which are reversed locally because of tight isoclinal folding. The main anticlinal fold axial 
trace extends eastward from the Terrace Bay batholith and does not appear to have been affected by later 
folding events. Fold axes farther north are deflected around the Little Pic River, Foxtrap Lake and Santoy 
Lake granitoid plutons; however, it is uncertain whether the folding occurred prior to or coeval with 
emplacement of these plutons. Several fold axes in the southern part of the map area are inferred based on 
complications in the stratigraphic sequence, which are likely a result of the emplacement of the Steel 
River pluton. 

Two major shear zones are present in the map area, the first of which (currently unnamed) extends 
from the neck of greenstone between the Terrace Bay batholith and the Santoy Lake pluton southeastward 
toward McKellar Harbour. Dextral horizontal displacement along this shear zone has been determined by 
the nearly 2 km offset of a lenticular granitoid offshoot from the Terrace Bay batholith that is visible in 
plan view (see Figure 14.1). In outcrop, these granitoid rocks and surrounding supracrustal rocks are 
highly mylonitized (Photo 14.2D). Where this shear zone intersects metasedimentary rocks of the 
McKellar Harbour formation, dextral shear splays crosscut thickly bedded sandy layers and rotate parallel 
to bedding in finely laminated or more schistose rocks. Dextral motion parallel to bedding in the finely 
laminated rocks has induced the production of composite kink folds with near-vertically plunging fold 
axes (Photo 14.2E). 
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A second shear zone extends from Santoy Bay to beyond Ripple Lake and is called the Jackfish–
Middleton and McKellar Harbour shear zone (JMMHSZ; see Figure 14.1). Displacement along the 
JMMHSZ, which dips steeply toward the south, is top-to-the-north reverse motion with a dextral 
horizontal component, as evidenced by strong S-C mylonitic fabrics that crosscut supracrustal and mafic 
intrusive rocks. Similar to the previously described shear zone, where deformation along the JMMHSZ is 
parallel to finely laminated or schistose rocks, composite kink folds are common (see Photo 14.2E). 
Whether the 2 major shear zones are cogenetic remains uncertain. 

The youngest deformational features observed in the map area are conjugate shear zones that 
crosscut and offset bedding and earlier schistosities. The dominant sinistral shears trend 015 to 030° and 
subjugate dextral shears trend 345 to 360° (Photo 14.2F), which suggest roughly north-south–directed 
compression. 

ALTERATION, MINERALIZATION AND RECOMMENDATIONS FOR 
EXPLORATION 

Several occurrences of garnetiferous mafic to intermediate amphibolite gneisses were observed in 
supracrustal rocks of depositional package A, which may be indicative of hydrothermal alteration of 
volcanic rocks prior to regional metamorphism. Such alteration is a common feature associated with 
VMS-style base metal deposits, and indeed there are several copper, zinc and lead sulphide-mineralized 
occurrences located throughout the project area (see Figure 14.1). Detailed studies and mapping around 
these mineralization and alteration occurrences may lead to further VMS-style mineralization discoveries, 
similar to those present locally in the Wawa–Abitibi terrane, for example, the Winston Lake and 
Manitouwadge zinc-copper-silver mining camps, both of which are hosted in felsic volcanic rocks of age 
circa 2722 Ma (Davis, Schandl and Wasteneys 1994; Zaleski, van Breemen and Peterson 1999). 

A model for gold mineralization at the nearby Hemlo gold camp, proposed by Lin (2001), suggests 
that gold mineralization, trapped in geochemically favorable strata, occurred prior to or in the early stages 
of upright isoclinal folding, which, along with later shear structures, controls the shape of the orebodies. 
Detailed studies of the mineralization and its structural controls in gold-mineralized occurrences, and 
similar studies on the silica, sericite- and ankerite-altered occurrences in the map area (such as those 
located near the JMMHSZ), may lead to further gold discoveries. 

Numerous small past-producing gold mines, active from 1897 to 1941, are hosted in supracrustal 
rocks near or along their contact with the Terrace Bay batholith (Marmont 1984). In the map area, several 
new occurrences of gold mineralization are hosted in the Terrace Bay batholith east of Jackfish Bay. Gold 
mineralization (Puumala et al. 2014) is hosted in pyritic en échelon quartz vein sets and their associated 
alteration haloes similar to those located in the supracrustal rocks surrounding the batholith. The presence 
of gold mineralization inside the batholith suggests that gold mineralization may be present elsewhere in 
the batholith and in similar granitoid rocks in the area; a possibility that requires more detailed mapping 
and analysis to confirm. 
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15.  Project Unit 15-005. Preliminary 
Results from Geological Mapping of 
the Quetico Subprovince, the 
Shebandowan Greenstone Belt and 
Proterozoic Rocks North of 
Thunder Bay 

R.T. Metsaranta1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 
In 2015, the Ontario Geological Survey (OGS) initiated a multi-year bedrock geology mapping 

project, at a scale of 1:50 000, of a large area north of the City of Thunder Bay. Rocks in the map area 
have only received limited, reconnaissance-scale mapping in the past. The area is mainly underlain by 
Archean rocks of the Shebandowan greenstone belt and Quetico Subprovince, but parts of the map area 
include sedimentary rocks of the Paleoproterozoic Animikie Group (mainly Gunflint Formation) and 
Mesoproterozoic Sibley Group, and a variety of mafic and ultramafic intrusive rocks, likely related to the 
Midcontinent Rift (circa 1.1 Ga; Figure 15.1). This report describes preliminary results of reconnaissance 
mapping across the map area carried out during the summer of 2015. The majority of work was conducted 
in the southeastern quadrant of the map area. 

PREVIOUS WORK 
Previous mapping by the OGS has been conducted over parts of the map area, but much of the map 

area is only covered by compilation-scale maps. MacDonald (1939) mapped Gorham Township and some 
adjacent areas at a scale of 1:63 360 and authored a summary geological report that includes descriptions 
of several mineral occurrences (MacDonald 1941). Carter (1985) mapped Goldie Township and the 
Greenwich Lake area (Carter 1979) at 1:15 840 scale. Scott (1990a, 1990b) mapped MacGregor Township 
at a scale of 1:15 840. Kaye (1966, 1967) mapped in the northern part of the project area at 1:31 680 scale 
and later produced a compilation map at 1:63 360 scale (Kaye 1969). Brown and Fogal (1995) mapped 
Gorham Township at 1:20 000 scale. Other bedrock geology maps covering the area were completed at 
reconnaissance and/or compilation scales with varied components of field work. Most recently, Stone 
(2010; 1:250 000 scale) and Hart (2006; 1:100 000) released maps of the northern half of the project area. 
Santaguida’s (2001) compilation map covers nearly all of the map area at 1:250 000 scale. 

Breaks, Selway and Tindle (2003) conducted a reconnaissance sampling program focussed on rare 
element mineral potential of pegmatite intrusions in the map area. Their report includes an abundance of 
mineral chemistry, whole rock geochemistry and petrographic data. A number of academic studies, too 
numerous to list here, have been carried out in the map area; specific publications are cited later in the 
report. Recent thesis studies (Trevisan 2014; Trevisan, Hollings and Ames 2015; Kuzmich 2012; 
Kuzmich, Hollings and Campbell 2012) provide detailed information and geochemical data for parts of 
the map area. 
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Figure 15.1.  Simplified geology of the map area based on new field work, compilation and geophysical interpretation (modified 
from Ontario Geological Survey 2011; MacDonald 1939; Scott 1990a; Brown and Fogal 1995; Panoramic Resources Limited 
2015).  Mineral Deposit Inventory (MDI) occurrences indicate the locations of past exploration activity in the study area; 
clusters, primarily in the southeastern portion, indicate the amount of activity. 
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New airborne magnetic and gamma-ray spectrometric data, which includes parts of the map area, 
have recently been released (Ontario Geological Survey 2015a, 2015b). 

REGIONAL GEOLOGY 
The project area is essentially a cross section of the metasedimentary rock–dominated Quetico 

Subprovince from its contact with metavolcanic-dominated supracrustal successions of the Wabigoon 
Subprovince to the north and the Wawa Subprovince to the south. Unlike farther west, where the 
Quetico–Wawa subprovinces contact is a major late fault zone (i.e., the Quetico fault), in the study area, 
both of these terrane–subprovince boundaries preserve a more complex stratigraphic–structural 
intercalation of rocks that cannot be clearly ascribed to either the Quetico Subprovince or the Wabigoon 
or Wawa subprovinces. 

Archean supracrustal rocks are intruded by a variety of Archean intrusions ranging in composition 
from ultramafic to granitic. A distinctive suite of small, hydrous, mafic to ultramafic intrusions are 
common in the Quetico Subprovince. Granitoid-dominated intrusions belong to both S-type (e.g., 
muscovite ± garnet bearing) or I-type (magnetite ± hornblende bearing) varieties (e.g., Chappell and 
White 1974, 2001), and possibly to the mantle-derived “sanukitoid” suite, identified elsewhere in the 
Superior Province (e.g., Shirey and Hanson 1984). In the southeastern part of the map area, 
Paleoproterozoic sedimentary rocks of the Animikie Group and Mesoproterozoic Sibley Group form a 
thin, essentially flat-lying, cover. Midcontinent Rift–related mafic to ultramafic intrusions intrude all of 
the Archean and earlier Proterozoic rock units. They form prominent flat-lying sills in the northeast and 
southeast parts of the map area where they intrude older Proterozoic sedimentary rocks. Linear to 
irregular, broadly north-trending dikes occur throughout the map area and several smaller intrusions of 
varied geometry are present within the Archean basement. 

SUPRACRUSTAL ROCKS 

Clastic Metasedimentary Rocks of the Quetico Subprovince 
In general, the southern Quetico Subprovince is dominated by grey, poorly sorted, muddy to silty 

fine- to coarse-grained sandstone (greywacke) (Photo 15.1A). Locally, granule-rich or fine-grained 
gravel-rich sandstone beds are present. The coarser clasts are commonly feldspar or quartz. At one 
locality, an approximately 1 to 2 m thick unit, consisting of a monomictic, mafic clast-dominated, clast-
supported massive cobble conglomerate was observed, interbedded with coarser than average sandstone 
(Photo 15.1B). Overall, within the southern Quetico Subprovince, siltstone and mudstone are rare and the 
succession is generally sand dominated. Bedding is typically thin to thick (varying with both finite strain 
and original depositional bed thickness), planar and laterally continuous. Heterogenous strain may be 
partially responsible for the perceived lack of fine-grained sedimentary units (i.e., more flattening of less 
competent silty or muddy beds). Rare magnetite-bearing greywacke is present and may provide a useful 
structural marker horizon, when combined with geophysics and additional mapping. Individual beds are 
commonly graded, suggesting deposition by turbidity currents. In places, where low strain permits 
positive identification of such features, fine-grained sandstone beds display small-scale cross-
stratification and, rarely, parallel lamination. Penecontemporaneous deformation features, such as load 
casts and flame structures, are common. 

In the southern part of the map area, metasedimentary rocks are typically variably deformed and are 
biotite-feldspar-quartz dominated. Enigmatic, folded and planar, quartz-feldspar–dominated veins or local 
partial melts are nearly ubiquitous features that are fairly “early” (i.e., crosscut by intrusions, or present in 
metasedimentary xenoliths within intrusions). Ovoid, patchy, calc-silicate–altered zones (amphibole-
epidote) are also an intriguing and common feature. Local contact metamorphic effects (partial melts, 
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porphyroblasts) are present around intrusions. Rare, low-metamorphic grade, chloritic greywacke is 
present in the extreme southern parts of the subprovince. Toward the north, metamorphic grade increases, 
and recognition of primary sedimentary features is difficult, although bedding is typically preserved, even 
in deformed and migmatized rocks. In the field, increasing metamorphic grade is indicated by increasing 
proportion of leucogranite neosome (both in situ and “transported”), by garnet and aluminosilicate 
porphyroblasts in more pelitic beds, and by more strongly developed tectonic fabrics (gneissosity and 
schistosity). The Quetico fault (see Figure 15.1: QF) separates a zone, to the south, with more discrete, 
mappable metasedimentary rock–dominated zones and granite intrusions from a more heterogeneous zone 
to the north dominated by a) metasedimentary metatextite, diatexite, paragneisses; b) white peraluminous 
granite and granite pegmatite; and c) pink magnetite- and hornblende-bearing granite to syenite 
intrusions, including pink biotite- and magnetite-bearing pegmatite. Still farther north, only limited field 
work has been carried out so far, but, here, migmatitic metasedimentary rocks and derived peraluminous 
intrusions predominate and are intruded by discrete pink, more magnetic granitoid intrusions. 

The Quetico Subprovince is generally accepted to have been deposited after circa 2700 Ma (Percival 
1989), although significant variability exists in the interpreted age bracket. Percival and Easton (2007, and  

 

Photo 15.1.  Field photographs of various supracrustal rock types in the map area.  Compass, for scale in photos, is 7.06 cm 
wide; the black sighting arm of the compass points north.  All Universal Transverse Mercator (UTM) co-ordinates are provided 
using North American Datum 1983 (NAD83) in Zone 16.  A) Typical moderately strained metagreywacke characteristic of much 
of the southern Quetico Subprovince (UTM 347580E 5397656N).  B) Unusual cobble conglomerate with abundant amphibolitic 
mafic clasts (UTM 325097E 5401184N).  C) Deformed pillowed mafic flows in the Shelby Lake area (UTM 296826E 5430557N).  
D) Intermediate tuff breccia or volcaniclastic conglomerate likely correlative with the Shebandowan assemblage (UTM 351879E 
5376195N). 
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references therein) suggested that there may be a difference in the age of the northern part of the 
subprovince (2696 to 2698 Ma) versus the southern part (<2692 Ma). This highlights a collectively poor 
understanding of the stratigraphic and structural evolution of the Quetico Subprovince as a whole. Near 
Atikokan, mafic to ultramafic intrusions (circa 2688 Ma: Pettigrew and Hattori 2006) in the subprovince 
are thought to postdate an early phase of deformation; thus, Quetico Subprovince sedimentary successions 
may have been deposited and deformed at least once in the span of only a few million years. 

Mafic Metavolcanic Rocks of the Quetico Subprovince 

Thin mafic metavolcanic–dominated panels intercalated with Quetico Subprovince metasedimentary 
rocks are present near the margins of the Quetico Subprovince. In the northern part of the map area, Kaye 
(1967) mapped several thin bands of mafic metavolcanic rocks. A reconnaissance, across strike, transect 
of one of these bands was carried out during the summer along Scandrett Road. The unit consists of 
amphibolite (either massive flows or gabbro), deformed pillowed mafic flows and minor fine-grained 
slaty argillaceous metasedimentary rocks. The southern boundary of the unit is strongly deformed. The 
majority of exposures in the belt display a well-developed northeast-plunging linear fabric. Interpillow 
areas in some exposures contain several percent rusty, sulphide mineralization, and a number of these 
flows have been channel-sampled during previous exploration efforts. The northern boundary of the band 
was not observed, but, to the north of the assumed contact, an outcrop of bedded, fine- to medium-grained 
metagreywacke is present. Another band of mafic metavolcanic rocks is exposed along the Shelby fault 
(Stone 2010) in the far northwest corner of the map area. Here, metagabbro and mafic metavolcanic rocks 
(Photo 15.1C) comprise a thin, variably deformed sliver that likely correlates with the southern part of the 
Lac des Iles greenstone belt farther to the northeast. Together, these fault-bounded mafic metavolcanic 
panels may be analogous to the structurally intercalated volcanic-sedimentary units of the Beardmore–
Geraldton greenstone belt on the east side of Lake Nipigon (cf. Williams 1991). 

In the south-central and southwestern parts of the Quetico Subprovince, at least 2 thin bands of mafic 
metavolcanic rocks were mapped by Brown and Fogal (1995) and Carter (1985). These have not yet been 
examined in detail by the author. A few small exposures of variably deformed mafic rocks, either fine- to 
medium-grained plagioclase-phyric mafic metavolcanic rocks or gabbro, were observed. These thin mafic 
metavolcanic bands are laterally continuous, based on geophysics and compilation, across much of the 
southern part of the project area (see Figure 15.1). Similar intercalation of metasedimentary rocks with 
linear bands of mafic metavolcanic rocks or gabbro appears to be present in the Dawson Road Lots area 
south of the project boundary. 

Shebandowan Greenstone Belt 

A limited amount to time was spent during 2015 investigating rocks of the Shebandowan greenstone 
belt. Field observations and preliminary compilation of data from the literature and previous mapping 
indicate that, within the map area, the Shebandowan greenstone belt consists of structurally and/or 
stratigraphically intercalated sequences of 

1. homogeneous pillowed and massive mafic metavolcanic flows, and possibly komatiite 
(Scott 1990a, 1990b) 

2. heterogeneous felsic, intermediate and mafic, possibly in part alkalic (based on the presence of 
fine- to medium-grained syenitic clasts with hornblende phenocrysts), coarse-grained 
metasedimentary rocks, pyroclastic metavolcanic rocks (Photo 15.1D) and rare flows 

3. generally homogenous grey to green wacke and siltstone 
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A general tectonostratigraphy for the Shebandowan greenstone belt, as a whole, has been proposed 
by Corfu and Stott (1998). The oldest rocks comprise the Greenwater assemblage (circa 2720 Ma: Corfu 
and Stott 1998). Younger tectonic assemblages based on geochronology include the Kashabowie 
assemblage (circa 2695 Ma), the Shebandowan assemblage (circa 2690 Ma) and the Auto Road 
assemblage (circa 2682 Ma). The Shebandowan and Auto Road assemblages are thought to overlie the 
older assemblages, unconformably, after episodes of deformation in the older strata. This structural and 
stratigraphic relationship has been compared to the classical idea of “Keewatin series” and “Temiskaming 
series” developed in the late 19th and early 20th centuries (for an historical review of the terms, see Hewitt 
1963), and many have termed these younger assemblages “Temiskaming-like” or “Temiskaming-type” 
(e.g., Borradaile and Brown 1987; Lodge et al. 2013). 

Tentatively, mafic volcanic successions in the map area are correlated with the Greenwater 
assemblage, whereas clastic metasedimentary rocks and volcaniclastic–pyroclastic units are tentatively 
correlated with the Shebandowan assemblage or the Auto Road assemblages (e.g., MacDonald 1939; 
Borradaile and Brown 1987; Corfu and Stott 1998; Lodge et al. 2013). Metaconglomerate of the Auto 
Road assemblage (Corfu and Stott 1998) occur in the map area, but have not yet been examined. 

New exposures of clastic metasedimentary to volcaniclastic rocks with complex sedimentary and 
volcanic lithofacies, with apparently synchronous mafic dikes and sills, have recently been exposed by the 
widening of Highway 17. These rocks consist of polymictic, clast- and matrix-supported conglomerates 
and thin- to medium-bedded sandstone or tuff, with parallel lamination, graded beds, rare low-angle 
planar cross-stratification and pyroclastic bombs that deform bedding. Mafic dikes and sills are generally 
fine- to medium-grained hornblende-bearing gabbro; in many places, contacts are irregular and the dikes 
commonly contain local xenoliths. Bjorkman (2015), as part of a BSc study at Lakehead University, 
mapped and completed a detailed lithofacies analysis of an exposure of similar rocks a few kilometres 
east of the map area; her interpretation is that these rocks represent high-energy pyroclastic flow and/or 
surge and ash fall deposits with variable reworking by fluvial currents and debris flows that were intruded 
by syn-eruptive hornblendite dikes. 

ARCHEAN MAFIC TO ULTRAMAFIC INTRUSIVE ROCKS 

Quetico-Type Intrusions 
Widespread, but volumetrically minor, mafic to ultramafic intrusions of Archean age are present in 

the map area; however, few are large enough to depict on Figure 15.1. These hornblendite, gabbro and 
lamprophyre intrusions are characterized by the presence of magmatic hydrous phases, such as hornblende 
and biotite, and are similar to the “Quetico intrusions” described farther west in the Quetico Subprovince 
by Watkinson and Irvine (1964), MacTavish (1992, 1999) and Pettigrew and Hattori (2006). The intrusions 
in the western Quetico Subprovince were emplaced circa 2688 Ma (Pettigrew and Hattori 2006). In the 
map area, these intrusions form dikes and sills a few centimetres to tens of metres wide, or small, ovoid to 
circular plutons on the scale of a few hundred metres in diameter, based on their geophysical expressions. 
Hornblendite and hornblende-biotite melagabbro are the most common rock types in the intrusions, and 
their mineralogy is dominated by hornblende, biotite and plagioclase, with rare greenish diopside(?) and 
magnetite. Crude compositional layering is present, and the intrusions are typically cumulate textured. 
Plagioclase-rich, coarse-grained, ovoid pods, some containing plagioclase-cored hornblende, are present 
in some exposures (Photo 15.2A). Larger intrusions are massive or are cut by discrete sheared and/or 
foliated bands, but dikes are commonly foliated, with planar fabrics. Fold axes in some dikes are 
subparallel to the D2 fabric (see discussion in “Structural Geology”) in the metasedimentary strata they 
intrude. The gabbro intrusions postdate an early fabric developed in metasedimentary rocks. A sample of a 
hornblende gabbro with interstitial plagioclase was collected for geochronological analysis to confirm the 
suggested correlation with similar intrusions elsewhere in the Quetico Subprovince. 
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Archean Hornblende- and Magnetite-Bearing Syenitoid to Granitoid 
Intrusions (“I-Type” Granite and “Sanukitoid” Intrusions) 

Numerous syenitoid to granitoid intrusions are present in the map area. These form a continuum of 
compositions from more primitive syenitoid and/or dioritoid dominated to more evolved granitoid 
dominated. They form intrusions of varied size, ranging from plutons up to 18 km in diameter down to 
centimetre-wide dikes. For descriptive purposes, these are divided herein based on a mixture of field 
petrographic characteristics, geometry of the intrusions, and spatial distribution. Several of these 
intrusions were sampled for geochronological analysis during the 2015 field season. Petrographic and 
geochemical characterization of these intrusions is planned. These intrusions may, in part, belong to the 
mantle-derived sanukitoid suite (Shirey and Hanson 1984), or they could be I-type granites derived from 
crustal melting of an igneous source. This distinction could have some importance with respect to gold 
metallogeny within the map area. 

 

Photo 15.2.  Representative photographs of intrusive rocks in the map area.  Compass, for scale in Photos 15.2A, 15.2C and 15.2D, 
is 7.06 cm wide; the black sighting arm of the compass points north.  All UTM co-ordinates are provided using NAD83 in Zone 16.  
A) Coarse-grained hornblende gabbro pod in hornblendite (UTM 338165E 5393881N).  B) Potassium feldspar megacrystic 
quartz monzonite typical of the Dog Lake “granite” chain (scale bar has gradations in centimetres (left side) and inches (right 
side)) (UTM 346100E 5392706N).  C) Mesocratic fine- to medium-grained monzodiorite cut by pink quartz syenite to granite, 
Roll Lake intrusion (UTM 357594E 5392273N).  D) White muscovite-biotite-garnet granite pegmatite and metasedimentary 
country rocks (UTM 347580E 5397656N). 
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Potassium Feldspar Megacrystic Plutons (Dog Lake Granite Chain) 

A series of magnetic, potassium feldspar megacrystic, hornblende- and biotite-bearing quartz 
monzonite–dominated plutons of I-type granite to syenite (Kuzmich 2012) form a prominent “chain” of 
roughly circular plutons occurring north of the Kingfisher fault and south of the Quetico fault (Trout Lake 
pluton, the Barnum Lake pluton, Whitelily Lake pluton and Hades Lake pluton). A number of smaller, 
poorly exposed, geophysically complex magnetic bodies are also present in the Silver Falls area, and at 
the junction of Soper, Goldie, Forbes and GTP Block 1 townships, but these intrusions have not yet been 
examined by the author. 

These distinctive intrusions are fairly homogenous bodies consisting of variably foliated but generally 
massive, medium- to coarse-grained quartz monzonite, with very coarse-grained, tabular, potassium 
feldspar megacrysts and varied biotite, hornblende and magnetite contents (Photo 15.2B). They are 
crosscut by fine-grained pink, quartz syenite to granite dikes and pink leucocratic alkali feldspar granite 
pegmatite dikes. Inclusions of grey, hornblende-phyric dioritic rocks are common and likely represent 
autoliths. Metagreywacke xenoliths are also common, as are hornblende gabbro to hornblendite xenoliths 
similar in appearance to the Quetico Subprovince mafic to ultramafic intrusions. The Whitelily Lake 
pluton appears to be cut by the Kingfisher fault, but, in general, these intrusions are weakly deformed. 
The Trout Lake pluton was emplaced circa 2679 Ma (Kamo 2013). 

Penassen Lakes Stock and Roll Lake Intrusion 

South of the Kingfisher fault, 3 intermediate to felsic intrusions—the Penassen Lakes stock, the Roll 
Lake intrusion and the Mt. Baldy intrusion—form circular to ovoid bodies intruding metasedimentary 
rocks and metavolcanic rocks of the Shebandowan greenstone belt–Quetico Subprovince transition zone 
(see Figure 15.1: PLS, RLI and MBI). 

The Penassen Lakes stock is a compositionally varied intrusion ranging from a pink biotite-hornblende-
magnetite–bearing granite to a more melacratic monzodiorite. Scott (1990b) described 3 phases of the 
intrusion: a core of massive granitic rocks, a border phase of xenolith-rich rocks and a xenolith-rich 
syenitic phase. Limited mapping along the margins of the intrusion revealed that the peripheral zones of 
the intrusion indeed comprise xenolith-rich zones, characterized by a mix of hornblende-phyric dioritic 
autoliths and metasedimentary xenoliths in a matrix of mainly weakly feldspar-phyric hornblende-biotite 
granodiorite. Metasedimentary xenoliths, in places, contain subhedral garnet porphyroblasts that include 
earlier metamorphic biotite crystals, suggesting that the garnets are the products of contact metamorphism 
related to the intrusion. Xenoliths of hornblende gabbro and hornblendite are also present. 

The Roll Lake intrusion is separated from the Penassen Lakes stock by an east-striking band of 
metagreywacke. It consists of medium-grained, hornblende-biotite-magnetite–bearing monzodiorite to 
granite and varies from melacratic to leucocratic. Mapping carried out so far indicates that the intrusion is 
zoned and consists of an early meso- to melacratic monzodiorite phase and a later, crosscutting pink, 
weakly potassium feldspar porphyritic, biotite ± hornblende ± magnetite–bearing granodiorite to 
syenogranite (Photo 15.2C). Xenoliths of metasedimentary rocks and an unfoliated to weakly foliated 
actinolite-plagioclase rock were noted along the northern margins of the intrusion. The actinolite-
plagioclase rock may be a metavolcanic rock, suggesting that, at least in part, the country rocks in this 
area were metavolcanic rather than metasedimentary. 

Limited age constraints are available for these intrusions. They may correlate with similar intrusions 
farther west in the Shebandowan greenstone belt, for example, the Kekekuab Lake pluton (circa 2682 Ma) 
or the Tower stock (circa 2690 Ma: Corfu and Stott 1998), or, alternatively, the significantly more 
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deformed Black Pic monzodiorite (circa 2689 Ma) present in the Manitouwadge area east of Lake Nipigon 
(Zaleski, van Breemen and Petersen 1999). 

Mt. Baldy Intrusion 

The Mt. Baldy intrusion appears to be more granitic than the Penassen Lakes stock and Roll Lake 
intrusion. Scott (1990b) termed a number of granitic intrusions in this area the “Mackenzie granite”. 
However, based on his mapping and recent interpretation of newly acquired aeromagnetic data, they are 
more likely several distinct intrusive bodies. Overall, the Mt. Baldy intrusion appears to be dominated by 
weakly potassium feldspar porphyritic, biotite ± hornblende ± magnetite granite to granodiorite. The 
Mt. Baldy intrusion is separated from the Penassen Lakes stock by a band of mafic metavolcanic rocks 
and metagreywacke. Based on geochronology reported in Puumala et al. (2015), the Mackenzie granite, 
and likely the Mt. Baldy intrusion, were emplaced circa 2672 Ma (Friedman 2014) and, thus, appear to be 
distinct from the Dog Lake granite chain intrusions. 

Subconcordant Sills and Sheets 

Elongate ovoid, to tabular, subconcordant intrusions of medium- to coarse-grained, variably foliated, 
pink, biotite-, hornblende- and magnetite-bearing granitoid intrusions occur throughout the map area. 
These intrusions are widespread and form prominent magnetically anomalous zones (highs) within lower 
magnetic susceptibility metasedimentary rocks and S-type granitoids. 

In the Shebandowan greenstone belt, variably magnetic, subconcordant, east-trending elongate, 
ovoid intrusions of pink biotite granite to granodiorite are present, based on limited mapping, geophysical 
interpretation and compilation (MacDonald 1939). Individual magnetitic granitoid bodies occur along 
Kam-current Road between Hazelwood Drive and Pike Lake Road, along Gorevale Road between 
Hazelwood Drive and Hilldale Road, and along the southern boundary of the map area between Gus 
Wuori Road and Dog Lake Road. 

Larger sheets of magnetic, pink granite to quartz monzonite are common just north of the Quetico 
fault in a fault-bounded zone characterized by linear regional magnetic features. The sheets intrude 
paragneiss and metasedimentary diatexite. Commonly, these magnetic granitoid intrusions contain 
xenoliths of migmatitic metasedimentary rocks and hornblende gabbro, suggesting that they postdate at 
least one phase of metamorphism and deformation of Quetico Subprovince metasedimentary strata, as 
well as the emplacement of the Quetico-type mafic to ultramafic intrusions. 

Archean S-Type Granites and Pegmatitic Granite Intrusions 

White to grey, S-type, biotite ± muscovite ± garnet ± cordierite–bearing granitoid rocks, intrude 
metasedimentary rocks of the Quetico Subprovince. In the southern part of the subprovince, intrusions are 
volumetrically minor and typically consist of foliation parallel and crosscutting pegmatitic dikes and sills 
(Photo 15.2D). In the area immediately south of the Quetico fault, larger (mappable scale) bodies of fine- 
to medium-grained, two-mica granite are present. A large elongate intrusion of fine- to medium-grained 
biotite ± muscovite ± garnet granite is present along Barnum and Escape Lake roads. The margins of this 
intrusion include several pegmatitic bodies, and these extend into enclosing metasedimentary rocks over 
several kilometres across strike. The boundaries of these S-type granite bodies are difficult to map with 
geophysical methods because they typically have similar magnetic susceptibilities as compared to hosting 
metasedimentary rocks; much more mapping is required to fully delineate their boundaries. 
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Breaks, Selway and Tindle (2003) documented the characteristics of peraluminous, fertile pegmatitic 
granites along a transect of Highway 527. Based on this work, pegmatite intrusions consist of muscovite-
rich potassic pegmatite; quartz-rich patches with blocky potassium feldspar, coarse muscovite books and 
sparse beryl; fine-to medium-grained, garnet-biotite-muscovite granite; garnet-biotite-muscovite 
pegmatitic leucogranite and garnet and muscovite-garnet aplite. Tourmaline, beryl and ferrocolumbite are 
rare accessory minerals that appear to be more common in the Barnum Road area (Breaks, Selway and 
Tindle 2003). Additional regional sampling of these intrusions is required to determine where the most 
fractionated phases—those having the most potential for rare element mineralization—might be located. 

Pink, biotite- and, locally, magnetite-bearing pegmatitic granite to syenogranite intrusions are also 
common and appear to form a distinct suite of intrusions in the map area. These were observed to 
postdate the medium-grained two-mica granite bodies, suggesting they are broadly contemporaneous with 
the white, peraluminous pegmatite intrusions and that they are distinct from the older, magnetite-bearing, 
granitoid to syenitoid intrusions described previously. 

The S-type granites and pegmatites are likely the last phases of Archean intrusive activity in the area. 
In general, they are considered to have been emplaced between approximately 2670 and 2650 Ma (e.g., 
Percival 1989), but, within the map area, age constraints on their emplacement are limited. 

PROTEROZOIC SEDIMENTARY ROCKS 

Animikie Group 
Animikie Group rocks were not observed in the map area during the 2015 field season. However, 

they have been previously mapped in the far southeastern corner of the map area in the vicinity of Loon 
Lake (e.g., Scott 1990a). Some exposures of the unconformity between Archean granitoid rocks and 
ankeritic grainstones of the Gunflint Formation were observed just outside of the map area, along the 
newly widened Highway 17 corridor in MacGregor Township. There, a paleo-weathering horizon, with 
development of corestone-like features and pervasive and fracture-controlled dark green chloritization of 
a porphyritic pink biotite granite, is present below the unconformity. 

Sibley Group 
Sibley Group rocks are present in the southeastern and northeastern corners of the map area. West of 

Loon Lake, a few exposures of polymictic cobble to boulder conglomerate (Loon Member, Pass Lake 
Formation, e.g., Franklin et al. 1980) were noted along West Loon Road. Minor pale green to red 
alteration of a fine- to medium-grained, Archean metasedimentary rock exposure nearby indicates that the 
Sibley Group–Archean unconformity is close to the present-day weathering surface in this area. In the 
northeastern part of the map area, minor occurrences of contact-metamorphosed dolostone, dolomitic 
mudstone–siltstone and stromatolitic dolostone are present (Hart 2006), and are likely correlative with the 
Rossport or Kama Hill formations. 

MIDCONTINENT RIFT 

Nickel-Copper-Platinum Group Elements Mineralized Mafic to 
Ultramafic Intrusions 

Several mafic to ultramafic intrusions related to the Midcontinent Rift intrude the Quetico Subprovince 
in an east-northeast-trending band extending from central Jacques Township to the Greenwich Lake area 
(see Figure 15.1). These include the Current Lake intrusive complex, Steepledge Lake intrusive complex, 
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Greenwich Lake intrusive complex, EWC intrusive complex, Lone Island Lake intrusive complex and 
Sunday Lake intrusion (e.g., Miller, Smyk and Hollings 2010; Heggie et al. 2012; Panoramic Resources 
Limited 2015; Transition Metals Corporation 2015). Another similar intrusion—the Thunder intrusion—
emplaced circa 1108 Ma (Trevisan 2014), intrudes rocks of the Shebandowan greenstone belt south of 
Hazelwood Lake. The Seagull intrusion lies farther north, and was emplaced into rocks of the Quetico 
Subprovince and Sibley Group circa 1115 Ma (Heggie 2005; Heaman et al. 2007). 

None of these mafic to ultramafic intrusions have yet been examined by the author. They are not 
well exposed at surface; although, in some instances, they have been extensively drilled and cored (e.g., 
Ontario Geological Survey 2013). Note that some of the depictions of these intrusions on Figure 15.1 are 
based on vertical projections to surface or geophysical anomalies; the intrusions typically do not have 
large surface expressions. In general, they vary in composition from dunite to gabbro and comprise 
intrusions of varied geometry, from chonolith-like, to more dike- and sill-like, to larger more pluton-like 
bodies. Emplacement of platinum group element–mineralized dikes, sills and chonolith-like features in 
the Steepledge Lake–Current Lake area may have been controlled by pre-existing Archean and earlier 
Proterozoic structures (e.g., Heggie et al. 2012). More detailed characterization of these intrusions is 
planned for the next field season, but will require access to diamond-drill core and, likely, more detailed 
proprietary geophysical data. 

Mafic Dikes 

Broadly north-trending linear magnetic features that transect the map area are likely Proterozoic 
mafic dikes (see Figure 15.1); although it is not clear, at this point, whether they are related to the 
Midcontinent Rift. Alternatively, they could also belong to older Proterozoic dike swarms. At the few 
localities where these were observed in outcrop, they consist of medium- to coarse-grained, subophitic, 
magnetite-bearing diabase or olivine diabase. One dike on the Monday Lake Road was sampled for U/Pb 
geochronological analysis. 

Nipigon Sills 

Extensive, Midcontinent Rift–related diabase sills are present in the northeastern part of the map 
area. Overall, these rocks are homogenous, fine- to medium-grained, subophitic, diabase or olivine 
diabase with varied magnetite content. Rare, very fine-grained black, strongly magnetitic dikes were 
observed to crosscut sills at some localities. Some sill outcrops are very fine grained, with polygonal 
fracturing and irregular granophyric pods, suggesting proximity to a sill top contact, but which, 
nonetheless, confirms that the flat-lying rocks in the area are indeed sills and not flows, even though no 
true contacts were observed in this area. Previous mapping shows a few localized areas where Nipigon or 
Logan sills intruded into Proterozoic sedimentary rocks, in particular west of Loon Lake in the far 
southeastern corner of the map area. Some minor, thin mafic sills and dikes were observed elsewhere in 
the map area. 

STRUCTURAL GEOLOGY 

The majority of field work during 2015 was carried out south of the Quetico fault (see Figure 15.1); 
consequently, most of the discussion in this section applies only to that part of the map area (insufficient 
data were collected elsewhere during this field season). Structural elements (e.g., D1, S2) described below 
intentionally do not conform to any previous literature designations (e.g., Percival 1989; Williams 1991), 
but reflect preliminary observations made during 2015. 
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Bedding features are well preserved, even in areas of higher metamorphic grades in the Quetico 
Subprovince. Typically, bedding dips quite steeply, generally to the north-northwest and strikes west to 
southwest. An early foliation, generally parallel to bedding, is variably developed, but is typically not 
strong. Early D1 fabrics are crosscut by Quetico-type mafic to ultramafic intrusions (Photo 15.3A). 
Numerous reversals in local younging direction were noted over a distance of a few kilometres across 
strike east of Barnum Lake. This is consistent with observations made by Kehlenbeck (1984) in the 
Hazelwood Lake area, who mapped the presence of 2 episodes of folding of Quetico Subprovince 
metasedimentary strata in his study area. Kehlenbeck (1984) implied the existence of D1 folds based on 
changes in local structural facing direction that were subsequently refolded during D2 events. A dominant, 
northward-younging direction in the Quetico Subprovince, as reported by Percival (1989) and Williams 
(1991), is not consistent with field observations in the map area, at least in the southern part. 

A regionally consistent, more or less penetrative, D2 petrofabric, consisting of steeply dipping, 
generally northeast-striking foliation and associated variably plunging minor folds with northeast-striking 
subvertical axial planes, was observed, particularly in the southeastern outcrop belt of the Quetico 
Subprovince (Photo 15.3B). Variable plunges of minor folds, oriented parallel to S2 foliation, suggest the 
possibility of periclinal (e.g., non-cylindrical) style of folding, even though Kehlenbeck (1984) considered 
local D2 folds around Hazelwood Lake to be consistently steeply plunging. Folds ascribed to this 
deformation event deform bedding and, in places, the early D1 foliation; although, in most cases, D1 
fabrics are not well developed. A number of linear geophysical discontinuities, interpreted as faults (e.g., 
see Figure 15.1: Hawkeye fault (HF) and Kingfisher fault (KF)), parallel S2 foliation. The kinematics of 
these fault zones have not been well established; however, a well-developed, steeply plunging, penetrative 
linear fabric was observed in strongly deformed north-dipping, slaty, quartz clast-rich wacke or tuff south 
of Hazelwood Lake, indicating a largely dip-slip, normal or reverse motion near the Quetico Subprovince–
Shebandowan greenstone belt contact (Photo15.3E). This contrasts with the generally transpressive strain 
regime farther north near the Quetico fault (Photos 15.3C and 15.3D). Because the Kingfisher fault 
deforms one of the Dog Lake granite chain intrusions, it was active after circa 2679 Ma. 

The east-striking Quetico fault (D3) forms a prominent dextral, broadly strike-slip deformation zone 
across the central part of map area (see Figure 15.1: QF). The Quetico fault deforms all Archean units in 
its vicinity (although the breadth of penetrative deformation associated with the fault has not yet been 
fully established), including white, muscovite-biotite-garnet–bearing pegmatitic granite intrusions, 
indicating that at least some deformation along the fault occurred quite late in the history of the region 
(see Photo 15.3D). Rocks within the Quetico fault display strongly developed planar fabrics and a 
variable, generally shallowly to moderately east-plunging, lineation. At one locality, it was possible to 
recognize an earlier fabric (D2?) overprinted by a Quetico fault–related fabric in a biotite granite (see 
Photo 15.3C). 

Evidence for a fourth (D4) regional Archean deformation episode is suggested by steeply dipping, 
northwest- or northeast-striking, sinistral and dextral kink bands and decimetre-wide zones of quartz-
filled extensional veins oriented at 45° angles to the strike of their bounding surfaces (Photo 15.3F). 
These appear to affect Quetico Subprovince metasedimentary rocks and Shebandowan greenstone belt 
rocks. The timing of this deformation is not clear, but, at a few localities, it appears to postdate fabrics 
relating to the Quetico fault. 

Limited observations in the Shebandowan greenstone belt, to date, suggest general west-striking 
bedding and foliation, and southward younging. Kehlenbeck (1988) documented at least 2 episodes of 
deformation in “Shebandowan Group” rocks (likely D2 and D4, as in the previous discussion). A number 
of geophysically inferred faults transect and parallel the stratigraphy of the greenstone belt. At one 
locality on Hilldale Road, strongly deformed, intermediate to mafic metavolcanic rocks or fine-grained 
clastic metasedimentary rocks display evidence for dextral strike-slip motion (subhorizontal elongation 
lineation and steeply plunging Z-folds) and oblique, dip-slip, south-side-up(?) motion, based on more  
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Photo 15.3.  Representative photographs of structural features discussed in the text.  Unless otherwise noted, compass, for scale, 
is 7.06 cm wide; the black sighting arm of the compass points north.  All UTM co-ordinates are provided using NAD83 in Zone 16.  
A) Folded gabbro dike crosscutting an early bedding-parallel fabric in metagreywacke (UTM 348160E 5394231N).  B) Medium-
bedded metagreywacke showing regionally dominant northeast-striking subvertical foliation (S2) at an approximately 45° angle 
to bedding (UTM 337005E 5390142N).  C) East-striking subvertical foliation near Quetico fault zone overprinting earlier (S2?) 
foliation in biotite granite.  Width of north-pointing compass sight, used for scale, is 1.2 cm (UTM 329155E 5401512N).  
D) Dextral shearing and boudinage (D3) of a muscovite-garnet–bearing granite pegmatite intrusion in deformed metagreywacke 
near the Quetico fault (UTM 357861E 5402406.71N).  E) Steeply plunging strong linear fabric in slaty, sheared metavolcanic or 
metasedimentary rocks near the Quetico Subprovince–Shebandowan greenstone belt boundary, south of Hazelwood Lake 
(UTM 331044E 5383674N).  The diameter of the circular hinge of the compass used for scale is 3.4 cm.  F) Roughly northwest-
striking subvertical shear fractures (D4) are common throughout the map area (UTM 341651E 5387549N). 
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shallowly plunging, minor S-folds, suggesting multiple phases of motion along a largely ductile 
deformation zone (i.e., Kajander fault, see Figure 15.1: KJF). Notably, along strike to the west, the 
Mesoproterozoic Thunder intrusion (see Figure 15.1: TI) appears to have been emplaced along or near 
this shear zone. 

The Thunder Bay–Loon Lake fault (see Figure 15.1: LLF) is an east-northeast-striking, normal fault, 
younger than the post-Gunflint Formation, which was mapped by Scott (1990a) in the southern part of 
MacGregor Township. It is well exposed just south of the map area east of the Highway 17–Highway 527 
junction. It broadly parallels the inferred axis of the Midcontinent Rift and may be a rift-related fault. 
North- to northwest-trending faults, for example, the Greenwich fault (see Figure 15.1: GF), may also be 
Proterozoic, but no direct timing constraints on the development of these faults are known. 

MINERALIZATION 

The Mineral Deposit Inventory (Ontario Geological Survey 2014) lists 40 occurrences in the map 
area. These comprise a diverse range of commodity types including amethyst, building stone, nickel, 
copper, platinum group elements (PGE), gold, silver, copper, beryl, feldspar, iron and molybdenum. 
Descriptions of mineralization styles in this area are provided in Smyk and Franklin (2007). 

Nickel-Copper-Platinum Group Elements 

The potential for nickel-copper-PGE mineralization in the project area is good. Currently, the 
majority of exploration is focussed on small, Midcontinent Rift–related mafic to ultramafic intrusions 
emplaced into the Archean rocks that are predominant in the map area. These mafic to ultramafic intrusions 
typically host PGE-rich orthomagmatic sulphide mineralization. Mineralization styles in the intrusions are 
varied. For example, the Seagull intrusion contains some basal sulphide accumulations, as well as a thin 
mineralized “reef-style” zone higher in the intrusion (Heggie 2005). The Current Lake intrusive complex 
hosts an indicated mineral resource of 9.8 Mt at an average grade of 2.3 g/t Pt-equivalent and an inferred 
mineral resource 0.5 Mt at an average grade of 2.9 g/t Pt-equivalent (Panoramic Resources Limited 2015). 
A number of promising diamond-drill core intersections have also been reported from other intrusions in 
the vicinity of Current Lake (see Figure 15.1, “TBNIC”; Panoramic Resources Limited 2015). Farther west, 
diamond-drill core intersections of sulphide mineralization hosted in mafic to ultramafic rocks of the 
Sunday Lake intrusion include up to 20.2 m averaging 3.22 g/t platinum group metals, 0.26 weight % Cu, 
and 0.11 weight% Ni (Transition Metals Corporation 2014). 

Although small, several Archean Quetico-type intrusions in the map area were observed to contain 
disseminated sulphide mineralization (Photo 15.4A). A number of these intrusions were sampled for PGE 
assay analysis. Similar intrusions in the Atikokan area host nickel-copper-PGE mineralization; although, 
currently, no economic deposits are known. MacTavish (1999) provides a good summary of the 
characteristics of these intrusions, as well as examples of mineralization grades. Examples of grab 
sampling from the Atikokan area include 3.73% Cu, 0.61% Ni, 5.0 g/t Pt, 1.1 g/t Pd (grab) from the 
Elbow intrusion (Schnieders et al. 2002) and 5.12% Cu, 0.07% Ni, 3430 ppb Pt, 525 ppb Pd from the 
Mud Lake intrusion (MacTavish 1999). Assay results for the 2015 grab samples are pending. 

Gabbroic rocks in the far northwestern part of the map area near Wakinoo Lake may be part of the 
Lac des Iles suite of mafic to ultramafic intrusions that host nickel-copper-PGE mineralization. 
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Photo 15.4.  Representative photos of mineralization and alteration features noted during the 2015 field season.  Unless 
otherwise noted, compass, for scale, is 7.06 cm wide; the black sighting arm of the compass points north.  All UTM co-ordinates 
are provided using NAD83 in Zone 16.  A) Disseminated sulphide in Quetico-type hornblende gabbro (UTM 290944E 5398866N).  
B) Brittle fracture zone with chlorite, epidote and potassic alteration, disseminated pyrite mineralization, and fragments of pink 
granitoid rock and grey-green metasedimentary rock (UTM 358063E 5392925N).  C) Quartz veining and sulphide mineralization 
in iron formation interbedded with metagreywacke (UTM 331035E 5383131N).  D) Fine-grained phase of peraluminous granite 
pegmatite intrusion with rusty biotite and garnet and possibly black oxide minerals (UTM 340384E 5395898N).  The diameter of 
the camera lens cap used for scale is 5.5 cm.  E) Coarse crystals of galena in quartz-calcite-barite-fluorite–bearing breccia veins 
(UTM 345024E 5385194N).  Hammer used for scale is approximately 30 cm long.  F) Sulphide-mineralized interpillow spaces in 
pillowed mafic flows along Scandrett Road (UTM 322680E 5429313N). 



Earth Resources and Geoscience Mapping Section (15)  R.T. Metsaranta 

15-16 

Gold 

Shebandowan greenstone belt rocks, in the southern part of the map area, appear to have good 
potential for gold mineralization. The belt is transected by shear zones, preserves “Temiskaming-like” 
sedimentary–volcanic basins, and is intruded by broadly contemporaneous, possibly mantle-derived, 
syenitoid intrusions. In this respect, the area has many of the broad regional characteristics of productive 
gold camps elsewhere in the Superior Province (e.g., Kirkland Lake). Furthermore, the Wabigoon–
Quetico subprovinces boundary, in the northern part of the map area, has broad similarities to the 
Beardmore–Geraldton greenstone belt and may also be prospective for iron formation–related and shear 
zone–hosted deposits comparable to those found in the Beardmore–Geraldton greenstone belt. 

MacDonald (1941) described a number of gold occurrences in Gorham Township, which are 
included in the MDI records (Ontario Geological Survey 2014). “The Lake Head Gold Mines, Limited” 
property contains 3 east-striking carbonatized and quartz-veined shear zones with pyrite and chalcopyrite 
mineralization and, reportedly, visible gold. Historic reports suggest averaged gold assays of “0.6 ounces 
[presumably ounces per ton] in gold over 27 inches [68.6 cm] for a length [over a strike length] of 124 feet 
[38.7 m]” (MacDonald 1941, p.13). Assays from the “Gorham Gold Mines, Limited” property “showed a 
gold content of 0.32 ounces [presumably ounces per ton] for a width of 3½ feet [1.07 m] and a length of 
280 feet [85.3 m]” from surface sampling. In addition, “an adit had been driven for 86 feet [26.2 m] and... 
the vein in the adit showed an average width of 4.8 feet [1.46 m] with assay values averaging 0.26 ounces 
[presumably ounces per ton]” (MacDonald 1941, p.15). 

Scott (1990b) also noted gold mineralization at several localities in MacGregor Township, just 
outside the map area. Grab samples of pyrite- and chalcopyrite-bearing quartz veins crosscutting sheared 
felsic metavolcanic rocks yielded assays of up to 0.18 ounces gold per tonne. At the Nelson Road quarry 
area in eastern MacGregor township, Scott (1990b) reported assay values up to 4 ounces gold per tonne 
based on exploration company data, and up to 1.06 ounces gold per tonne based on grab sampling. 

During the 2015 field season, several localities were sampled for gold assay. Most of these sites, 
located near the contacts of the Penassen Lakes stock and Roll Lake intrusions, were brittle quartz vein 
networks cutting metasedimentary rocks, with associated epidote, chlorite and potassic alteration with 
minor disseminated pyrite (Photo 15.4B). Results are pending. These vein networks may be broadly 
comparable to alteration and mineralization found at the Tower Mountain gold occurrence in Conmee 
Township in the Shebandowan greenstone belt (e.g., Lodge, Ratcliffe and Walker 2014; Jobin-Bevans, 
Cullen and Kelso 2006). An occurrence, south of Hazelwood Lake, of gossanous, quartz-veined and 
pyritized, weakly magnetic, chert-rich iron formation intercalated with clastic sedimentary rocks or 
bedded intermediate metavolcanic rocks (Photo 15.4C) was also noted and sampled. 

Pegmatite-Related Rare Element Mineralization 

Breaks, Selway and Tindle (2003) identified the Onion Lake area as prospective for pegmatite-
hosted rare-element mineralization. During 2015, a large body of white, muscovite-biotite-garnet–
bearing, peraluminous granite was identified in this area, which could be a “parent” intrusion for late-
stage, evolved pegmatite intrusions. Pegmatite bodies, intruded into the margins of this granite and into 
metasedimentary country rocks, were noted across a wide zone along Barnum and Escape Lake roads, as 
well as along several smaller logging roads in this vicinity (Photo 15.4D). These could be prospected for 
their rare-element potential. Very little systematic exploration for rare-element mineralization has been 
carried out in the map area, and further exploration work for this type of mineralization is warranted. 
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Silver-Amethyst Veins 

Past-producing silver-lead-zinc-amethyst veins are present in the region near Lake Superior (e.g., 
Smyk and Franklin 2007; Scott 1990a, 1990b). During 2015, purple to rose quartz-barite-fluorite-galena-
pyrite veins were noted at an outcrop along the Shuniah landfill road in MacGregor Township, as well as 
in veins cutting the Penassen Lakes stock near the junction of Waller Lake Road and Highway 527 
(Photo 15.4E). Although veins of this type are likely too small to be significant economic deposits, their 
occurrence indicates that new discoveries of veins of this type are likely to be found where new areas of 
outcrop are exposed by logging or construction projects. 

Uranium 

The map area contains several minor uranium occurrences, most notable among these are the 
Greenwich Lake occurrences (MDI52A15SW00007: Ontario Geological Survey 2014). These are 
described in detail in Scott (1987), and the area has seen significant exploration, most recently in the mid-
2000s. The origins of oxidized-fault related, higher grade occurrences in the region (e.g., Greenwich Lake 
occurrence, Split Rapids occurrence) remain enigmatic. They may be analogous, in some respects, to 
Proterozoic sub-unconformity-type deposits, or they may be related genetically to the spectrum of 
Proterozoic, Midcontinent Rift–related vein systems that formed silver veins regionally (Smyk and 
Franklin 2007). Anomalous uranium contents are also present in Archean granitoids in the Greenwich 
Lake area (e.g., Carter 1979). 

Volcanogenic Massive Sulphide Mineralization 

Although metavolcanic rocks are volumetrically minor in the map area, the occurrence of sulphide 
mineralization in pillowed mafic metavolcanic rocks in the Scandrett Road area (Photo 15.4F) indicates 
that there may be limited potential for volcanogenic massive sulphide (VMS)-style mineralization. In the 
map area, very little exploration for VMS-style deposits within the Shebandowan greenstone belt is 
recorded in assessment files, even though the rocks are broadly correlative with other areas with past-
producing VMS deposits, such as the Schreiber–Manitouwadge region. 
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16.  Project Unit 15-020.  Preliminary 
Description of the Ultramafic 
Metavolcanic Rocks in the Eastern 
Part of the Shebandowan Greenstone 
Belt, Northwestern Ontario 

S. Hinz1 and P. Hollings1 
1Department of Geology, Lakehead University, Thunder Bay, Ontario  P7B 5E1 

INTRODUCTION 

This article presents the preliminary results of field work related to a Master of Science (MSc) thesis 
project conducted by the lead author at Lakehead University under the supervision of Dr. Pete Hollings. 
The purpose of this project is to study the ultramafic rocks (komatiites) in the southeastern part of the 
Shebandowan greenstone belt (with the study area predominantly in Conmee Township; Figure 16.1) to 
determine their petrogenesis and tectonic setting. To achieve these objectives, detailed bedrock mapping 
of several trenches will be done; and petrographic descriptions, mineral chemistry and lithogeochemical 
analysis of the komatiite samples collected in the field will be conducted. Komatiites are relatively rare in 
this region of the Superior Province; therefore, understanding their petrogenesis will provide insights into 
the evolution of the region. 

GENERAL GEOLOGY 

The study area is located within the Shebandowan greenstone belt (see Figure 16.1), which, in turn, 
is part of the Wawa–Abitibi terrane (Stott et al. 2010). The Wawa–Abitibi terrane consists of a series of 
Archean greenstone belts intruded by granitoid rocks, and overlain and intruded by Proterozoic igneous 
rocks and metasedimentary sequences. Within the Lake Superior region, the Proterozoic rocks include 
rocks of the Animikie Basin and Keweenawan volcanic and gabbroic complexes associated with the 
Midcontinent Rift (Corfu and Stott 1998). The 2 main greenstone belts in the area are the Shebandowan 
and the Saganagons greenstone belts, which have been interpreted by Corfu and Stott (1998) to be a 
single succession of supracrustal rocks. The Shebandowan greenstone belt has been divided into 3 main 
assemblages based on geochronological studies by Corfu and Stott (1998) and Lodge (2012); namely, the 
Greenwater assemblage (circa 2720 Ma), the Kashabowie assemblage (circa 2695 Ma) and the 
Shebandowan assemblage (circa 2690 to 2680 Ma). 

This study will focus on the ultramafic metavolcanic rocks of the Greenwater assemblage that are 
best exposed in the Bateman trenches dug by Linear Metals Corporation in 2008 (Figure 16.2). These 
trenches display near-continuous stratigraphic sections showing spinifex-textured flows, massive flows, 
flow breccia and quenched autobreccia (Lodge, Ratcliffe and Walker 2014; this study). Other rock types 
in this assemblage include mafic to felsic metavolcanic rocks, clastic and chemical metasedimentary 
rocks and mafic intrusive rocks. 
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Figure 16.1.  Regional geology map showing the location of Conmee Township (outlined in red) in relation to the Shebandowan 
greenstone belt.  Bedrock geology modified from Santaguida (2001a, 2001b) and Lodge et al. (2015). 

 
Figure 16.2.  Location of the 4 sampled trench sites (geology modified from Santaguida 2001a, 2001b). 
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PREVIOUS WORK 

Carter (1990) completed a mapping project in Forbes and Conmee townships in 1986. More recently, 
the Ontario Geological Survey began a multi-year bedrock geology mapping project to remap the eastern 
part of the Shebandowan greenstone belt and to provide an updated interpretation on regional geology 
(Ratcliffe, this volume; Lodge 2012; Lodge et al. 2013; Lodge, Ratcliffe and Walker 2014). Sackville, 
Adrian and Conmee townships have been partially to completely remapped since 2013. There has been 
increasing interest about both gold and nickel-copper mineral potential in Conmee Township. Gold was 
described in the brecciated metavolcanic unit and syenite intrusion of the Tower Mountain property 
formerly held by ValGold Resources Ltd. (Jobin-Bevans, Cullen and Kelso 2006; Lodge, Ratcliffe and 
Walker 2014). Between 2008 and 2011, the Bateman property was examined for nickel-copper-gold 
mineralization in the ultramafic flows, and trenching and sampling was completed (MacLean and Rees 
2008). 

PROJECT ACTIVITIES 

As part of the first year of this study, 4 trenches were mapped in detailed and samples were collected 
for petrographic and lithogeochemical analysis. Field work was completed between July 14 and August 
27, 2015, with sampling and mapping undertaken at 4 sites: the Dawson Road trench and the Freewest 
trench, which are located in the Dawson Road Lots area, and 2 sets of trenches on the Bateman property 
in Conmee Township (see Figure 16.2). The 4 trenches are summarized below. All rocks have been 
metamorphosed and, in the subsequent descriptions, the term “meta” is not used for clarity. 

Dawson Road Trench 

Mapping at the Dawson Road trench (see Figure 16.2, “Dawson”) was undertaken to examine a 
high-magnesium basalt flow documented by Lavigne, Scott and Sarvas (1990). Detailed sampling was 
completed to investigate potential lithogeochemical differences across the flow. In the outcrop, minor 
spinifex texture was noted in one small area of the flow, but was not observed along strike as would be 
expected if it were delineating a flow top. Lavigne, Scott and Sarvas (1991) have shown that these 
spinifex-textured rocks are locally associated with feldspar-phyric intermediate flows, peridotites and thin 
layers of chert. 

Freewest Trench 

The Freewest trench (see Figure 16.2, “Freewest”) is the largest exposure of all the locations 
examined (approximately 50 by 50 m) and contains the best-preserved spinifex textures observed to date. 
The main rock types observed are komatiitic flows, pyritiferous argillite-chert, polymictic breccia and 
ultramafic breccia. The komatiitic flow is estimated to be approximately 4 m thick and consists of a fine-
grained, grey to green groundmass with 2 cm long spinifex blades oriented in an easterly trend. The 
pyritiferous argillite-chert varies from light grey to black, with pyrite disseminated throughout; pyrite is 
also observed in concretions up to 4 cm in diameter. The polymictic breccia consists of spinifex-bearing 
clasts, ultramafic cumulate clasts, argillite clasts and chert clasts (Photos 16.1A, 16.1B, 16.2A and 16.2B). 
The clasts range in size from 2 to 40 cm and vary from rounded to angular. There are many clasts with 
spinifex texture, but they display a more swirling spinifex texture than seen in the flow (see Photo 16.1A). 
The ultramafic breccia consists of angular to semi-rounded clasts with spinifex texture present in a thin, 
darker black, very fine-grained matrix (see Photo 16.2B). The sequence of rock types observed in the 
field progresses, from south to north, from pyritiferous argillite-chert to polymictic breccia to spinifex-
textured ultramafic flow to ultramafic breccia. 
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Bateman Property Trench Set 1 

Linear Metals Corporation dug 5 trenches on the Bateman property (see Figure 16.2, number 1) in 
2008 (MacLean and Rees 2008); the 5 trenches mapped are designated 1A, 1B, 1C, 1D and 1E. They are 
all approximately 3 m wide and range from 15 to 40 m in length. The rock types present in all trenches 
were argillite and pyritiferous argillite, chert, intermediate and felsic metavolcanic rocks and massive or 
cumulate, spinifex-textured, brecciated and polysutured ultramafic rocks. The argillite and pyritiferous 
argillite occurs in the southernmost part of the trenches and is observed in trench 1A as dark black, very 
fine-grained sedimentary rock with radial pyrite concretions up to 4 cm in diameter (Photo 16.3). All of the  

 
Photo 16.1.  Freewest trench (UTM 290513E 5385249N, NAD83, Zone 16U): A) large clast with curved spinifex-textured rock 
in a polymictic breccia; and B) ultramafic clast with randomly oriented spinifex texture in a polymictic breccia.  Universal 
Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 16U. 

 
Photo 16.2.  Freewest trench (UTM 16U 290513E 5385249N, NAD83, Zone 16U): A) ultramafic breccia; and B) ultramafic 
breccia showing spinifex-bearing clasts. 
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grey-green, fine-grained ultramafic rocks occur to the north of the argillite. Ditches in the trenches 
obscured the contact relationships between the ultramafic rocks and the argillite. However, the ultramafic 
rocks can be separated into 3 textural units: massive or cumulate, polysutured or spinifex textured. 

Bateman Property Trench Set 2 

The second set of trenches mapped on the Bateman property (see Figure 16.2, number 2) were 
designated 3B, 3C, 4A, 4B, 4C, 4D and 4E. They are all approximately 4 to 5 m wide and range from 25 
to 50 m in length. The rock types present in all the trenches were argillite and pyritiferous argillite, chert, 
intermediate and felsic metavolcanic rocks, and massive or cumulate, spinifex-textured, brecciated and 
polysutured ultramafic rocks. Again, the ultramafic rocks in these trenches are fine grained and green to 
grey, with major textures used to differentiate the units. A unit in trench 4A was previously interpreted as  

 

Photo 16.3.  Bateman property trench set 1, trench 1A (UTM 16U 294920E 5377375N, NAD83, Zone 16U): radial pyrite 
concretion in argillite. 

 

Photo 16.4.  Bateman property trench set 2, trench 4A (UTM 16U 296444E 5377437N, NAD83, Zone 16U): A) ultramafic 
breccia; and B) well-developed spinifex texture in ultramafic rock. 
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a polymictic conglomerate (MacLean and Rees 2008), but, based on mapping for this study, this unit was 
reclassified as ultramafic breccia (Photo 16.4A). The weathered and fresh surfaces showed subangular clasts 
of the same composition. There is also well-developed spinifex texture seen in this trench (Photo 16.4B). 

FUTURE WORK 

In the summer of 2016, additional mapping in Conmee Township will be completed by the author to 
correlate the ultramafic units over a broader area. The extent of the komatiites will be mapped and 
samples will be collected for petrographic, lithogeochemical and mineral chemistry analyses. The whole-
rock lithogeochemical data from this study will be used to investigate fractionation trends and mixing 
and/or crustal contamination signatures to understand the evolution of the komatiites. This study will 
produce a detailed map of the komatiites in the eastern portion of the Shebandowan greenstone belt and 
will help to develop a model for the formation of these rocks. This new model for the tectonic evolution 
of this portion of the Superior Province will also assess if there is any potential for mineralization in the 
ultramafic units. 
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17.  Project Unit 15-021.  The Geology 
and Geochemistry of the Laird Lake 
Property, Red Lake Greenstone Belt, 
Ontario 

B. Gélinas1 and P. Hollings1 
1Department of Geology, Lakehead University, Thunder Bay, Ontario  P7B 5E1 

INTRODUCTION 

The Red Lake greenstone belt is located in the Uchi Subprovince of the Superior Province, 
approximately 275 km northwest of Thunder Bay. The greenstone belt preserves approximately 300 
million years of geologic activity including multiple episodes of volcanism, sedimentation, plutonism, 
deformation and gold mineralization (Corfu and Andrews 1987; Sanborn-Barrie, Skulski and Parker 
2001). The Red Lake greenstone belt consists of 7 tectonic assemblages, the oldest being the Balmer 
assemblage, with an age between 2990 and 2960 Ma, which hosts the largest past- and currently 
producing gold mines (Corfu and Wallace 1986). Only 10 km east of the study area is the past-producing 
Madsen Mine, which yielded over 75.16 t of gold and 12.99 t of silver from 1938 to 1976, with ore grades 
averaging 10 g/t Au (Dubé et al. 2000). The Madsen Mine is located in the Flat Lake–Howey Bay 
deformation zone, which coincides with the angular unconformity between the Balmer and Confederation 
assemblages and is locally defined by the Austin ore zone (Hugon and Schwerdtner 1988; Durocher 
1983). The Laird Lake area lies on strike from the Madsen Mine and the Starratt–Olsen deposit, and may 
include a continuation of the same deformation zone. 

This report presents the preliminary results of an MSc thesis study started in July 2015 by B. Gélinas 
at Lakehead University. During a two-month period, geological mapping was carried out on the Laird Lake 
property, owned by Bounty Gold Corp., with 389 samples taken for geochemical, petrographic and isotopic 
analysis. The main objectives of this thesis study are to 1) create a regional map at a scale of 1:20 000 of the 
Laird Lake property, with an emphasis on the contact between the Balmer and Confederation assemblages; 
2) create a detailed map of the 65 m long “Gold Bearing Zone” stripped outcrop on the property in order 
to characterize the gold mineralization and structural complexities that are present; 3) determine the 
tectonic assemblage of the rocks in the vicinity of the property; and 4) compare the oxygen isotopic 
values between the gold-mineralized and barren quartz veins present on the property. 

GENERAL GEOLOGY 
The Red Lake greenstone belt includes 7 supracrustal assemblages that have been subdivided 

according to rock type, U/Pb geochronology and characteristic geochemical signatures (Sanborn-Barrie et 
al. 2000). The greenstone belt consists of the Balmer (2.99 to 2.96 Ga), Ball (2.94 to 2.92 Ga), Slate Bay 
(2.91 Ga), Bruce Channel (2.894 to 2.891 Ga), Trout Bay (2.85 Ga), Huston (2.71 Ga), Confederation 
(2.74 to 2.73 Ga) and Graves (2.73 Ga) assemblages (Figure 17.1) (Atkinson 1994; Corfu and Wallace 
1986; Corfu and Andrews 1987). In the southwestern corner of the Red Lake greenstone belt, where the 
field area is located, only the Balmer and Confederation assemblages have been reported (Stott and Corfu 
1991). The Balmer assemblage is characterized by submarine pillowed tholeiitic basalts, komatiites, 
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basaltic komatiites, minor felsic metavolcanic rocks, iron formation and fine-grained clastic rocks, 
whereas the Confederation assemblage is defined by 3 major units: 1) the McNeely sequence, composed 
of intermediate brecciated tuff and calc-alkalic felsic metavolcanic rocks; 2) the Heyson sequence, 
composed of tholeiitic metavolcanic felsic rocks, with pillowed mafic flows and quartz-feldspar 
crystalline tuffs, and andesite basalts; and 3) the Grave sequence, composed of tuffaceous conglomerate, 
andesite to dacite pyroclastic rocks, and synvolcanic diorite and tonalite (Parker 2000; Sanborn-Barrie et 
al. 2000, 2004; Sanborn-Barrie, Skulski and Parker 2001). 

There are 3 main episodes of felsic plutonism in the Red Lake greenstone belt. The first episode, at 
circa 2730 Ma, is represented by the Grave plutonic suite, with the second episode, at circa 2720 Ma, 
composed of multiple plutons in the belt, some of which are host to gold mineralization. The third 
plutonic event, at circa 2700 Ma, is typified by the Killala–Baird batholith, the Cat Island pluton and the 
post-ore dikes at the Madsen Mine (Sanborn-Barrie et al. 2004). 

Multiple deformation events are recorded in the Red Lake greenstone belt. The D0 event (pre-2.75 Ga) 
represents a non-penetrative event that is characterized by the overturning of the Balmer assemblage, and 
is indicated by the opposing facing pillow directions on either side of the angular unconformity seen near 
the Madsen Mine (Sanborn-Barrie, Skulski and Parker 2001). A stage of penetrative deformation defines 
the D1 event (2.744 to 2.733 Ga), which is characterized by northerly trending, south-plunging F1 folds 
and S1/L1 fabrics. Sanborn-Barrie et al. (2004) suggested that D1 deformation may have been a result of a 
change in plate dynamics between the deposition of the Graves and Confederation assemblages. The D2 
deformation is defined by east- to northeast-trending structures that are associated with F2, S2 and L2;  

 

Figure 17.1.  Simplified geological map of the Red Lake greenstone belt indicating the thesis study area (red outline) (modified 
after Stott and Corfu 1991).  The location of the Madsen Mine is indicated by the red dot.  Abbreviations: BC, Bruce Channel 
assemblage; BL, Ball assemblage; BM, Balmer assemblage; C, Confederation assemblage; GR, Graves assemblage; HS, Huston 
assemblage; SB, Slate Bay assemblage; and TB, Trout Bay assemblage.  Universal Transverse Mercator (UTM) co-ordinates are 
provided in Zone 15 using North American Datum 1983 (NAD83). 
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however, southeast-trending folds and fabrics are also associated with D2. This deformation event is 
interpreted to be associated with the Uchian phase of the Kenoran orogeny (Penczak and Mason 1997; 
Menard and Pattison 1998; Sanborn-Barrie et al. 2004). The D3 event (after 2.7 Ga) is postcollisional and 
is interpreted to be a result of northeast regional shortening during a late stage within the Uchian phase 
and is observed as a penetrative fabric coplanar to D2 fabrics (Dubé et al. 2004; Sanborn-Barrie et al. 
2004). Finally, the D4 event is defined by “black line faults”, which are tourmaline-filled hairline faults 
that are observed to displace ore zones and multiple other rock types (Roger 1992; Penczak and Mason 
1997; Tarnocai 2000; Dubé et al. 2004). 

The most prominent gold mineralization in the Red Lake greenstone belt is hosted within the 
Mesoarchean Balmer assemblage and is commonly proximal to the regional angular unconformity with 
the Neoarchean Confederation assemblage. In the Madsen Mine area, the mineralization occurs in 
amphibolite-grade rocks, whereas at the Campbell–Red Lake deposit, the mineralization is near or on the 
amphibolite-greenschist isograd (Dubé et al. 2004). Gold mineralizing events at the Campbell–Red Lake 
deposit are estimated to have occurred between 2723 and 2712 Ma, based on timing constraints related to 
the intrusion of the Dome and McKenzie Island stocks, Abino granodiorite and the Hammel Lake 
batholith, as well as with the timing of D2 deformation, whereas mineralization at the Madsen Mine is 
estimated to be earlier than 2698 Ma (Dubé et al. 2004). A second stage of mineralization throughout the 
belt, smaller than the first, is thought to have occurred later than 2702 Ma (Dubé et al. 2004). 

RESULTS 

During a two-month period, the Laird Lake property (7.6 by 2.4 km) was mapped at a scale of 
1:20 000. The map area includes considerable amounts of outcrop, including large ridges (approximately 
1.5 km long, trending northeast on the north side of Medicine Stone Lake and south of Lee Lake) and a 
large 2.5 km long granitic ridge to the north of the map area (Figure 17.2). The shores of Laird Lake and 
Lee Lake are well exposed as a result of an approximately 1 m drop in the water levels since detailed 
mapping was last undertaken in the area (Atkinson 1994). Multiple trenches produced by various property 
owners have also exposed bedrock along the south shore of Laird Lake and along the road through the 
property. Overall, 389 samples were collected and 100 samples were submitted for geochemical analysis; 
sample locations are indicated in Figure 17.2. 

Ultramafic Metavolcanic Rocks 

The ultramafic metavolcanic rocks are located on the south and west shores of Laird Lake, on an 
island located toward the west end of the lake and also on the east shore of Lee Lake. These flows are 
fine-grained, dark greyish green on fresh surfaces and bright pistachio green to grey on weathered 
surfaces and commonly yield high magnetic susceptibility readings compared to all the other metavolcanic 
rocks on the property. Spinifex texture was only observed on a 2.5 m thick section on the island in Laird 
Lake. Spinifex blades were roughly 2 mm thick and up to 5 cm long, not oriented and did not seem to be 
affected by any structural fabric (Photo 17.1A). Serpentine and, locally, talc alteration were always 
associated with this unit. Brecciated flows were commonly associated with the ultramafic flows and 
contained subrounded to subangular fragments up to 90 volume % from 1 to 20 cm in size (Photo 17.1B); 
no clasts with spinifex texture were observed. Up to 10% patchy pyrrhotite was observed at one location. 
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Mafic Metavolcanic Rocks 
The map area is dominated by massive mafic metavolcanic rocks, but pillows were only observed at 

a few localities. Most pillowed outcrops were located on the north shore of Laird Lake, with some local 
occurrences on the north shore of Lee Lake (see Figure 17.2). The pillow-facing direction was roughly 
north to northeast. Quartz-filled vesicles, up to 10 volume %, are a characteristic feature of the pillowed 
unit, which is generally aphyric, with biotite or quartz-carbonate–altered selvages being common 
(Photo 17.2A). The massive metavolcanic flows are aphyric to phenocrystic, with feldspar and/or 
amphibole phenocrysts being more abundant toward the south part of the map area. An approximately 
east-trending fabric was commonly observed in this unit, but massive trachytic flows are also present in 
the feldspar phenocrystic unit. Alteration of the mafic metavolcanic rocks typically consisted of weak to 
strong silicification, local calcium-carbonate and, less commonly, iron-carbonate alteration. Up to 1% 
patchy pyrite was commonly observed in this unit, with local zones of up to 20% pyrite and local 
chalcopyrite or pyrrhotite. Rare outcrops contain up to 40% euhedral to subhedral garnets, up to 1.5 cm in 
diameter, and are associated with intense biotite alteration (Photo 17.2B). 

 
Photo 17.1.  Ultramafic metavolcanic rocks from the map area: A) spinifex texture in ultramafic flow (UTM 419957E 5643995N); 
and B) brecciated ultramafic flow (UTM 419956E 5643998N).  The UTM co-ordinates are provided in Zone 15 using NAD83. 

 
Photo 17.2.  Mafic metavolcanic rocks from the map area: A) pillowed mafic metavolcanic rock with biotite-altered selvages and 
way-up direction to the northeast (UTM 419452E 5644143N); and B) garnet-rich mafic metavolcanic rock with intense biotite 
alteration (UTM 420040E 5643019N).  The UTM co-ordinates are provided in Zone 15 using NAD83. 
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Intermediate and Felsic Metavolcanic Rocks 
Intermediate to felsic metavolcanic rocks are most commonly found between Laird and Medicine 

Stone lakes and occur as interlayered packages with local mafic volcanic units incorporated within them 
(Atkinson 1999). The flows range from aphyric to phenocrystic with either feldspar or quartz phenocrysts 
up to 4 mm long. Weak to strong fabric defined by aligned phenocrysts of biotite was commonly observed. 
Tuffaceous units are locally associated with these packages and occur as thinly bedded sections with dark 
gray to beige layers caused by compositional differences within the tuff mineralogy (Photo 17.3A). The 
tuffaceous units are up to 8 m thick and the foliation often occurs parallel to primary bedding. Alteration 
is often expressed as silicification with local biotite and epidote alteration. Up to 3% pyrite is the most 
common type of mineralization within this unit and is disseminated to patchy. Rare magnetite stringers 
with local pyrite associations were also observed in this unit. 

Metasedimentary Rocks 
The metasedimentary rocks of the Laird Lake property mostly consists of iron formation with rare 

thin units of silicified argillite. The iron formation horizons are associated with the mafic metavolcanic 
rocks in the northern part of the map area (see Figure 17.2). The iron formation horizons consist of 
interlayered chert and magnetite bands, with chert layers up to 5 cm thick and magnetite layers up to 2 cm 
thick (Photo 17.3B). The iron formation horizons range from 1.5 m in thickness to an unknown thickness 
(because of overburden cover). Rare pyrrhotite and common pyrite mineralization are locally associated 
with the magnetite bands, which can be observed at the “Gold Bearing Zone” (see Figure 17.2). 

Intrusive Rocks 

ULTRAMAFIC INTRUSIONS 

Ultramafic intrusions are commonly associated with the ultramafic flows. The intrusions are brown on 
the weathered surface, and display a much smoother weathered surface than the ultramafic flows. The 
magnetic susceptibility of the intrusions is indistinguishable from the flows, and the same serpentine and talc 
alteration was observed in both. Mineralization consists of rare disseminated pyrite and only locally can a 
structural fabric be observed. An ultramafic intrusion can be seen crosscutting the ultramafic spinifex-textured 
flows on the island in Laird Lake, but, most of the time, the contacts are covered by overburden (Photo 17.4A). 

 
Photo 17.3.  Metasedimentary rocks from the map area: A) felsic to intermediate tuff with steeply dipping beds (UTM 420597E 
5643659N); and B) iron formation with chert and magnetite layers at the “Gold Bearing Zone” stripped outcrop (UTM 421130E 
5643828N).  The UTM co-ordinate are provided in Zone 15 using NAD83. 
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Photo 17.4.  Intrusive rocks from the map area: A) ultramafic intrusion (brown) cutting a spinifex-textured flow (light grey) 
(UTM 419957E 5643995N); B) pyroxenite autobreccia related to granodiorite intrusion; tip of paddle, for scale, 15 cm wide 
(UTM 417304E 5643538N); C) diorite to quartz diorite (UTM 417263E 5643276N); D) quartz-feldspar porphyry showing 
aligned phenocrysts (UTM 422650E 5644000N); and E) granodiorite of the Killala–Baird batholith (UTM 422123E 5644506N).  
The UTM co-ordinates are provided in Zone 15 using NAD83. 
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PYROXENITE 

Pyroxenite (potentially amphibolite) intrusions occur on the west side of Lee Lake and near the road 
on the east side of the Laird Lake property. This unit is characterized by the presence of up to 90% 
pyroxene crystals up to 2 cm large in a dark greyish green matrix. The unit rarely shows any structural 
fabric and is typically cut by granodiorite to tonalite dikes, causing a jigsaw brecciation texture 
(Photo 17.4B). Assimilation of the granodiorite to tonalite intrusions was locally observed where the 
matrix becomes a whitish pink. 

TONALITE TO DIORITE AND/OR SYENODIORITE 

The tonalite to diorite and/or syenodiorite rocks display gradational contacts between phases and are 
commonly observed near the edge of both Laird Lake and Lee Lake. This unit varies from coarse to fine 
grained, depending on deformation intensity, and displays sharp contacts with the metavolcanic units 
(Photo 17.4C). Rare sulphide mineralization is present and the most common alteration mineral is epidote. 

QUARTZ FELDSPAR PORPHYRY 

The quartz-feldspar porphyry is characterized by up to 30% quartz and feldspar phenocrysts ranging 
from 0.2 to 3 cm. This unit is commonly found associated with intermediate to felsic metavolcanic rocks 
and phenocrystic mafic metavolcanic rocks. A foliation commonly aligns the phenocrysts and causes a 
stretching lineation (Photo 17.4D). Silicification is associated with this unit, along with up to 5% 
disseminated pyrite mineralization. 

GRANITIC BATHOLITHS 

The Killala–Baird batholith crops out in the northern part of the map area as a set of parallel ridges, 
commonly associated with a small valley covered by overburden at the contact with the metavolcanic 
units. The batholith is mostly granodiorite; the main mafic phase is biotite and/or amphibole up to 20% 
occurring interstitially to the quartz crystals up to 1 cm (Photo 17.4E). Epidote alteration is common and 
rare pyrite mineralization is observed. Local faint foliations were observed defined by the aligned mafic 
phases, but, generally, deformation is weak to non-existent. 

A second batholith crops out occasionally on the north shore of Medicine Stone Lake. It is also a 
medium-grained granodiorite and contains up to 15% biotite. A weak foliation is defined by aligned 
biotite. Weak silicification was observed, but no mineralization. 

FUTURE WORK 
To date, work on this project has consisted of a two-month field season, including sample collection 

and sample preparation. One hundred (100) samples were sent to the Geoscience Laboratories, Ontario 
Geological Survey, Sudbury, for whole-rock geochemical analysis. These data will be used to help define 
the contact between the Balmer and Confederation assemblages, along with alteration zoning in areas of 
interest for gold mineralization. Furthermore, 5 diamond-drill cores from Black Cliff Mines Ltd., drilled 
in 1989, and now stored in Kenora, will be logged and sampled to better define the contact relationships 
between the various rock units. Thin sections will be produced at Lakehead University for petrography to 
identify mineral assemblages and microtextures. Quartz vein samples (barren and mineralized) will be 
analyzed for oxygen isotopes to determine whether all veins originate from the same source or if 
differences are present between the barren and mineralized veins. Finally, a detailed map of the “Gold 
Bearing Zone” stripped outcrop and a regional map of the Laird Lake property will be produced using 
geographic information system software (ESRI® ArcGIS®). 
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18.  Project Unit 15-014.  
Precambrian and Paleozoic Geology 
of the Perth Area, Grenville Province 

R.M. Easton1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

The Perth map area (NTS sheet 31C/16) is bounded by latitudes 44°45′ to 45°00′N and longitudes 
76°00′ to 76°30′W, encompasses approximately 1088 km2, and includes all or parts of Bastard, Beckwith, 
North Burgess, South Burgess, Dalhousie, Drummond, North Elmsley, South Elmsley, Kitley, Montague, 
North Crosby and South Sherbrooke townships. The cities of Perth and Smiths Falls are located in the 
map area; the city of Perth is celebrating its bicentennial in 2016. The 2015 field season was the first of 2 
field seasons planned for the Perth map area (Figure 18.1). Approximately 5 weeks were spent mapping 
and sampling in the area in 2015. 

The Perth area was selected for 1:50 000 scale bedrock geology compilation mapping for several 
reasons, including the following: 

1. Recent acquisition of high-resolution aeromagnetic data for the area (Ontario Geological Survey 
2014a, 2014b) allows, in part, for tracing Precambrian units beneath Paleozoic cover rocks. 
Paleozoic rocks cover approximately 45% of the Perth map area. 

2. Mapping of the Precambrian geology of the area dates from the 1950s (Dugas 1950; Wilson and 
Dugas 1961). 

3. Investigate airborne gamma-ray spectrometric anomalies associated with the Oxford–March 
formation boundary in the area north of Smiths Falls (Carson et al. 2004a, 2004b). 

All Universal Transverse Mercator (UTM) co-ordinates in this article are provided in Zone 18, North 
American Datum 1983 (NAD83). 

GEOLOGICAL SETTING 

Two main lithotectonic subdivisions of the Central Metasedimentary Belt of the Grenville Province 
are present in the Perth area, with Highway 7 approximately coincident with the boundary between the 2 
subdivisions (see Figure 18.1). To the southeast are medium-pressure granulite- and upper amphibolite-
facies rocks of the Frontenac terrane, whereas to the northwest are upper greenschist- to lower amphibolite-
facies rocks of the Sharbot Lake domain (see Figure 18.1). They are separated by the Maberly shear zone 
that formed at circa 1160 Ma (Corfu and Easton 1997; Davidson and Ketchum 1993; Davidson and van 
Breemen 2000). 

Detailed descriptions of the Frontenac terrane and Sharbot Lake domain can be found in Easton 
(1992) and Carr et al. (2000). The following brief summary is based on those sources. The Frontenac 
terrane consists of marble, quartzite and paragneiss, which were metamorphosed to granulite facies at  
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circa 1168 Ma coincident with emplacement of monzonite, syenite and diorite plutons of the Frontenac 
intrusive suite (Easton 1992; Corfu and Easton 1997). Frontenac intrusive suite plutons, younger than 
circa 1164 Ma, occur in both Frontenac terrane and Sharbot Lake terrane, indicating that the 2 terranes 
were amalgamated to one another by that time. Argon–argon cooling ages on hornblende suggest that the 
Frontenac terrane was little affected by subsequent Grenville metamorphic events after circa 1120 Ma 
(Cosca, Sutter and Essene 1991). In contrast, Sharbot Lake domain is a marble-dominated terrane, 
although amphibolite, derived from mafic metavolcanic rocks, is abundant along parts of the Maberly 
shear zone and in the northwestern part of the domain. The supracrustal rocks of Sharbot Lake domain 
were intruded at circa 1225 Ma by large gabbroic intrusions of the Lavant intrusive suite (Corfu and 
Easton 1997) and, subsequently, at least in the southeast, by plutons of the Frontenac intrusive suite. 
Between 1090 and 1065 Ma, both the Frontenac terrane and the Sharbot Lake domain were intruded by 
monzonite, syenite and granite plutons of the Kensington–Skootamatta intrusive suite (Easton 1992). 

Current mineral production from the Perth map area consists of aggregate extraction from quarries in 
the Paleozoic March and Oxford formations. Historic mineral production and advanced exploration 
activities included aggregate from quarries in the Paleozoic Covey Hill, Nepean, March and Oxford 
formations; mica and apatite from pyroxenite pods in Precambrian marbles; mica and feldspar from 
granitoid pegmatite veins; and graphite and vermiculite from Precambrian marbles. 

RESULTS 

Regolith at the Precambrian–Paleozoic Unconformity 

Intense weathering of the Precambrian basement beneath the Paleozoic rocks in the map area is 
widespread, especially in the central part of the map area between highways 7 and 15 (see Figure 18.1). 
This weathering destroys both primary mineralogy and textures of the basement rocks and makes rock 
identification problematic. Weathering intensity can vary within individual outcrop areas, and is not 
restricted solely to low-lying areas. This weathering surface displays a variety of regolithic textures, 
including the presence of saprolite (weathered rocks that retain primary textural features), laterites (iron-
enriched rocks) and possible bauxites (alumina-enriched rocks). Weathering depths of 3 to 4 m are common, 
with greater thicknesses likely, as most rock exposures in the map area are typically only 2 to 4 m high. 

In the Precambrian marbles, silicate minerals, such as diopside and mica, are altered to greenish clay 
minerals. Carbonate minerals alter initially along grain boundaries, making the rock more friable. With 
increasing weathering, the original calcite and or dolomite grains are recrystallized to fine-grained, buff 
(dolomite) or chalky white (calcite) carbonate phases. When this occurs, any original structural fabric in 
the marbles disappears, and is replaced by a centimetre-scale subhorizontal sheeting. As a result of these 
mineralogical changes, especially the replacement of original calcite by fine-grained buff dolomite, it is 
difficult to accurately determine the extent of calcite versus dolomite marbles in much of Frontenac 
terrane in the map area. 

In the Precambrian crystalline rocks, almost all silicate minerals, except for quartz, are reduced to 
clay minerals. Sulphide- and graphite-rich paragneiss are turned into reddish soils. After weathering, 
boudinaged quartz veins, coarse-grained quartz syenite intrusions and syenogranite pegmatite veins 
provide an abundance of free quartz. Thus, the abundance of quartz cobble and quartz pebble 
conglomerates in the Covey Hill and lowermost Nepean formations in the map area is not surprising. 

A possible explanation for the extent of this regolith surface in the central part of the map area 
between highways 7 and 15 is the east-trending fault located between Perth and Smiths Falls (see Figure 
18.1). This fault is down-dropped to the north and, during late Pleistocene glaciation, it may have formed 
a sufficient topographic barrier to prevent regional southward-directed ice flow (Kettles 1992) from 
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reaching the central part of the map area. This lack of glaciation might also explain the widespread 
preservation of Covey Hill and Nepean formation strata in the map area. 

From an exploration standpoint, this intense weathering is useful for the formation of vermiculite 
deposits and, perhaps, for liberating graphite from sulphide-rich crystalline rocks. 

Sharbot Lake Domain 

Rocks of Sharbot Lake domain are exposed in the northwest corner of the map area, north of the Fall 
River (see Figure 18.1). Thin- to medium-layered, stratigraphically continuous, calcite, dolomitic calcite 
and dolomite marbles predominate. There is a 1 to 2 km wide belt of tremolite-quartz-dolomite marble 
exposed on Ashby Road north of Fallbrook. Metamorphic grade in the domain increases southeastward 
toward the Maberly shear zone and, in the marbles, results in increasing grain size and a loss of layering. 
Rusty-weathering, fine-grained, siliciclastic metasedimentary rocks occur in an approximately 6 km long, 
up to 300 m wide, belt located immediately adjacent to the Maberly shear zone along the Fall River. 
Although sulphide rich, no significant base metal assays have been obtained from this unit. 

Maberly Shear Zone 

Previous work on the Maberly shear zone (Easton 1988; Davidson and Ketchum 1993) suggested the 
zone had a surface expression 3 to 4 km wide. Mapping during the 2015 field season suggests a surface 
width of 5 to 8 km for the Maberly shear zone, based on the identification of high-strain zones exposed 
along, and south of, Highway 7 in the vicinity of Wemyss (see Figure 18.1). This greater surface extent is 
consistent with the observation by Magnus, Easton and Rainsford (2014) that the Maberly shear zone has 
an approximate width of 10 to 20 km, based on linear trends present in recently acquired airborne 
magnetic data for eastern Ontario (Ontario Geological Survey 2014a, 2014b) (Figure 18.2). 

In the Perth map area, the northernmost 2 to 3 km of the Maberly shear zone is dominated by 
Frontenac suite intrusions, now protomylonitic, of mainly felsic composition, but with some minor mafic 
bodies as well. These intrusions are rimmed by thin-layered, compositionally heterogeneous, highly 
strained gneiss of indeterminate protolith. All of the deformed Frontenac suite intrusions in the Maberly 
shear zone, such as the Bennett Bay pluton, are strongly magnetic and are prominent in the airborne 
magnetic data for the area (Ontario Geological Survey 2014a, 2014b) (see Figure 18.2). 

The southernmost 3 to 5 km of the Maberly shear zone in the Perth map area shows considerable on-
strike variability. In the west, highly deformed gabbroic, anorthositic and granitic rocks are abundant, and 
may represent the eastward, tectonized extension of the Lanark–Oso anorthosite intrusion (Wolff 1985). 
North of Highway 7, between Wemyss and Perth, grey, weakly migmatitic, quartzofeldspathic gneiss, cut 
by a variety of younger syenitoid and granitoid phases, is abundant within the Maberly shear zone, and 
may represent a highly deformed Elzevir suite intrusion. This unit corresponds to the “syenite-migmatite” 
of Wilson and Dugas (1961). 

Marble slivers are common throughout the Maberly shear zone. Where well exposed, these 
predominantly calcite marbles are actually marble tectonic breccias, containing a variety of fragment 
types, including fine-grained paragneiss and calc-silicate gneiss, amphibolite and gabbroic rocks, and 
pyroxenite skarn pods. A spectacular, 150 m long, roadcut on the south side of Highway 7 (385925E 
4967751N) is a microcosm of the Maberly shear zone, and consists of alternating panels, 10 to 15 m 
wide, of marble breccia interlayered with thin-layered, highly flattened, compositional heterogeneous 
silicate tectonites. What is seen at the outcrop scale in this roadcut reflects what is occurring at a much 
larger scale within the entire Maberly shear zone. 
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Frontenac Terrane 

Within the Perth map area, Frontenac terrane can be divided into 3 subdomains: from west to east, 
these are the western, central and eastern subdomains (see Figure 18.2). These subdomains can be traced 
northward under the Paleozoic cover using aeromagnetic data. 

The western subdomain consists of both felsic and mafic Frontenac suite intrusions that are rimmed 
by migmatitic, compositionally varied, quartzofeldspathic gneisses that are commonly cut by smaller 
irregular bodies and sills of Frontenac suite intrusive rocks. It is not clear if these smaller intrusive bodies 
are simply sheet-like injections of magma emplaced during deformation, or if they represent cupolas or 
roof-pendants of a larger intrusive body at depth. Thin slivers of marble separate the plutonic-gneiss units 
from one another. To some degree, the western subdomain has many of the characteristics of the plutonic-
gneiss units present in the Maberly shear zone, but is less deformed. 

Frontenac suite intrusions in the western subdomain consist of pre- to syntectonic (e.g., Pike Lake 
pluton, 1178±4 Ma), syntectonic (e.g., Bennett Bay pluton, 1164±2 Ma) and posttectonic (e.g., North 
Cosby pluton, 1157±3 Ma) intrusions (all ages from Davidson and van Breemen 2000). This relative age 
range is also observed in the smaller Frontenac suite intrusions. Older intrusions, especially the smaller 
bodies, appear to be more quartz rich (quartz syenite, quartz syenite) than the younger intrusions (syenite, 
monzonite). The margins of some of the pre- to syntectonic intrusions, including some intrusions that are 
only 50 m wide, are intrusion breccias, consisting of both coeval mafic rocks and mafic xenoliths. The 
presence of these intrusion breccias, especially phases that exhibit magma-mingling textures, such as ball-
and-pillow structures, suggests that there was an early phase of Frontenac suite mafic magmatism that has 
not been previously recognized. Further work on the emplacement and magmatic history of the Frontenac 
suite intrusions will be a focus of the 2016 field season. 

The central subdomain, located between Black Lake and Big Rideau Lake, is characterized by a 
dome-and-basin–folded geometry (see Figure 18.2) and represents the middle part of the stratigraphic 
sequence described by Wynne-Edwards (1967) in the Westport area, which is located directly to the 
south. From structurally lowest to highest, the stratigraphic succession in the Perth area is as follows: 

1. marble (lower marble of Wynne-Edwards (1967)); 

2. thin quartzite and quartzose gneiss interlayered with migmatitic quartzofeldspathic gneiss 
(unit 3, Wilson and Dugas (1961)); 

3. migmatitic quartzofeldspathic gneiss, garnet-bearing gneiss, cordierite-garnet gneiss, quartz-
biotite-feldspar and quartz-biotite-feldspar-diopside gneiss (unit 3, Wilson and Dugas (1961)); 
and 

4. marble (upper marble of Wynne-Edwards (1967)). 

At present, no apparent difference between the marbles on either side of the gneiss units has been 
observed, in part because of the extensive weathering of the Precambrian rocks that has occurred. 

The eastern subdomain, located east of Big Rideau Lake, is dominated by marbles. This subdomain 
received minimal study during the 2015 field season, and it is not yet possible to state whether the 
marbles here correspond to the lower or the upper marble unit of Wynne-Edwards (1967). A prominent 
feature of the eastern subdomain is a linear, north-trending, 1 to 2 km wide, magnetic high (see Figure 18.2). 
The source of this magnetic high has yet to be determined, as it is almost entirely located beneath 
Paleozoic strata. 
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Paleozoic Strata 

Stratigraphic nomenclature for Paleozoic rocks in the Perth map area follows Armstrong and Dodge 
(2007). Five formations are present: the Cambrian (541 to 485 Ma) to Lower Ordovician (485 to 470 Ma) 
Covey Hill and Nepean formations, the Lower Ordovician March and Oxford formations, and the Middle 
Ordovician Rockcliffe Formation. The latter is only present in a thin, fault-bounded sliver south of Smiths 
Falls (Williams and Wolf 1984). Within the Perth map area, any of the Covey Hill, Nepean or March 
formations may rest directly on the Precambrian basement. Most commonly, rocks of either the Covey 
Hill or the Nepean formations form the basal Paleozoic unit. 

COVEY HILL AND NEPEAN FORMATIONS 

Both the Covey Hill and Nepean formations contain thin- to medium-bedded, well-sorted 
sandstones; consequently, identification of the base of the Nepean Formation in the Perth map area is not 
always straightforward. In some cases, it appears that rocks assigned to the Nepean Formation by 
Williams and Wolf (1984) may, in fact, belong to the Covey Hill Formation, if the definitions suggested 
by Sanford and Arnott (2010) are used. Sanford and Arnott (2010) assign all quartz-cobble conglomerate 
beds to the Covey Hill Formation, even those conglomerates that are interbedded with thick sandstone 
sequences that resemble typical Nepean Formation sandstones. Sanford and Arnott (2010) also suggest 
that sandstones that exhibit colours other than white, cream or light grey are most likely part of the Covey 
Hill Formation. Another diagnostic feature, according to Sanford and Arnott (2010), is that, in thin 
section, sand grains in Covey Hill Formation sandstones are typically dusted with hematite, whereas sand 
grains from Nepean Formation sandstones are not. This difficulty in stratigraphic assignment is well 
illustrated in an outcrop on the west side of Highway 15 near Otter Lake (412625E 4959700N), where 
white-yellow Nepean Formation sandstones overlie a sequence of grey sandstones that include a clast-
supported quartz cobble conglomerate with a grey sandy matrix. At this locality, Sanford and Arnott 
(2010, their locality O-17) place the greyer sandstones and the conglomerate within the Covey Hill 
Formation, and the overlying whiter sandstones within the Nepean Formation. 

Sandstones exhibiting evidence of tilting and/or folding also are assigned by Sanford and Arnott 
(2010) to the Covey Hill Formation. An example of the latter is an outlier of sandstone and quartz pebble 
conglomerate on Lanark County Road 14 (398705E 4961454N) that dips 25° east. Using the criteria of 
Sanford and Arnott (2010), these rocks are likely Covey Hill Formation, whereas Williams and Wolf 
(1984) assigned them to the Nepean Formation. Although some of the dip of the sandstone beds could be 
the result of the sandstone being deposited adjacent to, and draping, a Precambrian basement high, the 
magnitude of the dip could indicate that other processes were involved in producing the observed dip. 

A previously unknown exposure of Covey Hill Formation strata, or possibly the Abbey Dawn 
Formation of Sanford and Arnott (2010), was identified on the north side of Highway 7 approximately 
5 km west of Wemyss (385510E 4967646N). Here, a channel, at least 3 m deep and up to 20 m wide, was 
cut down into weathered calcite marble. The deeper (>3 m) west side of the channel is filled with red-
weathering pebbly conglomerate containing subangular to subrounded rock fragments and quartz pebbles, 
which grade upward into thin-bedded reddish coarse sandstone. The shallower (~2 m) east side of the 
channel consists of red mudstone and siltstone beds (up to 1 cm thick) that immediately overlie the 
marble basement, and which are overlain, in turn, by thin-bedded reddish coarse sandstone. 

The author has observed that sandstones in the middle to upper Nepean Formation typically show 
evidence of bioturbation and/or the presence of trace fossils. Additional work on the nature of the Covey 
Hill–Nepean formations contact will be a focus of the 2016 field season. 
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GEOPHYSICS 
Intermediate to felsic Frontenac suite intrusions are typically magnetic (10 to 90 ×10–3 SI units), 

even those that are located within the Maberly shear zone and which are highly deformed. Ground 
scintillometer measurements from intermediate to felsic Frontenac suite intrusions (monzonite to syenite) 
give median potassium, uranium and thorium contents of 3.8 weight % K, 1.6 ppm U and 0 ppm Th, 
respectively, based on 58 measurements. Potassium contents of the syenites and quartz syenites can be as 
high 8.0 weight % K, but with uranium and thorium remaining low. Low uranium and thorium contents 
appear to be a characteristic feature of the Frontenac suite. 

Highly strained, layered, compositionally heterogeneous tectonites of the Maberly shear zone, as 
well as all marble units within the map area, are non-magnetic (0.1 to 0.8 ×10–3 SI units). All Paleozoic 
formations are non-magnetic (0.05 to 0.3 ×10–3 SI units). 

An area underlain by Paleozoic strata, north of Smiths Falls, has an airborne gamma-ray spectrometric 
high for potassium (>1.5 weight % K), equivalent thorium (3.5 to 4.5 ppm Th) and equivalent uranium 
(1 to 1.4 ppm U) (see Figure 18.1). This area coincides with a geological boundary between the March 
and Oxford formations as shown on the map of Wilson and Dugas (1961). Ground scintillometer 
measurements from bedrock outcrops in and around this anomaly indicate that it is not sourced in the 
bedrock. Based on 70 readings from across the Perth map area collected by the author, the March 
Formation is non-radiogenic, with median scintillometer-determined potassium, uranium and thorium 
contents of 0.6 weight % K, 0.2 ppm U and 0 ppm Th, respectively. The surficial geology map of the 
Perth area (Kettles 1992) does not indicate any specific surface geological features that might account for 
the anomaly. Thus, it is most likely that this anomaly is anthropogenic, although the reason for its 
existence has yet to be determined. 

METALLIC MINERAL POTENTIAL 
Skarn rocks, consisting of abundant, coarse-grained, pale green and white diopside, as well as belts 

of coarse-grained, pink-calcite marble breccias are exposed within the Maberly shear zone on Highway 7 
between Strong Sideroad and Kirkham Road. This wide zone of unusual rocks might indicate the 
presence of skarn-related metallic mineralization nearby. Furthermore, in the Brudenell and Cobden map 
areas, pink-calcite marble breccias are locally enriched in rare earth elements (cf. Easton 2014). 
Geochemical analysis of samples of these pink-calcite marble breccias is in progress. 

Some paragneiss units in Frontenac terrane may represent a previously unrecognized host rock for 
rare earth element (REE) mineralization. This comment is based on data obtained from a 10 m wide, fine-
grained pink-grey-green feldspathic paragneiss that is interlayered with clean, coarse-grained dolomitic 
calcite marble in a freshly blasted roadcut on Lanark County Road 14 (sample 15RME-0403, 398129E 
4956525N). The paragneiss sample contained 494 ppm total rare earth elements, mostly lanthanum, 
cerium and neodymium, and was also high in zirconium (607 ppm Zr). Examination of the mineralogy of 
the sample by scanning electron microscopy revealed that the REEs are hosted mainly in 20 to 30 μm 
grains of a variety of synchysite group minerals with the general chemical formula of CaCe(CO3)2F. The 
synchysite grains are commonly found adjacent to quartz and rutile grains. Apatite is also abundant in the 
sample, which contains 1.8 weight % P2O5, but it is not enriched in REEs. Additional study of paragneiss 
units in Frontenac terrane will be undertaken during the 2016 field season to better understand the origin 
of this mineralization and its geographic extent. 

Dolomite marbles in Sharbot Lake domain have the potential to host sulphide and non-sulphide zinc 
mineralization. Although only a single sample from the Sharbot Lake domain in the Perth map area 
contained anomalous zinc (550 ppm Zn: sample 726 in Grant, Papertzian and Kingston (1989)), follow-up 
work is warranted because of the presence of new roadcuts near this sample site on Lanark County Road 12. 
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Discordant quartz syenite and syenogranite veins are common in the Maberly shear zone, and are 
mainly hosted by deformed Frontenac suite intrusions or in the possible deformed Elzevir suite intrusion 
mentioned earlier. The age of these veins is unknown, but they are later than the main phase of 
deformation in the Maberly shear zone and, thus, are likely younger than circa 1160 Ma. Their abundance 
in the Maberly shear zone suggests a relationship to it: perhaps relaxation after creation of the shear zone 
resulted in dilatant zones that fostered pegmatite emplacement. In the 1910s and 1920s, many of these 
veins were mined as sources of feldspar; Goad (1990, p.165-180) describes the larger of these past-
producers. Unfortunately, most contain few other economic phases, and are unlikely to host rare metals 
(Goad 1990). Most are non-radiogenic, an exception being a 10 m wide, zoned, quartz syenite dike on the 
north side of Highway 7 (384353E 4967414N), where the fine-grained core of the dike gave scintillometer 
readings of up to 3300 counts per second, with assay-mode values of 59 ppm U and 188 ppm Th. All 
other pegmatite veins examined in the Perth map area had scintillometer readings of less than 400 counts 
per second. 

INDUSTRIAL MINERAL POTENTIAL 

Silica 

The Nepean Formation has been considered as a potential source for silica as a mineral filler for 
many years (cf. Guillet and Kriens 1984). Suitability of a rock as a mineral filler is dependent on a variety 
of factors, including bulk composition, homogeneity of grain size, character of the cement holding the 
grains together, and sphericity of the grains. This section only considers the bulk composition of potential 
silica sources. 

Sample 15RME-0080 (Table 18.1), collected from a 30 cm thick bed at the junction of Lanark 
County roads 1 and 21, confirms the high silica and low alumina content of the Nepean Formation in the 
Perth map area and, thus, its suitability as a potential silica source based on its overall purity. Sample 
15RME-0080 has a high (88.7) chemical index of alteration (CIA), which is indicative of derivation from 
a source terrane that has undergone a high degree of chemical weathering, such as would occur in a 
tropical environment. This is consistent with the widespread weathering of the Precambrian bedrock 
observed beneath the Nepean Formation. 

Additional geochemical analyses from the Nepean Formation are in progress. Scintillometer counts 
on Nepean Formation sandstones are uniformly low, showing zero values for potassium, uranium and 
thorium, and suggest that there is limited compositional variation throughout the Nepean Formation, at 
least in the Perth map area. The only exception may be near the base of the formation where there is more 
variation in grain size. 

Portions of the overlying March Formation have also been considered as a potential silica source, 
despite the fact that the majority of the formation consists of sandy dolostone rather than sandstone. 
Sample 15RME-0023 (see Table 18.1) is from a 60 cm thick sandstone bed in the March Formation 
exposed northwest of Smiths Falls. It is nearly identical in composition to the Nepean Formation sample 
(see Table 18.1: compare samples 15RME-0080 and 15RME-0023), even though it is different in colour 
and cement from the Nepean Formation. 

Samples 15RME-0006 and 15RME-0049 (see Table 18.1) are representative of the compositional 
range of the sandy dolostones of the March Formation, with silica content varying from 34 to 60 weight %, 
but still with very low alumina. Sample 15RME-0035 (see Table 18.1) is from a clay-rich, yellow-brown, 
sandy dolostone from the upper March Formation. The higher clay content in this sample is reflected in 
its higher aluminum and potassium contents compared to the other March Formation samples. 
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Although, from a compositional standpoint, the March Formation is similar to the Nepean Formation, 
2 main factors make it problematic as a silica source. First, clean sandstone beds are relatively thin 
(typically 20 to 30 cm thick) and are only abundant near the base of the formation. Whether such thin beds 
can be quarried in a cost-effective manner is unlikely. Secondly, although the sandy dolostones consist 
mainly of quartz and dolomite with few other impurities and technically could be a silica source, any 
extraction method would need to beneficiate silica by removing the dolomite component. Again, whether or 
not this could be done in an environmentally friendly and cost-effective manner remains to be determined. 
Finally, given the spatial proximity of the March Formation to the more uniform Nepean Formation 
sandstones, it is more likely that the Nepean Formation would be the primary target for exploitation. 

A sample of a Frontenac terrane quartzite is also included in Table 18.1 (sample 15RME-0092). It is 
much higher in alumina and alkalis than either the Nepean or March formation samples and, thus, is not a 
likely silica source. Additional geochemical analyses of Frontenac terrane quartzites are in progress. 

Table 18.1.  Geochemical data related to industrial mineral potential of rocks from the Perth area.  All analyses were performed 
at the OGS Geoscience Laboratories, Sudbury.  The UTM co-ordinates are provided using NAD83 in Zone 18. 

Sample 
Number 

15RME-0080 15RME-0023 15RME-0092 15RME-0006 15RME-0049 15RME-0035 15RME-0099 15RME-0104 

Easting (m) 405734 412923 394014 404334 417594 407436 390814 390376 
Northing (m) 4968001 4978261 4982686 492078 4981421 4974798 4983444 4983029 
Rock Name Sandstone Sandstone Quartzite Sandy 

dolostone 
Sandy 

dolostone 
Clayey 

dolostone 
Dolomite 
marble 

Calcite 
marble 

Formation Nepean March Grenville 
Supergroup 

March March March Grenville 
Supergroup 

Grenville 
Supergroup 

Magnetic 
Susceptibility* 

0.009 
 ± 0.003 

0.031 
 ± 0.015 

n/a 0.083 
 ± 0.016 

0.059 
 ± 0.014 

0.061 
 ± 0.037 

n/a n/a 

SiO2 (wt %) 98.22 98.11 76.70 34.12 59.65 16.75 0.18 0.40 
TiO2 0.04 0.05 0.21 0.02 0.04 0.17 0.01 0.01 
Al2O3 1.48 1.21 12.31 0.98 0.91 3.93 0.16 0.12 
Fe2O3

total 0.17 0.07 1.64 1.21 0.29 1.02 0.20 0.12 
MnO 0.005 0.004 0.009 0.172 0.124 0.132 0.02 0.003 
MgO 0.07 0.05 0.1 10.57 2.01 15.39 21.02 4.64 
CaO 0.09 0.04 0.82 22.64 18.72 23.61 30.39 51.10 
Na2O <0.02 <0.02 3.04 <0.02 <0.02 0.05 <0.02 <0.02 
K2O 0.10 0.04 4.30 0.11 0.39 2.48 0.03 0.05 
P2O5 0.05 0.01 0.01 0.01 0.01 .06 0.01 0.01 
CO2 <0.023 <0.023 <0.023 28.85 16.83 34.47 46.07 42.57 
LOI 0.27 0.18 0.22 30.05 17.27 36.11 47.42 44.40 
Total 100.44 99.76 99.52 99.90 99.43 99.71 99.44 100.86 
Mg Number 44.93 58.60 10/78 94.54 93.21 96.76 99.52 98.71 
CIA 88.68 93.65 60.15 n/a n/a n/a n/a n/a 
CaO/MgO 1.27 0.84 8.16 2.14 9.31 1.53 1.45 11.01 

Ba (ppm) <8 12 737 127 40 176 <8 <8 
Rb 1 2 88 3 6 33 1 2 
Sr 31 128 74 62 68 99 39 313 
Pb <1.7 <1.7 8 <1.7 2 8 <1.7 <1.7 
Zn <1 2 12 2 1 18 2 2 
Y 1 2 54 6 7 7 3 3 
Zr 32 55 231 32 40 81 2 3 
Total REE 19.8 8.8 176 28.3 47.3 40.1 5.1 5.8 

Notes: * Magnetic susceptibility values are ×10-3 SI units: the first row is the average value of 10 readings at the sample site,  
the second row indicates range in values.   
Major element oxides are in weight percent, trace element data are in ppm;  
Mg number = atomic Mg/Mg + Fe, where Fe = total Fe expressed as ferrous iron.  Mg number and CIA are dimensionless. 
Abbreviations:  CIA = chemical index of alteration; LOI = loss-on-ignition; n/a = not applicable; REE = rare earth elements. 
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Carbonate 

New roadcuts along Lanark County Road 12 within Sharbot Lake domain provide extensive 
exposure of the marble units present in this part of the Perth map area. Samples 15RME-0099 and 
15RME-0104 (see Table 18.1) were collected from very clean, high brightness marble units exposed on 
Lanark County Road 12. The geochemical data (see Table 18.1: samples 15RME-0099 and 15RME-0104) 
indicate the very pure character of these units, one of which is a dolomite marble, the other being a calcite 
marble. In the case of the dolomite marble, it is far superior in purity to the sample from locality BAT-01 
(MDI31C16NW00033) reported by LeBaron and MacKinnon (1990, p.48-50). Two other samples of 
calcite and dolomite marble collected along Lanark County Road 12, but not included in Table 18.1, were 
also very clean, but each had slightly higher silica contents (~1.3 weight % SiO2) than samples 15RME-
0099 and 15RME-0104. All 4 samples had negative cerium anomalies and Y/Ho ratios greater than 35, 
indicating that the samples have preserved a seawater rare earth element signature (cf. Easton 2014). Of 
the 52 samples of marbles from the Sharbot Lake terrane in the Perth area reported by Grant, Papertzian 
and Kingston (1989), 25 samples are similar in geochemistry to the 4 samples reported herein, and 
include roughly equal proportions of dolomite and dolomitic calcite marbles. 

In contrast, marbles in Frontenac terrane typically contain between 10 and 20% silicate minerals, 
predominantly mica and diopside. Of the 91 samples from Frontenac terrane in the Perth map area that are 
included in Grant, Papertzian and Kingston (1989), only 23 have low silica, alumina and alkali contents. 
All of these samples are dolomitic marbles, which are typically present either as thin layers or large 
blocks within more silicate mineral–rich calcite marbles. Thus, although on a purely geochemical basis, 
some of the Frontenac terrane marbles may appear to be a high-purity carbonate source, from an 
extraction standpoint, they are not areally extensive enough to support large-scale extraction. This 
contrasts with Sharbot Lake terrane where the high-purity marbles occur as wide belts that can be traced 
many kilometres along strike. Furthermore, many of the marbles in Frontenac terrane are extensively 
weathered and/or recrystallized as a result of pre-Paleozoic depositional weathering, which reduces their 
brightness considerably. Consequently, exploration for high-quality carbonate rocks for use as mineral 
fillers or high-purity flux should be restricted to Sharbot Lake terrane. 

Vermiculite 

The Norden Vermiculite Limited (MDI31C16SW00031) and the Olympus Mines Limited 
(MDI31C16SW00030) properties near Stanleyville were extensively explored between the 1950s and the 
1990s for vermiculite, as summarized by MacKinnon, Kingston and Springer (1990). Both proprieties 
produced test samples, but neither achieved commercial production. They are hosted in Frontenac terrane 
marbles that have undergone intensive weathering. Further details on the geology and exploration history 
of these properties can be found in MacKinnon, Kingston and Springer (1990). 
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19.  Project Unit 13-014.  Geology 
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Centennial Lake Area, Northeastern 
Central Metasedimentary Belt, 
Grenville Province 
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1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario  P3E 6B5 
2Lundefuglvegen 79, 9015 Tromsø, Norway 
3Department of Earth Sciences, Laurentian University, Sudbury, Ontario  P3E 2C6 

INTRODUCTION 

The Centennial Lake area covers approximately 272 km2 and is bounded by latitudes 45°7′30″N and 
45°15′N and longitudes 77°00′W and 77°15′W. It includes most of Matawatchan Township and small 
parts of Denbigh, Lyndoch and Miller townships (NTS sheet 31 F3/NE). 

Approximately 12 weeks of the 2015 field season were spent conducting mapping and sampling in 
the Centennial Lake area, which is located immediately west of the Black Donald Lake area mapped in 
2014 (Duguet, Whitney and Ma 2014). 

Until now, the Centennial Lake area had received little attention. Previous mapping in the Centennial 
Lake area consisted mainly of 1:100 000 scale regional mapping from the 1970s (Lumbers 1982a, 1982b). 
The township of Denbigh on the western edge of the Centennial Lake area was also mapped in the 1960s 
at 1:31 680 scale (Evans and Appleyard 1963). In conjunction with new mapping, part of the Lumbers’ 
map (1982a) around Denbigh Township was later published at 1:50 000 scale (Lumbers and Vertolli 
2001). South of the Centennial Lake area, the geology of the Black Donald and Mazinaw domains were 
subjected to more recent mapping and analytical work by Easton (2006a, 2006b). Mapping in 2015 also 
benefited from airborne geophysical data available from the Renfrew survey (magnetic and gamma-ray 
spectrometric) flown in 2013 (Ontario Geological Survey 2014). 

This paper focusses mainly on the complex stratigraphy of the Centennial Lake area and its 
relationships to deformation zones and domain boundaries. Graphite occurrences found by field party 
personnel during the 2015 field season are also placed in their regional context. 

GENERAL GEOLOGY AND STRATIGRAPHY 

The map area includes supracrustal and metaplutonic rocks of the Black Donald domain, and 
possibly of another domain that is present on the western side of the map area (Figure 19.1). The map 
area is structurally very complex with a superposition of at least 2 different folding events and 2 shearing 
events (see Duguet, Whitney and Ma 2014). Moreover, rheological and geometric interaction between the 
metaplutonic rocks and the supracrustal rocks during the polyphase deformation created local, but 
nonetheless significant, variation in the regional structural pattern. The Centennial Lake area can be  
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divided into 3 lithostructural units—eastern, central and western—each possessing their own lithological 
features (see Figure 19.1). These 3 lithostructural units are actually 34 km long, northeast-trending 
megafolds, which were previously recognized by Lumbers (1982a). Each of these lithostructural units is 
bounded by shear zones. More recent work by Lumbers and Vertolli (2001) and Easton (2006a, 2006b) 
has located the periclinal terminations of these folded structures just south of the map area. These 
northeast-trending folds are then attenuated by complex interference patterns to the south when 
approaching the northwest- to west-trending thrust contact that separates the structurally lower Mazinaw 
domain in the south from the structurally higher Black Donald domain to the north. This contact can be 
observed approximately 10 km south of the map area along the Buckshot and Tower roads (Easton 2006a, 
2006b). These structural patterns and relationships were also observed in the aeromagnetic data from the 
Renfrew survey (Ontario Geological Survey 2014). Because of the differences present between these 
3 lithostructural units, the rock units present in each will be described separately. 

Eastern Lithostructural Unit 

The eastern lithostructural unit is represented by a northeast-trending megasynform centred on 
Centennial Lake. This lithostructural unit continues along strike to the northeast in both the Mud Lake 
and Black Donald Lake areas and, thus, is part of the Black Donald domain (see Duguet, Dubé-Bourgeois 
and Ma 2013; Duguet, Whitney and Ma 2014). The supracrustal rocks found in this synform differ little 
from their northern counterparts in the Mud Lake map area (see Duguet, Dubé-Bourgeois and Ma 2013; 
Duguet, Whitney and Ma 2014). On the east flank of the synform, the same lithological succession is 
found again in the Centennial Lake map area, with, from bottom to top, migmatitic metapelitic and 
metapsammitic rocks (Photo 19.1A), amphibolites, calc-silicate schists and gneisses, and calcite and 
dolomite marbles. Marbles predominate in comparison to the other rocks and mostly occupy the core of 
the synform. However, some notable differences are present in the Centennial Lake map area. The first is 
the presence of more abundant and continuous dolomite marble units. These dolomite marbles are clean, 
white to grey, coarse grained and massive. They commonly host pods or concretions of calc-silicate 
(mostly composed of tremolite) and/or quartz that are interlayered with the pure dolomite marble. As a 
first approximation, the dolomite marbles seem to be in stratigraphic contact with the siliciclastic units 
(metatexite and calc-silicate gneiss), even though the map-scale units in the northeastern part of the 
Centennial Lake map area seem to be encased in calcite marble. In the Mud Lake and Black Donald Lake 
areas, amphibolites and mafic gneiss of probably intrusive origin were emplaced as sills parallel to the 
main layering present in the supracrustal rocks (Duguet, Whitney and Ma 2014). In the Centennial Lake 
area, the abundance of amphibolite increases, and they form thicker bodies than the usual metre-scale to 
tens of metres-scale sills present in the Mud Lake area. The amphibolites are locally garnet rich and are 
especially deformed along the shoreline of Centennial Lake east of the megasynform (Photo 19.1B). 
A new unit, composed of metatexitic, fine-grained, light grey felsic gneisses was found interlayered with 
the other siliciclastic rocks present in the stratigraphically lower units of the Black Donald domain 
(Photo 19.1C). These gneisses are magnetite rich and overlap a magnetic anomaly of regional extent 
(Ontario Geological Survey 2014). This particular unit has not been reported before in the supracrustal 
rocks of the Black Donald domain, which tend to be non-magnetic, with the notable exception of the 
graphite-pyrrhotite schists (see “Graphite”). Stratigraphically in contact with these felsic gneisses is a 
bimodal sequence of rocks not previously described in the Black Donald domain (Photo 19.1D). On the 
outcrop scale, this bimodal sequence is characterized by alternating, in equal proportion, mafic to 
intermediate layers and felsic layers (see Photo 19.1D). Both layer types are themselves well layered, 
equigranular, and fine to medium grained. The layer types can be locally magnetic (magnetic 
susceptibility up to 32 ×10–3 SI units). The nature of this unit is still under investigation, even though an 
igneous protolith appears to be the most likely source. It is hoped that a geochemical study will decipher 
if this is a true bimodal sequence (i.e., mafic and felsic gneiss emplaced together and cogenetic, perhaps a 
metavolcanic sequence) or if the layers represent 2 different units. 
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Strongly foliated, fine- to medium-grained, equigranular, light grey gneissic tonalites are the main 
metaplutonic unit present. These gneissic tonalites were, for the most part, mapped as intrusive rocks by 
Lumbers (1982a). Nevertheless, these gneissic tonalites are difficult to distinguish from the locally 
garnet-bearing felsic gneisses in the map area, which display similar petrographic features. Moreover, 
chemistry performed on both rock types in the Black Donald Lake area has shown that both units have 
similar major element chemistry. Based on trace element data, some of the felsic gneisses show strongly 
fractionated rare earth element patterns with enrichment in light rare earth elements similar to those found 
in the Black Donald Lake tonalite (Duguet, Whitney and Ma 2014). The trace element data suggest an 
igneous origin for the garnet-free gneissic tonalite. Grenvillian intrusive rocks in the eastern lithostructural 
unit are limited to the presence of late granitic pegmatites, emplaced mostly as sills, or more rarely as dikes. 

Central Lithostructural Unit 
Among the 3 lithostructural units in the Centennial Lake area, the central unit appears to be the least 

lithologically complex, albeit this could simply reflect its relatively poor exposure compared to the other 
2 units. With respect to the supracrustal rocks, the succession in the Centennial Lake area is quite similar  

 
Photo 19.1.  Photographs illustrating various rock units of the eastern lithostructural unit.  A) Deformed migmatitic mica schist; 
shoreline of Centennial Lake (UTM 341118E 5000829N) (compass, for scale, is 5 cm long).  B) Mylonitic, garnet-rich, amphibolite; 
shoreline of Centennial Lake (UTM 337768E 5001149N) (the partial marker, shown for scale, is 10 cm long).  C) Metatexitic, 
garnet- and magnetite-bearing, felsic gneiss; south of Centennial Lake (UTM 336790E 5000145N) (the partial pencil, shown for 
scale, is 3 cm long).  D) Bimodal gneiss composed of medium-grained mesocratic mafic to intermediate gneiss and tonalitic 
gneiss; south of Centennial Lake (UTM 336790E 5000145N) (pen, for scale, is 14 cm long).  All UTM co-ordinates provided 
using NAD83 in Zone 18. 
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to the one established farther east in the Black Donald domain (Duguet, Dubé-Bourgeois and Ma 2013). 
On the other hand, the amount of metaplutonic rocks present in this lithostructural unit is much higher 
than the equivalent unit in the Black Donald domain, which is almost entirely composed of supracrustal 
rocks. Moreover, the metaplutonic rocks in the west show features rarely observed, or even unseen, in the 
metaplutonic rocks usually observed to have intruded the supracrustal rocks of the eastern Black Donald 
domain. 

The flanks of the central lithostructural unit are composed of a thin unit of highly sheared 
metatexitic, porphyrogranoblastic, garnet-bearing, light grey paragneiss and rare intercalated metapelite. 
Calc-silicate schists and gneisses are only locally present. Amphibolites become more abundant than in 
the east, and are associated both with the siliciclastic rocks and marbles, but they are also present as a 
larger unit located at the centre of the megastructure. Some amphibolites display very similar 
petrographic characteristics to the amphibolites present in the eastern lithostructural unit, for instance, 
local anomalous garnet content. It is likely that they are actually sills that intruded both the siliciclastic 
rocks and the overlying marble (Photo 19.2A). Nonetheless, based on textural evidence, the amphibolites 
cropping out in the hinge of the megafold possess features difficult to reconcile with a solely plutonic 
origin. They are consistently very fine to fine grained over an extensive area, magnetic and strongly 
foliated. Whereas partial melting is mostly absent in the mafic intrusive rocks, it is commonly present in 
these amphibolites. The partial melting is expressed in these amphibolites by the presence of thin 
leucosomes parallel to the main foliation (Photo 19.2B). Moreover, anastomosed calc-silicate veins, 
parallel to the foliation and composed of epidote and diopside, also occur in these amphibolites, and are 
associated with anomalous garnet content. This feature suggests that an alteration event, possibly 
synvolcanic, affected the mafic rock prior metamorphism (Photo 19.2C). Hopefully, geochemical data 
will provide additional information to help separate intrusive from extrusive mafic rocks in the map area. 

The core of the central lithostructural unit is occupied by calcite marble identical to those classically 
described in the Black Donald domain (Easton 2006b; Duguet, Dubé-Bourgeois and Ma 2013; Duguet, 
Magnus and Ratcliffe 2014a). A significant proportion of dolomite marble accompanies the calcite marble 
and is mostly located at the contact with the amphibolite unit and the larger mafic intrusive body located 
at the core of the megastructure. In the nose of the fold (see Figure 19.1), a significant proportion of the 
dolomite marbles is highly silicified with anastomosed quartz veins representing, in some places, up to 
70% of the rocks. The apparent thickness of this silicified zone is approximately 500 m. Where the 
alteration is less intense, quartz veins are mostly parallel to the layering in the dolomite marble, which is 
folded by, at least, 1 deformation event. Even though this deformational event seems to occur relatively 
early in the history of these units, it is unclear what processes caused this alteration:  it is also uncertain 
whether or not the dolomitization of the rocks is coeval with their silicification. If the interpretation of the 
amphibolites as being metamorphosed volcanic rocks and/or hypovolcanic intrusions is accepted, then the 
setting here may be similar to the one described by Easton (2006a, 2006b), who reported dolomitization 
of marble units associated with the metavolcanic rocks of the Mazinaw Lake Formation. 

The supracrustal rocks are intruded by at least 2 different types of metaplutonic rocks that might be 
related to one another, as they are sometimes interlayered at the outcrop scale. Both types form elongated 
bodies and commonly display a strong foliation parallel to their direction of elongation. An interesting 
feature for some of these metaplutonic rocks is that their long axis is oblique in regard to the general trend 
of the megastructures. On a map pattern, this is particularly obvious for the body cropping out in the 
northern part of the lithostructural unit, which forms an angle of 30° with the overall azimuth of the belt 
(see Figure 19.1). The first type of metaplutonic rock is represented by melanocratic, medium- to coarse-
grained, locally plagioclase-phyric gneissic gabbro and diorite (Photo 19.2D). The intensity of the 
foliation varies greatly from moderate to mylonitic. The second type is characterized by a well-foliated, 
equigranular, fine- to medium-grained, light grey granodiorite to tonalite. The dioritic facies contains 
hornblende, whereas the granodioritic to tonalitic rocks rarely have any. When both metaplutonic types  
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are tightly interlayered (Photo 19.2E), they look very similar to some of the rocks of the bimodal sequence 
described in the eastern lithostructural unit. Nonetheless, in the central unit, both types of metaplutonic 
rocks are regularly magnetic with magnetic susceptibility values ranging from 10 to 82 ×10–3 SI units. 
The age and chemical signature of these metaplutonic rocks are currently unknown, but their petrographic 
and magnetic features contrast strongly with for those known for the 1130 million-year-old Kennelly 
Lake diorite (Duguet, Whitney and Ma 2014) or the coeval Mud Lake tonalite, both of which are present 
in the Mud Lake area to the northeast. 

Western Lithostructural Unit 

The western lithostructural unit differs notably from the other 2 units. As a first approximation, it is 
an antiform centred on highly migmatized and deformed igneous rocks that represent, in surface area, 
approximately 40% of the rocks present in this unit. The western lithostructural unit is shown, on the 
maps of Lumbers (1982a) and Lumbers and Vertolli (2001), as the southern continuation of the Griffith 
tonalite located just north of the map area. Lumbers (see Lumbers 1982a; Lumbers and Vertolli 2001) 
described the plutonic rocks located in the core of this antiform as a single, homogeneous pluton composed 
almost exclusively of gneissic tonalite. Mapping during the 2015 season gives a very different picture of 
this pluton, which contains at least 4 types of plutonic rocks. Gneissic tonalites are still present, but they 
account for only 45 to 50% of the plutonic rocks within this unit. The gneissic tonalites form a relatively 
homogeneous body located in the northeastern part of the map area (see Figure 19.1). These gneissic 
tonalites show considerable textural variation mainly because of the degree of partial melting and 
deformation they underwent. The dominant facies is an equigranular, medium-grained, light grey gneissic 
and migmatitic tonalite (Photo 19.3A). The leucosomes are usually medium grained, pink and granitic in 
composition and represent about 15% of the volume of the rock. Higher leucosome concentrations are 
present sporadically, which could lead potentially to confusion with the gneissic monzogranites that are 
also widespread in the map area. Porphyritic facies of the tonalite have also been found and are comparable 
to the facies seen in the Griffith batholith in the Brudenell map area to the north (R.M. Easton, Ontario 
Geological Survey, personal communication, 2015). The potassium feldspar phenocrysts, between 2 and 
4 cm in length, are either white or pink and are elongated parallel to the main fabric. Pending U/Pb zircon 
geochronology should provide an emplacement age of this tonalite. In particular, does it belong to the 
older Elzevir suite (circa 1270–1245 Ma) or a younger suite (circa 1210 Ma: Duguet, Magnus and 
Ratcliffe 2014a, 2014b)? 

Also present, in almost equal proportion with the tonalitic rocks, are gneissic monzogranites that are 
mostly located on the western flank and the southern termination of the antiform. They show very similar 
textural features to the gneissic tonalites. These monzogranites are migmatitic and locally porphyritic. The 
main facies is a migmatitic, equigranular, medium-grained, pink monzogranite (Photo 19.3B). They are 
usually slightly magnetic (magnetic susceptibility ranging from 5 to 20 ×10–3 SI units). These monzogranites 
are petrologically identical to the Methuen intrusive suite A-type monzogranites (circa 1250–1220 Ma: 
Easton 1992) that are geochemically akin to F-III rhyolites (Lesher et al. 1986). Considering their close 
field association with the tonalities, similar to that observed in the Mazinaw domain (see Easton 2006a, 
2006b), it is highly probable that this monzogranitic unit belongs to the Methuen intrusive suite. 
Geochemical studies underway should confirm whether or not the assignment of these monzogranites to 
the Methuen intrusive suite is valid. Because of the broad time span of the Methuen suite granitoids in the 
Central Metasedimentary Belt (cf. Easton 1992; Corfu and Easton 1995), a sample was collected for U/Pb 
zircon geochronology of this unit. 

Two other minor metaplutonic units, both mafic in composition, are part of the metaplutonic package 
previously assigned to the Griffith batholith of Lumbers (1982a). Both occur sporadically in the felsic 
plutonic rocks. The first type is a massive to weakly foliated mesocratic, equigranular, medium-grained, 
locally garnet- and biotite-bearing gabbro (Photo 19.3C). The gabbro is weakly deformed, but clearly  
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Photo 19.3.  Photographs illustrating various rock types of the western lithostructural unit.  A) Gneissic tonalite injected by mafic 
sills; Matawatchan Road (Renfrew county road 71) (UTM 330366E 5008315N) (card indicating the north is 17 cm).  B) View of 
a block of deformed and migmatitic gneissic monzogranite possibly associated with tonalite (UTM 326722E 5010329N) 
(notebook facing the north is 17 cm long).  C) Massive, equigranular, medium-grained mesocratic garnet-bearing gabbro; 
Matawatchan Road (Renfrew county road 71) (UTM 330333E 5008213N) (pencil, for scale, is 14 cm long).  D) Medium-
grained, mesocratic gneissic gabbro intruded by a foliated tonalitic sill; Matawatchan Road (Renfrew county road 71) 
(UTM 329185E 5011953N) (pen, for scale, is 14 cm long).  E) Metatexitic amphibolites; west of Highway 41 (UTM 324970E 
5006501N) (hammer, for scale, is 45 cm long).  F) Altered facies of the same unit shown in Photo 19.3E; west of Highway 41 
(UTM 325379E 5007206N) (hammer, for scale, is 45 cm long).  All UTM co-ordinates provided using NAD83 in Zone 18. 
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metamorphosed. This mafic gneiss could constitute the oldest plutonic phase in the area because a sill 
petrographically similar to the surrounding tonalites crosscuts it (Photo 19.3D). For the purpose of testing 
this hypothesis, a sample was collected for U/Pb zircon geochronology. The second mafic intrusive rock 
is a melanocratic, blue-black, equigranular, fine- to medium-grained, gneissic gabbro. These mafic intrusive 
rocks are more deformed than the first type and igneous textures are rarely preserved. Their timing of 
emplacement is also different because they intruded the gneissic tonalite as sills (see Photo 19.3A). 
Overlying and wrapping around this migmatitic igneous core are the supracrustal rocks. The supracrustal 
units contain a mix of both metasedimentary and metavolcanic rocks. From west to east, and from top to 
bottom (referring here to the structural top, not the stratigraphic one), the units are the following. 

• Both along and west of Highway 41 is a relatively homogeneous package of rocks composed 
mostly of strongly foliated, fine-grained, granoblastic to nematoblastic, black amphibolite and 
mafic gneiss with rare interlayered calcite marble. Incipient partial melting affected these rocks, 
as shown by the presence of patches of melt and more rarely lit-par-lit leucosomes. Garnet-rich 
rocks with an anomalous high content of 30 to 40 volume % in garnet are quite abundant and 
are located mostly in fine-grained, greenish, mesocratic, thin layers. This garnet-rich facies is 
thinly interlayered with typical amphibolites (Photos 19.3E and 19.3F). These textural 
relationships are typically interpreted as being indicative of synvolcanic alteration of a flow or a 
tuff that was subsequently metamorphosed and deformed (e.g., Duguet, Dubé-Bourgeois and Ma 
2013). Within the Centennial Lake map area, these textural features were observed consistently 
throughout the entire western lithostructural unit, leading the authors to interpret this unit as 
being a predominantly volcanic-derived sequence. 

• The amphibolites tectonically overlie a thin unit of well-layered, white, medium- to coarse-
grained calcite marble. The tectonic nature of this contact is indicated by the presence of marble 
breccias along its length; these marble breccias are well exposed along Highway 41 in the 
southern part of the map area. 

• Below the marbles, a thin unit of metatexitic, metapelitic and metapsammitic rocks is exposed 
that coincides with a prominent magnetic anomaly that can be followed over at least 15 km to 
the north (Ontario Geological Survey 2014). The measured magnetic susceptibility of this unit 
ranges between 8 to 40 ×10–3 SI units. The mica schists of this unit have roughly the same 
petrographic characteristics of the lowermost unit described in the Black Donald domain in 
Mud Lake and Black Donald Lake areas (Duguet, Dubé-Bourgeois and Ma 2013; Duguet, 
Whitney and Ma 2014). Synkinematic garnet and sillimanite are ubiquitous in this unit. 
However, this unit differs notably from the one in the Mud Lake map area in having an 
apparently lower degree of partial melting and a high amount of magnetite. Patchy metatexites 
are strongly dominant over stromatic metatexites. On the other hand, this abundance in 
metatexite type appears less obvious on the eastern flank of the antiform where stromatic 
metatexites are present in a greater amount. A possible explanation for this would be that the 
leucosomes observed in the east are actually injected leucosome that has migrated upward from 
a deeper source. These compositional and textural features makes it difficult, if not even 
impossible, to correlate this unit with a similar unit described in the Mud Lake and Black 
Donald Lake map area. The only other metapelitic unit in the area that would meet these criteria 
are the mica schists of the Flinton Group (e.g., Duguet, Magnus and Ratcliffe 2012). 

• Farther east and close to the southern termination of the antiform, a package of felsic to 
intermediate gneiss and amphibolite is present. They are folded in complex interference 
structures. The felsic to intermediate gneisses are commonly well foliated, migmatitic, fine 
grained, granoblastic, light to medium grey and are commonly garnet bearing. They may or may 
not be magnetic. When they are magnetic, the anomaly on the airborne magnetic survey can be 
followed for kilometres. The contact with the underlying amphibolites seems to be gradational 
because amphibolites were found interlayered with the felsic to intermediate gneisses. 
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Alternatively, it is also possible that, in some places, this gradation could be the result of tectonic 
repetition and/or a possible intrusive nature of the amphibolites. The nature of the protolith of the 
felsic to intermediate rocks (i.e., sedimentary versus volcanic) is still an open question. 

STRUCTURAL GEOLOGY 

The succession of folding events that affected the Centennial Lake map area is identical to those 
already described to the east in the Black Donald Lake and Mud Lake map areas (Duguet, Dubé-Bourgeois 
and Ma 2013; Duguet, Whitney and Ma 2014; Karboski 1980). The events will be briefly referred to in 
this article, emphasizing specific features. The terminology used here to name and number the tectonic 
events does not differ from that presented by Duguet, Dubé-Bourgeois and Ma (2013) and Duguet, Whitney 
and Ma (2014). The regional structural pattern presented earlier in this article is mainly the result of the 
F2 folding that reworked the previous structures, especially the regional foliation. In the Centennial Lake  

 

Photo 19.4.  Photographs illustrating the F1 and F2 folding and the along-strike top-to-the-southwest shearing within the map 
area.  A) Northwest-directed, northeast-trending F2 folds; Centennial Lake shoreline (UTM 339062E 5003801N) (section is about 
2.5 m high).  Vertical view.  B) Mafic sill folded by decimetre-scale F1 fold reworked by upright F2 fold; Matawatchan Road 
(Renfrew county road 71) (UTM 331486E 5007097N) (pen, for scale, is 14 cm long). Vertical view.  C) Mylonitic porphyritic 
granite. Asymmetric recrystallization tails around potassium feldspar give a dextral sense of shear (top-to-the-southwest); 
Matawatchan Road (Renfrew county road 71) (UTM 333165E 5006411N) (pen, for scale, is 14 cm long).  Vertical view.  
D) Mylonitic mafic metavolcanic rocks.  Note the intrafolial fold (A-type) with its axis parallel to the stretching lineation.  Road 
going to Vennachar (Buckshot Lake road), south of the map area (UTM 326184E 4993678N) (hammer, for scale, is 45 cm long).  
Vertical view.  All UTM co-ordinates provided using NAD83 in Zone 18. 
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area, the F2 folding event is characterized by northeast-trending folds, which are upright to northwest 
directed in the eastern part of the area (Photo 19.4A), northwest directed in the central lithostructural unit 
and upright again in the western structural unit. As stated earlier, the western unit is an F2 antiform, 
whereas the eastern unit is an F2 synform. An earlier F1 folding event extensively affected the area as 
well. Because both folding events trend to the northeast, it is often difficult to separate them in the field. 
Nonetheless, outcrop-scale evidence is present locally, with recumbent isoclinal F1 folds being reworked 
by more upright F2 folds (Photo 19.4B). On a map scale, convincing overprinting relationships were 
found previously by Lumbers and Vertolli (2001) just south of the map area, where, on their map, they 
show F1 fold hinges wrapping around the F2 fold termination of the eastern megastructure. This structural 
pattern was confirmed subsequently by the Renfrew aeromagnetic survey (Ontario Geological Survey 
2014). The F1 folds show an apparent vergence to the northwest. The term “apparent” is used here 
because the intense overprinting by younger tectonic episodes may significantly disturb the original 
geometry. Ongoing structural analysis in the Mud Lake map area related to the preparation of geological 
cross sections suggests that the real vergence of the F1 folds might have been actually to the southeast. 

In addition to folding, the map area also experienced several regional-scale shearing events. The 
main non-coaxial event that affected the Centennial Lake area is an along-strike top-to-the-southwest 
shearing identical to the one described in the Mud Lake and Black Donald Lake map areas (see Duguet, 
Dubé-Bourgeois and Ma 2013; Duguet, Whitney and Ma 2014). This non-coaxial event was observed in 
every unit mapped this summer (Photo 19.4C). As in the Mud Lake map area, some reversal of this 
shearing from one flank to the other of upright F2 folds confirmed that the F2 event postdated the top-to-
the-southwest one (Duguet, Dubé-Bourgeois and Ma 2013). Chronological relationships between the top-
to-the-southwest shearing and the F1 folding are harder to resolve. The working hypothesis is that this 
shearing occurred during or possibly after the F1 folding. It is also difficult to assess whether the regional 
foliation was coeval with the top-to-the-south shearing event or that it reworked previous fabrics. On the 
other hand and, as pointed out before (see Duguet, Dubé-Bourgeois and Ma 2013; Duguet, Whitney and 
Ma 2014), this event was coeval with a major regional metamorphic event ranging from upper 
amphibolite to granulite facies that reached partial melting conditions in several rock types (e.g., gneissic 
tonalite, monzogranite and metapelite). As pointed out earlier in this article, the contact located southward 
of the Centennial Lake area, between the Black Donald domain to the north and the Mazinaw domain to 
the south, is tectonic (Easton 2006a, 2006b). A reconnaissance excursion to this contact confirmed that 
the rocks along this contact are highly sheared and bear a composite stretching and mineral lineation 
plunging to the northeast (Photo 19.4D). These lineation trajectories are very similar to the ones 
associated with the along-strike top-to-the-southwest shearing farther north. Work on oriented samples is 
pending, and may confirm if a top-to-the-southwest kinematic along the contact between the upper Black 
Donald domain and the underlying the Mazinaw domain is present. 

The Centennial Lake area was also affected by another shearing event that has been observed mostly 
in the southwestern corner of the map area along Highway 41. It is characterized by metre-scale thick, 
mylonitic zones with an apparent west-side-down sense of movement (Photo 19.5A). Asymmetric 
boudinage of granitic and pegmatitic veins emplaced parallel to the mylonitic foliation provided the best 
shear criteria. This heterogeneous deformation is also characterized by local asymmetric boudinage of the 
regional foliation, giving a west-side-down shear sense (Photo 19.5B). In the absence of additional 
examples of this event in the area, the interpretation of this vertical movement within an overall regional 
strike-slip tectonic framework remains problematic. It could be interpreted either as a refolded top-to-the-
west thrusting or alternatively as a normal fault operating during the collapse of the Grenville Orogen at 
circa 1020 to 990 Ma. The relative chronology of this vertical shearing event in regard of the other events 
is unknown. 
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DISCUSSION 

The polyphase and protracted character of the Grenville Orogeny, which spanned over 200 million 
years, has blurred and locally erased many of the initial relationships that were present between the 
different domains of the Central Metasedimentary Belt and the lithostructural units present in the 
Centennial Lake area. Careful mapping is needed to properly identify to which domain the various 
supracrustal and metaplutonic rocks are best assigned. 

The mapping in 2015 revealed information critical to the reconstruction of the Central Metasedimentary 
Belt. Of the 3 lithostructural units described herein, the western unit is the one showing features that are 
the least compatible with assignment to the Black Donald domain. This western unit is composed of 
highly deformed and migmatitic plutonic rocks, such as tonalites and monzogranites that are more 
comparable to those present in the Mazinaw domain. These rock types are located at the base of the 
sequence in the core of an antiform. However, it is possible that domains other than the Mazinaw domain 
could fit these characteristics as well. If so, then they may represent the para-autochthonous basement 
upon which the overlying unit is represented by the marble-dominated Black Donald domain (see 
Duguet, Whitney and Ma 2014; Easton, Duguet and Magnus 2011). This alternative scenario of the 
supracrustal rocks surrounding an older, migmatitic core dominated by meta-igneous rocks is more 
difficult to ascertain without more work. However, the supracrustal rocks in the western supracrustal unit 
have significant differences with the supracrustal rocks to the east in the Black Donald domain proper 
and, therefore, could be part of the same entity (i.e., domain) as the underlying tonalites and monzogranites. 

As a first approximation, a possible western limit of the Black Donald domain could be placed on the 
east flank of the antiformal western lithostructural unit. However, because of the structurally upper level 
position of the Black Donald domain as a klippe and its subsequent refolding, it is possible that Black 
Donald domain rocks can be found farther to the west, outside of the map area, where it would overthrust 
the Bancroft terrane, as in the Admaston area (Duguet, Magnus and Ratcliffe 2012). 

 

Photo 19.5.  Photographs illustrating the shearing event with a vertical motion present in the map area; for details, see “Structural 
Geology”.  A) Metre-scale mylonitic shear zone hosting asymmetric granitic veins giving a west-side-down sense of movement.  
The shear zone is 50 cm thick.  Quarry on the east side of Highway 41 (UTM 323473E 5002313N).  Vertical view.  
B) Asymmetric boudinage of amphibolite giving a west-side-down shear sense; west of Highway 41 (UTM 323429E 5002457N) 
(notebook, for scale, is 17 cm long).  Vertical view.  All UTM co-ordinates provided using NAD83 in Zone 18. 
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GRAPHITE MINERAL POTENTIAL 
The Centennial Lake map area and its surroundings have been active recently for graphite 

exploration (cf. Sangster et al. 2013). This exploration has been focussed on the marble belts in the area, 
some of which are located just north of the historic Black Donald Lake graphite mine, which was flooded 
during the creation of Black Donald Lake and Centennial Lake (cf. Storey and Vos 1981, p.55-58). 

Two companies conducted exploration programs from 2011 to 2012. Standard Graphite Corporation 
contracted an airborne geophysical survey (magnetic and low-altitude, time-domain electromagnetic 
(TDEM)) encompassing, from north to south, part of the Mud Lake map area west of the Kennelly Lake 
diorite and around Black Donald Lake, which includes parts of the Black Donald Lake and the Centennial 
Lake map areas. In the northwestern corner of the Centennial Lake area near Griffith, the Little Bryan 
property was also covered by this survey (Desaulniers 2013). Big North Graphite Corporation also started 
its exploration program using geophysical surveys (magnetic and EM) over its properties of Griffith and 
Brougham (located just south of the Mount St. Patrick syenite in the Mud Lake map area; Duguet, Dubé-
Bourgeois and Ma 2013). Only the exploration program of Standard Graphite Corporation continued to 
the stage of preliminary field work, focussed around Black Donald Lake itself (MPH Consulting Limited 
2012). In the Black Donald Lake and Centennial Lake map areas, conductivity profiles and airborne 
magnetic anomalies show excellent correlation with one another. The conductors are superimposed or 
close to the magnetic anomalies, which parallel the general trend of the foliation. On the Renfrew 
aeromagnetic survey (Ontario Geological Survey 2014), the magnetic anomalies can be followed for over 
30 km to the northeast from south of the Centennial Lake map area up to the Mud Lake map area (western 
contact of the Kennelly Lake diorite). Nonetheless, only half of this area was covered by the TDEM 
survey by Standard Graphite Corporation. This relationship between conductors and magnetic anomalies 
is less obvious over the Brougham property, but this may be because of late faults that have their own 
electromagnetic signatures. Even so, in the Brougham property area, many of the magnetic anomalies are 
coincident with the conductivity anomalies. 

Because of their extensive lateral extent and intensity, the magnetic–conductivity anomalies parallel 
to Black Donald Lake seem to be the most prospective features. This set of anomalies delineates an F1 fold 
as its hinge that wraps around the F2 southern termination of the folded eastern lithostructural unit 
(Ontario Geological Survey 2014). The rocks associated with the highest magnetic anomaly identified in 
this survey were never found in situ during mapping in the 2013, 2014 and 2015 field seasons. In the 
Black Donald Lake area, Standard Graphite Corporation found that the non-magnetic horizons are 
composed of rusty (pyrrhotite + pyrite ± chalcopyrite) and graphitic schists and gneisses that have 
matching conductive horizons (MPH Consulting Limited 2012). Diamond drilling, performed by 
Coronation Resources Incorporated in 1982 in the supracrustal rocks exposed west of the Kennelly Lake 
diorite, intersected garnet-biotite gneiss and schist that hosted several horizons of graphite-rich schists 
associated with lenses and veins of pyrrhotite elongated parallel to the foliation (Hansen 1983). This 
diamond-drilling operation was undertaken after a very low frequency electromagnetic (VLF–EM) 
geophysical survey discovered several conductors. These conductors are also closely associated with a 
magnetic anomaly; although no trace of magnetite was reported in the stratigraphic logs. Thus, it is highly 
probable that the regional magnetic anomalies centred on Black Donald Lake are actually from these 
pyrrhotite-rich zones. If so, this may also account for the elusive character of this unit in the field, because 
massive sulphide-rich zones can weather and erode very easily. Only more distal facies of this sulphide 
and graphite alteration and mineralization were observed by the field crew. It affected all types of rocks. 

During the 2015 field season, 5 new graphite occurrences associated with sulphide-rich schists and 
gneisses were found in the Centennial Lake map area, all located outside the limits of the TDEM survey 
by Standard Graphite Corporation (Desaulniers 2013). Four occurrences were found on the shoreline of 
Centennial Lake within mica schists and felsic gneisses of different affinities (eastern lithostructural unit). 
These occurrences are all located on the edges of the regional magnetic anomalies (Figure 19.2). The fifth  
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occurrence was found farther to the east on a regional magnetic anomaly that delineates the central 
lithostructural unit and overlapping siliciclastic metasedimentary rocks (see “General Geology and 
Stratigraphy”). This last occurrence was not magnetic, nor were any of the nearby outcrops. If the main 
magnetic anomaly is a pyrrhotite-rich horizon, then it may constitute a potential target for graphite 
exploration. Calcite marble of the eastern lithostructural unit north of the Centennial Lake road also 
contained disseminated graphite flakes. 

Discussion on the model of emplacement for these graphite-pyrrhotite units is beyond the scope of 
this article. Briefly, however, graphite mineralization in the Black Donald domain is mostly stratabound: 
either it was derived from metamorphosed graphitic metasedimentary rocks or they were hydrothermally 
emplaced during regional metamorphism. Remobilization of pyrrhotite and graphite by late Grenvillian 
pegmatites has been reported both by exploration companies (Hansen 1983; Harron 2013; MPH 
Consulting Limited 2012) and by field party personnel during 2014 and 2015. 
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20.  Project Unit 13-029.  Geologic 
Studies in the Nepewassi Domain, 
Central Gneiss Belt, 
Grenville Province 

S.R. Van De Kerckhove1 
1Department of Earth Sciences, Dalhousie University, Halifax, Nova Scotia  B3H 4R2 

INTRODUCTION 

This report summarizes ongoing research related to a geological mapping project of the West Arm of 
Lake Nipissing in the Nepewassi domain within the Central Gneiss Belt of the Grenville Province (Orogen). 
This work is part of a Master of Science thesis project by S.R. Van De Kerckhove supported by the 
Ontario Geological Survey (OGS) as part of a collaborative bedrock mapping agreement with Dalhousie 
University. Previous work on this project has been summarized in Culshaw, Van De Kerckhove and 
Jamieson (2013) and Van De Kerckhove (2014). Figure 20.1 shows the location of the study area. 

Project Objectives 

The main focus of this thesis project is to investigate the role of inheritance in large, hot, long-
duration orogens by studying the tectonic history of a portion of the Central Gneiss Belt, Grenville 
Orogen. Studying the rocks and structures in the Nepewassi domain will provide insight into the tectonic 
settings and large-scale structures present on the cratonic margin of Laurentia prior to the main collisional 
(orogenic) event at circa 1080 Ma. To achieve these goals, the following tasks are in progress: a) the 
creation of a bedrock geology map from the data gathered during the 2014 field season (Van De 
Kerckhove 2014), including classification and analysis of rock types with a focus on identifiable 
metasedimentary rocks and biotite gneisses of undetermined protolith, but of possible metasedimentary 
origin; b) U/Pb geochronology using laser ablation inductively coupled plasma mass spectrometry (LA-
ICP–MS) and U/Th/Pb geochronology using electron probe microanalysis of selected rock units; and 
c) determining the timing and pressure–temperature conditions of high-grade metamorphism in the 
Nepewassi domain. The mapping school project focusses on an approximately 280 km2 area within the 
Southern subdomain (study area) (see Figure 20.1). The study area was chosen specifically to fulfill the 
project objectives because of the presence of polyphase folding and the aforementioned rock units that are 
key to understanding the tectonic history of Nepewassi domain. 

Geologic Setting 

The Nepewassi domain is located within the Central Gneiss Belt of the Grenville Province (Orogen) 
in Ontario. It is composed of Archean grey gneisses and a variety of biotite gneiss units of undetermined 
protolith, all of which are intruded by granitoid rocks, including the West Bay batholith, as well as mafic 
intrusions, including the St. Charles anorthosite and dismembered metadiabase dikes of the Sudbury dike 
swarm (Lumbers 1975; Carr et al. 2000; Culshaw, Van De Kerckhove and Jamieson 2013). Reconnaissance 
mapping of the Nepewassi domain (Culshaw, Van De Kerckhove and Jamieson 2013; Easton 2014)  
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Figure 20.1.  Simplified map of the Nepewassi area depicting the Northern subdomain separated from the Southern subdomain 
by the St. Charles–Lavigne straight zone (SCLSZ).  The box indicates the detailed study area that was the focus of the 2014 field 
season.  Labelled rock units include the West Bay granite (WBG), anorthosites and leucogabbros (An), and the Cosby batholith 
(CB) (after Lumbers 1974).  Also shown is the location of the fold interference pattern within the Southern subdomain (indicated 
by the red star), axial traces of folds and previously studied U/Pb geochronology locations, with ages in Ma. Ages in the Northern 
subdomain are from Chen, Krogh and Lumbers (1995); ages in the Southern subdomain are from Prevec (1993). 
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revealed that it can be divided into distinct subdomains (Northern, Southern and Cosby) separated by a 
high-strain zone of northwest-trending structures, referred to as the St. Charles–Lavigne straight zone 
(SCLSZ) (see Figure 20.1). North of the SCLSZ, Archean protolith ages are documented (Chen, Krogh 
and Lumbers 1995); south of the SCLSZ, there are no documented Archean ages (see Figure 20.1). In the 
area south of the Southern subdomain, there are fold interference patterns with the first phase of folding 
(F1) displaying north-northeast–trending fold axes (Tyler 2013). The second phase of folding (F2) displays 
an east-southeast, shallowly plunging trend. The fold interference documented in the Southern subdomain 
is apparently absent from the Northern and the Cosby subdomains. Folds in the Northern subdomain are 
commonly upright, plunge shallowly east-southeast and are open (Culshaw, Van De Kerckhove and 
Jamieson 2013). Also present in the Northern subdomain are decimetre- to metre-scale recumbent folds 
that occur north of the St. Charles–Lavigne straight zone. The gently plunging, east-southeast–trending 
folds are restricted to the Nepewassi domain, in contrast to the south-southeast–trending folds in the rest 
of the Central Gneiss Belt (Culshaw, Van De Kerckhove and Jamieson 2013). 

CONTINUING RESEARCH 

Mapping 
Structural, lithological and metamorphic data collected during the 2013 and 2014 field seasons, 

supplemented with geophysical data and air photo imagery, have been used to create a 1:20 000 scale 
geologic map of the study area. Analysis of thin sections has been used to refine the definition of map 
units and to distinguish between map units when field observations were inconclusive. In addition, 
geochemical data provided by the Ontario Geological Survey (OGS) have been used to further distinguish 
and/or define geological units and to provide information on petrogenesis. Most notably, geochemical 
data were used to compare the various phases of the West Bay batholith (Lumbers 1974, unit 12d)  

 

Figure 20.2.  Discrimination diagram of Pearce, Harris and Tindle (1984) for samples from the 3 main granitoid bodies in the 
Nepewassi domain.  Van De Kerckhove (2014) divided the West Bay batholith of Lumbers (1974, 1975) into 2 phases, the West 
Bay and the west phase of the West Bay.  The Cosby batholith (or pluton) was named by Lumbers (1974, 1975).  Abbreviations: 
ORG, ocean-ridge granitoids; syn-COLG, syncollisional granitoids; VAG, volcanic-arc granitoids; WPG, within-plate granitoids. 
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(Van De Kerckhove 2014), the Cosby batholith (Lumbers 1974, unit 15) and other granitoid rocks. The 
geochemical data confirm that the differences between these various intrusive units noted in the field are 
reflected in the geochemistry of the rocks (Figures 20.2, 20.3 and 20.4). For example, the West Bay 
batholith and the west phase of the West Bay batholith have distinct rare earth element (REE) patterns 
and groupings on discrimination diagrams (see Figure 20.2). Other quartz monzonites in the Southern 
subdomain, that were originally thought by Lumbers (1974) to be part of the Cosby batholith, have 
different REE patterns than samples from the main Cosby pluton in the Cosby subdomain (compare 
Figures 20.4A and 20.4B). It is still uncertain if these differences are primary, or are related to partial 
melting during high-grade metamorphism. It is possible that partial melt has been removed from the rock 
during metamorphism or deformation causing a change in chemical composition. Also, geochemical data 
from various diorite bodies in the study area (Lumbers 1974, unit 14) were used to subdivide these units. 

The large area of biotite gneiss within the Southern subdomain (Lumbers 1974, unit 6a) has been 
subdivided into several smaller units. Preliminary descriptions of rock units, provided by Van De 
Kerckhove (2014), will be finalized for the published map. The recognition of metasedimentary rocks 
within this package of biotite gneisses is of particular interest because they provide evidence of the 
presence of a sedimentary basin. The Nepewassi domain is considered part of the parautochthon (cf. Carr 
et al. 2000) of the Grenville Orogen, a parautochthon being defined as a terrane that consists of material 
that has been tectonically transported or displaced a relatively short distance. The basin in which the 
Nepewassi domain metasedimentary rocks were deposited must have been located on the margin of 
Laurentia, within the Laurentian craton, or on the parautochthonous terrane prior to accretion. 
Determining the age and type of the depositional basin will provide a better understanding of the tectonic 
setting during time of deposition. Furthermore, to understand the tectonic history of Nepewassi domain, 
it is important to determine if any of the phases of deformation in the Nepewassi domain rocks occurred 
a) while they were connected to the Laurentian margin, b) while part of a terrane located away from the 
margin, and/or c) during terminal collision. This is important for providing insight into why structures in 
the Nepewassi domain are oriented differently from the surrounding domains. 

Geochronological Studies 

LASER ABLATION INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY 
GEOCHRONOLOGY 

Laser ablation inductively coupled plasma mass spectrometry (LA-ICP–MS) U/Pb geochronology 
provenance analysis has been completed on 6 samples from the study area. Four quartzite samples found 
within, and adjacent to, the regional fold interference patterns have been analyzed along with tonalitic 
gneisses that resemble Archean tonalitic gneisses found in the Northern subdomain. These 2 different 
rock types were chosen to investigate the link between the tectonic setting of sedimentation and the 
relationship of sedimentation to possible basement rocks. The frequency distribution of zircon ages in 
each quartzite sample, accompanied by the whole-rock geochemical data on the quartzites, will be 
compared with data from various quartzite units present within the Laurentian craton and the parautochthon 
that have known depositional settings (e.g., Huronian Supergroup, Tomiko terrane quartzite, French River 
quartzite). The goal is to determine the provenance of the quartzites and associated metasedimentary 
gneisses. 

Detrital zircon ages from samples within fold structures will be used to constrain the upper age limit 
of deformation. Assuming metamorphism and deformation happened congruently, metamorphic zircons 
and metamorphic rims on complex zircon grains will provide more precise age constraints on one or more 
deformation event(s). To distinguish metamorphic zircons from detrital ones, the morphology of 
individual zircons is being studied (Corfu et al. 2003). 
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ELECTRON PROBE MICROANALYSIS GEOCHRONOLOGY 

Complementary to the LA-ICP–MS zircon geochronology, monazite grains have been analyzed 
using the electron probe microanalysis method (Cherniak et al. 2004) to determine their metamorphic age. 
This method uses a scanning electron microprobe with wavelength-dispersive spectroscopy. The monazite 
grains analyzed were chosen from a metapelite located along strike from 2 quartzite units. Both the cores 
and rims of zoned monazite grains from this metapelite were analyzed separately, thereby allowing the  

 

Figure 20.3.  Chondrite-normalized rare earth element diagrams for the West Bay batholith: A) West Bay batholith and B) west 
phase of the West Bay batholith.  Normalizing values of Taylor and McLennan (1985, p.298) are used. 
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discrimination of multiple phases of metamorphism. Originally, it was planned to focus on monazite 
grains present in metamorphic leucosomes, because they would aid in constraining the timing of high-
grade regional metamorphism. Unfortunately, most monazite grains found in the leucosomes of the 
sample are highly embayed and, thus, unsuitable for electron probe microanalysis. The results obtained to 
date are assumed to be metamorphic ages that are correlative with known orogenic events in the region;  

 

Figure 20.4.  Chondrite-normalized rare earth element diagrams for quartz monzonites that differ from the West Bay batholith.  
A) Samples from the Cosby pluton in the Cosby subdomain.  B) Samples of quartz monzonites from the Southern subdomain, 
one of which Lumbers (1975) suggested may be equivalent to the Cosby batholith.  These rocks are geochemically different from 
the main mass of the Cosby pluton.  Normalizing values of Taylor and McLennan (1985, p.298) are used. 
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however, it is possible that some of the cores present in zoned monazite crystals may potentially represent 
detrital grains. In such cases, the rim provides an age of metamorphism, whereas the core gives an 
inherited age that is more difficult to interpret. Comparison with the LA-ICP–MS results, in terms of the 
ages of metamorphic and detrital zircons, will, by association, provide stronger evidence for the presence 
or absence of detrital monazite grains and their significance. 

Pressure–Temperature Calculations 

Two metapelite samples and 1 garnet amphibolite sample have been analyzed using scanning 
electron microprobe wavelength-dispersive spectroscopy for the purpose of geothermobarometric 
calculations. Several geothermometers and geobarometers are being used to compare and validate results. 
For the metapelitic rocks, garnet-biotite is being used as the geothermometer, and garnet-aluminosilicate-
quartz-plagioclase (GASP), garnet-biotite-plagioclase-quartz and, for 1 thin section, garnet-rutile-
aluminosilicate-ilmenite-quartz (GRAIL) geobarometers are being used. For the garnet amphibolite 
sample, garnet-biotite, amphibole-plagioclase, garnet-ilmenite and garnet-hornblende are the 
geothermometers used, with hornblende-garnet-plagioclase-quartz, garnet-biotite-plagioclase-quartz and 
garnet-rutile-ilmenite-plagioclase-quartz (Winter 2013). 

One metapelite sample is located in a north-trending, shallowly east-dipping high-strain zone, likely 
formed by westward-directed thrusting (Van De Kerckhove 2014). This metapelite is the same sample 
used for monazite geochronology. The garnet amphibolite is from an intrusive body located near the same 
shear zone, but is from its hanging wall (to the east). The other metapelite sample being analyzed is from 
the western portion of the study area. This metapelite is part of a thin layer of metasedimentary rock found 
in a dioritic diatextite. Calculating the pressure–temperature history on either side of, and within, the large 
shear zone will potentially provide information about how much displacement occurred across it. 

FUTURE WORK 

Following completion of the analytical work noted above, all the data will be synthesized to form an 
overall conclusion about the probable tectonic history of the Nepewassi domain and how pre-Grenvillian 
features within the Nepewassi domain were inherited into the Grenville Orogen as it is exposed today. 
The complete data set and interpretations will be organized into an MSc thesis at Dalhousie University, to 
be defended in spring 2016. In addition, a geological map of the study area will be submitted to the 
Ontario Geological Survey for publication. 
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21.  Project Units 15-010 and 15-019.  
Geology and Low-Sulphide Platinum 
Group Element Mineralization of 
Drury Township, South Range, 
Sudbury Igneous Complex 

C.A. Gordon1, R-L. Simard1 and C-A. Généreux2 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario  P3E 6B5 
2Department of Earth Sciences, Mineral Exploration Research Centre, Laurentian University, Sudbury, Ontario  P3E 2C6 

INTRODUCTION 

The Sudbury Structure, which is a remnant of a deformed impact crater, is host to numerous nickel-
copper-platinum group element (PGE) deposits and is one of the greatest nickel-producing districts in the 
world. The Southwest Sudbury Structure bedrock geology mapping project, focussing on 1:20 000 scale 
mapping of Drury, Denison, Trill and Fairbank townships, was initiated by the Ontario Geological Survey 
(OGS) in 2015 as part of the 5-year, multi-disciplinary research program on Low Sulfide PGE-rich 
Sudbury Footwall Mineralization being conducted by the Mineral Exploration Research Centre (MERC) 
at the Department of Earth Sciences, Laurentian University. This is a collaborative program with OGS 
and the private sector to develop an integrated geological, geochemical and geophysical exploration 
model for low-sulphide, PGE-rich mineralization in the Sudbury Basin. In addition, 1 of 2 related 
graduate theses was initiated in 2015 (see below) as part of the bedrock geology mapping through the 
Ontario Geological Survey–Laurentian University Graduate Mapping School Agreement. The objectives 
of this mapping school project are summarized in “Ontario Geological Survey–Laurentian University 
Mapping School Project:  Overview”. 

The OGS last mapped Drury and Denison townships over 50 years ago (Card 1965a, 1965b, 1967a, 
1967b, 1968). Trill Township and parts of Fairbank Township were mapped over 30 years ago (Lafleur, 
Maerz and Dressler 1982; Lafleur and Dressler 1985; Thomson 1960). The study area contains numerous 
past-producing mines and there is currently 1 operating mine (Totten Mine), a recent past-producer 
(Lockerby Mine) and several advanced exploration projects, as well as the potential for undiscovered 
deposits. The geology of this part of the Sudbury Structure is more structurally complex than the North 
Range of the Sudbury Igneous Complex (SIC) and is poorly understood, consequently, the need for 
collecting new geological and structural data to assist in mineral exploration. 

This article summarizes the results from the 2015 field program by the OGS, which was focussed on 
Drury Township. 
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REGIONAL GEOLOGY 

Drury Township is located approximately 50 km west of Sudbury, and includes part of the South 
Range of the Sudbury Igneous Complex (SIC). It straddles the boundary between the Archean Superior 
Province and the Paleoproterozoic Southern Province (Figure 21.1). Within the study area, Archean rocks 
consist predominantly of massive to moderately foliated monzogranites belonging to the Ramsey–Algoma 
granitoid complex, which forms several large batholiths, including the Cartier (2642 Ma: Meldrum et al. 
1997) and Birch Lake (2651 Ma: Kamo 2006; Easton and Heaman 2008) batholiths, in the southern part  

 

Figure 21.1.  Simplified geological map of the Sudbury area with the locations of Trill, Fairbank, Drury and Denison townships 
(modified from Ames and Farrow 2007).  Location of area shown in Figure 21.2 is outlined with black dashed line. 
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of the Superior Province (Card 1979; Meldrum et al. 1997). Drury Township is situated at or near the 
transition between the Cartier and Birch Lake batholiths, but the placement of the contact between the 
2 batholiths has not been specifically noted (Tolman 1929; Meldrum et al. 1997). These rocks are 
intruded by the Matachewan mafic dike swarm, which was likely emplaced in 2 main pulses, the first, 
earlier pulse at circa 2480 Ma is believed to have been coincident with emplacement of the East Bull 
Lake Suite of layered intrusions (Krogh, Davis and Corfu 1984; James et al. 2002; Bleeker et al. 2012, 
2015). The Drury Township intrusion, a large, gabbroic to anorthositic body, is interpreted to belong to 
the East Bull Lake Intrusive Suite. The second and “main pulse” of the Matachewan dike swarm occurred 
at circa 2460 Ma (Bleeker et al. 2012, 2015; Halls, Stott and Davis 2005; Heaman 1997). 

The southern boundary of the Superior Province and the Drury Township intrusion are unconformably 
overlain by the supracrustal rocks of the Huronian Supergroup, which were deposited in a continental rift 
basin between 2450 to 2219 Ma (Krogh, Davis and Corfu 1984; Corfu and Andrews 1986). The Huronian 
Supergroup is composed of metamorphosed sandstones, mudstones, carbonates, conglomerates and minor 
volcanic rocks, which are subdivided into the Elliot Lake, Hough Lake, Quirke Lake and Cobalt groups. 
Major, east-trending structures, such as the Murray fault (see Figure 21.1), are thought to have originated 
as extensional faults during sedimentation (Card and Hutchinson 1972). The Huronian Supergroup rocks 
were folded prior to and during the intrusion of the Nipissing Intrusive Suite from 2219 to 2210 Ma 
(Noble and Lightfoot 1992; Corfu and Andrews 1986; Card 1978; Bennett, Dressler and Robertson 1991; 
Easton 2006). Several, metamorphosed, but otherwise relatively undeformed, east-trending dikes, 
currently defined as “Trap dikes”, also intrude the Huronian Supergroup. The ages of these dikes have not 
yet been determined in the Sudbury area, but similar dikes farther to the west have ages of circa 2105 to 
2116 Ma (Bleeker et al. 2015). 

The Sudbury Structure, which has long been recognized as the root of an ancient meteorite crater 
formed at 1850 Ma (Dietz 1964; Krogh, Davis and Corfu 1984), crops out in the northeast corner of the 
map area. The Sudbury Structure is made up of 1) Main mass SIC consisting of a lower sublayer, noritic 
to gabbroic cumulates, and an upper granophyre; 2) quartz-diorite offset dikes; 3) brecciated and shock 
metamorphosed footwall rocks known as Sudbury Breccia; and 4) crater-fill breccias overlain by 
sedimentary strata of the Whitewater Group (Giblin 1984; Dressler, Gupta and Muir 1991; Ames et al. 
1997, 2002; Ames, Watkinson and Parrish 1998; see Figure 21.1). The world-class nickel-copper-PGE 
mineral deposits directly related to the Sudbury Structure are classified into 3 main types based on their 
settings: 1) contact deposits, which are nickel-copper ores hosted in embayments at the base of the SIC, 
2) offset deposits, which are nickel-copper-PGE ores hosted in “quartz diorite” offset dikes, and 
3) footwall deposits, which include the copper-nickel-PGE and low-sulphide PGE deposits hosted by 
Sudbury Breccia (Ames and Farrow 2007). 

The Penokean Orogeny, which occurred between 1890 and 1830 Ma (Van Schmus 1980; Hoffman 
1989; Holm et al. 2001), deformed the Sudbury Structure and resulted in large-scale folding and 
displacement along south-dipping thrust faults (e.g., Zolnai, Price and Helmstaedt 1984). The South 
Range shear zone (see Figure 21.1) is defined as a 64 km long and 1 to 5 km wide zone that affects the 
SIC and the adjacent host rocks in the South Range. Interpretations on the approximate timing of the 
South Range shear zone vary from 1600 to 1700 Ma (Mazatzal Orogeny; Burrows and Rickaby 1930; 
Shanks and Schwerdtner 1991; Bailey et al. 2004) to within a few million years after the SIC impact 
event (Dubois and Benn 2003a, 2003b). Younger igneous events in the region and in the map area include 
the intrusion of the Sudbury olivine diabase dike swarm (circa 1235 Ma: Krogh et al. 1987), which are 
undeformed and, thereby, provide a minimum age constraint on much of the deformation in the map area. 
The map area is also likely affected by deformation related to the Grenville Orogeny; this deformation is 
characterized by predominantly brittle deformation and may have reactivated pre-existing fault zones 
(1070 to 1000 Ma: Zolnai, Price and Helmstaedt 1984). 
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ONTARIO GEOLOGICAL SURVEY–LAURENTIAN UNIVERSITY 
MAPPING SCHOOL PROJECT:  OVERVIEW 

Low-sulphide PGE deposits represent an economically significant mineralization style that has been 
recognized within the South Range and around the Sudbury mining camp (e.g., Ames and Farrow 2007), 
but remains the least understood mineralization type in the camp. This deposit type is especially 
challenging from an exploration perspective because there is no direct correlation between mineralization 
grade and sulphide content. Also, the South Range of the Sudbury Igneous Complex (SIC) has undergone 
a complex history of deformation and metamorphism, both before and after the emplacement of the SIC, 
which has resulted in a strong tectonic overprint on mineralization, further obscuring the recognition of 
the low-sulphide PGE-rich deposits. The mechanical, metamorphic and/or hydrothermal processes 
involved in the generation of low-sulphide PGE-rich deposits are not well documented. 

A graduate thesis with candidate Carol-Anne Généreux under the supervision of Drs. B. Lafrance 
and D. Tinkham (LU–MERC) was initiated this field season. The goal of this project is to identify the 
structural, lithologic and metamorphic controls on the emplacement of low-sulphide PGE mineralization 
and on subsequent remobilization within the South Range. This will be achieved through 1) regional 
mapping with OGS geoscientists (Caroline Gordon, Renée-Luce Simard) to provide a better understanding 
of the regional context of the Drury and Denison townships geology within the South Range of the SIC 
and overall Sudbury Structure; 2) detailed mapping of low-sulphide PGE showings to determine relative 
timing between structures, metamorphism and mineralization in the area; and 3) thermobarometry, 
integrated with phase equilibrium modelling, to determine the pressure and temperature active during the 
tectonic history of the deposits and the South Range of the SIC. Ultimately, the results of these analyses 
will be compared with other known low-sulphide PGE deposits in the Sudbury area, such as the 
McCreedy West deposit and parts of the Broken Hammer deposit, to contribute to the development of an 
exploration model for low-sulphide PGE mineralization in the South Range of the SIC. 

Regional geological mapping, sample collection for traditional thermobarometry and detailed 
structural analyses were conducted this past field season. Plans for next year include continued regional 
geological mapping and detailed mapping of various mineralized zones exposed by exploration-related 
stripping, as well as detailed studies of known low-sulphide PGE deposits in the South Range of the SIC 
in collaboration with industry partners. 

PRELIMINARY RESULTS 
The rocks in Drury Township have undergone several episodes of metamorphism (Card 1965a, 1978). 

The metamorphic grade in the area ranges from lower greenschist to lower amphibolite facies, with 
regional retrograde metamorphism also present (Card 1965a, 1978). For sake of clarity, the authors have 
omitted the prefix “meta” for the rock names in this report (e.g., gabbronorite versus metagabbronorite). 
Also, from here on in this report “map area” refers to the portion of Drury Township mapped during the 
2015 field program (see Figures 21.1 and 21.2). 

Superior Province 

RAMSEY–ALGOMA GRANITOID COMPLEX 

The northern portion of the map area is composed of a variety of granitoid rocks of the Ramsey–
Algoma granitoid complex (Figure 21.2). The dominant rock type observed consists of medium-grained, 
homogeneous, equigranular to locally porphyritic pink monzogranite (Photo 21.1A). The monzogranite is 
typically weakly to moderately foliated with the main foliation trending easterly. Locally, the foliation 
intensifies in narrow, east-trending, dominantly dextral shear zones that are typically less than 5 cm wide. 
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Figure 21.2.  Simplified geological map of the central portion of Drury Township mapped during the 2015 field season.  
Universal Transverse Mercator (UTM) co-ordinates provided based on North American Datum 1983 (NAD83) in Zone 17. 
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Photo 21.1.  A) Weakly foliated monzogranite of the Ramsey–Algoma granitoid complex (UTM 457210E 5142194N).  
B) Sheared contact between monzogranite (left) and Matinenda Formation quartz arenite (right) in the mylonite zone (UTM 
457328E 5141820N).  C) Vari-textured leucogabbronorite of the Drury Township intrusion (UTM 461351E 5140738N).  
D) Foliated plagioclase-phyric mafic dike of the Matachewan dike swarm (UTM 463808E 5141341N).  E) Strongly deformed 
sandstones of the Matinenda Formation showing north-trending kink bands; compass points north (UTM 457303E 5141791N).  
F) Staurolite porphyroblasts in argillaceous mudstone of the McKim Formation (UTM 457240E 5136546N).  Objects used for 
scale: open compass = 14.5 cm long; pen = 9 mm wide; colour pencil = 7 mm wide; dime = 18 mm; hammer = 40 cm long.  
All UTM co-ordinates provided using NAD83 in Zone 17. 
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The contact between the monzogranite and the Huronian Supergroup metasedimentary rocks in the 
southwest portion of the map area is exposed in 3 locations. At all locations, subvertical east-trending 
highly foliated quartz-rich sandstones, interpreted as belonging to the Matinenda Formation, are found in 
sheared contact with moderately to highly foliated monzogranite (Photo 21.1B). This contact is known to 
be unconformable in multiple locations between Sudbury and Sault Ste. Marie (Young 1991; Gordon 
2012). However, the intensity of the deformation observed in this portion of the map area (see “Mylonite 
Zone”) has obscured the primary relationship between these 2 units. The contact between the 
monzogranite and the Drury Township intrusion is obscured by a band of Sudbury Breccia of varying 
thickness (see “Sudbury Igneous Complex and Associated Breccia”). 

Southern Province 

DRURY TOWNSHIP INTRUSION 

In the map area, the Drury Township intrusion is up to 2 km in thickness in the east and pinches out 
to the northwest (see Figure 21.2). It is typically composed of medium- to coarse-grained, locally 
pegmatitic, vari-textured leucogabbronorite (Photo 21.1C). Although typically xenolith free, large granitic 
inclusions, similar to the Archean monzogranite to the north, have been recognized within the 
leucogabbronorite in the thicker portion of the intrusion. The intrusion is weakly to moderately foliated, 
with the main foliation striking east-northeast. Locally, the foliation intensifies in narrow, east-trending 
dextral shear zones. The foliation strength significantly increases to the south, and is east trending, 
parallel to the mylonite zone (see “Structural Geology”). 

Although the original contact of the Drury Township intrusion with the monzogranite is obscured by 
a zone of Sudbury Breccia of varying thickness and locally, younger mafic intrusive rocks, the presence of 
potentially locally derived xenoliths and the “crosscutting” northwest-trending finger of leucogabbronorite 
intruding the monzogranite strongly suggests an intrusive relationship (see Figure 21.2). The southern 
contact of the Drury Township intrusion with the Huronian Supergroup is obscured by both Sudbury 
Breccia and a major mylonite zone (see “Structural Geology”). 

MATACHEWAN DIKE SWARM 

Several northeast- and east-trending, as well as some northwest-trending, narrow mafic dikes (0.5 to 
5 m wide) crosscut the Archean monzogranite and, to a lesser extent, the Drury Township intrusion (see 
Figure 21.2). These dikes are typically composed of mesocratic gabbronorite, very fine to medium 
grained and mostly equigranular; some dikes are plagioclase phyric. When present, plagioclase phenocrysts 
are typically 0.5 to 2 cm in length, subhedral to anhedral, ranging from less than 5 to up to 15 modal % in 
abundance (Photo 21.1D). The northeast and east trend of the plagioclase-phyric dikes is an unusual 
orientation for the Matachewan dike swarm, which is typically a northwest-trending swarm. Unfortunately, 
apart from the plagioclase-phyric dikes, it is difficult to positively identify the Matachewan dike swarm in 
the field from other fine-grained, metamorphosed mafic intrusions. 

HURONIAN SUPERGROUP ROCKS 

Drury Township was last mapped prior to the establishment of the current Huronian Supergroup 
stratigraphy (cf. Robertson, Card and Frarey 1969). One of the main objectives for this mapping project is 
to classify and apply the Huronian Supergroup stratigraphy to the sedimentary and volcanic rocks in 
Drury Township. Sedimentary rocks of the Huronian Supergroup cover the southern portion of the map 
area (see Figure 21.2). These units are tentatively assigned to the Elliot Lake Group and Hough Lake 
Group as described in their type sections in the Elliot Lake area (Young 1991; Bennett, Dressler and 
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Robertson 1991, and references therein). The Huronian Supergroup stratigraphy in the map area has been 
thrusted and folded along west-northwest- to east-trending synclines, anticlines and faults (see “Structural 
Geology”). Most of the strata are subvertical and are roughly west-northwest to east trending. Reversals 
of facing direction have been observed in multiple locations, and define the open synclines and anticlines 
shown in Figure 21.2. Unit thicknesses stated elsewhere in this section are apparent thicknesses and 
include thickening by folds and potential thrust repetitions, unless otherwise mentioned. 

Elliot Lake Group 

Although mafic volcanic rocks were mapped previously at the contact between the Archean 
monzogranite and the Drury Township intrusion to the north, and quartz-rich sedimentary rocks to the 
south, none were observed in the map area during the course of the field season. All of the previously 
identified “mafic volcanic rocks” were found to occur in an east-trending, 200 to 500 m wide mylonite 
zone that straddles the boundary of the inferred unconformity (see Figure 21.2; see “Structural Geology”). 

MATINENDA FORMATION 

The Matinenda Formation in the map area is up to 300 m thick in places, including potential 
thickening by folding (see Figure 21.2). It is found in sheared contact with the Archean monzogranite and 
the Drury Township intrusion. At its base, the rocks of the Matinenda Formation are greenish beige 
subfeldspathic arenite and quartz arenite with quartz-pebble-rich slightly conglomeratic beds. They are 
usually massive to crudely bedded, locally displaying graded beds and cross-bedding. These rocks grade 
upward into white, moderately bedded, medium- to fine-grained, subfeldspathic arenite and quartz 
arenite. Where exposed, the transition with the overlying McKim Formation is gradational, with 
interbedded medium- to fine-grained subfeldspathic arenite and quartz arenite and thin siltstone and 
mudstone beds. 

Along the contact with the Archean monzogranite and the Drury Township intrusion, the rocks of the 
Matinenda Formation are highly foliated and display numerous kink bands that obliterate all primary 
depositional structures (Photo 21.1E; see “Structural Geology”). Moving southward, the strain level 
recorded decreases rapidly and the presence of primary depositional structures (e.g., graded beds, cross-
bedding, channels) allowed for recognition of facing directions. Measurements of facing directions 
indicate reversals suggesting the presence of macroscopic folds. Locally, small-scale folds were observed. 

McKIM FORMATION 

The McKim Formation is one of the most aerially extensive units in southern Drury Township (see 
Figure 21.2). The preserved sequence is up to 1.5 km thick along the Agnew Lake Mine road, including 
significant thickening by folding. The McKim Formation consists of interbedded fine-grained sandstone, 
siltstone and mudstone grading upward into thinly bedded argillaceous mudstone and minor siltstone. 
Staurolite, chloritoid and white mica porphyroblasts are present in the more argillaceous beds in the upper 
part of the formation (Photo 21.1F). The mudstones and siltstones are moderately to strongly foliated, 
usually recording at least 2 deformation events: an early pervasive east-trending foliation roughly parallel 
to bedding, and a late north-trending spaced crenulation cleavage (Photo 21.2A). Small-scale folds were 
observed in several locations (Photo 21.2B). The contact with the overlying Ramsay Lake Formation is 
not exposed in Drury Township. 
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Photo 21.2.  A) Siltstones of the McKim Formation showing well-developed north-trending spaced crenulation cleavage 
(UTM 458349E 5140066N).  B) Small-scale folds in mudstones of the McKim Formation (UTM 458514E 5139791N).  
C) Conglomeratic sandstone of the Ramsay Lake Formation showing granitoid clasts (UTM 457844E 5137492N).  D) Clast-
bearing, very fine-grained, strongly foliated and chloritized Sudbury Breccia in a deformed granitoid in the mylonite zone (UTM 
459148E 5141173N).  E) Chloritized Sudbury Breccia exhibiting “flame-like” injection in the host rock with  preserved flow-like 
structures (yellow dashed lines) in a relatively undeformed gabbronorite “boudin” in the mylonite zone (UTM 459138E 5141199N).  
F) Classic Sudbury Breccia with rounded “transported” pebbles and cobbles in quartz arenite of the Matinenda Formation (UTM 
459266E 5140716N).  Objects used for scale: open compass = 14.5 cm long; pen = 9 mm wide; colour pencil = 7 mm wide.  
All UTM co-ordinates provided using NAD83 in Zone 17. 
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Hough Lake Group 

RAMSAY LAKE FORMATION 

The Ramsay Lake Formation is exposed in the southern portion of the map area. The preserved 
sequence is approximately 300 m thick and wedged between large mafic sills (see Figure 21.2). It consists 
of beige, poorly sorted, polymictic, quartz-rich conglomeratic sandstone (Photo 21.2C). It contains up to 
10% of rounded clasts of granite and quartz, up to 7 cm in size. The sandy matrix is very coarse grained, 
poorly sorted, quartz and feldspar rich, with up to 30 modal % subangular quartz granules (2 to 4 mm in 
size). These conglomeratic sandstones are highly deformed, showing 1 to 2 east-trending, steeply dipping 
foliations and a very strong stretching lineation (1:10 ratio) steeply plunging to the south. These rocks are 
in sheared contact with mafic intrusive sills to the north and south of it (see Figure 21.2). 

NIPISSING INTRUSIVE SUITE 

Several large and small, roughly east-trending, mafic sills, historically assigned to the Nipissing 
Intrusive Suite (e.g., Dressler 1984), intrude the Huronian Supergroup rocks in the map area (see Figure 
21.2). They occur mainly near or at the contact between the Matinenda and McKim formations, as well as 
along major structures (see Figure 21.2). The thicker east-trending mafic intrusions are typically medium- 
to coarse-grained gabbronorite and medium-grained melagabbronorite. They can reach up to 400 m in 
thickness and extend over 2 km in length. Although generally massive and equigranular, pegmatoidal 
and/or anorthositic pods occur within the thicker sills. 

In the Huronian Supergroup rocks present in the northern portion of the map area, the thicker mafic 
sills are not as laterally extensive. Several thinner ones (<50 m thick) have been identified and gently 
undulate or are concordant with bedding. The mafic sills are weakly to moderately deformed, usually 
showing 1 or 2 foliations and may contain several localized shear zones. The map pattern suggests that 
some of these sills have been folded and/or partially dismembered by faulting (see “Structural Geology”). 

SUDBURY IGNEOUS COMPLEX AND ASSOCIATED BRECCIA 

Rocks of the Sudbury Igneous Complex (SIC) are exposed in the northeast corner of Drury 
Township, but were not mapped this past field season. However, a significant amount of Sudbury Breccia 
was recognized throughout the map area and is described below. 

All map units within Drury Township that are older than circa 1850 Ma contain various amounts of 
Sudbury Breccia. It typically occurs as a strongly foliated, very fine-grained, dark green chloritic rock, 
forming veinlets and veins of various thickness (0.5 cm to >1 m, averaging 3 cm) and orientation, with or 
without clasts (Photo 21.2D). The chloritic and highly foliated nature of the Sudbury Breccia in the map 
area is likely a result of later regional deformation and/or alteration event(s) in the South Range after the 
emplacement of the Sudbury Breccia at circa 1850 Ma. These later events render formal “classification” 
into different Sudbury Breccia types difficult. However, when less deformed, “flow-like” structures have 
been observed as fingers injected into the host rock (Photo 21.2E); these are typical of “pseudotachylite” 
Sudbury Breccia as described by Lafrance and Kamber (2010). 

In general, most host rock units display an average of 5 to 15% of the clast-free thin veinlets, but the 
amount can vary considerably from one area to another, and is also affected by the quality of the outcrop 
exposure. The thicker veins, usually clast rich, are concentrated in corridors and/or belts present along 
major lithologic contacts or structures. Locally, especially in the more competent sedimentary units such 
as the quartz arenites, textbook examples of Sudbury Breccia with rounded “transported” pebbles and 
cobbles are observed (Photo 21.2F). Clasts of both local and exotic sources can be present. 
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A thick “belt” of “clast-rich heterolithic” Sudbury Breccia was mapped at the contact of the Drury 
Township intrusion and the Archean monzogranite. This Sudbury Breccia belt is 10 to 300 m wide and is 
composed of pseudotachylite with up to 85% subrounded to rounded, slightly flattened clasts. Clasts 
range in size from smaller than 0.5 cm to larger than 50 m, averaging 1 to 2 m. Clasts are generally 
derived from the adjacent host rocks (leucogabbronorite, granite, gabbronorite), but exotic clasts were 
also observed (e.g., granite, quartz veins; Photo 21.3A). The matrix between the clasts composes greater 
than 40% of the outcrops and is generally strongly foliated, with the foliation characteristically wrapping 
around clasts, and forms anastomosing veinlets (1 to 15 cm wide). The transition from “clast-rich 
heterolithic” Sudbury Breccia and the host rocks is gradational. It is characterized by a rapid increase in 
the abundance and thicknesses of the chloritic veinlets in the host rock, to clast-rich “monolithic” (host-
rock derived) Sudbury Breccia, to a thick corridor of “heterolithic” Sudbury Breccia (a mix of host rock 
and exotic clasts) that is more than several tens of metres wide. 

SUDBURY DIKE SWARM 

Several undeformed olivine gabbro dikes occur in the map area. These dikes are fine to medium 
grained, northwest trending and cut the Huronian Supergroup, the Drury Township intrusion and the 
Archean monzogranite. These dikes have a moderate to high magnetic susceptibility, which is unique for 
mafic intrusions in this area. All other mafic intrusive rocks in Drury Township have low magnetic 
susceptibility. 

STRUCTURAL GEOLOGY 

This section presents observations to support the identification of major structural features in the 
map area (see Figure 21.2). It should be noted that, given the early stage of mapping, overprinting and/or 
crosscutting relationships between different structural events and the various geological units, especially 
in the regional context of major structural events and/or features known in the Sudbury Basin (e.g., South 
Range shear zone) are preliminary in scope. Part of the mapping objectives for this field season was to 
identify these structures and understand their “placement” in the geological history of the area. 

Early Regional Folding and Thrusting 

In previous work, large-scale, west-northwest- to east-trending open synclines and anticlines, and 
northeast-trending late brittle faults have been recognized (Card 1965a, 1965b). Remapping of the 
sedimentary rocks in Drury Township and assigning them to the various Huronian Supergroup formations 
has been key in the identification of both regional folding and thrust faulting in the map area. Large-scale, 
west-northwest- to east-trending open synclines and anticlines have been recognized based on several 
reversals of facing directions in the Matinenda Formation and McKim Formation sedimentary rocks (see 
Figure 21.2). The folds are consistent with the pervasive west-northwest- to east-trending subvertical 
foliation observed in most rocks in the map area. Mapping of the Nipissing sills has indicated folding of 
at least some of the larger intrusions concordant with the regional folds (see Figure 21.2). This is 
consistent with the earlier interpretations that some of the regional folding in Drury Township postdates 
Nipissing magmatism (Noble and Lightfoot 1992; Corfu and Andrews 1986; Card 1978; Bennett, 
Dressler and Robertson 1991; Easton 2006). 

A west-northwest- to east-trending thrust fault was identified based on stratigraphic repetition of a 
Matinenda–McKim formations sequence that has a consistent north-facing direction, and repetition of the 
uranium-enriched basal member of the Matinenda Formation (see Figure 21.2). This sequence is located 
approximately 1 km south of the Superior–Southern provinces contact (see unconformity in Figure 21.2). 
This thrust fault is roughly parallel to the regional folding and is also concordant with the pervasive west- 
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Photo 21.3.  A) Clast-rich heterolithic Sudbury Breccia with abundant granitoid clasts (yellow dashed outlines) and local gossan 
(UTM 460613E 5141174N).  B) Sheared monzogranite, approximately 50 m north of the Ramsey–Algoma granitoid and 
Matinenda Formation contact in the mylonite zone; potassium feldspar “eyes” and C-S fabric orientation suggest dextral shear 
along the C plane, as indicated by the white arrows (UTM 457328E 5141862N).  C) Ultramylonite showing dextral C-S fabric in 
the core of the mylonite zone (UTM 457340E 5141988N).  D) Dextral C-S fabric in a fine-grained mafic intrusive dike, as 
indicated by the white arrows (UTM 461525E 5140548N).  E) Intense stretching lineation (yellow dashed line) in subfeldspathic 
arenite of the Matinenda Formation (UTM 459266E 5140716N).  F) Strongly foliated mudstone of the McKim Formation 
showing well-developed kink bands, approximately 50 m south of the mylonite zone (UTM 456399E 5141427N).  Objects used 
for scale: open compass = 14.5 cm long; pen = 9 mm wide; colour pencil = 7 mm wide.  All UTM co-ordinates provided using 
NAD83 in Zone 17. 
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northwest- to east-trending subvertical foliation in the area. Most units in the map area also display a 
moderately to strongly developed stretching lineation steeply plunging to the east- or east-northeast, 
which may or may not be related to the folding and/or thrusting event(s). 

Mylonite Zone 
A major subvertical west-northwest- to east-trending mylonite zone, 300 to 500 m wide, has been 

recognized straddling the contact between the Huronian Supergroup and older rocks to the north (see 
Figure 21.2). The transition from the protolith host rocks into the mylonite zone is gradational. 
Approaching the mylonite zone, within approximately the first 100 m, the host rocks change from 
moderately foliated to strongly foliated (Photo 21.3B). Fault-bounded “boudins and/or eyes” of relatively 
undeformed intrusive and sedimentary host rocks, up to 50 m in thickness and 300 m in length, can be 
mapped within the mylonite zone. The core of the mylonite zone is an approximately 100 m thick 
ultramylonite (dark green, very fine-grained, strongly foliated rock with numerous stretched and/or folded 
quartz vein boudins; Photo 21.3C). 

A set of 2 subvertical foliations, roughly west-northwest to east trending, forming an approximately 
10 to 20° angle C-S fabric, is observed throughout the mylonite zone and is locally present in the 
surrounding rocks (Photo 21.3D). Clockwise rotation of the S fabric into the C plane indicates dextral 
movement along most of the observed C planes (see Photos 21.3B, 21.3C and 21.3D). Most kinematic 
indicators observed within the mylonite zone record dextral movement (see Photos 21.3B and 21.3C), 
although sinistral movement has been recorded locally. Within the mylonite zone, the stretching lineation 
is very intense, and plunges steeply to the east (Photo 21.3E). 

Pseudotachylite Sudbury Breccia veins were observed in the mylonite zone. As in most cases in the 
map area, the material is intensely foliated (see Photos 21.2D and 21.2F), but some primary features, such 
as “flame-like” injection in the host rock, are preserved (see Photo 21.2E). However, because other 
“boudins and/or eyes” of relatively undeformed host rocks have been mapped in the mylonite zone, the 
preservation of undeformed Sudbury Breccia cannot be used to positively state that the Sudbury Breccia 
postdates the mylonite zone (i.e., constraining formation of the mylonite zone to prior to 1850 Ma). 

Kink Bands and Crenulations 
Later rotation of the main regional foliation and mylonitic fabric has produced numerous kink bands, 

particularly well developed in the sedimentary rocks of the Matinenda and McKim formations (see Photos 
21.1E and 21.3F). The kink bands are narrow, with an average width of 4 cm. The average distance between 
the kink bands is approximately 1.5 m. The general orientation of these kink bands is roughly north 
trending. Similarly, a late north-trending spaced crenulation cleavage is very well developed in mudstone 
and siltstone of the McKim Formation in the southern portion of the map (see Photo 21.3F). The distance 
between the spaced crenulation cleavages averages 1 cm, but locally can be more closely spaced. 

The event or events causing these north-trending fabrics is not yet known, but the fabrics definitely 
postdate most deformation in the area (regional folds and thrusts, mylonite zone). The fact that both the 
kink bands and the spaced crenulation cleavage are present throughout the map area, and that they have a 
similar orientation, suggests that they could be coeval. 

Other Shear Zones 
A few “regional” east-southeast- and east-northeast-trending shear zones along with several 

localized, variably oriented, narrow (1 to 20 cm wide) shear zones have been recognized in the map area 
(see Figure 21.2). No significant offsets have been recorded along these shear zones. 
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PROJECT HIGHLIGHTS AND ECONOMIC GEOLOGY 

Sudbury Breccia Belt 

The newly defined, 10 to 300 wide, Sudbury Breccia belt identified along the contact of the Drury 
Township intrusion and the Archean monzogranite (see Figure 21.2) has economic potential. Within the 
limited exposure of the breccia belt examined this summer, local gossanous patches up to 1 m by 30 cm in 
size, containing disseminated to blebby sulphide mineralization (pyrrhotite and chalcopyrite, 5 to 15%), 
and 10 by 10 cm wide pods of massive magnetite were observed within the chloritic veinlets. In addition, 
smaller offshoots of Sudbury Breccia located just outside of the main breccia belt also contain 
disseminated sulphide mineralization concentrated in gossan zones that range from a few centimetres up 
to several metres in width (Photo 21.4A). It is well documented in the Sudbury area that Sudbury Breccia 
zones, in particular those that are thermally metamorphosed, are potential hosts for copper-nickel-PGE 
mineralization, such as the Frood and Stobie breccia belt deposits (Morrison, Jago and White 1994; 
Fedorowich, Rousell and Peredery 1999; Hanley and Mungall 2003). 

Shear Zones:  Remobilization of Copper-Nickel-Platinum Group 
Element Mineralization? 

A major contribution of this mapping project is the identification of the 300 to 500 m wide mylonite 
zone along the Archean monzogranite–Drury Township intrusion–Huronian Supergroup contact. This 
zone, previously mapped as a belt of metavolcanic rocks, represents a major structure that has potential to 
host significant concentrations of remobilized sulphide mineralization. As noted above, within the 
mylonite zone, gossanous shear zones, ranging from 5 to 15 cm in width and containing predominantly 
chalcopyrite and pyrrhotite mineralization, have been identified. 

Outside of the newly recognized mylonite zone, the narrower “other” shear zones (see “Structural 
Geology”), locally contain disseminated to semi-massive sulphide mineralization in discontinuous zones 
that reach up to 12 m in width (Photo 21.4B). It has been previously documented that many of the historic 
copper-nickel showings in Drury Township, excluding those associated with the Sudbury Igneous 
Complex contact and offset dikes, appear to be hosted in sheared, locally silicified, mafic intrusive rocks 
(Card 1965a, 1965b). 

 

Photo 21.4.  A) Disseminated sulphide mineralization concentrated in a gossan zone in Sudbury Breccia (UTM 458097E 5140971N).  
B) Greater than 10 m wide shear zone containing disseminated to semi-massive sulphide mineralization (UTM 463757E 
5140815N).  Object used for scale: hammer = 40 cm long.  All UTM co-ordinates provided using NAD83 in Zone 17. 
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Radioactive Mineralization 
A uranium-rich horizon, associated with pyritic quartz arenite and/or quartz-pebble–rich conglomeratic 

subfeldspathic arenite, is present approximately 50 to 150 m stratigraphically above the base of the 
unconformity. The lenses themselves are discontinuous, but the horizon can be followed for at least 3 km 
along strike. Gamma-ray scintillometer determined assay values are elevated compared to background 
readings, and range from 20.1 to 198.3 ppm equivalent uranium and 121.3 to 592.4 ppm equivalent 
thorium. Typical background equivalent uranium and equivalent thorium values for surrounding country 
rock are 0 to 10 ppm eq U and 0.5 to 40 ppm eq Th, respectively. The mineralized horizon is coincident 
with an airborne gamma-ray spectrometric high for both equivalent uranium and thorium (Hetu 1989). 
This horizon corresponds with 2 previously identified radioactive occurrences (MDI41I06NW00065 and 
MDI41I05NE00042: Ontario Geological Survey 2015) and is on strike with the past-producing Agnew 
Lake uranium mine located just 5 km to the west of Drury Township. Radioactive mineral occurrences in 
Drury Township appear to be of similar character and stratigraphic location as the uraniferous quartz-
pebble conglomerate of the Elliot Lake–Blind River area (Robertson 1976). 

FUTURE WORK 
Samples were collected for thin section, whole-rock chemistry and lead-fire assay analyses and/or 

U/Pb zircon geochronology using thermal ionization mass spectrometric (TIMS) to 1) help classify the 
different mafic intrusive suites present in the map area and to evaluate nickel-copper-PGE potential, 
2) determine the age, and to characterize and classify the Archean granitoid rocks in the map area, 
3) characterize the metasedimentary rock units and to evaluate uranium mineral potential, and 
4) characterize structure in the map area. Data collected from sample analyses will be integrated with 
magnetic susceptibility and scintillometer measurements, collected throughout the mapping project, in 
order to provide insights into the outstanding geological problems. 

Bedrock geological mapping for the summer 2016 field season will focus on the remaining portions 
of Drury Township and will extend eastward into Denison Township. The map of Drury Township will 
be the first of four 1:20 000 scale maps of the Southwest Sudbury Structure. 
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INTRODUCTION 

Pecors Magnetic Anomaly 

The Pecors magnetic anomaly is a northwest-oriented aeromagnetic high, approximately 10 km long 
by 4 km wide, located on the east-northeast side of Pecors Lake in Joubin Township to the east of Elliot 
Lake (Figure 22.1). Its southern end, which is approximately 3.5 km long by 1.5 m wide, has been the site 
of active mineral exploration. Here, the surface geology over the anomaly consists of metasedimentary 
rocks of the Huronian Supergroup and sills of Nipissing gabbro (Easton 2013b). Easton (2009) drew 
attention to the fact that this anomaly was oriented at a high-angle to the Archean Whiskey Lake 
greenstone belt to the south and that high-resolution aeromagnetic surveys over the southern margin of 
the Quirke Lake syncline (Ontario Geological Survey 2011) indicated that the magnetic anomaly was 
deep seated and not the near-surface feature that would be expected if it were iron formation. Easton 
(2009) also noted that the Pecors magnetic anomaly coincided with an area of non-deposition of 
metavolcanic rocks of the Thessalon Formation and metaconglomerate of the Matinenda Formation 
(Roscoe 1969), suggesting a paleotopographic high was present atop the magnetic anomaly. Furthermore, 
he noted that uranium mineralization in the Matinenda Formation was located in northwest-oriented 
channels on the flanks of the paleotopographic high. On the basis of the paleotopographic high, an 
abundance of Matachewan mafic dikes in the adjacent Archean basement, and the presence of large mafic 
intrusions, such as the East Bull Lake intrusion, to the east, Easton (2009) suggested that the source of the 
Pecors magnetic anomaly may be a subsurface mafic intrusion(s) of early Paleoproterozoic age. 

Since 2007, International Montoro Resources Inc. has been conducting exploration in Joubin 
Township, initially for uranium and more recently for nickel-copper-platinum group element (PGE) 
mineralization. Geophysical modelling of the Pecors magnetic anomaly, done on behalf of the company, 
suggested that it was most likely a buried mafic intrusion with a north-plunging keel, a main upper contact 
located 300 to 450 m below surface, and with the thickest part of the intrusion being 1000 to 1300 m thick 
(Reed 2011, 2014). This interpretation was supported by 3 previous diamond-drill holes that encountered 
mafic intrusive rocks a short distance below the Matinenda Formation (Reed 2011). 

To further investigate the anomaly, International Montoro Resources Inc. undertook a drilling 
program over the Pecors magnetic anomaly in April and May 2015. The first diamond-drill hole, PDH-1 
(also known as P15-22), reached a depth of 996 m, and transected the upper and lower contacts of a 
gabbro body, which is almost 380 m thick in this diamond-drill hole. The upper contact of the gabbro is at 
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the base of an approximately 90 m thick sequence of Thessalon Formation metavolcanic rocks. The upper 
contact is located between 595.5 and 600 m depth, depending on the interpretation of the affinity of finer 
grained rock present at the contact. The lower contact of the gabbro cuts Archean mafic metavolcanic 
rocks at 989 m depth. The second drill hole, PDH-2 (or P15-23), ended at 1317 m depth still in the 
gabbro, which was the limit of the capability of the diamond drill. In this hole, the gabbro was over 667 m 
thick. The company has reported encouraging copper-PGE results from sulphide-rich zones near the 
bottom of PDH-1 (International Montoro Resources Inc. 2015a, 2015b). 

This Study 

In late April 2015, International Montoro Resources Inc. invited Ontario Geological Survey (OGS) 
staff to view the drill core obtained from diamond-drill hole PDH-1. The scanning electron microscope 
studies reported herein were conducted to determine if U/Pb geochronology on the metagabbro present in 
the drill core was feasible. Geochemical work (Table 22.1) was conducted as a possible alternative in case 
it was not possible to obtain an age on the intrusion. As described in detail below, the scanning electron 
microscope work established the presence of baddeleyite, zircon and titanite in a sample from the upper 
part of the intrusion and, subsequently, International Montoro Resources Inc. supplied the OGS with a 
1.45 m section of split core from PDH-1, from 650.45 to 651.90 m depth, as a geochronology sample. 

Diamond drilling of the Matinenda Formation conducted in 2007 by International Montoro 
Resources Inc. over the Pecors magnetic anomaly found thin, fine-grained granitoid veins (aplites) cutting 
the Matinenda Formation (Hawke 2008, 2010). Given the proximity of these veins to the Pecors magnetic 
anomaly, the possibility exists that they might be related to the gabbro body, because aplite veins have not 
been reported elsewhere in the Matinenda Formation. As with the gabbro, scanning electron microscope 
and geochemical studies (Table 22.2) were conducted on the aplite veins to determine if they were 
suitable for U/Pb geochronology. Zircon was present, and several aplite veins from diamond-drill hole 
P7-04 from 174.0 to 178.12 m depth were sampled for U/Pb geochronology. An earlier study of the 
geochemistry of the aplite veins (Finlayson and Rooney 2009) was inconclusive with respect to their 
origin. 

Energy dispersive X-ray acquisition and backscattered electron (BSE) imaging was performed using 
a Zeiss EVO-50 scanning electron microscope (SEM) equipped with an Oxford thin window, 50 mm2 
silicon drift (SDD) energy dispersive spectrometer. This work was carried out at the OGS Geoscience 
Laboratories in Sudbury. 

The U/Pb geochronology analysis, using isotope-dilution thermal ionization mass spectrometry (ID-
TIMS), is currently underway at the Jack Satterly Laboratory at the University of Toronto by S.L. Kamo. 

RESULTS 

Pecors Magnetic Anomaly Gabbro 

The approximately 380 m thick section of gabbro in diamond-drill hole PDH-1 is a greenish, mostly 
medium-grained, texturally and mineralogically homogeneous, metagabbro. No obvious igneous layering 
was observed in this section, although it is possible that some minor cryptic layering is present. 
Leucogabbro and/or gabbronorite with preserved orthopyroxene, typical features of East Bull Lake 
intrusive suite bodies, were not observed in the section. The macroscopic features present in the section 
provide no clues as to the possible affinity of the gabbro, other than the fact that the absence of 
leucogabbro suggests that the gabbro is not a layered East Bull Lake suite intrusion akin to either the East 
Bull Lake or Agnew intrusions (James et al. 2002). 
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Table 22.1.  Geochemical data for gabbro samples from the Pecors magnetic anomaly and samples from other mafic intrusive units in 
the Elliot Lake area.  Data for the Pecors magnetic anomaly (PMA) samples are from this study; all other data are from Easton (2013a).  
All analyses were performed at the OGS Geoscience Laboratories, Sudbury.  All UTM co-ordinates are NAD83 in Zone 17. 

Sample 
Number 

15RME-
8001 

15RME-
8002 

10RME-
1003 

10RME-
1006 

09RME-
0335 

10RME-
2065 

10RME-
0348 

11RME-
3388 

Easting (m) 389335 389335 379690 379670 373728 408172 361800 383630 
Northing (m) 5138850 5138850 5129283 5129250 5134727 5133868 5165105 5138936 
Rock Name Gabbro Gabbro Gabbro Gabbro Norite Gabbronorite Gabbro Gabbro 
Intrusion PMA PMA Matachewan Matachewan Stone Ridge Tennyson Nipissing Nipissing 
SiO2 (wt %) 49.88 49.39 50.89 50.36 51.44 48.32 50.43 48.35 
TiO2 1.40 0.89 1.40 1.20 0.44 0.44 0.62 1.51 
Al2O3 15.93 14.93 12.77 13.33 16.29 15.95 17.06 13.39 
Fe2O3 3.56 4.13 4.18 3.80 1.31 2.19 3.22 4.22 
FeO 11.23 9.49 11.30 10.22 6.30 10.34 6.12 8.80 
MnO 0.191 0.192 0.20 0.22 0.15 0.21 0.16 0.23 
MgO 3.41 5.30 4.77 5.88 8.49 8.15 5.31 6.74 
CaO 5.32 8.76 9.01 10.09 13.02 10.04 10.39 9.73 
Na2O 3.79 2.20 2.16 1.88 1.48 1.56 2.01 1.89 
K2O 1.43 1.64 1.35 0.70 0.36 0.40 1.32 0.95 
P2O5 0.21 0.12 0.18 0.14 0.04 0.05 0.06 0.21 
CO2 0.30 0.12 0.04 0.08 0.10 0.10 0.07 0.23 
LOI 2.45 1.92 1.07 1.59 0.43 1.87 2.77 2.69 
Total 100.09 100.05 100.54 100.55 100.45 100.68 100.15 99.70 
Mg Number 29.64 41.70 36.1 43.5 66.9 54.1 51.2 48.82 
CIA 60.18 54.24 50.6 51.4 52.5 57.3 55.6 52.0 
As (ppm) <6 9 2 2 2 <1 2 4 
Co 48 54 55 64 41 73 39 57 
Cr 46 117 133 65 435 142 212 61 
Cu 349 131 177 127 100 45 132 131 
Ni 43 100 54 102 129 148 70 30 
Pt (ppb) 19 17 4.0 <0.4 22.2 15 7.5 <0.4 
Pd (ppb) 24 19 2.3 <1.3 19.7 11.8 3.7 <1.3 
Nb (ppm) 24.68 14.12 6.56 13.84 1.36 1.32 2.25 6.45 
Y 33.89 22.27 34.39 24.41 11.55 10.71 16.20 36.85 
Zr 161 91 124 108 33 36 52 141 
La 22.16 12.64 16.41 11.59 4.20 4.95 6.36 18.96 
Ce 45.86 26.2 35.89 25.57 8.97 10.58 13.53 41.22 
Pr 5.941 3.346 4.789 3.467 1.15 1.372 1.75 5.331 
Nd 24.68 14.12 20.82 15.34 4.99 5.79 7.43 22.56 
Sm 5.822 3.21 5.084 3.957 1.37 1.446 2.022 5.074 
Eu 2.0614 1.0611 1.541 1.236 0.508 0.613 0.699 1.523 
Gd 6.222 3.589 5.647 4.618 1.664 1.638 2.331 4.925 
Tb 1.0247 0.5931 0.946 0.786 0.295 0.281 0.407 0.759 
Dy 6.752 3.866 6.287 5.339 1.976 1.922 2.693 4.603 
Ho 1.3711 0.8175 1.308 1.108 0.431 0.41 0.572 0.927 
Er 4.028 2.428 3.975 3.335 1.256 1.221 1.75 2.652 
Tm 0.5991 0.3593 0.576 0.479 0.181 0.177 0.250 0.377 
Yb 3.944 2.346 3.745 3.155 1.182 1.165 1.616 2.422 
Lu 0.6008 0.3581 0.567 0.480 0.177 0.18 0.247 0.36 
Total REE 131.1 74.93 107.6 80.5 28.4 31.8 41.7 111.7 
Notes: Major element oxides are in weight %; trace element data are in ppm except for Pd and Pt, which are in ppb;  
Mg number = atomic Mg/Mg + Fe, where Fe = total Fe expressed as ferrous iron.  Mg number and CIA are dimensionless. 
Abbreviations:  CIA, chemical index of alteration; LOI, loss-on-ignition; n/a, not applicable; REE, rare earth element. 
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Two samples were collected from International Montoro Resources diamond-drill hole PDH-1 (P15-22) 
for detailed study. The first, sample 15RME-8001, was collected at 651.0 m depth, approximately 50 m 
below the roof of the intrusion. The second, sample 15RME-8002, was collected at 897.0 to 897.07 m 
depth, approximately 92 m above the floor of the intrusion. 

Table 22.2.  Geochemical data for aplite (albitite) dike samples from the Pecors magnetic anomaly.  All analyses were performed 
at the OGS Geoscience Laboratories, Sudbury.  Albite samples for comparison are from Deer, Howie and Zussman (1966, p.324).  
All UTM co-ordinates are NAD83 in Zone 17. 

Sample Number 15RME-8004 15RME-8003 Albite 1 Albite 2 
Easting (m) 390733 390733 n/a n/a 
Northing (m) 5137277 5137277 n/a n/a 
Rock Name Albitite with quartz Albitite Albite Albite 
SiO2 (wt %) 74.25 67.77 67.84 67.41 
TiO2 0.38 0.41 0.00 nr 
Al2O3 15.05 19.76 19.65 20.50 
Fe2O3 0.35 0.01 0.03 0.07 
FeO 0.24 0.16 0.02 nr 
MnO 0.004 0.004 nr nr 
MgO 0.20 0.06 0.04 0.10 
CaO 0.19 0.18 0.00 0.81 
Na2O 8.37 11.35 11.07 10.97 
K2O 0.06 0.09 0.29 0.36 
P2O5 0.01 0.00 nr nr 
CO2 0.04 0.06 nr nr 
LOI 0.61 0.44 nr nr 
Total 100.25 99.77 99.80 100.37 

Au (ppm) <8 <8 nr nr 
Th 21.3 20.0 nr nr 
U 6.7 6.6 nr nr 
Hf 3.92 3.86 nr nr 
Nb 2.57 5.41 nr nr 
Y 19.4 27.4 nr nr 
Zr 141 138 nr nr 
La 5.27 2.25 nr nr 
Ce 10.86 5.15 nr nr 
Pr 1.318 0.634 nr nr 
Nd 5.41 2.57 nr nr 
Sm 1.613 0.82 nr nr 
Eu 0.3433 0.1958 nr nr 
Gd 2.612 1.455 nr nr 
Tb 0.5401 0.3523 nr nr 
Dy 4.025 2.869 nr nr 
Ho 0.9075 0.675 nr nr 
Er 2.753 2.176 nr nr 
Tm 0.3979 0.3281 nr nr 
Yb 2.501 2.13 nr nr 
Lu 0.3749 0.3307 nr nr 
Total REE 38.93 21.94 nr nr 

Notes: Major element oxides are in weight %, trace element data are in ppm.  
Abbreviations:  LOI, loss-on-ignition; n/a, not applicable; nr, not reported; REE, rare earth element. 
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In hand sample, sample 15RME-8001 is a medium-grained, green-grey metagabbro (Photo 22.1A). 
In thin section, it is an albite-epidote-chlorite rock with clay mineral alteration (smectite, vermiculite) and 
minor blue-green hornblende. It appears to be a gabbro that has been affected by intense greenschist-
facies metamorphism and/or hydrothermal alteration. Sulphide minerals consist mainly of chalcopyrite 
and fine-grained cobaltite, with minor pyrite, and rare sphalerite and galena. Ronacher (2015) reported 
similar observations from a several other gabbro samples collected throughout diamond-drill hole PDH-1. 

 

Photo 22.1.  A) Close-up view of diamond-drill core from PDH-1 showing texture in gabbro (wet and dry) from part of the 
section sampled for geochronology.  B) Close-up view of albitite sample 15RME-8003 from diamond-drill hole P7-04. 
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Cobaltite is abundant under the SEM, but its presence is not sufficient to noticeably affect either the 
cobalt or arsenic content of the sample (see Table 22.1). Examination by SEM identified the following 
phases of geochronological interest: small baddeleyite grains (<30 µm), typically rimmed by zircon 
(Photo 22.2A); small zircon grains (<70 µm); and large (up to 1 mm) titanite grains, some of which 
engulf epidote grains (Photo 22.2B). This mineralogy, and the textural relationships between these 
3 phases, indicates a complex history for the gabbro. The baddeleyite grains are the phase most likely to 
yield the emplacement age of the intrusion. The zircon overgrowths, and possibly the titanite grains, may 
date the timing of metamorphism and/or hydrothermal alteration that has altered the primary mineralogy 
of the gabbro. 

A thin section from lower in the gabbro, at 897 m depth, was also examined (sample 15RME-8002). 
It also is an albite-epidote-chlorite rock with clay mineral alteration (smectite, vermiculite) and minor 
blue-green hornblende. This sample contained no baddeleyite and only a few zircon grains, but did 
contain titanite. It may be slightly more primitive than sample 15RME-8001, based on magnesium 
number and lower high-field strength element and rare earth element contents (see Table 22.1). 

Aplite (Albitite) Veins 
Samples from 2 aplite veins were examined by SEM and submitted for geochemical analysis (see 

Table 22.2). Sample 15RME-8003 was collected from a pink, fine-grained, homogeneous veinlet cutting 
Matinenda Formation sandstone in International Montoro Resources diamond-drill hole P7-04, at 152.07 
to 152.17 m depth (Photo 22.1B). Sample 15RME-8004 was collected from the same diamond-drill hole 
from 152.17 to 152.26 m, and differs from the first sample in containing greyish quartz veins. The quartz 
contains abundant fine-grained rutile, as determined through SEM examination (Photo 22.3A). In terms of 
major element chemistry, quartz-poor sample 15RME-8003 has a composition nearly identical to that of 
pure albite (see Table 22.2), consistent with the mineralogy of the sample as determined by SEM 
examination. Thus, albitite is a more appropriate rock name for these veins than aplite. Sample 15RME-
8004 has similar major element chemistry, but with a higher silica content reflecting the presence of 
visible quartz. Finlayson and Rooney (2009) also noted that the aplite veins they examined had moderate 
silica contents (up to 72 weight %) and were sodic (10 to 11 weight % Na2O). 

Trace elements, with the exception of uranium and thorium, are low in both samples (see Table 22.2). 
Uranium (6.6 to 6.7 ppm U) and thorium (20 to 21.3 ppm Th) are higher than would be expected, and 
may reflect inclusion of radioactive minerals from the host Matinenda Formation. The uranium and 
thorium in sample 15RME-8004 may be, in part, the result of the presence of several spheres of thucholite 
in the sample (see Photo 22.3B). Thucholite—the name is derived from the chemical symbols for 
thorium, uranium, carbon and hydrogen (Th, U, C, H)—has been previously reported from the Matinenda 
Formation (Roscoe 1969). Thucholite can also be described as a radioactive pyrobitumen mineral. 

The rare earth element patterns (see Figure 22.2B) are not what would be expected for a rock 
consisting of igneous-derived albite. Both samples have relatively low total rare earth element 
abundances, but with enrichment in the heavy rare earth elements. The rare earth element patterns are 
atypical of any felsic magma, and suggest that the albitite veins are of probable hydrothermal origin. 

Zircon was relatively abundant in both albitite samples, and consisted of 2 distinct morphologies. 
The first consisted of zircons with subrounded to rounded cores rimmed by overgrowths of zircon (see 
Photo 22.3C). These may be detrital grains inherited from the Matinenda Formation, with the zircon 
overgrowth resulting from subsequent hydrothermal alteration or interaction with the fluid that produced 
the aplite. The second morphology consisted of euhedral zircon crystals (see Photo 22.3D). Grains of the 
latter morphology were selected for U/Pb geochronology to determine the emplacement age of the albitite 
veins. Monazite, apatite and xenotime were all observed under the SEM (see Photo 23E), but their small 
grain size precluded their use for geochronology. 
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Photo 22.2.  Backscattered electron images of minerals in sample 15 RME-8001, diamond-drill core PDH-1.  A) Baddeleyite 
grain (light colour) rimmed by zircon (medium-grey).  Note small size of the baddeleyite grain.  B) Titanite grains (elongate, 
homogeneous grey) surrounding an epidote grain.  Note the very large size of titanite grain.  Abbreviations: EHT, electrical high 
tension; kV, kilovolts; QBSD, quadrant backscatter detector; Signal A means Signal A. 
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Photo 22.3.  Backscattered electron images of minerals in diamond-drill core P07-04.  All images are from sample 15RME-8003, 
except for image B, which is from 15RME-8004.  A) Intergrown quartz and rutile surrounded by albite.  B) Sphere of thucholite 
in sample 15RME-8004.  Dark material is hydrocarbon.  Light materials are uranium and thorium mixtures.  C) Zircon grain with 
a rounded core (detrital grain) rimmed by zircon overgrowth.  D) Euhedral zircon grain that may have formed during 
emplacement of the aplite vein.  E) Apatite (medium-grey), monazite (light-grey), both rimmed by xenotime (light grey).  
Abbreviations: EHT, electrical high tension; kV, kilovolts; QBSD, quadrant backscatter detector; Signal A means Signal A. 
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DISCUSSION 

Table 22.3 summarizes the main mafic intrusive events present in the Elliot Lake area, one of which 
may be contemporaneous with the emplacement of the Pecors magmatic anomaly gabbro intrusion. As 
each of these mafic intrusive events has differing nickel-copper-PGE potential, determining the age and 
affinity of the gabbro intrusion has important exploration implications. 

Table 22.3.  Summary of major Proterozoic mafic magmatic events in the Elliot Lake area.  Data from Easton, James and Jobin-
Bevans (2010), Easton (2013a), Bleeker et al. (2015), Lightfoot and Naldrett (1996). 

Magmatic Event Age (in Ma) Mineralization Geochemical 
Characteristics 

Comment 

Huronian Supergroup 
mafic volcanism 

2490–2455 Possible base metals Continental flood basalt, 
within-plate basalt, 
subalkalic 

Thessalon Fm,  
Elsie Mountain Fm,  
Stobie Fm and  
other mafic volcanic units 

“Pyroxenite” dike circa 2507 No reported 
mineralization 

Not characterized Sudbury area,  
see Bleeker et al. (2015) 

East Bull Lake 
intrusive suite, 
layered intrusions 

2490–2475 Contact-style  
Cu-PGE 

Low-Ti, high-Al magmas, 
E-MORB character,  
low HFSE and REE 

East Bull Lake, Agnew, and 
River Valley intrusions,  
cut by Matachewan diabase 
dikes 

East Bull Lake 
intrusive suite,  
sill-like intrusions 

No ages, but likely 
2490–2465 

No reported 
mineralization 

Low-Ti, high-Al magmas, 
E-MORB character 

Stone Ridge, Tennyson 
intrusions 

Matachewan dike 
swarm 

2473–2446,  
but main swarm 
circa 2460  
(Bleeker et al. 2015) 

No reported 
mineralization, but 
typically contain 
detectable PGE 

Continental flood basalt, 
within-plate basalt, 
subalkalic to alkalic 
basalt 

Abundant in Elliot Lake 
area, with dikes cutting 
dikes 

Nipissing gabbro 2219–2210,  
with most ages  
circa 2217 

Contact-style  
Ni-Cu-PGE 

Continental flood basalt, 
silica-rich magma with 
negative Ta, Nb, Ti and P 
anomalies 

Higher MgO gabbros may 
be hard to distinguish from 
some East Bull Lake suite 
rocks 

Marathon igneous 
province (former 
Preissac dike swarm) 

circa 2215  
  for Senneterre dikes,  
circa 2167 for  
  Biscotasing dikes 

No reported 
mineralization 

Quartz tholeiite Former Preissac dike swarm 

Marathon igneous 
province  
(“trap dikes”) 

circa 2116–2105 No reported 
mineralization 

Quartz tholeiite East-trending dikes affected 
by Sudbury breccia 

Northwest-trending 
diabase dikes 

circa 1950–1900 No reported 
mineralization 

Quartz tholeiite Northwest-trending dikes 
affected by Sudbury 
breccia 

East-trending post-
Sudbury diabase 
dikes (“trap” dikes) 

circa 1830–1770 No reported 
mineralization 

Quartz tholeiite East-trending dikes that are 
post-Sudbury, but 
metamorphosed 

Sudbury dike swarm 
and related troctolite 
intrusions 

circa 1238 Fe-Ti mineralization 
in troctolite 
intrusions 

Continental flood basalt, 
alkalic basalt,  
high Ti, Ba, Zr 

Olivine-bearing, magnetic, 
unmetamorphosed 

Pecors magnetic 
anomaly gabbro 
intrusion 

In progress Cu-PGE near base 
of intrusion 

Continental flood basalt, 
within plate basalt, 
subalkalic to alkalic 
basalt 

Affinity and age to be 
determined 

Abbreviations: E-MORB, enriched mid-ocean basalt; Fm, Formation; HFSE, high-field strength elements; PGE, platinum group 
elements; REE, rare earth elements. 
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An Archean age for the gabbro intrusion is considered unlikely, in part because of the previously 
described relative age relationships observed at the contacts of the gabbro in diamond-drill hole PDH-1. 
The gabbro clearly intruded Archean mafic metavolcanic rocks, based on its lower contact. Although the 
upper contact is somewhat cryptic, emplacement of the gabbro into the Thessalon Formation, either 
coeval with, or immediately after volcanism, is probable. 

To constrain possible Paleoproterozoic or Mesoproterozoic events to which the gabbro intrusion 
could belong, geochemical data from samples 15RME-8001 and 15RME-8002 are presented in Table 22.1 
and in Figure 22.2A. Table 22.1 also contains representative samples of other mafic intrusions from the 
Elliot Lake area for comparison. Representative samples from the Elliot Lake area from Easton (2013a) 
are used in Table 22.1, rather than regional averages from the literature. This is because the samples are 
more proximal to the Pecors magnetic anomaly and all the data were obtained from the OGS Geoscience 
Laboratories. 

In terms of geochemical signature, samples 15RME-8001 and 15RME-8002 classify on most 
standard basalt discrimination diagrams as continental tholeiites, within-plate basalts or enriched mid-
ocean ridge basalts (E-MORB), and straddle the boundary between subalkalic to alkalic basalt. Layered 
East Bull Lake suite intrusions, such as the East Bull Lake or Agnew intrusions, are characterized by low-
titanium and high-aluminum contents (James et al. 2002). Similarly, homogeneous sill-like intrusions of 
the East Bull Lake suite, such as the Stone Ridge (Easton 2009) and Tennyson intrusions (Easton 2013a), 
also are characterized by low-titanium contents, as well as low Hf, Nb, Ta, Y, Zr and REE (samples 
09RME-0335 and 10RME-2065, respectively, Table 22.1). East Bull Lake suite intrusions are subalkalic 
basalts, classify as E-MORB, and many samples plot as high-magnesium tholeiites on the Jensen (1976) 
discrimination diagram. The geochemistry of samples 15RME-8001 and 15RME-8002, in conjunction 
with the lack of leucogabbro and/or preserved orthopyroxene in the drill core, suggests that the gabbro in 
PDH-1 is not part of the East Bull Lake suite. 

As shown in Table 22.1 and Figure 22.2A, Nipissing gabbro intrusions (samples 10RME-0348 and 
11RME-3388) have a broad compositional range. Some (sample 10RME-0348) are geochemically similar 
to the Stone Ridge and Tennyson intrusions, whereas others (sample 11RME-3388) are more akin to 
samples 15RME-8001 and 15RME-8002 and the Matachewan dike samples, as included in Table 22.1. 
Consequently, the possibility that the Pecors magnetic anomaly gabbro intrusion is a Nipissing intrusion 
cannot be ruled out solely on the basis of geochemistry. A Nipissing age (circa 2217 Ma) for the gabbro 
would seem unlikely, however, based on its apparent effect on deposition of Huronian Supergroup units 
and the complex history recorded by baddeleyite and zircon in sample 15RME-8001. 

The samples that most closely match the Pecors magnetic anomaly gabbro intrusion are samples of 
Matachewan dikes from the Elliot Lake area (samples 10RME-1003 and 10RME-1006 in Table 22.1 and 
Figure 22.2A, as well as other samples in Easton 2013a). Sample 10RME-1003 is more alkali rich than 
most Matachewan dikes, and most closely matches sample 15RME-8001. Sample 10RME-1006 is more 
typical of the Matachewan dikes, and closely matches sample 15RME-8002. The Matachewan dike 
samples also classify on most standard basalt discrimination diagrams as continental tholeiites, within-
plate basalts or enriched mid-ocean ridge basalts (E-MORB), and straddle the boundary between 
subalkalic to alkalic basalt. 

If, in addition to this geochemical similarity, the Pecors magnetic anomaly gabbro intrusion and the 
Matachewan dikes are also similar in age, then it would be the first known example of an intrusion that 
might be part of the feeder system for the Matachewan dike swam. Mafic intrusions of the East Bull Lake 
suite are typically cut by Matachewan dikes, and are slightly older (circa 2475 Ma) (James et al. 2002) than 
the age of circa 2460 Ma now attributed to the main pulse of the Matachewan dike swam (Bleeker et al. 
2015). This would represent an entirely new nickel-copper-PGE exploration target in the region. Thus, the 
age determination on the Pecors magnetic anomaly gabbro intrusion has significant geological implications. 
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Figure 22.2.  A) Chondrite-normalized rare earth element diagram for samples from the gabbro intrusion at the Pecors magnetic 
anomaly (samples 15RME-8001 and 15RME-8002).  Samples from the Stone Ridge intrusion (09RME-0335), the Tennyson 
intrusion (10RME-2065), Nipissing gabbro (10RME-0348 and 11RME-3388), and Matachewan swarm dikes from the Elliot Lake 
area (samples 10RME-1003 to 10RME-1006) are shown for comparison.  Data for samples 15RME-8001 and 15RME-8002 are 
from this study.  Data for all other samples are from Easton (2013a).  B) Chondrite-normalized rare earth element diagram for 
albitite dike samples (15RME-8003 and 15-RME-8004) cutting the Matinenda Formation proximal to the Pecors magnetic 
anomaly.  Data are from this study.  Both diagrams use the normalizing factors of Sun and McDonough (1989). 
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Similarly, the age determination on the aplite veins could also be critical, especially if the veins are 
related to emplacement of the gabbro intrusion. This is because the aplite veins cut the Matinenda 
Formation and, thus, they could provide a critical age constraint on the timing of deposition of the 
Matinenda Formation. 

Finally, the intense recrystallization that the gabbro has undergone suggests that the mineralization 
present may have been remobilized during a hydrothermal alteration event. Regionally, potassium and 
sodium metasomatism occurred at circa 1700 to 1740 Ma throughout the Southern Province (Fedo et al. 
1997; Roscoe, Thériault and Prasad 1992). From an exploration perspective, it would be important to 
know if the alteration seen in the gabbro is related to this event, or if it represents another event. 
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and Geochemistry of the Crystal Lake 
Gabbro and Mount Mollie Dike, 
Northwestern Ontario 
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1Department of Geology, Lakehead University, Thunder Bay, Ontario  P7B 5E1 
2Department of Geological Sciences, University of Minnesota–Duluth, Duluth, Minnesota  55812 
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INTRODUCTION 

The Midcontinent Rift extends approximately 2500 km through Canada and the United States, and 
comprises approximately 1 500 000 km3 of volcanic and intrusive rocks, generated during 4 distinct 
stages of activity ranging from 1150 to 1087 Ma (Heaman et al. 2007). The bulk of the igneous activity 
associated with the Midcontinent Rift took place in 3 main stages—1150 to 1130 Ma, 1115 to 1105 Ma 
and 1100 to 1094 Ma—in which there were 2 hiatuses of magmatism between the 3 stages (Heaman et al. 
2007). The extent and volume of magmatic activity has led previous researchers to conclude that a plume 
was most likely the cause of the Midcontinent Rift (e.g., Miller and Nicholson 2013). 

In this study, 2 mafic intrusions related to the Midcontinent Rift are being investigated in detail using 
petrography, geochemistry and mineral chemistry. The 2 intrusions, the Crystal Lake gabbro (CLG) and 
the Mount Mollie dike (MMD), are located approximately 40 km south of Thunder Bay within a few 
kilometres of each other (Figure 23.1). The CLG is a Y-shaped layered intrusion with a 5 km long north 
limb striking west-northwest and a 2.75 km long south limb striking east-northeast (see Figure 23.1). The 
northeast-striking MMD extends for approximately 35 km, varies from 60 to 350 m wide, and is located 
just east of the CLG (see Figure 23.1). The intrusions have been targets for exploration for the past few 
decades as they are host to nickel-copper-platinum group elements (PGE) mineralization (Lightfoot and 
Lavigne 1995; Smyk and Franklin 2007). They are broadly similar, consisting mainly of gabbro, troctolite 
and olivine gabbro with some disseminated sulphides, and chromite and other spinel minerals. The close 
spatial relationship of the 2 bodies led to the belief that the intrusions were related and contemporaneous; 
however, recent geochronology indicates that the MMD has an age of 1109.3±6.3 Ma, whereas the CLG 
has an age of 1099.6±1.2 Ma (Hollings et al. 2010). 

PROJECT OVERVIEW 

This research project is part of an ongoing MSc thesis, which is to be completed in the fall of 2016. 
The main goal of the study is to provide a better understanding of the 2 intrusions by using petrography, 
geochemistry and mineral chemistry. These techniques will assist in interpreting what magmatic and 
alteration processes were involved in their history, whether or not they are directly related to each other, 
and what is their potential for mineralization. Work to date has been focussed on 2 diamond-drill cores. 
Access to the core from the CLG was provided by Rio Tinto Exploration Canada Inc. and access to the 
MMD core was provided by Bending Lake Iron Group Limited. Drilling of the CLG core (14CL0003, 
collared at UTM 306239E 5326523N, North American Datum 1983 (NAD83), Zone 16) took place in 
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July of 2014, to a depth of 828 m at an azimuth of 180° and a dip of 85°. Drilling of the MMD core (S88-1, 
collared at UTM 311913E 5326170N, NAD83, Zone 16) took place between December 1988 and January 
1989 and was done vertically to a depth of 1095 m. Mapping and additional sample collection of parts of 
the MMD core is currently underway to develop a better understanding of the character of the dike and to 
determine if the relationships seen in the drill core can also be seen in the field. 

GEOCHEMISTRY 

Whole-rock geochemical analyses have been undertaken on samples from both intrusions. Seventy-
seven samples of the MMD were collected with sample lengths of 20 to 40 cm. The MMD analyses were 
conducted by the Ontario Geological Survey (OGS) Geoscience Laboratories in Sudbury, using a variety 
of methods including X-ray fluorescence spectrometry (XRF), inductively coupled plasma atomic 
emission spectrometry (ICP–AES), inductively coupled plasma mass spectrometry (ICP–MS) and PGE 
concentrations by ICP after NiS fire assay. The CLG analyses were provided by Rio Tinto and analyzed 
by ALS Limited (Geochemistry, Thunder Bay) using their “complete characterization package” (CCP-
PKG03) with additional nickel-copper (OG-62) and platinum group metals (PGM) (PGM-ICP27) assay 
add-ons. A total of 323 samples were obtained from the CLG core by examination of half-core at samples 
lengths of 1.5 to 3 m. Downhole geochemical plots of major and trace elements show different 
fractionation trends for the MMD (Figures 23.2 and 23.3) and the CLG (Figures 23.4 and 23.5). 

An overview of the rock types of the MMD and CLG are given in the captions for Figures 23.2 and 
23.4. The MMD drill core shows a relatively smooth fractionation trend with increasing concentration of 
Fe2O3, SiO2, Na2O, TiO2, barium and vanadium and a decreasing concentration of Al2O3, CaO, MgO and 
nickel from the bottom to the top of the drill core (see Figures 23.2 and 23.3). This is broadly consistent 
with the typical fractional crystallization trend of a tholeiitic magma. Changes in the overall trend are 
mainly a result of the crystallization of clinopyroxene, olivine and plagioclase of different compositions 
during solidification of the magma (e.g., Deer, Howie and Zussman 2013; see Figure 23.2). At 
approximately 600 m depth in the MMD core, there is a unit, approximately 25 m thick, consisting of 
4 cycles of alternating plagioclase-phyric pegmatitic gabbro and olivine gabbro (see Figure 23.2 and 2.3).  

 
Figure 23.1.  Generalized geology map of Crystal Lake gabbro, Mount Mollie dike and surrounding rocks (adapted from 
Cundari et al. 2013). 
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Figure 23.2.  Whole-rock geochemical data for the Mount Mollie dike drill-core S88-1 showing major elements versus depth (m).  
The colours in the stratigraphic column, on the left, depict major rock types:  red = moderately altered granophyric diabase; 
yellow = metasedimentary rocks; green = weakly to moderately altered granophyric gabbro; brown = olivine gabbro; 
purple = plagioclase-phyric pegmatitic gabbro; blue = clinopyroxene-bearing troctolite and olivine gabbro. 

 
Figure 23.3.  Whole-rock geochemical data for the Mount Mollie dike drill-core S88-1 showing minor and trace elements 
versus depth (m).  Mantle value for Cu/Pd (from Barnes and Maier 2002) shown as red line on Cu/Pd graph.  The colours in 
the stratigraphic column, on the left, depict major rock types:  red = moderately altered granophyric diabase; 
yellow = metasedimentary rocks; green = weakly to moderately altered granophyric gabbro; brown = olivine gabbro; 
purple = plagioclase-phyric pegmatitic gabbro; blue = clinopyroxene-bearing troctolite and olivine gabbro. 
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Figure 23.4.  Whole-rock geochemical data for the Crystal Lake gabbro drill-core 14CL0003 showing major elements versus 
depth (m).  The colours in the stratigraphic column, on the left, depict major rock types:  pink = strongly altered gabbro; brown = 
olivine gabbro; red = diabase and plagioclase-phyric diabase; blue =  troctolite and olivine gabbro; yellow = metasedimentary rocks. 

 

Figure 23.5.  Whole-rock geochemical data for the Crystal Lake gabbro drill-core 14CL003 showing minor and trace elements 
versus depth (m).  Mantle value for Cu/Pd (from Barnes and Maier 2002) shown as red line on Cu/Pd graph.  The colours in the 
stratigraphic column, on the left, depict major rock types:  pink = strongly altered gabbro; brown = olivine gabbro; red = diabase 
and plagioclase-phyric diabase; blue =  troctolite and olivine gabbro; yellow = metasedimentary rocks. 
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In and around this interval, there are deviations from the smooth trends observed in the units immediately 
above and below. This unit is currently being investigated using petrography to help explain these 
variations. In the upper 100 m of the drill core, there are 2, metre-thick, units of metasedimentary rock 
(see Figure 23.2 and 23.3). These units are easily identified in Figures 23.2 and 23.3 by increased SiO2 
contents and La/Sm. 

Variations in Cu/Zr and Cu/Pd values for the MMD drill core were plotted to help understand the 
role sulphur has played during the crystallization of the intrusions. Copper was chosen because it is 
incompatible with olivine and plagioclase, but is also a chalcophile element. Zirconium behaves similarly 
to copper, but is not chalcophile and, thus, not affected by sulphur saturation (Li and Naldrett 1999). 
Consequently, it is expected that if sulphur saturation and segregation were to have taken place, the Cu/Zr 
values would increase in the immediate area of this event, but, for the remainder of the evolution of the 
magma, the ratio would decrease (Li and Naldrett 1999). Palladium was chosen because it is extremely 
chalcophile and more compatible than copper in a sulphide melt. Thus, higher than mantle values of 
palladium suggest that, at some point in the evolution of the magma, there was sulphide saturation that 
depleted the magma in palladium. This change can be used for the exploration of reef-type PGE deposits 
because silicate rocks adjacent to a PGE reef will have extremely high values (Li, Maier and De Waal 
2001) as palladium is partitioned into the sulphide-rich ore rock. The Cu/Zr values between 1 and 3 for 
the rocks below approximately 100 m depth in the MMD core are similar to Noril’sk basalts that have not 
undergone significant sulphide segregation. The Cu/Zr values of less than 1 suggest that there have been 
chalcophile depletion event(s) (Li and Naldrett 1999) in the upper approximately 100 m. 

The fractionation trends of the CLG drill core in the main gabbro unit (575 to 40 m depth) are mostly 
similar to MMD trends, with MgO, Al2O3 and nickel content decreasing up core and Fe2O3, Na2O, TiO2, 
SiO2 and vanadium contents increasing up core; interestingly, CaO values are constant (see Figures 23.4 
and 23.5). The approximately 75 m thick diabase, that first appears at 575 m depth, is geochemically 
distinct from the gabbro, and has lower contents of MgO, CaO and nickel, higher contents of Na2O and 
TiO2, and higher Gd/Yb values. Because the aforementioned changes in contents are sharp and because, 
during fractional crystallization, the ratio of incompatible elements should remain constant, it is not likely 
that these changes are the result of fractional crystallization. It is most likely that the diabase formed 
during a separate and unrelated igneous event. Immediately above the diabase, there is a significant 
increase in nickel content and Cu/Zr values, and the Cu/Pd values are near the mantle value (see Figure 
23.5). All suggest that there has been an injection of a new pulse of primitive-mantle magma to form the 
main gabbro unit of the CLG. 

In the past, chondrite-normalized (La/Sm) versus chondrite-normalized (Gd/Yb) and magnesium 
number (Mg#) versus TiO2 plots have been used to discriminate between different intrusive rocks of the 
Midcontinent Rift (Figure 23.6; Hollings et al. 2010). The (La/Sm)CN versus (Gd/Yb)CN plots are very 
consistent throughout both the MMD and the CLG (see Figure 23.6). For both plots, there is substantial 
overlap between the MMD and CLG, suggesting that both intrusions were likely derived from a common 
source. Geochemically, the MMD and CLG are similar to the Nipigon sills in terms of their (Gd/Yb)CN 
value, but are more similar to the Logan sills on a TiO2 versus Al2O3 plot. 

Geochemical data, in conjunction with core-logging observations of the MMD drill core 
(specifically, observations of where metasedimentary rocks separate the diabase and gabbro phases), 
support the original hypothesis that the MMD and CLG are related and contemporaneous, and that the age 
reported by Hollings et al. (2010) may not represent the age of the MMD, but, instead, represents the age 
of the overlying diabase unit. 
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Figure 23.6.  Plots of A) chondrite-normalized La/Sm values versus chondrite-normalized Gd/Yb values and B) magnesium 
number (Mg#) versus TiO2 versus for the Crystal Lake gabbro and the Mount Mollie dike.  Black oval represents cluster of 
values for the Crystal Lake gabbro and Mount Mollie dike. Data for the Disraeli intrusion and Nipigon, Inspiration, Jackfish, 
McIntyre, Riverdale and Shillabeer sills are from Hollings et al. (2007).  Data for the Hele sill is from Flank (2011).  Seagull 
intrusion data are from Heggie (2005).  Logan sill data are from Hart (2002).  Steepledge intrusion data are from D’Angelo 
(2013).  Normalizing values are from Sun and McDonough (1989).  Abbreviation: CN, chondrite normalized. 
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FUTURE WORK 

Future work will include mapping and sampling of additional parts of the MMD drill core; additional 
detailed core logging; and electron probe microanalyzer (EPMA) analyses of olivine and spinel to obtain 
mineral chemistry data from both intrusions to investigate the presence of cryptic layering. Olivine 
mineral chemistry is especially important because it can further constrain the evolution of the magmas 
and give insight to parental melt composition. Spinel mineral chemistry is useful in understanding the 
parental melt compositions because chromite is one of the first minerals to crystallize from the melt and is 
refractory. Scanning electron microscope (SEM) analyses of the platinum group minerals (PGMs) will be 
conducted to determine their textural and mineralogical associations, as well as what compositional 
varieties are present (e.g., alloys, sulphides, arsenides). 
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24.  Summary of Geophysical 
Projects and Activities 

D.R.B. Rainsford1 and S. Biswas1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

During the past year, the Ontario Geological Survey (OGS) published 9 geophysical data sets 
accompanied by 137 maps, including the results of 3 newly acquired airborne surveys. The largest ever 
airborne geophysical survey (magnetic and gamma-ray spectrometric) commissioned by the OGS is in 
progress over the eastern Quetico Subprovince. In addition to these activities, ongoing geophysical 
assistance was provided to support OGS bedrock mapping, groundwater and other projects. 

SUPPORT FOR THE BEDROCK GEOLOGY MAPPING PROGRAM 

Using OGS and other published regional geophysical data sets, images and geographic information 
system (GIS)–compatible layers were compiled for each of the bedrock mapping projects prior to the start 
of the field season. A review of these products was made with the project geologists to familiarize them 
with the data and to identify priority areas for geological mapping in the field. Prior to publication, the 
resulting geological maps are compared with the geophysical data to ensure that they are consistent with 
each other. 

Geoscientists conducting bedrock mapping projects in the Kakagi Lake–Rowan Lake and Thunder 
Bay areas were able to use some of the most recently acquired airborne geophysics. Geophysical support 
was provided for the following projects: 

• Fort Hope greenstone belt bedrock geology mapping project 

• Rowan Lake–Kakagi Lake region bedrock geology mapping project 

• Midcontinent Rift–related mafic to ultramafic intrusions mapping project 

• McFaulds Lake region bedrock geology mapping and compilation 

• Schreiber–Hemlo greenstone belt bedrock geology mapping project 

• northeast Wawa greenstone belt bedrock geology mapping project 

• Drury and Denison townships bedrock geology mapping project 

• Shebandowan greenstone belt bedrock geology mapping project 

• southern Swayze greenstone belt bedrock geology mapping project 

• Centennial Lake area bedrock geology mapping project 

• Perth region bedrock geology mapping project 
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SUPPORT FOR THE GROUNDWATER PROGRAM 
The results of a 4380 station ground gravity survey carried out in 2014 in the central part of the 

County of Simcoe (named the “central Simcoe County area”) were published (Ontario Geological Survey 
2015a). The work was done to help delineate bedrock valleys that may be filled with coarse unconsolidated 
sediments that can host significant groundwater resources. The work was performed by Abitibi Geophysics 
Inc., Val d’Or, Quebec, along a network of 22 road traverses. The data were reduced using conventional 
processing methods to derive the Bouguer gravity anomaly and a regional gradient was subtracted to 
extract the residual gravity field due to near-surface density variations. By comparing the elevation 
profiles to the Bouguer gravity computed using a range of densities, it was estimated that the densities of 
the surficial sediments ranged between 1.7 to 2.6 g/cm3. The lower densities were associated with areas of 
sandy sediments and the higher densities with Paleozoic bedrock outcrop. The axes of buried valleys 
(thalwegs) were interpreted from depressions in Bouguer gravity across a range of densities. 

High-resolution seismic data were acquired by the Geological Survey of Canada (GSC), part of the 
Earth Sciences Sector (ESS) of Natural Resources Canada (NRCan), in the central Simcoe County area 
and in the Niagara Peninsula area as part of a collaborative agreement with the OGS. The work was done 
using the GSC’s Minivibe source and “landstreamer” geophone system. Two lines of data, totalling 
approximately 33 km, were acquired in the central Simcoe County area. These lines were designed to 
detail areas with sparse bedrock control. Along one of the seismic reflection lines, a test of the horizontal-
to-vertical spectral ratio seismic resonance technique was conducted to determine whether it might be a 
suitable method of determining the depth to bedrock. This technique has been developed primarily for 
engineering-type site investigations, but has shown some promise for groundwater applications. Three 
lines, totalling approximately 20 km, were shot in the Niagara Peninsula area. These lines were acquired 
to detail parts of the Erigan channel and to test whether this broad feature comprises multiple “subchannels”. 

ACQUISITION OF NEW AIRBORNE GEOPHYSICAL DATA 
The results of combined aeromagnetic gradiometer and gamma-ray spectrometric surveys carried out 

between July and October 2014 in the Thunder Bay area were published in April 2015 under the names 
Mahon Lake and Flatrock Lake areas and the Lac des Milles Lacs–Nagagami Lake area (Ontario Geological 
Survey 2015b, 2015c). The surveys, totalling 161 429 line-kilometres, were flown in 3 blocks (Figure 24.1). 
The surveys were flown, using 3 aircraft, in a north-south direction at a 200 m line spacing by CGG 
Canada Services Ltd., Ottawa, Ontario, and Goldak Airborne Surveys, Saskatoon, Saskatchewan. The 
purpose of these surveys was to provide high-resolution geophysical coverage over the Logan Basin and 
the western part of the Quetico Subprovince metasedimentary belt. This was done in advance of the 
commencement of a multi-year bedrock mapping project of Midcontinent Rift–related mafic to ultramafic 
intrusions and the Quetico Subprovince northwest of Thunder Bay (Metsaranta, this volume). 

A combined aeromagnetic and electromagnetic survey, totalling 15 970 line-kilometres, was flown 
over the Kabinakagami Lake greenstone belt located approximately 150 km west of Timmins (see 
Figure 24.1). The survey was flown in 2 blocks using a helicopter-borne VTEM™ plus (versatile time-
domain electromagnetic) system owned and operated by Geotech Ltd., Aurora, Ontario. Data were 
acquired between July and October 2014 at 200 m line spacing. The work was done to provide high-
resolution airborne geophysical coverage over an economically prospective greenstone belt. The results 
from this survey were published in April 2015 (Ontario Geological Survey 2015d). 

Contiguous to the Thunder Bay area survey flown in 2014, a large area of the eastern Quetico 
Subprovince is being surveyed. The aeromagnetic gradiometer and gamma-ray spectrometer survey, 
which will require approximately 179 400 line-kilometres to complete, will cover an approximately 
360 km stretch of the Quetico Subprovince metasedimentary rocks from approximately 80 km west of  
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Hearst to approximately 90 km east of Cochrane (see Figure 24.1). This work is the largest airborne 
geophysical survey to have been commissioned by the OGS. The survey will provide high-resolution 
geophysical coverage over an area that has seen relatively little mineral exploration activity. The newly 
acquired aeromagnetic data are expected to yield much more detailed information about the geology and 
structure of the area than can be inferred from the existing Ontario-wide magnetic coverage. The data and 
maps from this survey are anticipated to be published in 2016. 

 

Figure 24.1.  Locations of geophysical surveys published and in progress (survey abbreviations: AM, airborne magnetic; AGRS, 
airborne gamma-ray spectrometric; TDEM, time-domain electromagnetic; VLF–EM, very low frequency electromagnetic). 
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Table 24.1.  Summary of ground geophysical data released by the Ontario Geological Survey in 2015. 

Publication Survey Name Year of Survey Survey Type Data Points 
GDS 1080 Central Simcoe County area 2014 Ground gravity 4380 

Table 24.2.  Summary of airborne geophysical data released by the Ontario Geological Survey in 2015. 

Publication Survey Name Year of Survey Survey Type Line-Kilometres 
GDS 1077 Mahon Lake and Flatrock Lake areas 2014 Airborne magnetic and 

gamma-ray spectrometric 
33 085 

GDS 1078 Lac des Milles Lacs–Nagagami Lake area 2014 Airborne magnetic and 
gamma-ray spectrometric 

128 344 

GDS 1079 Kabinakagami Lake area 2014 Airborne magnetic and 
electromagnetic 

15 970 

GDS 1243 Matachewan–Timmins area 2004 Airborne magnetic and 
electromagnetic 

4694 

GDS 1244 Bull Lake area 2007 Airborne magnetic and 
electromagnetic 

935 

GDS 1245 Gullrock Lake area 2008 Airborne magnetic and 
electromagnetic 

1474 

GDS 1246 Dog Lake–East Nipigon area 2010 Airborne magnetic 16 357 
GDS 1247 Scadding Township area 2010 Airborne magnetic,  

gamma-ray spectrometric 
and VLF–EM 

2950 

Abbreviations: GDS, Geophysical Data Set; VLF–EM, very low frequency electromagnetic. 

GEOPHYSICAL DATA RELEASES FOR 2015 

During 2015, 9 geophysical data publications were released: Tables 24.1 and 24.2 list the data sets; 
survey locations are shown in Figure 24.1. Three of these publications were for newly flown airborne 
surveys (described in the previous section). One publication was a newly acquired ground gravity survey 
(central Simcoe County area). The remaining 5 surveys were proprietary data sets that were purchased 
from industry sources through the MNDM’s Request For Data process. Once purchased, these data sets 
were reprocessed to conform with other OGS airborne geophysical data sets and prepared for publication 
in both map and digital data formats. 

OTHER ACTIVITIES 

A presentation (Rainsford and Biswas 2015a) outlining the results of the newly released Thunder 
Bay area airborne geophysical surveys was delivered at the Northwestern Ontario Mines and Minerals 
Symposium in Thunder Bay in April 2015. The Thunder Bay area surveys magnetic data were integrated 
with the Dog Lake–East Nipigon area purchased data set and other adjacent high-resolution aeromagnetic 
data to form a seamless image presented in a poster at the Institute on Lake Superior Geology (ILSG) 
annual meeting (Puumala et al. 2015). An invited paper (Rainsford and Biswas 2015b) was presented in 
the “Nationwide High-Resolution Geophysical Surveys” session at the American Geophysical Union–
Geological Association of Canada–Mineralogical Association of Canada–Canadian Geophysical Union 
(AGU–GAC–MAC–CGU) joint assembly in Montreal. 

In-situ magnetic susceptibility data continued to be collected by bedrock mapping field crews using 
KT-10 magnetic susceptibility meters. These instruments are regulated using a calibration pad and their 
performance monitored using reference samples. The data are gathered at the end of each field season and 
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compiled into a GIS database. Three handheld gamma-ray spectrometers are also in use by field crews. 
As well as helping to identify radiogenic mineralization, they have been found to be useful in helping to 
discriminate between similar looking granitoid rocks in the field. The performance of these instruments is 
monitored annually at a convenient field site in Sudbury. 

Geoscience data collected by the OGS can be viewed geographically using the OGSEarth application 
(www.ontario.ca/ogsearth), which helps users with data discovery through a graphical interface (keyhole 
mark-up language (.kml) files for use with applications such as Google Earth™ mapping service). 

The Geophysical Survey Index (www.mndm.gov.on.ca/en/mines-and-
minerals/applications/ogsearth/geophysical; GIS format files and an associated .kml file) is maintained and 
updated with each new release of geophysical data. In addition to data discovery through this index, 
embedded links in OGSEarth allow users to download geophysical maps and data from GeologyOntario. 

The OGS online data warehouse—GeologyOntario (www.ontario.ca/geology)—continues to provide 
free downloads of OGS geophysical data sets as well as other OGS geoscience publications. Hard-copy 
(paper) reports and maps, and physical media (CD or DVD) of digital data are also available for purchase 
through the sales outlet: 

Publication Sales 
Tel: 705-670-5691 (local) 
Toll-free: 1-888-415-9845 ext. 5691 (Canada and United States) 
Fax: 705-670-5770 
E-mail: pubsales.ndm@ontario.ca 
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25.  Project Unit 15-018.  Aggregate 
Resources Inventory of the County of 
Elgin, Southwestern Ontario 

V.L. Lee1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 
During the summer of 2015, field work for an aggregate resources inventory was undertaken by the 

Ontario Geological Survey (OGS) within the County of Elgin (hereinafter referred to as “Elgin County”) 
in southwestern Ontario (Figure 25.1). Elgin County occupies approximately 188 090 ha and is bounded 
to the north by the County of Middlesex and the City of London; to the east by the counties of Oxford and 
Norfolk; to the west by the Municipality of Chatham–Kent; and to the south by Lake Erie. The study area 
is covered by all or parts of the following 1:50 000 scale map sheets of the National Topographic System 
(NTS): Ridgetown (40 I/5), Bothwell (40 I/12), Strathroy (40 I/13), St. Thomas (40 I/14), Port Stanley 
(40 I/11), Tillsonburg (40 I/15) and Port Burwell (40 I/10). 

The purpose of this study is to delineate the sand and gravel deposits and bedrock formations within 
the study area and to assess their potential as an aggregate resource. This information is essential for 
construction and infrastructure applications and for land use planning purposes to ensure adequate supplies 
of aggregates are available for future construction and infrastructure applications. Field observations, 
especially those from sand and gravel pit operations, combined with borehole and water-well records and 
gradation and aggregate test results, will be used to assess the aggregate resources of Elgin County. 

LATE WISCONSINAN GEOLOGY AND PHYSIOGRAPHY, AND 
AGGREGATE POTENTIAL 

The physiography and distribution of near-surface sediments in Elgin County are primarily the result 
of glacial activity that took place during Late Wisconsinan glaciation approximately 23 000 to 10 000 years 
before present (Barnett 1992). The study area was subjected to oscillating ice margins and multiple ice 
lobes, which produced a complex suite of tills and intervening stratified deposits. The repeated advance 
and retreat of the ice margins, along with fluctuating lake levels and associated fluvial activity, were the 
main events that shaped the landscape of Elgin County. Eolian and alluvial processes during the Holocene 
have subsequently altered the Late Wisconsinan deposits. 

The Late Wisconsinan is subdivided into 3 periods of ice advance—the Nissouri, Port Bruce and 
Port Huron phases—separated by 2 periods of ice-margin recession, the Erie and Mackinaw phases 
(Barnett 1992). 

Nissouri Phase 
The Nissouri Phase marks the main advance of the Laurentide Ice Sheet during the Late Wisconsinan 

(Barnett 1992). The ice sheet moved in a southward direction and, at its most southerly extent, covered 
the entire study area, extending as far south as Indiana in the United States (Cooper 1979). The record of 
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this advance in the study area is represented by the Catfish Creek Drift (Barnett 1992). This drift complex 
is composed of subglacial Catfish Creek Till, with lesser amounts of glaciofluvial and glaciolacustrine 
stratified sediments. The Catfish Creek Till is generally a stony, overconsolidated, calcareous, sandy silt 
to silt till (Barnett 1992). Fine-grained early and late lobate facies have been recognized to the east within 
the County of Oxford (Bajc and Dodge 2011). The Catfish Creek Drift occurs primarily in the subsurface, 
with outcrops occurring locally along the valley walls of Catfish Creek east of Sparta and in the bluffs 
along Lake Erie near Port Stanley (Barnett 1992). Ice-contact stratified drift and glaciofluvial deposits 
associated with the Nissouri Phase are currently extracted in areas where they occur at surface (i.e., 
Catfish Creek east of Sparta). Extraction of these sediments has also occurred in areas where they are 
buried by younger sediments (i.e., beneath sediments of the Sparta moraine (see below)). 

The Sparta moraine is an interlobate feature formed during the initial advance of Catfish Creek ice 
when glacial flow was controlled by the orientation of the Great Lakes basins (Barnett 1992). The core of 
the Sparta moraine is composed of Catfish Creek Drift (Dreimanis and Barnett 1985) and capped by Port 
Stanley Till. There are a number of aggregate operations located within the moraine. 

Erie Phase 
The Erie Phase represents a period of ice recession. The degree of recession has been debated 

because widespread proglacial deposits are not present in the sediment record. Proglacial lakes likely 
developed west and south of the retreating ice margins in the Erie and Huron lake basins, respectively 
(Barnett 1992). Fine-grained lacustrine deposits accumulated locally. Subsequent ice advances overrode 
and reworked these materials, depositing fine-grained tills (Barnett 1992). Bajc and Dodge (2011) have 
questioned the degree of ice recession during the Erie Phase and suggested the possibility of progressive 
retreat of the ice margin following breakup of Catfish Creek ice punctuated by minor readvances. 

At Plum Point, southwest of Port Talbot, sandy and gravelly glaciolacustrine sediments are exposed 
along the bluffs of Lake Erie. These sediments are underlain by Catfish Creek Till and overlain by Port 
Stanley Till and, therefore, have been assigned to the Erie Phase (Mörner and Dreimanis 1973). These  

 

Figure 25.1.  Location map showing the County of Elgin, bordering counties and major communities in and near the county. 
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sand and gravel deposits are buried by more than 20 m of Port Stanley Till, extend laterally for 150 m and 
are up to 5 m thick (Mörner and Dreimanis 1973). While it is likely that additional buried sand and gravel 
deposits of the Erie Phase are present within the study area, their thick cover of younger sediments may 
prohibit their extraction. Erie Phase sediments have low potential as an aggregate resource. 

Port Bruce Phase 
During the Port Bruce Phase, the study area was subjected to lobate ice flowing radially outward 

from the Huron–Georgian Bay and Erie–Ontario lake basins. These ice lobes overrode Erie Phase 
glaciolacustrine sediments, producing fine-grained tills as evidenced by the silty and clayey nature of the 
Erie–Ontario lobe Port Stanley Till (Barnett 1992). 

The Huron–Georgian Bay ice lobe advanced southward, depositing the Tavistock Till, which is a 
unit commonly interbedded with glaciolacustrine sediments. The southern extent of this advance is 
marked by the Blenheim moraine in Elgin County (Barnett 1992). This moraine was subsequently 
modified by nearshore processes creating a large beach deposit along the western edge of the study area. 

The Erie–Ontario ice lobe advanced northwestward out of the Erie basin into the present-day County 
of Middlesex, north of the study area. Port Stanley Drift was deposited north of Lake Erie and consists of 
up to 5 layers of subglacial till separated by glaciolacustrine sand, silt and clay (Barnett 1992). Farther 
inland, only 1 layer of Port Stanley Till and associated glaciofluvial sediments are present (Barnett 1992). 

During ice margin recession, a series of end moraines were constructed, marking the positions of 
stillstands or minor readvances of the Erie–Ontario ice lobe. The St. Thomas, Norwich, Tillsonburg, 
Courtland and Mabee moraines were formed at this time in the study area. The St. Thomas and Norwich 
moraines extend from the northwest corner, into the interior central portion, of the study area. These 
moraines, combined with portions of their till plains, are referred to, by Chapman and Putnam (1984), as 
the Mount Elgin ridges physiographic region (Figure 25.2). This region accounts for the majority of the 
relief throughout the county. 

 

Figure 25.2.  Physiographic regions of the County of Elgin (modified from Chapman and Putnam 2007); see text for discussion. 
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Glacial lakes fronted the advancing and retreating ice lobes during the Port Bruce Phase. Glacial 
Lake Maumee I developed in the western end of the Lake Erie basin and in the southern end of the Lake 
Huron basin (Barnett 1992). Glacial lakes Maumee II, III and IV, and early Lake Whittlesey formed in 
response to retreat of the ice lobes and uncovering of lower outlets (Barnett 1992). Most of the Maumee 
deposits are basinal and fine textured and, therefore, have low aggregate potential. 

Mackinaw Phase 

The Mackinaw Phase is characterized as a period of climatic warming with associated ice-margin 
retreat and the lowering of lake levels in the Huron and Erie basins (Barnett 1992). Glacial lake Arkona 
formed initially in the combined lakes Huron and Erie basins, completely covering the entire county. 
Beach ridges associated with glacial Lake Arkona are present to the north in the County of Middlesex. 
Elgin County was free of both ice and glacial lakes by the end of the Mackinaw Phase (Barnett 1992). 
Mackinaw Phase deposits are represented by glaciolacustrine fine sands, silts and clays deposited in 
glacial Lake Arkona. There is limited aggregate potential in these deposits. 

Port Huron Phase 

An ice advance east of the study area during the Port Bruce Phase resulted in the blockage of low-
level eastern drainage outlets and the creation of glacial Lake Whittlesey. Fine-grained glaciolacustrine 
sediments (i.e., sand, silt and clay), with minor nearshore deposits accumulated within the county (Barnett 
1992). A number of beach ridges, located throughout the study area, are attributed to this lake. These 
deposits typically have a limited areal extent and thickness. One exception is the beach ridge that formed 
on the Blenheim moraine. This specific feature, in the western portion of the study area, has been identified 
as the St. Clair clay plains (Chapman and Putnam 1984; see Figure 25.2). Although not suitable for 
production of a wide range of aggregate products, it is a significant resource for this aggregate-poor area. 

Ice recession resulted in the opening of low-level drainage outlets and the establishment of glacial 
Lake Warren. There are 3 well-developed levels of this lake, each level created by the erosional 
deepening of its western outlet (Barnett 1992). Small beach deposits attributed to glacial Lake Warren are 
found within the study area. They are typically small and thin, with the exception of the large beach 
deposit developed on the Blenheim moraine. North of the study area, a large delta formed in glacial Lake 
Warren at the mouth of the Thames River valley. In Elgin County, only thin deposits of deltaic sands 
accumulated. This region has been identified by Chapman and Putnam (1984) as the Bothwell sand plains 
(see Figure 25.2). 

The series of glacial lakes, discussed throughout this section, led to the deposition of a relatively 
thick succession of clay, silt and sand covering the majority of the study area. The Ekfrid clay plain and 
Norfolk sand plain physiographic regions, identified by Chapman and Putnam (1984) (see Figure 25.2), 
were developed during these lake phases. These deposits are attributed generally to lake levels of glacial 
lakes Whittlesey and Warren, and either bury, or partially bury, older features. The St. Thomas, 
Tillsonburg, Courtland and Mabee moraines are examples of these partially buried features (Chapman and 
Putnam 1984). This extensive burial has resulted in deposits being potentially uneconomical for 
extraction because of excessive thickness of overburden or the difficulty in locating the deposits using the 
existing subsurface databases. 
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BEDROCK GEOLOGY AND AGGREGATE POTENTIAL 

Elgin County is underlain by a succession of Devonian limestones and shales. The Dundee 
Formation is the oldest unit and consists of grey to tan to brown, fossiliferous, medium- to thick-bedded 
limestones and minor dolostones. Oil staining and chert nodules are commonly observed in the formation 
(Armstrong and Carter 2010). This formation is quarried near St. Marys in the County of Perth (north of 
the County of Middlesex) for the manufacturing of Portland cement (Rowell 2013). 

Calcareous shales with limestone interbeds of the Hamilton Group disconformably overlie the 
Dundee Formation. The group consists of 6 formations (Armstrong and Carter 2010), which, in ascending 
stratigraphic order (i.e., oldest to youngest), are the following. 

• The Bell Formation, which disconformably overlies the Dundee Formation, comprises blue-
grey, soft, calcareous shales with abundant fossils. The basal contact with the Dundee 
Formation is commonly marked by the presence of pyrite. 

• The Rockport Quarry Formation, which consists of grey- to-brown, fine-grained, argillaceous 
limestone. The basal contact with the underlying Bell Formation is sharp. 

• The Arkona Formation conformably overlies the Rockport Quarry Formation. This formation 
consists of blue-grey, soft, calcareous shale, with thin argillaceous limestone beds. The 
formation has been extracted in the past for use in the manufacturing of brick and tile. Detailed 
information on the role of this formation in the manufacturing of brick and tile is provided by 
Rowell (2009, 2012). 

• Disconformably overlying the Arkona Formation is the Hungry Hollow Formation. This 
formation consists of an upper coral-rich, calcareous, shale-dominated interval and a lower 
fossiliferous, bioclastic limestone. Bedding contacts are sharp and often pyritized. 

• Conformably overlying the Hungry Hollow Formation is the Widder Formation. This formation 
consists of calcareous, grey to brown-grey shale interbedded with bioturbated, finely crystalline, 
argillaceous, nodular limestone and coarse crystalline skeletal limestones. 

• Sharply, but conformably, overlying the Widder Formation is the Ipperwash Formation. This 
formation consists of grey-brown, fine- to coarse-grained, argillaceous and bioclastic limestone 
with shaly interbeds. 

The predominantly shaly nature of the Hamilton Group makes the rocks unsuitable for use as a 
conventional aggregate product. 

Disconformably overlying the Hamilton Group is the Kettle Point Formation. This Upper Devonian 
formation consists of dark brown to black organic-rich shales and siltstone. Beds of organic-poor, grey-
green silty shale with siltstone interbeds are common. The Kettle Point Formation crops out north of the 
study area. The type section exposes large round concretions, called “kettles”, for which the formation is 
named (Armstrong and Carter 2010). 

There is no outcropping of bedrock in the study area and the amount of overburden overlying the 
Paleozoic bedrock ranges from 15 to 93 m. For these reasons, the potential for bedrock extraction to 
produce suitable aggregate is not likely in the study area. No bedrock resource areas will be identified in 
the final report. 
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PRELIMINARY CONCLUSIONS 

Our field work indicates the County of Elgin is, in general, aggregate poor. Bedrock resources are 
covered by thick deposits of glacial sediment; surficial sand and gravel deposits with aggregate potential 
are limited. Sand and gravel deposits are limited because of previous extraction and resource sterilization; 
another limiting factor is that the majority of surficial deposits are glaciolacustrine basin deposits. There 
are a number of buried aggregate resources that are, and have been, extracted in the study area. These 
buried deposits are a significant source of aggregate resources, although they lack large quantities of 
crushable material. The study area would benefit from additional subsurface investigations to discover 
and characterize more of these buried resources. 
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26.  Project Unit 15-001.  
Reconnaissance Aggregate 
Resource Sampling and Assessment, 
James Bay Lowland, 
Northern Ontario:  An Update 

V.L. Lee1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

In 2014, a two-year project was initiated to provide reconnaissance information on the aggregate 
resources, both unconsolidated sand and gravel and Paleozoic bedrock, available in the James Bay 
Lowland. This project is now into its second, and final, year of study. Field work for the project was 
conducted in 2014 (see Bajc, Lee and Yeung 2014; Armstrong 2014) and 2015 (see Gao, Lee and Yeung, 
this volume). This article provides a summary of work completed to date and the next steps to complete 
the report. The final report will aid in the planning of infrastructure development (i.e., all-season roads) 
and provide insight for more detailed or smaller scale aggregate prospecting projects. 

Bedrock Aggregate Resources 

The Moose River Basin is a small intracratonic basin in the southern portion of the Hudson Platform. 
It is underlain by Ordovician to Devonian, Middle Jurassic and Lower Cretaceous Paleozoic bedrock 
(Figure 26.1) (Johnson et al. 1992). The region contains a number of Lower Silurian to Middle Devonian 
limestone and dolostone formations. These formations were the focus of the geological mapping and 
aggregate sampling reported by Armstrong (2014). The reader is referred to this publication for 
descriptive information on the formations. 

To date, 10 bedrock samples have been collected (see Figure 26.1). These samples have, or will, be 
tested for standard aggregate quality tests, including petrographic examination (Petrographic Number 
(LS-609)), Micro-Deval abrasion (LS-618 and LS-619), plasticity (LS-704), bulk relative density (LS-604 
and LS-605), absorption capacity (LS-604 and LS-605), unconfined freeze–thaw (LS-614), magnesium 
sulphate soundness (LS-606) and accelerated mortar bar expansion (LS-620) tests. Initial results suggest 
that the Attawapiskat Formation has the best potential as an aggregate resource: samples meet the 
specifications for base, sub-base and concrete products. The Kenogami River Formation samples suggest 
it can possibly meet the specifications for base and sub-base applications. The Kwataboahegan and 
Stooping River formations show limited potential as an aggregate resource. 

Sand and Gravel Aggregate Resources 

The distribution of surface and near-surface unconsolidated material in the study area is primarily the 
result of glacial activity that occurred during the Wisconsinan glaciation, approximately 100 000 to 
10 000 years before present, and a marine incursion (Tyrrell Sea) that occurred shortly thereafter (Barnett 
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1992). A detailed review of the Quaternary history of the study area is provided by Bajc, Lee and Young 
(2014) and Gao, Lee and Yeung (this volume). With a focus on those events relevant to aggregate 
resources, the following provides a brief history of the events that led to the deposition of sand and gravel 
resources within the James Bay Lowland. Glacial activity resulted in the deposition of multiple till units 
and associated glaciofluvial deposits. Multiple ice advances resulted in glaciofluvial deposits being buried 
by a sequence of till deposits. A limited number of these buried resources were observed, but only where 
exposed along the deeply incised river valleys. The final ice advance deposited a number of moraines, 
eskers and other glaciofluvial deposits. These surficial deposits, primarily located in the western and 
southwestern parts of the study area, form the highest relief features and are good potential sources of 
sand and gravel. The remaining surficial resources are found in beach ridges that developed in 1) glacial 
lakes that fronted the retreating ice sheet and 2) the Tyrrell Sea, which developed following the collapse 
of an ice barrier that resulted in the sudden drainage of these glacial lakes and the incursion of saltwater. 
These ridges are scattered throughout the study area and represent the only source of surficial sand and 
gravel in much of the study area. 

The remote predictive Quaternary mapping mentioned previously (Gao, Lee and Yeung, this 
volume) and discussed in detail in other publications (e.g., Barnett and Yeung 2009, 2010), served as a 
means for delineating potential sand and gravel resources. Beach and ice-contact ridges were the primary 
targets for ground checking and sampling in the study area. Over 100 sand and gravel ridges, 8 sand and 
gravel pits, and 9 buried sand and gravel deposits were investigated on the ground. Field observations 
included estimations of feature height, depth to the water table (if observed), and material properties, such 
as maximum clast size, presence of cementation, clast lithology, etc. From these sites, 49 sand and gravel  

 

Figure 26.1.  Map showing the location of Paleozoic bedrock outcrops and the sites where bedrock samples were collected 
during this project, superimposed on Paleozoic geology (modified from Sanford and Grant 1998). 
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samples were collected (Figure 26.2) and have been, or will be, tested for standard aggregate specific tests 
including field Petrographic Number, gradation analysis (LS-602), Micro-Deval abrasion (LS-618 and 
LS-619), relative density and absorption (LS-604 and LS-605), and unconfined freeze–thaw (LS-614). 
Initial results suggest that the majority of sand and gravel material will meet the quality specifications for 
base and sub-base applications. Although the lack of crushable material suggest that material may require 
processing to meet the gradational specification of some base and sub-base applications. 

NEXT STEPS 

The samples collected during this year’s field work will similarly be processed and tested for a range 
of aggregate-specific properties. Results from this two-year project will be combined with previous work 
in the study area, which focussed primarily on those resources located in close proximity to communities 
(e.g., Ontario Geological Survey 1991, 1996). In terms of sand and gravel resources, the final report will 
include 1) delineation of potential deposits, 2) approximation of deposit thickness and 3) an assessment of 
the material for aggregate applications. The Paleozoic bedrock resource portion of the final report will 
include 1) regional Paleozoic mapping, 2) outcrop locations and 3) an assessment of the material for 
aggregate applications. Discussion of these resources will include an overview of the regional geology 
and its context in the assessment of aggregate resources in the region (i.e., impact of lithology on 
aggregate quality). Sample test results and locations will be provided along with relevant field 
observations. 

 

Figure 26.2.  Map showing the location of ground observations and the sites where sand and gravel samples were collected 
during this project, superimposed on the regional surficial geology (Pala, Barnett and Babuin 1991; Barnett, Henry and Babuin 
1991). 
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27.  Project Unit 15-001.  Field Studies 
in Support of Remote Predictive 
Mapping in the Missisa Lake Area, 
Far North of Ontario 

C. Gao1, V.L. Lee1 and K.H. Yeung1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

Field work in support of the Far North Terrain Mapping Project continued during the summer of 
2015 in the James Bay Lowland. The field study was supported by a helicopter and carried out between 
July 13 and August 14. The project area consists of a block of 11 map sheets at a scale of 1:100 000, 
centred on Missisa Lake in the western part of the James Bay Lowland (Figures 27.1 and 27.2). The 
4 objectives for this field work were a) to collect terrain and vegetation information in conjunction with 
the observations of near-surface sediments to assist in the compilation and generation of the remote 
predictive surficial geology maps; b) to obtain an improved understanding of the Quaternary stratigraphy 
and glacial history of the James Bay Lowland through the investigation of large sections exposed along 
the major rivers; c) to complete a reconnaissance assessment of the aggregate resource potential by 
characterizing and sampling sand and gravel deposits and Paleozoic bedrock (Lee, this volume, Article 26); 
and d) to support a future Master of Science thesis study by the second author on the Early Holocene 
marine deposits and the history of the Tyrrell Sea incursion in the James Bay Lowland. 

The remote predictive surficial geology mapping is based on both the analysis of SPOT satellite 
imagery and the Ontario Radar Digital Surface Model (DSM) and its derivatives. Details on the 
methodology are provided by Barnett and Yeung (2009, 2010). Briefly, information on the relationships 
between vegetation types, landforms and sediments gained from previous field observations in the James 
Bay Lowland are applied to predict and to classify the surficial materials using the image analysis 
software eCognition 8TM (Barnett and Yeung 2009, 2010; Bajc, Lee and Yeung 2014). This method is not 
applicable for areas with prominent human disturbance, such as forest logging and agriculture activities. 
The rare logging activities in the James Bay Lowland means this region is suitable for predictive 
mapping. However, areas recently affected by forest fires are difficult to interpret using this methodology. 
In this case, ground truthing is required. 

Based on the initially generated predictive maps, over 200 sites were selected and prioritized for 
field checking to improve interpretations on the vegetation, landform and surficial material associations 
and to better understand the Quaternary stratigraphy and glacial history of this region. Most of the sites 
were examined in the field. Where helicopter landing was not possible because of dense forest cover, the 
sites were flown over and photographed and their geomorphic features (e.g., ridges or flat ground) and 
dominant tree types (e.g., spruce, fir and jack pine) were recorded to infer the substrate material (see 
“Field Observations and Interpretations”). Additional sites were investigated along rivers where large 
exposures provided important information on till stratigraphy and the marine limit of the Tyrrell Sea. 
Sites beyond the map boundary were also examined to resolve potential boundary faults with maps of 
adjacent areas. While aboard the helicopter, notes were taken on distinct surface features, such as palsas and 
the locations of bedrock outcrops, using a Trimble® Juno® 5 GPS unit installed with ESRI® ArcPad® 10.1. 
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Till samples were collected for particle size, carbonate content and heavy mineral analyses to characterize 
till composition. Samples were also collected from glaciolacustrine, glaciomarine and organic-rich, 
nonglacial deposits for paleontological study and radiometric age determinations. Bulk samples were 
obtained at selected sites from sand and gravel deposits and Paleozoic bedrock for aggregates 
specification testing (Lee, this volume, Article 26). 

The map area is characterized as a low-relief plain with extensive, open to treed bogs and fens, with 
black spruce (Picea mariana) and tamarack (Larix laricina) being the common trees (Riley 2011). Where 
the water table is low along river banks and on raised areas (e.g., moraines, drumlins, eskers and beach 
ridges), balsam fir (Abies balsamea), white spruce (Picea glauca), poplar (Populus sp.) and white birch 
(Betula papyrifera) predominate. Jack pine (Pinus banksiana) grows in some raised areas with well-
drained sandy soil. Cedar (Thuja occidentalis) exists locally in fens and along rivers and lakes. 
Discontinuous permafrost exists largely in areas north of the Albany River where a mean annual air 
temperature of below −1°C exists. The permafrost varies between less than a metre to probably over 10 m 
in thickness (French 2007; Riley 2011). 

FIELD OBSERVATIONS AND INTERPRETATIONS 
The general stratigraphy in the map area consists, from oldest to youngest, of 1) a basal till; 2) a pre-

Holocene nonglacial deposit; 3) a stacked sequence of 3 or more tills; 4) glacial Lake Ojibway silt and 
clay; 5) Early Holocene Tyrrell Sea mud; 6) alluvium; and 7) surface peat. Deep sections along major  

 

Figure 27.1.  Status of remote predictive mapping in the Far North of Ontario.  Current study area indicated by hatched pattern. 
Abbreviation: P.Maps, Ontario Geological Survey Preliminary Maps. 
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Figure 27.2.  Location of field observation sites, superimposed on the Ontario Radar Digital Surface Model (DSM).  
Designations of “P3xxx” on figure indicate planned, but not published, Ontario Geological Survey Preliminary Maps. 
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rivers in the map area expose multiple Quaternary glacial and nonglacial deposits emplaced probably as 
early as the penultimate glacial Illinoian Stage. The representative sections were found along the upper 
Attawapiskat River where a greyish till (basal till) is overlain by a nonglacial sequence consisting 
predominantly of grey to bluish grey silt and clay, which is, in turn, overlain by 3 distinct tills followed 
by glacial Lake Ojibway silt and clay and recent peat. The pre-Holocene nonglacial silt and clay, which 
exceeds 1.5 m in thickness, was encountered at river level below multiple tills at several localities along 
the Attawapiskat, Albany and Little Current rivers. It is calcareous, massive to horizontally stratified, 
mostly organic poor, deposited in deep-water bodies, such as lakes, when the James Bay Lowland was ice 
free. Occasionally, the silt-and-clay nonglacial sequence is overlain by thick peat (Photo 27.1) and, at one 
locality, is underlain by 0.5 m of fluvial sand and gravel, which is, in turn, underlain by a greyish till. In 
the northwestern part of the map area, along the Attawapiskat River, the pre-Holocene argillaceous 
deposits contain marine shells locally (e.g., Hiatella arctica). 

The stratigraphic position of these pre-Holocene nonglacial deposits suggests that they probably 
accumulated during the last interglacial Sangamonian Stage (sensu stricto MIS 5e), and are correlative to 
the Missinaibi Formation in the James Bay Lowland. The various deposits observed in the sequence 
represent the suite of sedimentary facies that occurred during the Sangamonian Stage in response to 
changing terrestrial and marine conditions. The till below the nonglacial sequence is presumed to be of 
Illinoian age. Nonglacial deposits below multiple tills are common in the James Bay Lowland and are 
often correlated to the Missinaibi Formation, the type-section for which is found along the Missinaibi 
River in the southeastern part of the James Bay Lowland (Terasmae and Hughes 1960; McDonald 1968; 
Skinner 1973; Klassen 1986; Nielsen et al. 1986; Dredge, Morgan and Nielsen 1990; Gao 2011; Allard et 
al. 2012; Barnett and Finkelstein 2013; Bajc, Lee and Yeung 2014). Optical stimulation luminescence 
analyses (for age determinations) and amino acid analyses suggest that these deposits may include 
sediments of other nonglacial periods preceding or postdating the Sangamonian Stage (Andrews, Shilts  

 

Photo 27.1.  Nonglacial deposit, a few metres above river level, containing a lower, bluish grey silt and clay overlying a sand 
layer and an upper peat layer below multiple till deposits (not shown in this photo).  The deposits are likely from the last 
interglacial (Sangamonian Stage) (sensu stricto MIS 5e) and are correlative to the Missinaibi Formation in the James Bay 
Lowland. 
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and Miller 1983; Wyatt 1990; Thorleifson, Wyatt and Warman 1993; Dubé-Loubert et al. 2013). 
However, reports of stacked, multiple nonglacial deposits in a single geologic section are few and more 
age determinations are needed to confirm the aforementioned correlations. 

At least 3 calcareous, silty to clayey till units occur between the pre-Holocene nonglacial and the 
glacial Lake Ojibway and Tyrrell Sea deposits. Where observed, the contact between the lower till and the 
nonglacial deposits is sharp and erosional. The till units are differentiated based on the contrast in colour, 
texture and sedimentary structures and the presence of erosional contacts and boulder pavements between 
them. The lower and middle tills are generally greater than 2 m thick each and the upper till is typically 
approximately 0.5 m thick. The lower and middle tills were deposited by ice flowing toward the west and 
southwest as indicated by till fabric measurements. They were probably deposited by ice flowing out of 
the Labrador–Quebec ice centre located to the east-northeast and are correlative with the Early and Late 
Wisconsinan Stage Sachigo and Severn tills in the lower Winisk and Severn rivers and the Adam and 
Kipling tills in the Moose River basin (Skinner 1973; Thorleifson, Wyatt and Warman 1993; Nguyen 
2014). The upper till has a southward ice-flow direction, as indicated by till fabrics and surface glacial 
linear features (e.g., flutings and drumlins). It is probably correlated to the Winisk Till mapped by 
Thorleifson, Wyatt and Warman (1993) in the Winisk River. The Winisk Till resulted from the late-
glacial Winisk ice streaming or a readvance out of Hudson Bay. The southward-flowing ice stream likely 
shifted to the east-southeast as it moved to the south, leaving behind east-southeastward–trending flutings 
and drumlins in the Little Current River area, north of Hearst. Such landform features are also mapped in 
a large area south of Hearst (Veillette et al. 2015). In the study area, these east-southeastward linear 
features are crosscut by an array of flutings and drumlins generated by a west-southwestward ice flow, 
which may be correlated to the Early Holocene Cochrane ice streaming or readvance (Veillette et al. 
2015). Several east-southeastward–trending drumlins of the Winisk ice flow were examined in river 
exposures and by augering in the area between Hearst and Marten Falls. They are composed of till that 
forms the youngest till unit in sections and is generally mantled by over 1 m of glaciolacustrine mud 
probably from glacial Lake Ojibway. The Winisk ice streaming appears to predate the Cochrane ice 
readvance on the basis of the crosscutting relationships between glacial linear features (Thorleifson, 
Wyatt and Warman 1993; Veillette et al. 2015). 

The tills are greyish, but reddish tills exist locally. In the upper Attawapiskat River, the upper Winisk 
Till has a red hue and contains red bands and the overlying glacial Lake Ojibway silt and clay contains 
multiple red mud layers (Gao 2013c). The red pigment may have been derived from the Devonian red 
carbonate bedrock in Hudson Bay (Norris et al. 1993; Thorleifson, Wyatt and Warman 1993). In the 
tributaries of the upper Albany River, a red mudstone of the Silurian Kenogami River Formation (the 
middle member) (Johnson et al. 1992) commonly crops out along the banks of deeply incised rivers 
(Photo 27.2). In the adjacent river exposures, reddish tills occur in both the lower and upper parts of the 
sections and the overlying glacial Lake Ojibway mud frequently contains red till clasts and mud bands 
(Photo 27.3). It is very likely that this Paleozoic red mudstone is the direct source of the red material and 
pigment in the surficial deposits of the region (see also Bajc, Lee and Yeung 2014). This indicates that, in 
addition to the previously suggested Hudson Bay source (Norris et al. 1993; Thorleifson, Wyatt and 
Warman 1993; Roy et al. 2011), local sources exist in the James Bay Lowland for the red pigment in the 
surficial deposits. 

A glaciolacustrine silt and clay or mud, 0.5 to over 2 m thick, occurs above the youngest till in the 
study area, infilling lowlands and blanketing small ridges, such as moraines and drumlins. Similar 
argillaceous deposits are also common in the adjacent areas to the west (Gao 2011, 2013c). Typically, the 
deposit has a massive structure, locally with contorted and subtle laminations, and contains dropstone and 
till clasts. Under a microscope, the deposit shows a well-sorted matrix. Frequently, red mud bands and 
clasts, as well as red, muddy diamicton clasts and layers, occur within this deposit, resulting in a 
prominent colour contrast with adjacent greyish materials (see Photo 27.3). The red mud and diamicton 
clasts and layers probably accumulated in an ice-marginal setting where till material was directly  
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Photo 27.2.  Red mudstone of the Silurian Kenogami River Formation (middle member) crops out in the tributaries of the upper 
Albany River.  This is the likely local source for the red mud and pigment seen in the surficial sediments including the glacial 
Lake Ojibway and Tyrrell Sea deposits in the James Bay Lowland.  Section is greater than 20 m thick. 

 

Photo 27.3.  A section in the upper Albany River area showing a greyish till, a reddish till (Winisk Till) with sharp lower contact 
(lower arrow) and an overlying glacial Lake Ojibway laminated glaciolacustrine silt and clay with a sharp lower contact (upper 
arrow).  The latter contains large boudin-shaped red till clasts deposited on the lake floor as rain-out till from the melting of 
icebergs or sloughed directly from the ice sheet in an ice-proximal setting.  Shovel is 0.5 m long. 
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sloughed from the ice or dropped by icebergs or emplaced by turbidity flows from the ice into the 
proglacial lakes. Glacial meltwaters that eroded into red muddy bands and clasts in the ice sheet likely 
transported the red material into the proglacial lakes as both overflows and underflows, forming local red 
bands on the lake floor. Being a dynamic environment, the flows along the ice front probably switched 
their paths frequently, resulting in discrete and discontinuous red bands and layers in the glaciolacustrine 
sequences. Locally, varve laminae, a few millimetres to a centimetre thick, occur in the deposits. The 
laminae consist of couplets or rhythmites each made up of a pale grey to whitish very fine sand and silt 
layer and an overlying brownish clay layer that has a sharp lower contact. In a couplet, the sand and silt 
layer is calcareous, whereas the clay layer is usually noncalcareous (i.e., nonreactive to 10% HCl). It is 
unclear at this point whether all of the glaciolacustrine deposits observed to date are of the same age. 
They may be correlative to glacial Lake Ojibway in view of their similar stratigraphic position between 
the youngest till and the Tyrrell Sea mud and surface peat. The glacial lake in the map area appears to have 
been short-lived judging by its thin nature and the small number of varve couplets present (i.e., <100). 

Tyrrell Sea sediments were observed overlying and in direct contact with 1) the preceding glacial 
Lake Ojibway sediments; 2) a thin, red to brown diamicton layer with mud clasts, which, in turn, overlies 
the glacial Lake Ojibway deposits and appears similar in texture and structure to those reported in the 
southeastern James Bay Lowland (Skinner 1973; Roy et al. 2011; Bajc, Lee and Yeung 2014); and 3) the 
underlying Paleozoic bedrock, in rare cases. The deposits also overlie till deposits as observed elsewhere 
in the James Bay Lowland (e.g., Bajc, Lee and Yeung 2014). The Tyrrell Sea sediments include marginal 
marine and nearshore sandy sediments with relatively high to medium permeability and basinal or 
offshore deep-water silt and clay with a low hydraulic conductivity. Together with extensive overlying 
sandy alluvium (see observations below), these deposits provide potential hydraulic connections with the 
overlying surface peat. This probably explains the recent field observations that suggested local 
groundwater exchange between peat and sandy substrates in the McFaulds Lake (“Ring of Fire”) area of 
the James Bay Lowland (D. Conrod, Ministry of Environment and Climate Change, personal 
communications, 2014 and 2015). 

Deep-water argillaceous sediments, interpreted as offshore deposits, occur in areas below 145 m asl 
as observed in this study and others (Skinner 1973). Shells were occasionally observed, including 
Hiatella arctica, Macoma sp. and Clinocardium ciliatum. Marginal to nearshore marine sandy deposits 
(e.g., beach sediments) occur typically at higher elevations and discrete sandy to gravelly beaches are 
common. Occasionally, well-developed strandlines were observed below shoreline bluffs. One gravelly 
beach ridge containing marine shells (Hiatella arctica) was observed at an elevation of 165 m asl on an 
upland (derived from DSM) in the northern part of the map area. This is the highest elevation at which 
marine shells were observed, which is below the previously reported marine limit at 180 m asl in the map 
area (Craig 1968; Skinner 1973). Good exposures showing the contact between the marginal and 
nearshore marine deposits and glaciolacustrine silts and clays of glacial Lake Ojibway were rarely 
observed in the map area. Bajc, Lee and Yeung (2014) did not observe this stratigraphic relationship to 
the east; however, their study was at a reconnaissance level with relatively few sites visited. Well-exposed 
river sections in the upper Winisk River to the northwest show an irregular, erosional contact between the 
marine and glacial lake deposits, resulting probably from ocean wave scouring (Gao 2011). 

The direct contact between basinal, deep-water deposits of the Tyrrell Sea and the preceding glacial 
Lake Ojibway sediments was occasionally observed, but a well-exposed contact was documented at a 
locality where glacial Lake Ojibway varved silt and clay grade directly into Tyrrell Sea silt and clay 
(Photo 27.4). Information on the relationship between these basinal deposits can provide important 
insights into the sedimentary conditions at the onset of the marine incursion. At this locality, the 
glaciolacustrine varve couplets or rhythmites change gradually upward into normally graded laminae and 
beds (see Photo 27.4), resulting probably from increasing, but steady, influxes of marine water into the 
lake basin before the complete mixing and replacement of the lake water. This observation differs from 
what Skinner (1973), Roy et al. (2011) and Bajc, Lee and Yeung (2014) have reported for the adjacent 
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southeastern James Bay Lowland. In that area, a red to brown argillaceous diamicton layer containing 
abundant mud clasts frequently exists at the base of the Tyrrell Sea sequence. This layer appears to differ 
from the reddish layers observed in the glaciolacustrine sediments inasmuch as the latter lack abundant 
mud clasts. Skinner (1973) and Roy et al. (2011) interpreted the layer as resulting from the invasion and 
erosion of the glacial Lake Ojibway basin by strong marine currents out of Hudson Bay following the 
collapse of the ice barrier in the James Bay Lowland. The exact location and geometry of the ice mass 
prior to its final collapse remains unclear, but it is probable that the southeastern James Bay Lowland was 
more proximal than the inland interior to the ice margins that separated the ocean from the lake (Dyke 
2004). This particular site is more than 300 km inland from the Hudson Bay coastline. The gradual 
transition from glacial Lake Ojibway to Tyrrell Sea deep-water deposits likely indicates waning marine 
currents that decreased in velocity and strength with distance from the ice margins. The observation at 
this locality suggests a complex history of the Tyrrell Sea incursion across the James Bay Lowland and 
warrants further studies on the marine deposits and stratigraphy. 

A fluvial or alluvial silty sand deposit approximately 0.5 m to greater than 2 m thick often occurs 
between the Tyrrell Sea deposit and the surface peat, in particular, along the major river valleys. It is 
massive in structure, occasionally has terrestrial mollusc fragments and contains sorted sand streaks and 
layers and centimetre-thick, horizontal but undulating peat layers that often increase in frequency upwards 
through the unit. Locally, pebbly sand and gravel exist in the lower part of the alluvium. The silty sand 
closely resembles overbank sedimentation, with the peat layers forming when overbank flooding did not 
occur or was significantly reduced on the floodplains. The upward increase of peat layers is probably the 
result of gradual buildup and increased relief of the riparian areas that later allowed only large, low-
frequency floods to inundate and bring lithic sand materials onto the floodplains. In some large rivers, old 
levées 2 to 4 m high were found along the river banks. The pebbly sand and gravels likely accumulated in  

 

Photo 27.4.  Glacial Lake Ojibway brownish glaciolacustrine clay–varve couplets or rhythmites (below the base of the arrow) 
overlain by Tyrrell Sea light, bluish grey marine mud containing marine shells.  The transition (covered by arrow) shows 
continuous laminations from the underlying rhythmites grading upward into massive marine mud (above arrow), suggesting a 
nonerosional, gradual mixing and replacement of the lake water by Tyrrell Sea marine water.  The rhythmites rest on a till 
containing red mud streaks and bands and correlated to the Winisk Till (not shown in the photo). 
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channel bars of the rivers. Exposures containing the alluvium were examined mostly along the valley 
shoulders of the major rivers. Presently, the major rivers are confined to deeply cut valleys and their 
shoulders are beyond the range of overbank flooding. Thus, the common occurrence of the alluvium 
indicates extensive fluvial deposition and erosion following the retreat of the Tyrrell Sea as a result of 
isostatic uplift, but prior to the major river incision in the middle to late Holocene. The fluvial processes 
likely eroded the Tyrrell Sea deposits and this explains why the marine deposits are often absent along the 
major rivers within the marine limit. Recent fluvial or alluvial deposits along the major rivers occur on 
low-relief point bars as silty sand deposits rich in organic material (floodplain deposits) and on mid-
channel bars as sand and gravel. In the map area, most of the major rivers have incised into the tills, 
leaving large boulders as lag deposits covering the river floors, forming a surface armour that likely has 
reduced the rates of downcutting. 

Surface organic or peat deposits are extensive with a thickness generally not exceeding 4 m within 
the map area and elsewhere in the James Bay Lowland (Riley 2011; McLaughlin and Webster 2014). 
They typically accumulate in bog and fen lowlands. In raised areas, such as drumlins, moraines and beach 
ridges, the deposits are usually less than 0.5 m thick. Extensive fens commonly develop in areas of very 
high water tables, such as in the interfluve areas that are likely flooded regularly to intermittently by small 
rivers with shallow banks, whereas bogs grow in areas with restricted or contained drainage and often 
have a surface slightly higher than fens. Tamarack is the dominant tree in treed fens, whereas black spruce 
predominates in treed bogs. Other common trees in the James Bay Lowland, (e.g., balsam fir, white 
spruce, poplar, birch and jack pine) are rare in these environments. Balsam fir tends to grow, together 
with poplar and white spruce, in argillaceous substrates, such as glaciolacustrine mud and clayey till, and 
jack pine grows well locally on well-drained sandy soil with limited peat accumulation, such as on beaches 
and eskers. Major peat accumulation likely occurred following the recession of the Tyrrell Sea during the 
middle and late Holocene (McLaughlin and Webster 2014; O’Reilly, Finkelstein and Bunbury 2014). 

Surface landform features include flutings, drumlins, eskers, moraines, kames, iceberg keel marks, 
beaches and shoreline bluffs. Because of their stratigraphic positions, (i.e., on the ground surface), these 
features are associated with the Winisk ice streaming, glacial Lake Ojibway and the Tyrrell Sea during 
the late glacial to Early Holocene. The flutings and drumlins have a dominant south-southeast alignment, 
oblique to the regional eastward-sloping landscape. Because of the low relief of this region, the surface 
streams tend to flow along the depressions between these linear features. Where the surface streams 
switch paths between these features, sharp bends at right angles often develop. Locally, moraine ridges 
with over 30 m relief occur, forming distinct land marks in the James Bay Lowland. 

Discrete palsas are abundant in the map area. They are small, dome-like features with a core of 
frozen peat and segregated ice, a height of 1 to 7 m and a diameter no greater than 100 m. These palsas 
occur characteristically in discontinuous permafrost (Washburn 1980; French 2007). Once thawed, they 
often form rimmed circular features (Photo 27.5). Degraded palsas were observed more frequently in 
areas closer to the coast than inland. Palsa degradation may result from both regional and local factors 
including warming, increased winter precipitation and snow cover, forest fires and desiccation of the 
surface layers of palsas with increased heights (e.g., Vallée and Payette 2007; Riley 2011). The local 
factors are less favoured for the causal connections because they do not explain the fewer degraded palsas 
inland. There are reports for a warming Hudson Bay with decreased sea ice and increased winter 
precipitation in the peripheral areas since the late 20th century (Vallée and Payette 2007; Rhein et al. 
2013). This appears to be a convenient explanation for the thaw of the permafrost. However, the exact 
timing for the palsa degradation in this area remains uncertain for such a connection. 

Silurian bioherms were sighted along the Attawapiskat River and in the wetlands around the Victor 
diamond mine, confirming previous investigations in the region (Johnson et al. 1992; Ali 2013). They 
have a dome-like appearance and are covered with tall trees. It appears that past forest fires have burned 
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these healthier and taller trees rather than those in the surrounding lowlands, which then exposed the 
limestone bedrock. These features, if wooded, may be mistaken for palsas using remote sensing imagery. 
In the map area, they appear to occur only in the aforementioned area and identification errors can be 
minimized by field checking. 

PROJECT STATUS 

The field observations will be used for the generation of predictive surficial geology maps. 
Currently, eleven 1:100 000 scale maps are being compiled for publication. Samples collected in the field 
will be processed and analyzed to characterize the glacial deposits and to determine the age of the 
nonglacial deposits for an improved Quaternary stratigraphic framework and for drift prospecting that 
relies on the accurate knowledge of the till stratigraphy, ice sheet dynamics and ice-flow patterns. In 
addition, the sections logged and samples collected during the 2015 field season will form an important 
component of the future thesis study by Lee. 

ACKNOWLEDGMENTS 

The authors would like to thank helicopter pilots Jim Armstrong and Chuck Hodgkinson of Essential 
Helicopters Canada and Dan Ireland of Ministry of Natural Resources and Forestry (MNRF) for their 
professional services. Thanks are also extended to Melanie Veilleux and Norman Baxter of Hearst Air 
Services and Rick Olar of MNRF for the logistical support. Andy Bajc reviewed the manuscript with edits 
and helpful comments. 

 

Photo 27.5.  Degraded palsas and resultant circular features in a large fen treed with tamarack (Larix laricina).  The large ridge 
features with dark-toned black spruce (Pinus mariana) are active palsas.  The northern part of the map area (see Figures 27.1 and 
27.2) is in a zone of discontinuous permafrost where palsas typically develop. 
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on Three-Dimensional Mapping of 
Quaternary Deposits in the 
Central Part of the County of Simcoe, 
Southern Ontario 

R.P.M. Mulligan1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

To support the groundwater geoscience initiative of the Ontario Geological Survey (OGS), field 
work continued in the central part of the County of Simcoe (herein referred to as “central Simcoe County”). 
The 2015 field season consisted of 3 parts: 1) a continuation of surficial mapping begun in 2014 
(Mulligan 2014); 2) a seismic reflection survey conducted by the Geological Survey of Canada (GSC); 
and 3) a drilling program to collect continuous cores from surface down to bedrock throughout the three-
dimensional (3-D) mapping area (Figure 28.1). At the time of writing, only the surficial mapping and 
seismic survey had been completed; the drilling program began in early September 2015 and is scheduled 
to continue until late November. The surficial mapping will help to better understand stratigraphic 
relationships in the shallow subsurface and to update previously published Quaternary maps for this area. 
This report provides a summary of the major findings from surficial investigations conducted during the 
summer of 2015 in parts of the Collingwood, Nottawasaga Bay, Barrie and Elmvale areas (see Figure 28.1) 
located outside of the 3-D mapping area studied in 2014 (see Figure 28.1). Results from the seismic 
survey will be described in a later article, following the completion of boreholes along the profile lines. 

REGIONAL GEOLOGIC SETTING 

Bedrock Geology 

The study area overlaps 2 distinct physiographic areas, which are divided by the southeasterly trending 
Niagara Escarpment cuesta (Figure 28.2). The Niagara Escarpment is the most significant physiographic 
feature in the region and formed by differential erosion of an Early Silurian succession of stacked dolostones 
and mixed siliciclastic rocks and carbonates (Hewitt 1971; Armstrong and Carter 2010). Defining the 
edge of the Niagara Escarpment is not easy within the study area because the Lockport Group strata that 
form the prominent cap rock of the cuesta are mantled by Quaternary glacial sediments of varying thickness. 
The lithofacies of the underlying Early Silurian Clinton Group and Medina Group (Duke 1991; Brett et al. 
1995) strata differ in character and thickness in the study area from those strata at the Niagara Gorge due 
to because of forebulge migration during the Early Silurian (Brunton et al. 2012; Brintnell et al. 2009). 

Below the escarpment, the bedrock comprises Late Ordovician limestones and shales, with limestone 
units becoming more predominant toward the north and east of the study area. Above the escarpment, the 
bedrock is composed of stacked dolostones of varying hardness and resistance to differential weathering 
and karstification. Several re-entrant valleys cut into the main face of the escarpment within the study area.  
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Figure 28.1.  Geography and topography of the 2015 study area, showing places mentioned in text.  Map features are overlain on 
digital elevation model (DEM) image (hillshade) (from Ministry of Natural Resources 2010).  The central Simcoe 3-D study area 
is outlined in yellow; areas represented by National Topographic System (NTS) maps are outlined and labelled in grey (41 A/9, 
Nottawasaga Bay; 41 A/8, Collingwood; 31 D/5W, Barrie (western half); and 31 D/12W, Elmvale (western half)).  Seismic profile 
lines shown in reddish pink. 
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Figure 28.2.  Locations of prominent glacial features mentioned in text overlain on regional topography.  Map features are overlain 
on DEM image (hillshade) (from Ministry of Natural Resources 2010).  Locations of other figures labelled and shown with black 
lines.  Stars indicate the locations shown in Photos 28.1A to 28.1F, and Figures 28.3B, 28.3C and 28.4B.  The central Simcoe 3-D 
study area is outlined in yellow; NTS map areas are outlined in grey (see Figure 28.1 for labels). The Beaver (BV), Pretty (PV) and 
Mad (MV) valleys are re-entrant valleys cut into the Niagara Escarpment (NE; black dotted line).  Abbreviations for physiographic 
regions: DTP, Dundalk till plain; HM, Horseshoe moraines; SL, Simcoe lowlands; SU, Simcoe uplands. 
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These valleys are currently occupied by misfit streams and have axes that change orientation along the 
escarpment, suggesting a combined structural, regional stress field and possible glacial influence on their 
formation. The largest valley in the map area—the Beaver valley (see Figure 28.2)—is unique in that it is 
the only re-entrant valley within the map area with drumlins. 

Bedrock outcrops are prevalent throughout the western part of the study area. Ordovician shales and 
limestones of the Lindsay Formation (Photo 28.1A) and Blue Mountain Formation (Photo 28.1B) are 
exposed below the escarpment along Georgian Bay from Collingwood to west of Craigleith and again to 
the west of Thornbury. Numerous rivers and streams incise these relatively soft rock formations up to the 
base of the Niagara Escarpment where near-continuous exposures of Georgian Bay Formation and 
Queenston Formation shales occur below the main face of the escarpment (Photos 28.1B, 28.1C and 
28.1E). In many areas where Queenston Formation shale is observed at surface, it is deeply dissected, 
suggesting significant sculpting by glacially influenced hydraulics and erosion. Where the overlying 
Clinton Group and Medina Group strata are exposed, small but prominent vertical escarpment faces are 
evident, creating a middle bench in the escarpment (see Photos 28.1C and 28.3E). The Goat Island 
Formation and Gasport Formation dolostones of the Lockport Group generally form the upper cap rock 
scarp face of the Niagara cuesta (Photo 28.1D), but, to the south of the map area, in the vicinity of 
Melancthon and Shelburne, the less resistant Guelph Formation (Photo 28.1F), which forms the 
uppermost dolostone unit of the Lockport Group, extends to the edge of the Niagara Escarpment. In the 
Collingwood area, the Lockport Group strata are characterized by vertical cliffs and the upper surface 
displays highly undulating bedforms resulting in irregular topography that can be mistaken for 
streamlined glacial forms or moraine ridges in remotely sensed data sets. The Guelph Formation, a well-
jointed, beige to buff brown mud-dominated dolostone, crops out along deep river valleys above the 
escarpment from Feversham to Flesherton (just outside the study area) (see Figure 28.1; see Photo 28.1F). 

Physiography 

The Niagara Escarpment dominates the landscape within the study area and played an important role 
in shaping the regional physiography (Chapman and Putnam 1984). A series of well-defined moraine 
ridges, nearly parallel to the crest of the escarpment, form part of the Horseshoe moraines physiographic 
region (see Figure 28.2). Beyond the moraines to the south is the fluted and drumlinized Dundalk till 
plain (see Figure 28.2). The Beaver valley region comprises the entire re-entrant valley from Flesherton to 
Thornbury (see Figures 28.1 and 28.2). The eastern part of the study area is dominated by the relatively 
flat Simcoe lowlands physiographic region that stretches from Collingwood and Stayner south through 
Angus, and north to Midland and Penetanguishene (see Figures 28.1 and 28.2). In the east and northeast 
parts of the study area, high ground capped by Late Wisconsinan till forms the Simcoe uplands 
physiographic region (see Figure 28.2; Chapman and Putnam 1984). 

Quaternary Geology 

The Quaternary geology of the western part of the study area has been previously described by 
Burwasser (no date), Pinch (1974, 1979), Warner, Morgan and Karrow (1988) and Karrow et al. (1995). 
The region was glaciated during the Late Wisconsinan, as ice flowed toward the south, out of the 
Georgian Bay basin, depositing the Catfish Creek Till (Karrow 1974). Later stages of ice-flow events are 
inferred and recorded by the Elma Till and other local tills (Burwasser, no date). Glacier advances are 
likely partially responsible for enhancing the form of re-entrant valleys into the Niagara Escarpment (see 
Figure 28.2). In parts of the valleys, sediment units that predate the Late Wisconsinan glaciation are 
exposed (Warner, Morgan and Karrow 1988), but a borehole drilled by the OGS revealed thick 
successions of deglacial glaciofluvial sediments suggesting that meltwater was channelled within the 
valley during deglaciation and may have eroded much of the older stratigraphic record; however, the  
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Photo 28.1.  Paleozoic bedrock geology and geomorphology, see Figure 28.2 for photo locations.  A) Well-jointed limestones 
and shales of the upper Lindsay Formation.  Two prominent joint sets are labelled, and are parallel to the modern Georgian Bay 
shoreline (136 to 316°) and to axes of re-entrant valleys (214 to 034°).  Sign in background (indicated with red oval) is 2 m tall.  
B) Blue Mountain Formation and overlying Georgian Bay Formation shales and interbedded limestone exposed along the 
Georgian Bay shoreline west of Thornbury (arrows denote thicker limestone interbeds).  Section is 45 m high.  C) Red shale of 
the Upper Queenston Formation overlain by Clinton Group–Medina Group.  Red shales of the Queenston Formation (“QF”) 
grade up into green-grey shales and limestones of the Centerville (“C”) unit (Brunton, Turner and Armstrong 2009), which is, in 
turn, unconformably overlain by thinly bedded dolostone of the Manitoulin Formation (“MF”).  Unit contacts are shown with red 
arrows.  Section is approximately 10 m high.  D) Thickly bedded, cherty Gasport Formation dolostone exposed at Eugenia Falls, 
section is 27 m high.  E) Morphology of the eastern side of the Beaver valley, viewed from the west.  Multiple steps are visible, 
but only the lower units are exposed in this view.  Abbreviations: LF = Lindsay Formation; BM–GBF = Blue Mountain and 
Georgian Bay formations; QF = Queenston Formation; CM = Clinton Group–Medina Group.  F) Thinly bedded, rubbly, beige-
brown, silty dolostone of the Guelph Formation. 
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borehole was abandoned before encountering bedrock (Kelly and Feenstra 1991). During the deglacial 
period, large moraines were constructed above the Niagara Escarpment. Named after the local communities 
built on them, from southwest to northeast (oldest to youngest), they are the Singhampton, Gibraltar and 
Banks moraines (see Figure 28.2). More subtle moraines have been observed within, and around, the 
Beaver valley (Burwasser, no date; Pinch 1979). Well-developed meltwater channels crosscut the till 
plains between these moraine ridges. The lower Beaver valley hosts an excellent sedimentologic and 
geomorphic record of baymouth bars, spits, abandoned shore bluffs and strandlines from glacial Lake 
Algonquin and the Nipissing Phase of the upper Great Lakes (see Figure 28.2). 

The eastern part of the study area is dominated by upland areas separated by deep, U-shaped valleys 
(see Figure 28.2). The uplands are capped by Newmarket Till, deposited during the Late Wisconsinan 
(Gwyn 1972; Barnett 1990; Bajc 1994; Burt and Dodge 2011; Mulligan 2014). The till flanks the uplands 
as well, and is overlain by younger sediments infilling the valleys, but its continuity beneath the valley 
surfaces has yet to be firmly established because of deep burial by deglacial glaciolacustrine sediment. 
These valleys may represent localized subglacial deformation and erosion by ice (Straw 1968), but, more 
recently, have been interpreted as tunnel valleys recording large outbursts of subglacially stored meltwater 
(Barnett 1990; Sharpe et al. 2002; Sharpe, Russell and Pugin 2013). Recent geological and geophysical 
investigations have suggested a complex valley-infill stratigraphy: Newmarket Till occurs at the base of 
the valley fill in some valleys, but has apparently been eroded in others (Bajc and Rainsford 2011; Burt 
and Dodge 2011; Mulligan 2011, 2013, 2014; Bajc et al. 2014). The glaciolacustrine sediments overlying 
the till (and/or unconformity) were deposited in glacial lakes Schomberg and Algonquin as well as the 
Nipissing Phase of the upper Great Lakes. 

SURFICIAL FEATURES 

Bedrock Escarpment 

The distribution and orientation of glacial features appears to be strongly controlled by the 
underlying bedrock topography and geology in the Niagara Escarpment region. The most prominent 
features within the study area are the Beaver re-entrant valley and Blue Mountains promontory (see 
Figure 28.2; see Photo 28.1E). Together, these features have a relief of higher than 260 m and dominate 
the landscape in the western half of the study area. As in the central Simcoe County 3-D study area (see 
Figure 28.1; Mulligan 2014), the bedrock escarpment in the western part of the study area displays a well-
developed stepped morphology. The upper surfaces of the Clinton Group–Medina Group and Gasport 
Formation are ornamented with well-developed glacial striae and small grooves and gouges. Crosscutting 
striae sets are common. Along the Beaver valley, a set oriented 200° crosscuts a set at 176°, whereas 
farther east near Singhampton and Gibraltar, striae sets range from 230 to 236°. Large blocks of Gasport 
Formation dolostone litter the surface till plains and moraines above the crest of the Niagara Escarpment. 
South and west of Feversham (see Figure 28.1), the surface till colour changes rapidly from a reddish or 
buff-brown to a light beige or grey-brown. This colour change coincides with the mapped subcrop of 
Guelph Formation dolostone (see Photo 28.1F). 

Streamlined Terrain 

Streamlined terrain, including drumlins and flutings, occur throughout the region both above and 
below the escarpment (Figure 28.3A). In the west, directional trends on streamlined forms show a strong 
relationship to the trends of re-entrant valley long axes (see Figure 28.3A). Drumlins ornament the surficial 
till that forms the majority of the surface cover within the Beaver valley. Their orientation strongly 
correlates with the axes of the main re-entrant, as well as tributaries observed along the southeast flank. 
Above the crest of the valley, the orientation of drumlins and flutes begins to diverge, fanning out in all  
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Figure 28.3.  A) Digital elevation model (DEM) image of southwest part of the Collingwood area (grey line indicates NTS map 
41 A/8) showing the head of the Beaver valley (BV), large end moraines (outlined with dashed lines) and minor recessional 
moraines.  Map features are overlain on DEM image (hillshade) (from Ministry of Natural Resources 2010).  A well-developed 
network of crosscutting meltwater channels are shown in blue, flow direction is to the southwest.  Multiple groups of streamlined 
forms are observed and the superposition of forms allows identification of an early ice-flow direction (D1 drumlins) and a later ice-
flow direction (D2 drumlins, F2 flutes).  Note the orthogonal orientation and changing morphology of late-stage streamlined forms 
(D2 drumlins, F2 flutes) in relation to the Singhampton Moraine.  Small eskers are outlined in orange in the southeast and 
southwest parts of the figure.  Locations of photos in Figures 28.3B and 28.3C are indicated by white stars.  B) and C) Stratified, 
trough cross-bedded sand and gravel deposits exposed in aggregate pits within meltwater channels (see Figure 28.3A for location).  
Dominant paleocurrents vary from south-southwest to west-southwest (right to left in 28.3B and left to right in 28.3C).  Field 
assistant is 2 m tall. 
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directions, orthogonal to the orientation of the Singhampton moraine that marks the late glacial ice margin 
of the Georgian Bay and Simcoe ice lobes (see Figure 28.3A). In the southern and southwestern part of 
the Collingwood area (NTS map 41 A/8) (see Figure 28.1), large drumlins with a southwest orientation 
are overprinted with flutings oriented toward the southeast (see Figure 28.3A) suggesting that ice persisted 
in the Beaver valley longer than it did to the east of the Niagara Escarpment. Consolidated diamicton (till) 
is the dominant sediment type found within streamlined areas. Numerous facies types exist, ranging from 
gritty clayey silt till to stony sand-rich till. The matrix colour of the till units can vary over short distances. 
These facies and colour changes appear to reflect changes in local substrata and glacier dynamics rather 
than major unconformities or lithostratigraphic differences. Previous work has identified multiple discrete 
till sheets in the region, reflecting oscillating ice margins during the late glacial period, but no conclusive 
evidence for an ice withdrawal–readvance was found during the 2015 field season. 

Sinuous esker ridges of coarse, rounded, cobble-rich gravel lap onto the streamlined forms at several 
locations (see Figure 28.3A). The ridges are oriented toward the south-southeast. One ridge is observed at 
the head of the Beaver valley, and terminates at the eroded crest of the Singhampton moraine ridge, and 
feeds into a large flat-floored meltwater channel to the south. Other smaller examples are found crossing 
the southern border of the Collingwood area (NTS map 41 A/8) (see Figure 28.3A). 

In the eastern part of the study area, streamlined terrain is observed only as broad drumlins 
ornamenting the upper surface of uplands in the north (see Figure 28.2). A slight directional shift in 
drumlin orientation is observed from north to south; drumlins are oriented 190 to 200° in the Midland 
area, and 235 to 245° in the Barrie area. Deep valleys commonly dissect streamlined terrain, channelling 
drainage toward the margins of upland areas. These valleys are commonly occupied by misfit or 
ephemeral streams, and their bases are commonly floored at an elevation coincident with the base of steep 
wave-eroded scarps (glacial Lake Algonquin bluffs) that rim the lowland plains. In the walls of deeper 
valleys, sediments that predate the Late Wisconsinan Newmarket Till are observed. Generally, thick 
deposits of fine- to medium-grained sand and gravel underlie the till and, in a few locations, fine-grained 
silt and clayey silt rhythmites are observed beneath the sands. This stratigraphic succession shows good 
correlation with sequences reported from recent 3-D mapping investigations to the east (Burt and Dodge 
2011) and south (Bajc et al. 2014) as well as boreholes drilled in the Penetanguishene and Christian Island 
areas to the north (Bajc 1994). 

Hummocky Ridges 

An impressive suite of hummocky ridges, composed of coarse-grained, stony diamicton with abundant 
sand and gravel interbeds, occurs above the crest of the Niagara Escarpment bedrock (see Figures 28.2 
and 28.3A). Varying between 1 and 30 m high and from 3 to 850 m wide, these ridges mark the former 
positions of the retreating ice margin during the late glacial period. Three prominent ridges are identified 
as the Singhampton, Gibraltar and Banks moraines (see Figure 28.3A) (Burwasser, no date; Chapman and 
Putnam 1984), but there are many smaller ridges (recessional moraines) that separate these larger forms, 
recording incremental ice retreat from the highlands above the Niagara Escarpment. 

Flat-Floored Channels 

A network of flat-floored channels trend southwest across the southern part of the Collingwood area 
(NTS map 41 A/8). These channels dissect the streamlined till plain and their orientation appears to be 
largely controlled by the presence of the well-developed hummocky moraine ridges (see Figure 28.3A). 
The channels are up to 550 m wide and as much as 40 m deep; individual channel features may extend for 
several tens of kilometres and grade to lower elevations in the southwest. Crosscutting relationships of the 
channels within the system greatly assist in the reconstruction of ice withdrawal from the area. 
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The infill stratigraphy of the channels incised through Late Wisconsinan till and Paleozoic bedrock 
consists of planar and trough cross-bedded sand and gravel (Figures 28.3B and 28.3C) suggesting the 
channels were cut by meltwater streams draining the ice margins during the final retreat of ice from the 
region. Paleocurrent directional indicators commonly suggest former flow directions toward the 
southwest (see Figures 28.3B and 28.3C). 

V-Shaped Valleys and Fills 

The V-shaped valleys in the Collingwood area (NTS map 41 A/8) are the only escarpment re-entrant 
valleys studied as part of this investigation where streamlined forms are observed at surface. Farther west, 
many re-entrants host drumlin fields, but east and south of the Pretty valley (see Figure 28.2), the re-entrants 
are largely filled in with deglacial glaciofluvial and glaciolacustrine sediments overlying the Late 
Wisconsinan tills (Mulligan 2014). The Beaver valley is floored with consolidated Late Wisconsinan 
(Newmarket or possibly Elma) till and contains drumlins and flutes oriented parallel to the valley long 
axis and diverging parallel to the long axes of smaller tributary valleys. A subtle moraine feature 
ornamented with small curvilinear ridges parallel to former ice flow crosses the valley approximately 5 km 
south of Clarksburg (see Figure 28.2). 

Flat Lowland Plains 

The lowland plains are generally characterized by flat-lying terrain consisting of sand, silt, or, more 
commonly, Late Wisconsinan till. These plains are often low-lying in the central parts of the valleys and 
are rimmed with steep bluffs eroded into either silt and clay, Newmarket Till, glaciofluvial deposits, or 
Paleozoic bedrock along the margins. Sand and gravel typically forms the surficial sediment cover along 
the margins of the plains or on isolated highs within the lowlands. Silt and clay or peat and muck, 
commonly infill the central, lowest lying parts of the lowlands. Newmarket Till is commonly exposed 
along steep slopes and at the bases of deep alluvial channels within the lowland plains. 

The western parts of the study area commonly display a gently undulating topography grading 
toward modern Lake Huron. Between Collingwood and the western boundary of the map area, the 
lowlands are segmented by 2 steep scarps, at approximately 235 m asl and at 192 m asl (Figure 28.4A). 
Late Wisconsinan (Newmarket or Elma) till is commonly exposed at surface except where large bars and 
spits occur, as well as in low-lying areas near Thornbury and Clarksburg, and along the shore of Georgian 
Bay. Southwest of Collingwood, excavations for drainage and basements, just beneath the 235 m scarp, 
revealed 2 to 3 m of interbedded, marly, sand, gravel and silt with interbeds of woody peat up to 30 cm 
thick. Several samples of peat were collected for paleoecological analysis and radiocarbon age 
determination. Preliminary analysis of fossils recovered from the peat beds show the presence of multiple 
species of both aquatic and terrestrial gastropods as well as aquatic bivalves. Additional fossil material 
was recovered from a surficial unit of laminated silt near the Village of Blue Mountain and shallow water 
deposits of glacial Lake Algonquin exposed along the banks of the Beaver River south of Clarksburg (see 
Figures 28.2 and 28.4A). 

In the east, deglacial glaciolacustrine deposits form thicker successions, partially infilling valleys 
separating upland areas. Surficial exposures only reveal the upper part of the infill succession, which 
generally consists of sandy to gravelly deposits overlying fine-grained rhythmites. This succession 
correlates to sediment successions exposed in boreholes drilled in valley areas of southern Simcoe County 
(Bajc, Rainsford and Mulligan 2012; Bajc et al. 2014) and correlates to the upper part of successions 
exposed in drilling investigations to the east in the Barrie–Oro Moraine area (Burt and Dodge 2011). 
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Figure 28.4.  A) Surface topography of the lower Beaver valley area (see Figure 28.2 for location).  Map features are overlain on 
DEM image (hillshade) (from Ministry of Natural Resources 2010).  A steep wave-cut bluff and baymouth bar–beach ridge 
complex (glacial Lake Algonquin shoreline) crosses the entire valley.  Southwest of the baymouth bar, fine-grained organic-bearing 
sediments accumulated in a lagoon (yellow dashed outline).  Location of sample site along the Beaver River is shown with the 
black star.  Location of photo in Figure 28.4B is shown by white star.  A second bluff, up to 25 m high, is observed to the north 
along the Georgian Bay shoreline and marks the maximum water level reached during the Nipissing Phase of the upper Great Lakes.  
B) Photograph of 16 m high section along the lower Beaver River exposing a thick succession of Late Wisconsinan till unconformably 
overlain by glaciolacustrine silt and clay and capped by fluvial and fluviodeltaic sand and gravel.  Field assistant is 2 m tall. 
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Arcuate Ridges 

Arcuate ridges of sand and gravel emanate from, or are parallel to, high scarps rimming the flat 
lowland plains in both the eastern and western parts of the study area. In the west, a continuous, prominent 
set of beach ridges is developed on a large baymouth bar–beach ridge complex south of Clarksburg (see 
Figures 28.1 and 28.4A) stretching across the northern Beaver valley. Sand and gravel are being extracted 
from numerous active aggregate pits in this feature. The modern Beaver River incises through the lowland 
plain, exposing sediments that record several subenvironments within the deglacial lake bodies that existed 
following ice retreat from the region. Glaciolacustrine silt and clay, fluviodeltaic sand and gravel, and 
nearshore sands and gravels overlie thick (up to 10 m) Late Wisconsinan till (Figure 28.4B). Several 
smaller ridges occur parallel to the main beach bar south of Clarksburg and many others are observed 
along the Georgian Bay coast north and east of Thornbury. Well-developed sets of smaller, tightly grouped 
ridges, as occur east of Craigleith, are observed along the Georgian Bay shoreline (see Figure 28.1). 

QUATERNARY GEOLOGIC HISTORY 

Surficial mapping during the 2015 field season has highlighted important details on the glacial 
history of the region: 

• Re-entrant valleys along the Niagara Escarpment predate Late Wisconsinan ice advance. Valley 
orientations show a correlation with joint patterns observed in exposures of Ordovician shale 
and limestone suggesting a possible tectonic control on the orientation of the valleys and 
promontories throughout the region. The joint sets are also consistent with the orientation of the 
modern Georgian Bay shoreline between Blue Mountain and Collingwood. 

• Exposures along tributaries to the Beaver River, southwest of Clarksburg, reveal nonglacial 
organic deposits sandwiched between 2 tills: the upper, younger till, which is correlative with 
the Late Wisconsinan Catfish Creek–Elma–Newmarket till continuum, and the lower, older till, 
which is a likely stratigraphic equivalent to older tills observed in outcrops northwest of 
Penetanguishene and many boreholes throughout Simcoe County. 

• Re-entrant valleys imparted a strong control on regional ice-flow directions. Both streamlined 
forms and moraine ridges show strong correlation with the position and form of re-entrant 
valleys in the mapping area. 

• Based on the continuum of morphometric and lithologic characteristics of surface tills in the 
study area, there is little reason to separate them into discrete lithostratigraphic units. Late 
stages of ice flow are suggested by fine-grained diamicton units that commonly form the 
uppermost part of the till assemblage and by the superposition of flutings oriented orthogonal to 
larger (and older) drumlins, but do not necessitate a significant period of intervening ice 
withdrawal from the area. 

• Tracing the network of crosscutting glaciofluvial channels allows a more detailed reconstruction 
of glacial ice-marginal positions during the late glacial period. Modern digital elevation models 
assist in correlating the moraines built by the Lake Simcoe and Georgian Bay ice lobes and have 
led to the identification of numerous smaller recessional moraines. 

• Deglacial lake shorelines (main Algonquin phase and Nipissing phase) can be traced 
continuously across the entire study area. Radiocarbon age determinations of wood from 
organic-bearing sediment units attributed to these lakes will assist in refining understanding of 
their evolution. 
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CONCLUSIONS AND FUTURE WORK 

The surficial work completed in the summer of 2015 highlighted several geologic features that will 
help refine understanding of the glacial history of the region. Updated 1:50 000 scale Quaternary maps for 
the Collingwood–Nottawasaga and western halves of the Barrie–Elmvale areas will be published. 
Organic-bearing sediment units were sieved and samples were sent for radiocarbon age determinations; 
74 samples of surficial till were collected for grain size and mineralogical characteristics. Surface 
sediment units generally only record the latter parts of the last glaciation. Boreholes, of which 5 to 8 are 
planned to be drilled during the fall of 2015, will assist in the reconstruction of the full glacial history of 
the area. Boreholes drilled along the seismic reflection survey profiles will be cased to permit downhole 
geophysical logging to facilitate the interpretation of the seismic data. 
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29.  Project Unit 15-012. Quaternary 
Geology and Geochemical and 
Mineralogical Signature of Surficial 
Media in Drury and Denison 
Townships, City of Greater Sudbury 

S. Hashmi1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION AND OBJECTIVES 

The townships of Drury and Denison, in the southwest corner of the Sudbury Basin, are highly 
prospective areas for low-sulphide nickel-copper-platinum group elements (PGE) mineralization and 
contain both past and current producing mines, as well as several advanced exploration projects 
(KGHM International Victoria deposit; Sudbury Platinum Corporation Aer–Kidd deposit). Glacial 
deposits conceal the bedrock surface over broad areas and thus hinder mineral exploration. Currently, 
for Drury and Denison townships, there is no detailed surficial mapping available to assist with mineral 
resource evaluation, land use planning and infrastructure development. 

To address these issues, a 1:20 000 scale Quaternary mapping and sampling project in Drury and 
Denison townships was initiated by the Ontario Geological Survey (OGS) in 2015 as part of the 5-year, 
multi-disciplinary research program on “Low Sulfide PGE-rich Sudbury Footwall Mineralization” being 
conducted by the Mineral Exploration Research Centre (MERC) at the Department of Earth Sciences, 
Laurentian University. This is a collaborative program with OGS and the private sector to develop an 
integrated geological, geochemical and geophysical exploration model for low-sulphide, PGE-rich 
mineralization in the Sudbury Basin. In addition, 1 of 2 related graduate theses (specifically, Quaternary 
mapping and surficial media sampling) will be initiated in 2016 through the Ontario Geological Survey–
Laurentian University Graduate Mapping School Agreement. A complementary bedrock geology 
mapping project also commenced in Drury and Denison townships in 2015 (see Gordon, Simard and 
Généreux, this volume). 

The objectives of this study are to a) generate 1:20 000 scale Quaternary geology maps for Drury and 
Denison townships; b) reconstruct the glacial and ice flow history; and c) assess the application of drift 
prospecting methods within the region by carrying out a regional humus, B horizon and C horizon till 
sampling survey. The data generated will assist with defining the geochemical and mineralogical signature 
of mineralization within the townships and possibly identify and prioritize new exploration targets. 

LOCATION AND PHYSIOGRAPHY 
This surficial mapping and sampling project covers Drury and Denison townships, which are located 

in the southwest corner of the City of Greater Sudbury, within the area covered by National Topographic 
System (NTS) 1:50 000 scale map sheets 41 I/5 and 41 I/6. The study area covers approximately 195 km2 
and is located within latitudes 46°22′01″N and 46°27′14″N and longitudes 81°18′00″W and 81°35′00″W 
(Figure 29.1). The region has low relief, although relief can exceed 30 to 40 m locally, with an average  
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elevation of 280 m above sea level. Numerous small lakes and rivers, all of which occur within the 
Spanish River drainage system, are scattered throughout the townships. The Spanish River is located in 
the southwest corner of the map area. 

PREVIOUS WORK 
The most recent bedrock geology compilation of the Sudbury Basin was completed in 2005 (Ames et 

al. 2005) (see Figure 29.1). Previous surficial mapping studies include a regional 1:100 000 terrain map 
for the districts of Manitoulin and Sudbury (Northern Ontario Engineering Geology Terrain Study) 
(Gartner 1978, 1980). In addition, a 1:100 000 scale compilation of surficial geology was published as 
part of a collaborative project between Laurentian University and the City of Greater Sudbury (Barnett 
and Bajc 1999, 2002). Furthermore, an aggregate resource inventory report for the district of Sudbury 
(including Drury and Denison townships) was published in 1987 (Ontario Geological Survey 1987). More 
recently, Bajc and Hall (2000) completed a surficial mapping and sampling study in the north and east 
ranges of the Sudbury Basin; as part of that study, detailed (1:20 000 scale) surficial mapping of Trill 
Township, which lies immediately north of Drury Township, was completed. 

BEDROCK GEOLOGY AND MINERALIZATION 
The study area lies along the southwest edge of the Sudbury Basin. The bedrock geology described 

herein is based on a relatively recent compilation of bedrock geology by the Geological Survey of Canada 
(Ames et al. 2005). The oldest rocks identified in the study area are the Archean Cartier batholith granitoids 
in the northwest corner of the map area. Paleoproterozoic diabase dikes of the Matachewan dike swarm 
intrude the Cartier batholith. The southern half of the study area is dominated by metasedimentary and 
metavolcanic rocks of the Paleoproterozoic Huronian Supergroup (Long 2009) and the gabbroic rocks of 
the Nipissing Intrusive Suite. Quartz monzonites and granites of the Paleoproterozoic Creighton pluton 
are present in the east-central part of the study area (Ames et al. 2005). The north-central and northeastern 
portions of the study area are underlain by granophyre, norite, quartz gabbro, quartz diorite and footwall 
breccia units of the Sudbury Igneous Complex (1850 Ma: Krogh, Davis and Corfu 1984). All rocks older 
than the Sudbury Igneous Complex contain veinlets and veins of Sudbury breccia, which were emplaced 
during the meteorite impact event that created the Sudbury structure and the Sudbury Igneous Complex. 
The youngest rocks in the study area are the Paleoproterozoic quartz diabase “trap dikes” (Bleeker et al. 
2015) and the Mesoproterozoic olivine diabase dikes of the Sudbury dike swarm (circa 1235 Ma: Krogh 
et al. 1987), both of which intruded the older rocks. 

Ore deposits in the Sudbury Basin fall into 4 main types: “footwall vein”, “footwall contact”, “offset 
dike” and “sheared” (Golightly 2009). “Footwall vein” deposits are hosted in the country rocks in the 
Sudbury Igneous Complex within or in close proximity to Sudbury breccia. This deposit type is rich in 
copper, platinum, palladium and gold, where the ore is hosted in veins and stringers (Golightly 2009). In 
the “footwall contact” deposits, rocks from the Sublayer unit of the Sudbury Igneous Complex, as well as 
the footwall breccia unit, host mineralization (Ames et al. 2005). Mineralization within these rocks is 
characterized by pyrrhotite, pentlandite and chalcopyrite with high nickel, copper and cobalt contents 
(Golightly 2009). Mineralization in “offset dike” deposits occurs within the inclusion-bearing phase of the 
quartz diorite offset dikes. Ore in these deposits is characterized by roughly equal nickel and copper 
contents, as well as PGEs and minor gold (Golightly 2009). Lastly, “sheared deposits” are “footwall 
contact” deposits that underwent strong ductile deformation, where marcasite and gersdorfite are the 
dominant copper ore minerals (Golightly 2009). 

Both the Vale Canada Limited Totten Mine and the Sudbury Platinum Corporation Aer–Kidd deposit 
(which is in the advanced exploration phase), are “offset dike” deposits that occur in the Worthington Offset. 
The Totten Mine produced 303 000 t of ore grading 1.50% Ni and 1.98% Cu in 2014 (Vale S.A. 2015, p.39). 
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QUATERNARY GEOLOGY 

During the height of the Late Wisconsinan (18 000 to 25 000 years ago), the Laurentide Ice Sheet 
covered the entire study area. Based on the field measurement of glacial indicators (striations, grooves, 
roches moutonnées), ice flow during the late glacial stage was topographically controlled and oriented 
southwestward (200 to 230°). Bedrock outcrops are common throughout the region, with glacial deposits 
being thin and discontinuous. The uplands are dominated by a thin veneer (<1 m) of glaciolacustrine 
deposits composed of fine to very fine sand and silt. These deposits overlie thin, discontinuous patches of 
till preserved locally in bedrock depressions. Thick till deposits (>1 m) are rare and, where observed, 
display varied clast content and matrix textures. The matrix is primarily a silty sand (locally silt rich) with 
clast content varying between 5 and 45%. The clasts recovered from till are faceted, pitted and bullet 
shaped and some have preserved striations. Topographically low areas are filled with thicker deposits of 
glaciolacustrine sediment, in places exceeding 50 m (Barnett and Bajc 2002). Glaciofluvial deposits, 
including crudely stratified medium to coarse sand and granule- to boulder-sized gravel, occur sporadically. 
Large deposits of glaciofluvial sediments are identified in gravel pits in Drury Township. Geomorphic 
features, including a subaquatic fan and glaciofluvial terraces, are observed in the north and southwest 
corner of the study area. 

FIELD WORK 

Field work was conducted using trucks and all-terrain vehicles (ATVs), as well as by traversing on 
foot. Surficial mapping consisted of an initial computer-based study of existing maps and information, 
followed by field sampling using tools such as shovels, augers, probes and hand hoes. Field station 
information, including global positioning system (GPS) co-ordinates, elevation, landform-type, sediment 
characteristics, stratigraphy and thickness of each unit (Photos 29.1A and 29.1B), was captured in an 
ESRI® ArcGIS® database. Ice-flow indicators, including striations, grooves and rat-tails (Photos 29.1C 
and 29.1D), were also measured and captured. Digital photographs were also taken at each site. 

Soils and C horizon till were sampled primarily along roads, ATV trails, hydro lines and exploration 
trenches. Samples were collected and sieved onsite to remove roots and oversized clasts. An ideal sample 
site consisted of 3 samples for geochemistry. These include 1) a 500 g humus sample collected only when 
bedrock outcrop or till was situated close to the sample location; 2) a 2 to 3 kg B horizon till sample; and 
3) a 2 to 3 kg C horizon till sample (Photo 29.2). An additional 10 to 15 kg of C horizon till was sampled 
for heavy mineral processing. The pebble-sized fraction, isolated from this C horizon till sample, was 
recovered for clast lithology analysis to determine the extent and characteristics of glacial dispersal. 
However, not all sites were sampled for the entire suite of samples, either because of the lack of humus 
development as a result of forest fires or human disturbance and/or the lack of unweathered or weathered 
till. Information pertaining to the samples was noted, including location, elevation, landform association, 
stratigraphy, sediment character and structure, extent of oxidation and sample depth. Details of clasts 
present within the till were also noted, including clast content, clast size, angularity, surface features and 
textures (striations, pitting and faceting). 

SAMPLE PREPARATION AND ANALYTICAL METHODS 

The 2 to 3 kg B horizon and C horizon till samples will be submitted to the OGS Geoscience 
Laboratories for geochemical analysis for a suite of over 50 metals. These samples will first be sieved to 
obtain the –230 mesh (<63 μm) size fraction, followed by nitric acid–aqua regia digestion and inductively 
coupled plasma mass spectrometry (ICP–MS) to determine approximately 50 trace elements. Nitric acid–
aqua regia digestion attacks all sample matrix constituents, except for silicate minerals and, therefore, is 
considered to be a nonselective, relatively strong near-total extractant. Additionally, the B horizon and 
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C horizon tills will also be submitted for particle size analysis (PSA). Quality control will be monitored 
through the use of sample pulp duplicates and certified reference materials. Loss-on-ignition (LOI) is 
determined at 1000°C, using an automated gravimetric technique. Sample aliquots will also undergo further 
analysis for gold by instrumental neutron activation analysis (INAA) and PGEs by fire assay ICP–MS. The 
10 to 15 kg bulk till samples will be submitted to an external laboratory for indicator mineral recovery. 

PROPOSED PROJECT PRODUCTS 

A detailed surficial geology map, Open File Report and digital data release will be published at the 
completion of the project. These products will contain a review of the Quaternary deposits, glacial history 
and an interpretation of the geochemical and indicator mineral results from all analytical work. 

 

Photo 29.1.  Examples of surficial sediments and erosional features present in the map area.  A) Glaciolacustrine sediments 
composed of fine to very fine sand and silt exhibiting mottled oxidation and parallel laminations (location: latitude 46°26′02″N, 
longitude 81°28′42″W) (scale card is 8 cm long).  B) Gravel pit in Drury Township (location: latitude 46°26′18″N, longitude 
81°30′44″W) (section face is approximately 9 m high).  C) Unidirectional rat-tail on outcrop (location: latitude 46°22′55″N, 
longitude 81°20′26″W) (pen, for scale, is 10 cm); white arrow indicates ice-flow direction (to the right = southwest).  
D) Bidirectional striations and grooves (location: latitude 46°23′15″N, longitude 81°20′01″W) (compass, for scale, is 7.1 cm wide). 
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Photo 29.2.  Unweathered C horizon till sampling site (location: latitude 46°22′50″N, longitude 81°20′16″W).  Note the fine-grained 
glaciolacustrine sediments overlying the till deposit.  Scale card is 8 cm long. 
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30.  Project Units 14-006 and 11-024.  
Nakina and McFaulds Lake  
(“Ring of Fire”) Areas Lake Sediment 
and Till Geochemistry Infill Sampling, 
Northern Ontario 

K.M. Dell1, R.D. Dyer1 and L.A. Handley1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

A short program of infill and resampling was carried out in the Nakina and McFaulds Lake (“Ring of 
Fire”) areas, in northern Ontario, between July 17 and August 10, 2015. The objective of the Nakina 
sampling program was to conduct infill lake sediment sampling for the area completed in 2014 (Dyer and 
Handley 2014a). The Nakina survey area fills the gap between existing high-density lake geochemistry 
surveys to the east (Nakina–Longlac area: Ontario Geological Survey 2000a, 2000b), west (Armstrong–
Lake Nipigon area: Ontario Geological Survey 2000c, 2000d) and south (Greenstone area: Dyer 2011; 
Dyer and Burke 2012). The survey was carried out from the Seven Lakes Wilderness Camp located near 
Nakina, Ontario. A total of 86 water samples and 166 lake sediment samples were collected over an area 
of approximately 2000 km2. The 166 sediment samples comprise 84 shallow samples (0 to 15 cm 
sediment depth) and 82 deep samples (>20 cm sediment depth). Figure 30.1 illustrates the lake sediment 
sampling coverage in the Nakina study area for both 2014 and 2015. 

The McFaulds Lake area infill sampling was designed for 3 purposes: 1) resample lakes (shallow 
lake sediment and water) and groundwater for Cr(VI) analysis to compare laboratory methods (Dyer and 
Handley 2013, 2014b); 2) collect shallow lake sediment samples to analyze for a suite of persistent 
organic pollutants (“POPs”) to help determine a Far North environmental baseline; and 3) augment the 2014 
till sampling lines oriented perpendicular to the possible chromium (chromite) down-ice glacial dispersal 
plume from the “Ring of Fire” chromite deposits (see Dyer and Handley 2014b). The McFaulds Lake area 
field work was based out of Pym Island outpost camp, operated by Hearst Air Services Ltd., located 
approximately 40 km southwest of the McFaulds Lake study area. Lake sediment (deep and shallow) and 
water samples were collected from 47 sites covering an area of approximately 1300 km2. At each of these 
lake sites, 2 separate shallow sediment sample aliquots were collected for both Cr(VI) and organic 
compound analysis. Seven till samples were collected from 5 sites. Where available, samples of pebbles, 
humus and B horizon soil were also obtained for further analysis. Finally, 5 shallow groundwater samples 
were obtained along a line over the top of the northeast end of the Black Thor chromite deposit. Figure 30.2 
illustrates the lake sediment, till and groundwater sampling coverage completed in 2015. 
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Figure 30.2.  Sampling completed in 2015 in the McFaulds Lake (“Ring of Fire”) area and in the down-ice area to the south-
southeast (surficial geology from Barnett, Yeung and McCallum 2013a).  All UTM co-ordinates provided using NAD83 in Zone 16. 
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REGIONAL SETTING AND GEOLOGY 

Nakina Area 

The project area lies within uplands of the James Bay region physiographic division of the Canadian 
Shield (Bostock 1970). In most of the eastern and central portions of the area, the topography is gently to 
moderately undulating because of the predominance of glaciofluvial and glaciolacustrine deposits. The 
topography of the northwestern half of the study area is more rugged and bedrock controlled because of the 
more abundantly exposed volcanic and granitoid bedrock. Relief across the study area rarely exceeds 60 m. 

The study area contains Archean Superior Province Wabigoon Subprovince rocks (Blackburn et al. 
1991). The study area is underlain mostly by supracrustal rocks of the Onaman–Tashota and Marshall 
Lake greenstone belts, later intrusive rocks (e.g., gabbro, granodiorite) and basement granitoids. 
Proterozoic Southern Province Nipigon diabase sills (Sutcliffe 1991) are located at the western extremity 
of the study area. Two regional bedrock compilation maps, at a scale of 1:250 000, cover the area (Johns, 
McIlraith and Stott 2003; Stott et al. 2002). 

No detailed Quaternary geological mapping exists for the survey area; however, detailed 
investigation of the Beardmore–Geraldton area (immediately south of the Nakina–Marshall survey area) 
was completed by Thorleifson and Kristjansson (1993). The surficial geology and glacial history of the 
region was first outlined by Zoltai (1965). A more recent compilation map, at a scale of 1:1 000 000, was 
published by Barnett, Henry and Babuin (1991). This compilation, in part, drew upon several 1:100 000 
scale engineering geology terrain maps for the region (Cooper 1981a, 1981b, 1981c, 1983a, 1983b). 
Together, these studies indicate that the most common surficial materials within the survey area are 
glaciolacustrine and glaciofluvial deposits. Glaciofluvial (esker) deposits (sand and gravel) form 
prominent belts across the study area, with a general trend to the southwest. Glaciolacustrine deposits are 
also common and are associated with areas of low topography within and around the perimeters of large 
lakes. Large tracts of organic (peat) deposits are common and typically are relatively devoid of lakes. 
The predominant and latest glacial-ice flow direction, based on glacial striae and the orientation of large 
moraines (i.e., Agutua), was toward the southwest (Cooper 1981b, 1981c, 1983b; Thorleifson and 
Kristjansson 1993). 

McFaulds Lake (“Ring of Fire”) Area 

The landscape in the McFaulds Lake area is complex: the Quaternary glacial and marine deposits, 
up to 76 m thick, are overlain by peat deposits of undetermined thickness (Golder Associates Ltd. 2010). 
Diamond-drilling programs have intersected surficial materials, such as sandy till, varved sand, 
glaciolacustrine clay and marine clays (Thomas 2004). 

Geological investigation of the region is an active and ongoing effort by staff at the Ontario 
Geological Survey (OGS) and recent updates include Ratcliffe and Armstrong (2013), Gao (2013) and 
Metsaranta and Houlé (2013). The most recent surficial geology maps of the area were published by the 
OGS (Barnett, Yeung and McCallum 2013a, 2013b, 2013c). These maps cover most of the McFaulds 
Lake greenstone belt, including the area of the known chromite and nickel-copper-platinum group 
elements (PGE) deposits. These maps illustrate the preponderance of organic peat and till deposits on the 
landscape surface. The dominant ice-flow direction of the most recent glaciation, based mostly on 
streamlined forms (e.g., flutes), was toward the south-southeast, between 165° and 180° (Barnett, Yeung 
and McCallum 2013b). 
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Current bedrock geology compilation mapping for the survey area shows the Archean bedrock to be 
composed of a least 5 distinct supracrustal packages (Metsaranta and Houlé 2012), separated by granitoid 
basement and later felsic and mafic to ultramafic intrusions. Most of the mineral industry exploration 
efforts and success to date have been focussed on the Butler Lake and Muketei River supracrustal 
packages, as defined by Metsaranta and Houlé (2012). Within the Muketei River supracrustal package, 
the nickel-copper-PGE and chromite deposits are contained in ultramafic intrusive bodies that appear to 
be emplaced near the contact between metavolcanic rocks (circa 2770 Ma) and tonalite (circa 2773 Ma) 
(Mungall et al. 2010). Distinct from this package, and centred approximately 40 km to the west, is the 
Butler Lake supracrustal package. The bedrock consists of ultramafic to felsic volcanic rocks; the felsic 
metavolcanic rocks in this package host significant volcanogenic massive sulphide (VMS)-style 
mineralization and are intruded by nickel-sulphide–bearing gabbro and iron-titanium-vanadium–rich 
magnetite gabbro (Metsaranta and Houlé 2012). 

Along the eastern boundary of the survey area, the Paleozoic rocks, consisting of Upper Ordovician 
limestone and dolostone and Lower Silurian limestone rocks, unconformably overlie the Archean bedrock 
(Ontario Geological Survey 1991). The Paleozoic cover rocks are exposed sporadically over the known 
magmatic massive sulphide and chromite deposits and typically consist of beige fossiliferous limestone 
and rare muddy dolostones; this stratigraphy thickens considerably toward the east, where up to 100 m of 
strata have been observed at McFaulds Lake (Golder Associates Ltd. 2010). Recent work by the OGS has 
refined the location of the Paleozoic–Archean boundary (see Armstrong, this volume) 

SAMPLING METHODS 
Organic-rich lake sediment samples were collected from a helicopter float using the OGS-designed 

gravity corer. Wherever possible, both shallow (0 to 15 cm) and deep (>20 cm) sediment samples were 
obtained at each sampling site. Based on average sedimentation rates of approximately 1.5 cm per decade 
in lakes within shield landscapes (e.g., Hunt 2003; Dickman and Fortescue 1991), the shallow sample is 
considered to represent sedimentation during the past 100 years (approximately) and, therefore, may 
include anthropogenic contamination. The deep sediment sample represents sedimentation older than 
100 years; therefore, this portion better reflects the effects of natural geochemical inputs that may be 
traced to local geology and/or mineralization. 

Lake water samples were collected from a depth of between 0.5 and 1.0 m using a weighted intake 
hose and pump. Water-quality parameters, including pH, electrical conductivity, dissolved oxygen and 
turbidity, were measured at each lake site using a flow cell attached to a multi-parameter probe. Lake 
water was pumped from each lake and allowed to purge the sampling system prior to the collection of a 
250 mL water sample and the recording of water-quality parameters. Water samples were kept cool and 
processed (filtered and preserved with nitric acid) within 6 hours of collection. The samples for Cr(VI) 
analysis were collected during the last 2 days of the project. These were preserved within a few hours of 
collection and kept cool (~6°C) until they were delivered to the Ministry of Environment and Climate 
Change (MOECC) laboratory in Toronto within a week of collection. 

A global positioning system (GPS) receiver was utilized to record accurate sample-site positions and 
to record each flight track. In addition, a GPS receiver connected to a tablet computer was utilized to 
provide “heads up” real-time navigation between lake sites. A depth finder was mounted on the OGS-
designed platform on the float and utilized to record accurate sample-site depth measurements. 

Till sampling was carried out with the support of a helicopter along 2 lines oriented roughly 
perpendicular to the last glacial ice advance direction. Between the chromite deposit area and the 
Attawapiskat River, till samples were obtained from hand-dug pits. Where available, pebbles were 
collected from the till for later examination and identification. If present, samples of humus and B horizon 
soil samples were also collected at each site. 
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Shallow groundwater samples were collected using piezometers, polypropylene hose and Teflon™ 
foot-valves. Each piezometer was driven down into the organic peat to the peat–till interface (on average 
approximately 60 cm depth). Between 10 and 20 L of groundwater were purged from each piezometer 
before collecting a water sample. Samples were also filtered and preserved with nitric acid within 6 hours 
of collection. 

SAMPLE PREPARATION AND ANALYTICAL METHODS 
Lake sediment samples for geochemical analysis were collected in breathable fabric bags and then 

placed into plastic Ziploc® bags to prevent leakage. The samples were shipped to Sudbury, where they 
were hung to drip dry before being placed in ovens at a temperature of less than 40°C. After drying, the 
samples were subjected to complete disaggregation in a ceramic ring-and-puck pulverizer and sieved to 
obtain the –60 mesh (<250 μm) size fraction. Laboratory analysis will include nitric acid–aqua regia 
digestion followed by inductively coupled plasma mass spectrometry (ICP–MS) to determine approximately 
50 trace elements. Nitric acid–aqua regia digestion attacks all sample matrix constituents, except for 
silicate minerals and, therefore, is considered to be a nonselective, relatively strong near-total extractant. 
Quality control will be monitored through the use of sample pulp duplicates and certified reference 
materials. Loss-on-ignition (LOI) is determined at 500°C, using an automated gravimetric technique. The 
deep (>20 cm) sediment samples will undergo further analysis for gold by instrumental neutron activation 
analysis (INAA) and platinum group elements by fire assay ICP–MS. 

Water samples (lake and groundwater) for geochemical analysis were passed through 0.45 µm 
syringe filters and acidified to 1% ultrapure nitric acid within 6 hours of collection. Analysis of water will 
include direct aspiration ICP–MS to determine approximately 50 elements. Major anions will also be 
determined on an aliquot of unacidified water sample that has been kept cool since collection. The quality 
of the analyses is monitored through the use of sample duplicates, CANMET-certified reference standard 
SLRS-5 and distilled water blanks. 

Till, soil and humus samples will be analyzed for a suite of over 50 metals. Analysis of the bulk till 
samples will include identification of any indicator minerals for mineral deposits including chromite. 

Lake water samples for Cr(VI) analysis were collected, kept cool (~6°C) and were not filtered. 
Groundwater samples for Cr(VI) analyses were also kept cool (~6°C), but were passed through 0.45 µm 
syringe filters. One 10 mL aliquot was extracted from each of the lake water and groundwater samples. 
These aliquots were spiked with Cr(III) and Cr(VI) as per the method in EPA Method 6800 (United States 
Environmental Protection Agency 2014). The samples were then kept cool (~6°C) during transport to the 
MOECC laboratory in Toronto. 

Lake sediment samples destined for Cr(VI) and organic analyses were collected in 250 mL amber 
glass jars. All samples were kept refrigerated until they were delivered to the MOECC laboratory in 
Toronto within 5 days. 
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31.  Project Unit 10-028.  
Hudson Platform Project:  Paleozoic 
Geology of the McFaulds Lake, 
South Moosonee, Ekwan River and 
Attawapiskat River Areas, 
James Bay Lowland 

D.K. Armstrong1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

The Ontario Geological Survey (OGS) commenced work on the Hudson Platform Project in 2010, in 
part to support a larger scale project conducted by the Geological Survey of Canada (GSC) that was 
funded by Natural Resources Canada’s Geomapping for Energy and Minerals (GEM) Program. The first 
phase of the GEM program, GEM-1, ran from 2008 to 2013. The next phase, GEM-2, began in 2014 and 
is scheduled to be completed in 2017. Field work by the OGS in the Far North of Ontario also supports 
community-based land use planning initiatives and provides geoscience data of relevance to any future 
development within this region. 

Results from previous OGS Hudson Platform Project field work were reported by Armstrong and 
Lavoie (2010a, 2010b), Armstrong (2011, 2012, 2014), Armstrong et al. (2013), Hahn and Armstrong 
(2013) and Ratcliffe and Armstrong (2013). Results of the GEM-1 project were reported by Lavoie et al. 
(2013, 2015). 

Field work in 2015 in northern Ontario focussed on 3 general areas and stratigraphic intervals: 1) the 
Upper Ordovician of the McFaulds Lake area; 2) the Lower Silurian to Upper Devonian south of Moosonee; 
and 3) the Lower Silurian of the Ekwan and Attawapiskat rivers area. All of this work was supported by 
helicopter, and was based out of Noront Resources’ Esker Camp, Moosonee and Fort Albany, respectively. 
In addition, prior to field activities, drill cores from this region were logged at archival storage locations 
in London, Timmins and Sudbury. Drill cores were also logged at various locations in the field. Mapping 
station (both outcrops and drill-core sites) locations for 2015, as well as cores logged late in 2014, are 
plotted on a bedrock geology map of the northern and southern Moose River Basin (Figures 31.1A and 
31.1B, respectively) and location information is listed in Tables 31.1 and 31.2. 

In addition to this field work, the author participated in a 10-day field trip to Churchill, Manitoba, to 
examine correlative Upper Ordovician strata on the Churchill River and along the Hudson Bay coastline 
(Nicolas and Young 2014, 2015). Field trip stop locations and basic stratigraphic data are included in 
Table 31.1 (stations 15DKA034 to 15DKA047). The field trip was funded by the GSC as part of its 
GEM-2 Hudson–Ungava Project and was led by Michelle Nicolas of the Manitoba Geological Survey and 
Graham Young of the Manitoba Museum. 
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Table 31.1.  Location and basic stratigraphic details of 2015 field mapping stations. 

Station # 1 Station/Core Name Type2 UTM 
Zone3 

UTM 
Easting3 

(m) 

UTM 
Northing3 

(m) 

Latitude 
(°N) 

Longitude 
(°W) 

Top 
Unit4 

Bottom 
Unit4 

15DKA001 Zenyatta Z11-1D1 d 16 637605 5672546 51.187745 -85.030926 lKR PC 
15DKA002 Campbell Lake No. 1 d 17 417515 5573565 50.308431 -88.158396 MR StR 
15DKA003 Pym #4 d 16 549630 5791053 52.267625 -86.272720 BCR PC 
15DKA004 Pym #3 d 16 548747 5792133 52.277413 -86.285503 BCR PC 
15DKA005 Buffalo Skin River BH-1 d 16 557524 5733570 51.750085 -86.166707 SCk PC 
15DKA006 Chard #5 d 16 647087 5680922 51.260650 -85.891898 mKR lKR 
15DKA007 Wabimieg WB-DH2 d 16 600296 5723347 51.652171 -85.550216 lSR? Ord? 
15DKA008 OGS-83-8D Schlievert Lake d 17 360330 5602340 50.556292 -88.971799 Cret PC 
15DKA009 Onakawana B OGS-85D d 17 465590 5604350 50.590048 -87.486120 Cret PC 
15DKA010 MCF-03-06 d 16 566411 5855336 52.843681 -86.013972 BCR PC 
15DKA011 MCF-03-19 d 16 571399 5853796 52.829202 -85.940264 BCR PC 
15DKA012 V-8-01 d 16 578450 5841654 52.719090 -85.838540 BCR PC 
15DKA013 V-2B-1 d 16 577502 5830082 52.615216 -85.855294 BCR PC 
15DKA014 MCF-10-80 d 16 563161 5850370 52.799435 -86.063180 BCR PC 
15DKA015 MCF-03-04 d 16 566537 5955314 53.742230 -85.991149 BCR PC 
15DKA016 DDH-2-11-06 d 16 577040 5873340 53.004082 -85.851918 BCR PC 
15DKA017 DDH-2-08-02 d 16 576475 5869650 52.970998 -85.861209 BCR PC 
15DKA018 V-12-1 d 16 577108 5849380 52.788724 -85.856587 BCR PC 
15DKA019 NOT-11-2G47 d 16 560075 5855550 52.846349 -86.107993 BCR PC 
15DKA020 Abitibi River o 17 453615 5562307 50.211123 -81.650078 Sxt Sxt 
15DKA021 Little Abitibi R o 17 467198 5569867 50.280018 -81.460375 Kwt Kwt 
15DKA022 Partridge River o 17 532288 5651849 51.017293 -80.539687 Kwt Kwt 
15DKA023 Partridge River o 17 532425 5650304 51.003390 -80.537875 Kwt Kwt 
15DKA024 Partridge River o 17 532777 5641268 50.922118 -80.533675 StR StR 
15DKA025 Moosonee Quarry q 17 520622 5674308 51.219788 -80.704715 Kwt Kwt 
15DKA026 Shashiskau River o 17 571863 5631791 50.833368 -79.979505 SR SR 
15DKA027 Seal River o 17 588318 5634203 50.852773 -79.745313 ER ER 
15DKA028 South Bluff River o 17 527762 5635559 50.871045 -80.605447 Sxt Sxt 
15DKA029 Little Abitibi R o 17 462701 5590321 50.463697 -81.525523 MI? MI? 
15DKA030 Little Abitibi R o 17 463273 5587348 50.437002 -81.517175 Kwt PC 
15DKA031 Williams Island o 17 459492 5583150 50.398997 -81.569962 WI WI 
15DKA032 Long Rapids o 17 458935 5581781 50.386647 -81.577640 LR LR 
15DKA033 Abitibi River o 17 456836 5575773 50.332468 -81.606478 MI MI 
15DKA034 Stop 1 Portage Chute o 15 365417 6412418 57.833413 -95.266597 PCh PC 
15DKA035 Stop 2 Surprise Creek o 15 382828 6426687 57.966402 -94.980617 CaCk PCh 
15DKA036 Stop 7 Seahorse Gully o 15 426306 6514949 58.768259 -94.274201 CRG PC 
15DKA037 Stop 3 Chasm Creek o 15 386114 6430316 57.999837 -94.926847 ChCk CaCk 
1Stations 15DKA034 to -047 are located in northern Manitoba (for details, see Nicolas and Young 2014, 2015). 
2Station type: d = drill core; o = outcrop; q = quarry or mine. 
3Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83); UTM zones indicated. 
4Stratigraphic unit codes: Att = Attawapiskat Formation; BCR = Bad Cache Rapids Group; CaCk = Caution Creek Formation;  

ChCk = Chasm Creek Formation; Cret = Cretaceous; CRG = Churchill River Group; ER = Ekwan River Formation,  
Kwt = Kwataboahegan Formation; lKR = lower Kenogami River Formation; LR = Long Rapids Formation;  
lSR = lower Severn River Formation; MI = Murray Island Formation; mKR = middle Kenogami River Formation;  
MR = Moose River Formation; mSR = middle Severn River Formation; Ord = Ordovician; PC = Precambrian;  
PCh = Portage Chute Formation; RHR = Red Head Rapids Formation; SCk = Surprise Creek Formation;  
SR = Severn River Formation; StR = Stooping River Formation; Sxt = Sextant Formation;  
uSR = upper Severn River Formation; WI = Williams Island Formation. 
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Table 31.1, continued. 

Station # 1 Station/Core Name Type2 UTM 
Zone3 

UTM 
Easting3 

(m) 

UTM 
Northing3 

(m) 

Latitude 
(°N) 

Longitude 
(°W) 

Top 
Unit4 

Bottom 
Unit4 

15DKA038 Stop 8 Rocky Shoreline o 15 434053 6514972 58.769722 -94.140278 CRG PC 
15DKA039 Stop 12 CNCS Quarry q 15 452490 6510501 58.731996 -93.820595 SR SR 
15DKA040 Stop 9 Airport Cove o 15 438460 6514379 58.765045 -94.063930 RHR PC 
15DKA041 Stop 10a Airport Cove 

Quarry 
q 15 437894 6513944 58.761062 -94.073603 RHR RHR 

15DKA042 Stop 5 Red Head Rapids o 15 410616 6447083 58.155979 -94.518872 RHR ChCk 
15DKA043 Stop 4 Chasm Creek Fm o 15 398962 6441662 58.104803 -94.714469 ChCk ChCk 
15DKA044 Stop 6 Chasm Ck Fm o 15 419517 6454508 58.224363 -94.370239 ChCk ChCk 
15DKA045 Bird Cove o 15 449765 6513876 58.761995 -93.868408 lSR lSR? 
15DKA046 Stop 10b Airport Cove o 15 437640 6514181 58.763156 -94.078062 lSR RHR? 
15DKA047 Stop 11 Halfway Point o 15 450203 6514613 58.768667 -93.860995 lSR lSR 
15DKA048 Core 01-5012-01 d 16 280717 5932087 53.491967 -84.305718 SR? PC 
15DKA049 Matateto River o 16 262886 5933013 53.492545 -84.574670 mSR? mSR? 
15DKA050 Ekwan River o 17 307740 5934446 53.523708 -83.900402 uSR uSR 
15DKA051 Ekwan River o 17 311359 5932635 53.508762 -83.844803 uSR uSR 
15DKA052 Ekwan River o 17 314385 5932913 53.512338 -83.799383 ER ER 
15DKA053 Ekwan River o 17 322422 5930547 53.493863 -83.676983 ER ER 
15DKA054 Ekwan River o 17 318627 5931792 53.503753 -83.734845 ER ER 
15DKA055 Ekwan River o 17 333558 5931663 53.507528 -83.509892 Att? ER 
15DKA056 Ekwan River o 17 342841 5931264 53.506798 -83.369833 ER ER 
15DKA057 Ekwan River o 17 361099 5926812 53.471953 -83.092765 Att Att 
15DKA058 Ekwan River o 17 375853 5923746 53.448088 -82.869402 Att Att 
15DKA059 Ekwan River o 17 373006 5923223 53.442713 -82.912035 Att Att 
15DKA060 Ekwan River o 17 364274 5927101 53.475377 -83.045083 Att Att 
15DKA061 Core DL-12-07 d 17 344541 5935446 53.544866 -83.346302 uSR PC 
15DKA062 Attawapiskat River o 17 329712 5863765 52.896558 -83.531605 Att Att 
15DKA063 Attawapiskat River o 16 266689 5885893 53.071475 -84.482870 ER ER 
15DKA064 Attawapiskat River o 16 272778 5885593 53.071405 -84.391943 ER ER 
15DKA065 Attawapiskat River o 16 284690 5878652 53.014043 -84.209795 ER ER 
15DKA066 Attawapiskat River o 16 287528 5871448 52.950513 -84.162833 ER ER 
15DKA067 Attawapiskat River o 16 290550 5867587 52.917040 -84.115425 ER ER 
15DKA068 Attawapiskat River o 17 299802 5866570 52.911443 -83.977398 Att Att 
15DKA069 Attawapiskat River o 17 301446 5866451 52.910980 -83.952902 Att Att 
15DKA070 Attawapiskat River o 17 302314 5864914 52.897502 -83.939073 Att Att 
15DKA071 Bioherms in bog o 16 296766 5847616 52.740145 -84.010675 Att Att 
15DKA072 Victor Mine q 17 305700 5856227 52.820742 -83.883631 Att mSR 
15DKA073 Attawapiskat River o 17 339709 5867189 52.930387 -83.384828 Att Att 
15DKA074 Attawapiskat River o 17 361240 5867605 52.940122 -83.064902 Att Att 
1Stations 15DKA034 to -047 are located in northern Manitoba (for details, see Nicolas and Young 2014, 2015). 
2Station type: d = drill core; o = outcrop; q = quarry or mine. 
3All UTM co-ordinates provided using NAD83; UTM zones are indicated. 
4Stratigraphic unit codes: Att = Attawapiskat Formation; BCR = Bad Cache Rapids Group; CaCk = Caution Creek Formation;  

ChCk = Chasm Creek Formation; Cret = Cretaceous; CRG = Churchill River Group; ER = Ekwan River Formation,  
Kwt = Kwataboahegan Formation; lKR = lower Kenogami River Formation; LR = Long Rapids Formation;  
lSR = lower Severn River Formation; MI = Murray Island Formation; mKR = middle Kenogami River Formation;  
MR = Moose River Formation; mSR = middle Severn River Formation; Ord = Ordovician; PC = Precambrian;  
PCh = Portage Chute Formation; RHR = Red Head Rapids Formation; SCk = Surprise Creek Formation;  
SR = Severn River Formation; StR = Stooping River Formation; Sxt = Sextant Formation;  
uSR = upper Severn River Formation; WI = Williams Island Formation. 
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Table 31.2.  List of Devonian cores logged in autumn of 2014. 

OGS 
Station # 

MNRF 
Well 

Licence # 

OGSRL 
Core # 

Latitude 
(°N) 

Longitude 
(°W) 

UTM 
Easting 

(m) 

UTM 
Northing 

(m) 

Well Name Company 

14DKA035 F013837 696 50.950000 -81.133333 490634 5644273 CR-78-08 Kerr Addison 
Mines Limited 

14DKA036 T003143 417 51.020833 -82.558333 390704 5653297 Sandbank Lake No. 1 Aquitaine 
Company of 
Canada Ltd 

14DKA037 T003354 841 51.321667 -81.443889 469068 5685690 Onakwahegan No. 2 Consumers Gas 
14DKA038 F013836 618 51.783567 -83.083669 356274 5739020 Black Bear Damsite 

BB-2 
Inland Water 
Resources Branch 

14DKA039 F013873 479 52.100072 -82.220836 416377 5772872 Biglow Damsite BG-1 Inland Water 
Resources Branch 

14DKA040 F013885 427 51.179167 -82.941667 364285 5671541 Jaab Lake No. 1 Ontario Department 
of Mines 

Abbreviations:  MNRF, Ministry of Natural Resources and Forestry; OGSRL, Oil, Gas and Salt Resources Library. 
Note: All UTM co-ordinates provided using NAD83 in Zone 17. 

Natural Resources Canada (NRCan), through its GEM-2 program, is also funding academic research 
to support GEM-2 projects. In 2014, 2 such projects, targeting parts of the Paleozoic strata in northern 
Ontario, were selected for support. These projects were 1) a lithostratigraphic and chemostratigraphic 
analysis of the Middle Devonian Kwataboahegan Formation in the Moose River Basin by Dr. Nancy 
Chow (University of Manitoba); and 2) a similar analysis of Upper Ordovician strata in the Hudson Bay 
and Moose River basins in northern Ontario by Dr. Elizabeth Turner (Laurentian University). Preliminary 
reports on these studies are presented in this volume (Chow and Armstrong, this volume; Turner and 
Armstrong, this volume). 

The Hudson Platform consists of Upper Ordovician to Upper Devonian mainly shallow marine 
sedimentary rocks deposited initially on a north-facing platform that evolved into the Foxe, Hudson Bay and 
Moose River sedimentary basins (Sanford 1987; Lavoie et al. 2013, 2015). Mesozoic and Cenozoic mainly 
terrestrial to marine siliciclastic sediments are preserved in the centres of these basins and as erosional 
outliers. The Paleozoic and Mesozoic stratigraphy of the Moose River Basin is shown in Figure 31.2. 

DRILL-CORE LOGGING 
Logging of archival and new drill cores has been an integral component of this project. Archival 

cores provide historic background for the established stratigraphic framework of the Hudson Platform, 
materials for new analyses; more recent drill cores provide valuable new data, often in areas where no 
data or only sparse outcrop data exist. 

Prior to field activities, 9 archival drill cores from the Moose River Basin were logged and sampled. 
These cores are archived at the Oil, Gas and Salt Resources Library (OGSRL) in London, the OGS 
Resident Geologist Program office in Timmins and at the OGS core warehouse in Sudbury. They were 
assigned mapping station numbers 15DKA001 through 15DKA009; their drill locations are shown in 
Figure 31.1 and listed in Table 31.1. These archival cores were sampled for petrographic, geochemical 
and δ13C chemostratigraphic analyses. 

In the autumn of 2014, the Devonian intervals in 6 archival drill cores from the Moose River Basin were 
logged at the OGSRL with Dr. Nancy Chow in support of her GEM-2–funded project. The drill locations of 
these cores (stations 14DKA035 to 14DKA040) are plotted on the map in Figure 31.1B and are listed in 
Table 31.2. These cores were sampled for petrographic, δ13C chemostratigraphic and organic geochemical 
analyses. Preliminary data from these cores are presented in Chow and Armstrong (this volume). 



Earth Resources and Geoscience Mapping Section (31)  D.K. Armstrong 

31-7 

 

Figure 31.2.  Paleozoic and Mesozoic stratigraphy of the Moose River Basin (after Telford (1988) and Klapper et al. (2004)).  
* = Hudson Bay Basin units (after Nicolas and Young 2014) not identified in the Moose River Basin (see Turner and Armstrong, 
this volume). 
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McFAULDS LAKE AREA 

The McFaulds Lake area is located between the upper Attawapiskat River and the Muketei River, in 
the northwestern part of the Moose River Basin. The Precambrian basement in this area is host to 
numerous chromium, nickel-copper-platinum group elements (PGE) and other mineral deposits and is 
informally referred to as the “Ring of Fire” (Metsaranta and Houlé 2013). Some of these deposits are 
located beneath Paleozoic cover, so diamond-drilling programs conducted by mineral exploration 
companies operating in this area have provided a wealth of new subsurface data. Spatial analysis by 
K.H. Yeung (OGS) of industry drill-hole data compiled by R.T. Metsaranta (OGS) indicates a more 
complex distribution pattern of Paleozoic cover than was previously mapped (e.g., Figure 31.1A). The 
newly interpreted erosional edge and thickness of Paleozoic cover in this area based on this analysis is 
presented in Figure 31.3, as well as the locations of drill cores that were logged in 2015 (see Table 31.1: 
stations 15DKA010 to 15DKA019). 

Previous work on the Paleozoic in the McFaulds Lake area (Armstrong 2011; Ratcliffe and Armstrong 
2013) involved mapping of outcrops and logging of limited cores near the edge of the Paleozoic and east 
of the Attawapiskat River. The purpose of this summer’s core logging was to confirm the interpreted 
distribution and thickness of Paleozoic strata and provide more stratigraphic detail for this area. 

All cores logged intersected dolostone, minor limestone and basal sandstone and shale of the Upper 
Ordovician Portage Chute Formation, Bad Cache Rapids Group. This unit is characterized by thick beds 
of tan to grey-brown, burrow-mottled, fossiliferous dolostone (or limestone). Networks of narrow, blue-
rimmed burrows are locally abundant. The lower few metres of the carbonate interval are characterized by 
increasing quartz sand content and frequency of hard-ground surfaces with dark blue rinds. The basal few 
metres of this formation consist of argillaceous to carbonate-cemented quartz-rich sandstone, argillaceous 
sandy dolostone or shale. Typically, the uppermost approximately 15 m of these cores are light tan, 
looking bleached or weathered as compared to the greyer dolostone below. This bleaching is also evident 
on either side of some horizontal parting surfaces with the lower grey dolostone. Some of the horizontal 
fractures are rust stained, suggesting flow of oxidizing groundwater through these units. 

SOUTH MOOSONEE AREA 

South of Moosonee, Upper Silurian to Upper Devonian sedimentary rocks of the southeastern Moose 
River Basin are exposed mainly along rivers. In 2014, some of the Devonian outcrops were mapped and 
sampled for aggregate testing (Armstrong 2014). Field work in 2015 targeted other stratigraphically 
significant outcrops, such as formational type sections. Another key objective in 2015 was to compare the 
accuracy of the 2 most current geological maps covering this region, OGS (2011) and Sanford and Grant 
(1998). In this area of the Moose River Basin, some parts of these maps differ significantly (Figures 31.4A 
and 31.4B). 

Red and green micaceous and sandy shales, and immature sandstones of the Lower Devonian 
Sextant Formation are exposed along the Abitibi River almost continuously for up to approximately 4 km 
north of the Otter Rapids Generating Station. Over much of this area, the Sextant Formation is overlain by 
carbonates of the Stooping River Formation (Photo 31.1A). One section (15DKA020) was examined and 
sampled in 2015. In the lower part of this outcrop, thin, black carbonaceous seams rich in plant material 
occur in green-grey micaceous shale (Photos 31.1B and 31.1C). 

Strata assigned to the Lower Devonian Stooping River Formation were examined at 1 outcrop on the 
Partridge River (15DKA024). There, the medium to thick, tabular beds of fine-grained dolomitic quartz 
sandstone likely represent a nearshore facies of what is more typically a fossiliferous, cherty limestone or 
dolostone unit. 
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Numerous outcrops of the overlying fossiliferous and locally bituminous limestones and dolostones 
of the Middle Devonian Kwataboahegan Formation were examined in 2015. An outcrop of crinoidal 
limestone (wackestone to grainstone) on Little Abitibi River (15DKA021), in an area mapped as 
Precambrian (OGS 2011), is likely assignable to the Kwataboahegan Formation (as per Sanford and Grant 
1998). Outcrops of coral-rich, bituminous limestone, occurring along the Partridge River (15DKA022 and 
15DKA023; Photo 31.1D) approximately 30 km south of Moosonee, are more characteristic of the 
Kwataboahegan Formation (as per Sanford and Grant 1998) than evaporitic dolostones of the overlying 
Moose River Formation (as per OGS 2011). On the Little Abitibi River, a stromatoporoid-rich outcrop, 
within 10 m of a Precambrian basement outcrop (15DKA030), suggests the Kwataboahegan Formation 
onlapped basement highs and the southern margin of the Moose River Basin (e.g., 15DKA021). 

The Kwataboahegan Formation is overlain by the gypsum-bearing Moose River Formation. Outcrops 
of the latter unit were not examined in 2015. The Moose River Formation is disconformably overlain by 
the Murray Island Formation, a thin, fossiliferous, nodular-weathering limestone (Armstrong 2014; 
Sanford and Norris 1975). An outcrop of the Murray Island Formation on the west bank of the Abitibi 
River, approximately 7.8 km south of Williams Island, was examined (15DKA033; Photo 31.2A). This  

 

Photo 31.1.  A) Light tan to grey limestone of the Stooping River Formation overlying red shales and sandstones of the Sextant 
Formation, along the Abitibi River, north of Otter Rapids Generating Station (across the river from 15DKA020) (red shale 
interval is approximately 10 m thick).  B) Grey micaceous shale of the Sextant Formation, with thin black carbonaceous beds, 
near base of section at 15DKA020, Abitibi River (hammer is 34 cm long).  C) Black, stick-like organic fragments in grey 
micaceous shale, Sextant Formation (15DKA020).  D) Abundant tabulate corals in Kwataboahegan Formation on the Partridge 
River (15DKA025) (hammer head is 18 cm across).  See Table 31.1 for locations. 
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Photo 31.2.  A) Nodular limestone of the Murray Island Formation, Abitibi River (15DKA033) (blue backpack for scale).  
B) View up section of Williams Island Formation at south end of Williams Island, Abitibi River (15DKA031) (hammer in 
foreground, section is approximately 13 m high).  Lower unit in this outcrop (up to top of hammer handle) contains fractured and 
vuggy limestone; middle unit is mainly talus-covered shale; upper unit is mainly thin- to thick-bedded, fine-grained and 
laminated to coarse-grained oolitic(?) limestones.  C) South end of the Long Rapids Formation type section (15DKA032), on the 
east bank of the Abitibi River (view to northeast).  D) Black shale and minor thin green beds (at hammer) of the Long Rapids 
Formation (15DKA032).  E) Argillaceous limestone of the Ekwan Formation, Seal River (15DKA027) (hammer is 34 cm tall).  
See Table 31.1 for locations. 
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outcrop is located in an area mapped as Long Rapids Formation (see Figure 31.1B; OGS 2011). A small 
outcrop (15DKA029) on the Little Abitibi River, 2.6 km south of its mouth, consisting of a tabular, 
greenish grey limestone bed with minor pyrite and sparse small brachiopods, may also be assignable to 
the Murray Island Formation or the lowermost Williams Island Formation (as per Sanford and Grant 1998). 

Part of the type section of the Williams Island Formation (Sanford and Norris 1975), exposed at the 
south end of Williams Island on the Abitibi River, was examined (15DKA032). This outcrop consists of 
3 general parts: lower and upper carbonate-dominated units separated by a blue-grey shale-dominated 
middle unit (Photo 31.2B). Beds in the lower unit are highly fractured, vuggy and somewhat contorted, 
possibly as a result of the dissolution of evaporites either within the Williams Island Formation or in 
underlying units (i.e., Moose River Formation). The lower unit consists mainly of laminated fine-grained 
limestone with some thin, dark brown organic-rich beds. The upper unit is similar except for thick beds of 
medium- to coarse-grained oolitic(?) limestone beds that occur near its base. 

The youngest Paleozoic unit in the Moose River Basin, the Upper Devonian Long Rapids Formation, 
was examined (15DKA032) at its type section on the eastern bank of the Abitibi River from 1 to 1.5 km 
south of Williams Island (Sanford and Norris 1975). The outcrop is exposed in a broad faulted anticline with 
mainly black organic-rich shales in its southern flank (Photos 31.2C and 31.D) and green to black shales in 
its north flank. This outcrop has also been described by Bezys (1991) and Levman and von Bitter (2002). 

Two Silurian outcrops on the Shashiskau (15DKA026) and Seal (15DKA027) rivers in the eastern 
end of the Moose River Basin were also examined. These outcrops plot in areas mapped as the Severn 
River and Ekwan River formations (Photo 31.2E), respectively (see Figure 31.1B). In many respects, 
however, they differ lithologically from outcrops of these units in the northern Moose River Basin. Both 
of these southern outcrops contain more siliciclastic material in the form of argillaceous material (i.e., 
green clays) and quartz sandstone beds. The Severn River Formation outcrop does display the burrow-
mottled texture that is common in this unit farther to the north. Neither outcrop was especially fossiliferous. 

The southern Moose River basin is more structurally complex than the rest of the basin. Strata are 
commonly non-horizontal, either as a result of synclinal and anticlinal folding and/or faulting related to a 
variety of processes, including faulting of the southern margin of Paleozoic basin against the Precambrian 
shield; onlapping and draping over an irregular Precambrian basement; mass dissolution of evaporites 
(i.e., from the Moose River Formation); and intrusion of post-Devonian lamprophyric and kimberlitic dikes 
and sills (e.g., Bennett et al. 1967; Sanford and Norris 1975). This structural complexity, combined with 
thick Quaternary and, to the north and west, Cretaceous cover, has resulted in different interpretations of the 
distribution of units. Reconnaissance-scale mapping in 2014 (Armstrong 2014) and 2015 indicates that, in 
general, the map of Sanford and Grant (1998) is more correct than the published OGS map (OGS 2011). 

EKWAN–ATTAWAPISKAT RIVERS AREA 
Helicopter-supported field work along the Ekwan and Attawapiskat rivers afforded excellent transects 

through the Lower Silurian Severn River, Ekwan River and Attawapiskat formations (see Figure 31.1A). 

On the Matateto River, a tributary to the Ekwan River, an outcrop (15DKA049) of thin-bedded, 
barren lime mudstone and dolostone, with intraclastic beds and possible desiccation cracks, may represent 
the middle Severn River Formation. Outcrops previously reported (Sanford, Norris and Bostock 1968) on 
the Ekwan River just north of this location were not observed, likely because of high water levels. 

Drill core (station 15DKA049), located approximately 18 km east of the Matateto River outcrop, 
labelled 01-5012-01, was apparently drilled by Canabrava Resources Ltd. in 2001. This company likely 
also drilled core 01-1530-01, located approximately 11.5 km to the east and logged for this project in 
2011 (station 11DKA037; Armstrong 2011). Both cores were collared in the Severn River Formation and 
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continuously cored to or near Precambrian basement. The core at 11DKA037 ended at a depth of 231.35 m 
before reaching Precambrian basement; alternatively, core boxes with the lower part of the Paleozoic and 
underlying Precambrian were removed from the site. The drill core at 15DKA048 did include the 
Paleozoic–Precambrian contact at a depth of 223.7 m, so the basal Paleozoic interval (i.e., Upper 
Ordovician Portage Chute Formation of the Bad Cache Rapids Group) was logged here, as well as a 
number of core boxes on either side of the Severn River–Red Head Rapids formational contact (i.e., 
Silurian–Ordovician boundary; at a depth of 126.1 m). 

The only outcrops of the Severn River Formation observed along the Ekwan River were in the 
vicinity of its upper contact with the Ekwan River Formation (e.g., 15DKA050 and 15DKA051). These 
consist of moderately fossiliferous thin-bedded, burrow-mottled, bioclastic wackestones with thin 
bioclastic grainstones, characteristic of the upper Severn River Formation. Although the Severn River–
Ekwan River formational contact was not observed in outcrop on this river, it must occur between stations 
15DKA051 and 15DKA052. The latter outcrop consists mainly of more fossiliferous (including silicified 
rugose corals), coarser grained, sucrosic limestone, which is characteristic of the Ekwan Formation. Other 
outcrops of the Ekwan Formation included these characteristics, as well as a generally more crinoidal 
packstone to grainstone and locally abundant stromatoporoids and chert nodules (e.g., 15DKA054). The 
Ekwan River Formation commonly exhibits a burrow-mottled texture, but it is generally coarser grained 
than similarly textured limestone of the underlying Severn River Formation. 

The disconformable contact between the Severn River and Ekwan River formations is well exposed 
(15DKA063; Photo 31.3A) on the Attawapiskat River, near the base of long cliff outcrops, approximately 
54 km east of the mouth of the Muketei River. Examined in 2011 (station 11DKA017; Armstrong 2011) 
this section was revisited to extend sampling for δ13C analyses higher up into the Ekwan River Formation. 
The upper part of this outcrop contains very abundant stromatoporoids, with tabulate corals and chert 
nodules. Outcrops to the east exposed these beds closer to the water level. At station 15DKA066, 25 km 
southeast of 15DKA063, the cherty, stromatoporoid-rich biostromal beds are overlain by thin- to medium-
bedded, bioclastic and intraclastic packstones and grainstones (Photo 31.3B). Above these, an outcrop on 
the south side of the Attawapiskat River (15DKA067) exposes a thin unit of green-grey argillaceous 
limestones and green shale. At this outcrop, the argillaceous unit is sharply overlain by well-jointed, thin-
bedded, burrow-mottled, bioclastic wackestones to grainstones (Photo 31.3C). This green argillaceous unit 
is exposed at the Victor Mine (15DKA072) at a depth of approximately 60 m below ground surface (Photo 
31.3D) and has been documented in a cores drilled about 41 km to the southwest (station 13LRM004, see 
Ratcliffe and Armstrong 2013) and over 500 km to the northwest on the shore of Hudson Bay (Armstrong 
et al. 2013). The green argillaceous unit was not found in outcrops examined on the Ekwan River. 

The upper contact of the Ekwan River Formation is not exposed on the Attawapiskat River. The 
stratigraphically highest outcrop of this unit was observed about 4 km east of station 15DKA067. The 
upper contact of the Ekwan River Formation must occur between this outcrop and the low biohermal 
outcrop at 15DKA068. This means the contact is located at least 2 km west of where it is currently 
mapped by the OGS (OGS 2011). The upper contact of the Ekwan River Formation with the Attawapiskat 
Formation is similarly not exposed on the Ekwan River and is interpreted to occur between stations 
15DKA056 and 15DKA057, as previously mapped (see Figure 31.1A; OGS 2011). 

In the middle of the Ekwan River Formation outcrop belt on the Ekwan River, at station 15DKA055, 
biohermal limestone similar to the Attawapiskat Formation appears to overlie thin-bedded limestones of 
the Ekwan River Formation (Photos 31.4A and 31.4B). This does not likely represent the main formational 
contact, but indicates the lateral equivalence of at least parts of these 2 formations (see Figure 31.2). The 
biohermal occurrence at 15DKA055 may also be related to the highly irregular basement topography in 
the northern Moose River Basin, as indicated in the results of drilling program conducted by Fancamp 
Exploration Ltd. in 2012 (Armstrong 2014). Fancamp core DL-12-05 (14DKA010; Armstrong 2014), 
drilled approximately 7.5 km north of the Ekwan River, intersected more than 245 m of Lower Silurian 
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and Upper Ordovician strata before encountering basement at a depth 254 m below ground surface. Just 
3 km south of that location, core DL-12-07 (15DKA061), collared at approximately the same elevation, 
intersected approximately 64 m of the upper and middle Severn River Formation overlying Precambrian 
basement at a depth of only 76 m. 

 

Photo 31.3.  A) Contact (arrow) between the Ekwan River Formation and underlying Severn River Formation, north shore of the 
Attawapiskat River (15DKA063).  B) Thin-bedded limestone over thick beds of chert-rich (e.g., large brown nodule under 
hammer), stromatoporoid rudstone (Ekwan River Formation; 15DKA066).  C) Thin-bedded limestone over green shale (at 
hammer) and argillaceous limestone (Ekwan River Formation; 15DKA067) (measuring rod is 2 m tall with alternating red and 
white 10 cm intervals); stratigraphically higher than outcrop in Photo 31.3B.  D) Part of the west wall of the Victor Mine 
(15DKA072) indicating approximate contact between the Attawapiskat, Ekwan River and Severn River formations.  Note the 
reef in the Attawapiskat Formation and the green argillaceous bed in the middle of the Ekwan River Formation.  See Table 31.1 
for locations. 
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Outcrops of the Attawapiskat Formation along the Ekwan River are typically mound-shaped, thick- 
to very thick-bedded, fossiliferous, biohermal limestones with locally preserved flanking and draping 
beds dipping off biohermal cores. Common characteristics of this biohermal lithofacies are the presence 
of frame-building organisms (e.g., tabulate corals and tabular to bulbous stromatoporoids), coarse 
grainstones dominated by crinoidal material and, locally, very shelly beds commonly with thick 
isopachous cement. The shelly beds are dominated by brachiopods (Photo 31.4C), especially the large 
pentamerid brachiopod Pentameroides (Jin, Caldwell and Norris 1993). The large trilobite, 
Ekwanoscutellum is also locally abundant (Norford 1981). Biohermal outcrops of the Attawapiskat 
Formation are well exposed along the Attawapiskat River where they commonly occur in association with 
draping and flanking beds dipping at high angles off the biohermal core (Photo 31.4D). 

The farthest east outcrop of the Ekwan River transect (15DKA058) has characteristics consistent 
with biohermal lithofacies of the Attawapiskat Formation. Previous maps (e.g., Sanford, Norris and 
Bostock 1968) assign this outcrop to the Ekwan River Formation. 

De Beers Canada Inc. allowed access to the Victor Mine, located about 4 km south of the Attawapiskat 
River, almost 100 km west of the community of Attawapiskat (station 15DKA072). This open-pit mine  

 

Photo 31.4.  A) Thin bedded limestone of Ekwan River Formation dipping to the east, apparently under the outcrop (at 
helicopter) of biohermal lithofacies (Ekwan River; 15DKA055).  B) Burrow-mottled texture characteristic of the thin-bedded 
lithofacies of the Ekwan River Formation (Ekwan River; 15DKA055).  C) Abundant brachiopods in biohermal lithofacies, 
Attawapiskat Formation (Ekwan River; 15DKA059) (hammer head is 18 cm long).  D) Attawapiskat Formation reef core 
(foreground and at person) and draping beds (Attawapiskat River; 15DKA0070).  See Table 31.1 for locations. 
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extracts diamonds from Late Jurassic kimberlites that have intruded through Upper Ordovician and Lower 
Silurian sedimentary rocks (Webb et al. 2004). Currently, the open pit is approximately 145 m deep and 
exposes strata from the Attawapiskat Formation down through to the middle Severn River Formation. 
From binocular examination of the pit face (e.g., see Photo 31.3D), the Ekwan River Formation is 
estimated to be 35 m thick and the upper member of the Severn River Formation to be 45 m thick. 
These estimates are in general agreement with measurements made of these units in core from drill hole 
DR-94-19, drilled by KWG–Spider Resources approximately 41 km to the southwest (station 13LRM004; 
see Figure 36.3 in Ratcliffe and Armstrong 2013). 

FUTURE WORK 
Dr. Elizabeth Turner (Laurentian University) received additional funding from the GEM-2 program 

to continue research of the Upper Ordovician strata in the Hudson Platform of northern Ontario. This will 
build on work she completed in 2014–2015 (Turner and Armstrong, this volume). Much of this work will 
involve further analysis of samples and cores collected for this project and incorporation of existing data 
sets compiled as part of this OGS project. 

Matthew Braun is starting a BSc thesis at the University of Manitoba under the supervision of Dr. 
Nancy Chow. He will be undertaking a lithofacies analysis of the Devonian Kwataboahegan Formation, 
based on analysis of this unit in the Schlievert Lake core (15DKA008). This will augment previous and 
ongoing work by Dr. Chow on the Devonian in northern Ontario (Chow and Armstrong, this volume). 

Ongoing work will focus on compiling drill logs, geochemical and isotopic data from cores and 
outcrops sampled over the course of this project, and publishing the data in a digital format (OGS 
Miscellaneous Release—Data). These data will form the basis of a planned OGS Open File Report and 
revised Paleozoic bedrock maps for this region. Combined with new biostratigraphic data and 
interpretations from GEM-2 project collaborators at the GSC, and in collaboration with colleagues at the 
Manitoba Geological Survey, an updated stratigraphic architecture for the Hudson Platform will be 
produced as a key deliverable to the GEM-2 project. 
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Upper Ordovician Stratigraphy of 
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Subsidence and Deposition in 
Two Late Ordovician Basins 
Contemporaneous with Hirnantian 
Glaciation and the Taconic Orogeny 

E.C. Turner1 and D.K. Armstrong2 
1Department of Earth Sciences, Laurentian University, Sudbury, Ontario  P3E 2C6 
2Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario  P3E 6B5 

INTRODUCTION 

Much of northernmost Ontario is underlain by poorly known Paleozoic sedimentary rocks of the 
Hudson Platform. These strata accumulated in one of North America’s broad Paleozoic epicratonic basins 
during a major highstand in Phanerozoic sea-level history. Although epicratonic basins are commonly 
viewed as slowly subsiding and undramatic, this is an oversimplified view of their evolution that neglects 
the importance of understanding tectonostratigraphic histories in order to contextualize the distribution of 
and search for economic commodities such as hydrocarbons and base metals. The 2 Paleozoic basins 
exposed in northern Ontario, the Hudson Bay and Moose River basins (HBB and MRB, respectively), had 
significantly different depositional histories, and probably had quite different post-depositional histories 
of subsurface fluid migration and diagenesis. Poor exposure and limited access mean that virtually none 
of this probable complexity has yet been discovered, let alone studied and deciphered. 

Recent changes and challenges to the existing geological framework for the onshore Paleozoic of 
northern Ontario (e.g., Armstrong 2012) have arisen from the awareness that the stratigraphy of the 
adjacent HBB and MRB may not be as tightly related as assumed, and that existing stratigraphic 
assignments may not be most effective at conveying the relationships among stratigraphic units. One 
salient observation concerns the identity and correlation of Upper Ordovician strata between locations in 
Ontario and Manitoba, where the HBB stratigraphy was initially established. Armstrong (2012) made a 
first foray into addressing the disparities by reassigning a formation (Surprise Creek Formation), a subtle 
change that acknowledges underlying relationships conferred by the basin’s regional depositional history. 

More challenging to the established stratigraphic understanding, and carrying greater implications 
for the region’s tectonostratigraphic history, however, is the suggestion that a significant part of the 
established Upper Ordovician stratigraphy in the HBB (Caution Creek and Chasm Creek formations) may 
be completely missing in the MRB (Ratcliffe and Armstrong 2013). Such a reality would have significant 
implications for regional differences in subsidence and accommodation, phenomena that are commonly 
linked to structures that accommodate subsidence and control later fluid movement. This paper addresses 
2 issues. The question of whether the Chasm Creek and Caution Creek formations are indeed absent in the 
MRB is evaluated using a detailed comparison of the chemostratigraphic histories preserved in 
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2 representative cores, one from each basin. Differences in the stratigraphy and composition of the Red 
Head Rapids Formation in the 2 basins are assessed, to determine how the formation’s depositional 
environment differed between the 2 basins, and why. 

GEOLOGICAL BACKGROUND 

Paleozoic intracratonic basins of North America are well known and widely exploited for their 
mineral and hydrocarbon resources where exposed in southern Canada and in the United States, but are 
considerably less well known in northern Canada, where exposure is commonly poor and access 
challenging. Although Paleozoic epicratonic basins in the more populated parts of North America contain 
significant economic resources, the resource potential of their more northern equivalents is less well 
known. Recent efforts under Natural Resources Canada’s Geoscience for Energy and Minerals (GEM) 
program have focussed on the hydrocarbon potential of the Hudson Bay and Foxe basins under Hudson 
Bay in Nunavut (Lavoie et al. 2013; Zhang and Lavoie 2013), and on land in northern Ontario, where a 
major focus has also been on upgrading the stratigraphic framework for on-land equivalents of HBB 
strata (Armstrong 2011, 2012; Armstrong and Lavoie 2010a, 2010b; Armstrong et al. 2013; Ratcliffe and 
Armstrong 2013). The geology of this region was previously studied at a reconnaissance scale several 
decades earlier (Sanford, Norris and Bostock 1968; Cumming 1975). 

The Hudson Platform, which encompasses all of the Paleozoic strata in northern Ontario and Manitoba, 
as well as offshore areas in Hudson Bay, has been generally understood to have evolved from a crudely 
north-facing epicratonic carbonate ramp with no distinct depocentres in the Ordovician, to centripetal 
deposition in a basin-centric intracratonic regime in the Devonian (Lavoie et al. 2015). Bedrock in most 
of the region bordering Hudson Bay in northern Ontario (Figure 32.1) is the southern expression of the 
HBB, whose sedimentary fill as a whole thickens centripetally under present-day Hudson Bay. Upper 
Ordovician strata in the HBB are of roughly consistent thickness (approximately 200 to 300 m; Hu et al. 
2011; Armstrong et al. 2013; Ratcliffe and Armstrong 2013; Pinet et al. 2013), however, which supports 
an interpretation of a regional ramp-like epicratonic system for the Ordovician part of the succession. 
A distinct region southeast of the HBB (west and southwest of James Bay), however, is identified as the 
MRB, a subbasin that was separated from the HBB for at least some part of the Paleozoic depositional 
interval by the Cape Henrietta Maria Arch, a paleotopographic structure affiliated with a system of 
episodically expressed, craton-scale warps that bounded Laurentia’s epicratonic seas. Although the Upper 
Ordovician succession appears to be lithostratigraphically similar in the onshore HBB and MRB, the 
relative thicknesses in the 2 areas differs markedly, and more subtle aspects of the Ordovician 
stratigraphy suggest that the depositional and subsidence histories of the 2 areas may have been different 
from one another. It is possible that, within the broadly ramp-like carbonate system of the oldest part of 
the southern Hudson Platform, differentiation into distinct subbasins may have subtly begun as early as 
the Late Ordovician. As emphasized by Lavoie et al. (2015), however, the sparseness of cores and 
associated poor control on regional thickness and lithofacies patterns means that evaluating the regional 
depositional dynamics for any time-slice is challenging. 

Upper Ordovician strata in onshore well Aquitaine Sogepet et al. Pen No. 1 (herein referred to as 
Pen-1; representative of the HBB) are approximately 235 m thick and consist of 5 formations. The 
Portage Chute Formation (Bad Cache Rapids Group) is dominated by skeletal wackestone and packstone 
and represents a marine subtidal environment. The conformably overlying Surprise Creek Formation  
(re-assignment from Bad Cache Rapids Group to Churchill River Group proposed by Armstrong (2012)) 
consists of dolomudstone and anhydrite, representing an arid, supratidal environment. The overlying 
Caution Creek and Chasm Creek formations (Churchill River Group) consist of fossiliferous, argillaceous 
wackestone and packstone. The Red Head Rapids Formation consists of cyclic dolostone and anhydrite. 
It is clear that the Upper Ordovician succession records sea-level fluctuations that alternately exposed the 
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HBB area in the vicinity of Pen-1 to subtidal carbonate sedimentation versus intertidal to supratidal, 
evaporitic conditions under arid climate conditions. 

Upper Ordovician strata of KWG–Spider Resources Ltd. mineral exploration core DR-94-19 (herein 
referred to as 94-19; representative of the northern MRB) are collectively approximately 45 m thick 
(Ratcliffe and Armstrong 2013). Some parts of the Upper Ordovician stratigraphy in the 94-19 (MRB) 
and Pen-1 (HBB) cores are closely comparable (Portage Chute Formation; Surprise Creek Formation), 
whereas others have distinct differences. One obvious disparity is the seeming absence of Caution Creek 
and Chasm Creek formations in the MRB. There are also distinct differences in the lithofacies and 
stratigraphy of the Red Head Rapids Formation in the 2 basins (Lavoie et al. 2013). In the HBB, this 
formation contains classic evaporitic cycles: subtidal, bioturbated bioclastic wackestone to packstone at 
cycle bases, through massive and laminated dolomudstone, to anhydritic dolomudstone and pure 
anhydrite interbeds overlain by a thin layer of green, argillaceous, quartzose dolosiltite. The uppermost 
cycle in the HBB contains halite above the anhydrite. In contrast, the Red Head Rapids Formation in the 
northern MRB contains neither fossiliferous nor burrowed carbonate rocks, and lacks conspicuous 
evaporite cycles. Red mudstones, common in this unit, but not at its top, are thought to have been derived 
through weathering of exposed iron formation in nearby bedrock (Lavoie et al. 2013). 

 

Figure 32.1.  Location of 2 cores containing Upper Ordovician strata studied in this project: Aquitaine Sogepet et al. Pen No. 1 
(“Pen-1”) is from the southern Hudson Bay Basin near the Manitoba border; KWG–Spider Resources Ltd. DR-94-19 (“94-19”) is 
from the northern Moose River Basin.  The 2 basins are understood to have had subtly different subsidence and accumulation 
patterns in the early to middle Paleozoic.  Geology modified from Ontario Geological Survey (2011). 
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METHODS 

The study is based on new and existing chemostratigraphic data for the Pen-1 (HBB) and 94-19 (MRB) 
cores (see Figure 32.1), together with existing biostratigraphic data for the Pen-1 core (Armstrong et al. 
2013). Carbon and oxygen isotope stratigraphy on carbonate rocks is a tool used for determining the ages 
of and correlating Neoproterozoic to Cenozoic strata (Saltzman and Thomas 2012), and arises from 
secular variation in the balance between organic productivity and organic matter burial in sedimentary 
rock. A complete data set is available for both the HBB and MRB, based on metre-scale sampling 
following modern protocols. 

Strontium isotope stratigraphy is a similar but less mature tool used for correlation; the ratio of 87Sr 
to 86Sr in carbonate rocks reflects the relative contributions of continental versus oceanic crust to the 
marine reservoir, and varies secularly in response to broad-scale changes in the volume of spreading 
centres versus continental crust weathering. The temporal scale of these variations is much longer than 
that for carbon isotope stratigraphy, and so fine-scale temporal patterns in sedimentation are less readily 
extracted than they are when using carbon isotope stratigraphy. Deviations from the established global 
curve (McArthur, Howarth and Shields 2012) can indicate episodes of basin restriction, such that one of 
the end-members is prohibited from contributing to the basin’s strontium budget. Strontium isotope 
values were analyzed for 30 samples representing both cores. 

Sulphur isotope stratigraphy is another tool in the process of becoming well established; secular 
variations in the relative proportion of stable isotopes of sulphur deposited in marine sulphates, sulphides 
and as carbonate-associated sulphate (CAS; sulphate trapped in carbonate crystal lattices) have been 
compiled to produce a global composite curve for δ34S (Paytan and Gray 2012), which has reliability that 
varies depending on age. Sulphur isotope analyses were performed on 26 sulphate samples representing 
both cores. X-ray diffraction (XRD) analysis was also undertaken on 20 samples of presumed evaporite 
material representing both cores, in order to determine whether unusual (non-marine) evaporite minerals 
were present. Details of the sampling and analytical methods used for each of these techniques are 
provided in Appendix A. 

Additional Notes for Figures 32.2 to 32.9. 
• “Pen-1” denotes core from Aquitaine Sogepet et al. Pen No. 1, chosen as representative of the Hudson Bay Basin (HBB). 
• “94-19” denotes core from KWG–Spider Resources Ltd. DR-94-19, chosen as representative of the Moose River Basin (MRB). 
• Abbreviations used in “Age”: L. Sil. = Lower Silurian; Rh = Rhuddanian. 
• Abbreviation used in “Stratigraphy”:  L. SR = Lower Severn River Formation.   

The asterisk (*) with Surprise Creek Formation indicates that this unit was tentatively proposed by Armstrong (2012) to be 
part of the Churchill River Group, but the current authors believe it should remain in the Bad Cache Rapids Group. 

• In “Lithology” (left side of several figures), the presence of sulphate evaporitic material as identified in core is shown as 
purple fill; argillaceous material as identified in core is shown as green fill; the presence of halite is shown as orange fill. 

• Carbon and oxygen isotopic data are reported as per mil (‰) Vienna Pee Dee belemnite (VPDB) standard; sulphur isotopic 
data are reported as per mil (‰) Vienna Cañon Diablo troilite (VCDT) standard. 

• Abbreviations used in conjunction with global δ13C composite curve to denote isotopic carbon excursions (ICE): 
GICE = Guttenberg (Chatfieldian) isotope excursion; HICE = Hirnantian isotope excursion; SAICE = Sandbian isotope 
excursion. 

• Abbreviations used in geological time scales: Cau = Caution Creek Formation; Cha = Chasm Creek Formation; 
Pch = Portage Chute Formation; RHR = Red Head Rapids Formation; SC = Surprise Creek Formation.  
International and regional (NAm = North American) stage names are shown. 
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RESULTS 

Aquitaine Sogepet et al. Pen No. 1, Hudson Bay Basin 

After discarding 2 δ13C–δ18O analyses, the values of which diverged markedly from those of their 
nearest neighbours (reflecting later diagenetic alteration), the δ13C curve (Figure 32.2A) depicts a steady 
rise from lightest values of −4‰ VPDB (Vienna Pee Dee belemnite standard) at the base of the section 
(Portage Chute Formation, Bad Cache Rapids Group) to approximately +2‰ at the top of the formation. 
Values in the overlying Surprise Creek Formation diminish from approximately +2‰ at the base to just 
above 0‰ at the top. An abrupt light excursion to negative values between −1 and −2‰ appears near the 
base of the overlying Caution Creek Formation, after which values steadily increase through the remainder 
of the Caution Creek and Chasm Creek formations to a conspicuous maximum above 3‰ in the lowermost 
Red Head Rapids Formation. In the lower to middle Red Head Rapids Formation, values are generally 
between 1 and 2‰, but a second heavy excursion in the upper part of the formation exceeds 3‰, after 
which values diminish irregularly to a light value between −1 and -2‰ in carbonate interbedded with 
halite in the uppermost Red Head Rapids Formation. In the overlying lower Severn River Formation 
(Silurian), δ13C values return to between 0 and +2‰. 

Strontium isotope ratios (Figure 32.2C) for evaporite material in the Surprise Creek and Red Head 
Rapids formations are generally between 0.7079 and 0.7082, but 2 heavy excursions, each represented by 
1 analysis, are present, in the Surprise Creek and Red Head Rapids formations. Sulphur isotope results 
(Figure 32.2D) indicate values between 24 and 30‰ VCDT (Vienna Cañon Diablo troilite standard), with 
no obvious stratigraphic pattern. Mineralogical analysis (XRD) results indicate that both Surprise Creek 
and Red Head Rapids formations are dominated by anhydrite, with halite near the top of the Red Head 
Rapids Formation, and traces of talc and monticellite in 1 sample from the Surprise Creek Formation 
(Figure 32.2E). 

KWG–Spider Resources Ltd. DR-94-19, Moose River Basin 

The δ13C curve for the Upper Ordovician in the MRB (Figure 32.3) consists of values that generally 
vary between −2‰ VPDB and +2‰, with a single conspicuous negative excursion to a light value below 
−2‰. Strontium isotope ratios vary between approximately 0.7082 and 0.7092, with low values in 
carbonate-dominated stratigraphic units and highest values in the Surprise Creek and Red Head Rapids 
formations. Sulphur values for sulphate evaporites are available only for the Surprise Creek Formation, 
and range between +23‰ VCDT and +25‰. Mineralogical analyses (XRD) indicate that evaporites of 
the Surprise Creek Formation are dominated by gypsum. 

DISCUSSION 

Conodont biostratigraphic data for the Ordovician of the Pen-1 core (Figure 32.4; Armstrong et al. 
2013) indicate an Edenian to early Maysvillian (= middle Katian) depositional age for the Portage Chute 
Formation (Bad Cache Rapids Group), and Maysvillian to early Richmondian (middle Katian) for the 
Caution Creek Formation (Churchill River Group); conodont data are not available for the other Upper 
Ordovician formations. In contrast, chitinozoan data suggest an Edenian to early Maysvillian depositional 
age for the Portage Chute Formation and late Richmondian deposition for the Surprise Creek and Caution 
Creek formations; chitinozoan data are not available for the other Upper Ordovician units. 
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The carbon isotope curve for Upper Ordovician strata in Pen-1, when constrained by the available 
conodont biostratigraphic data, generally corresponds to that part of the global curve between middle 
Katian and the Ordovician–Silurian boundary (see Figure 32.4). The δ13C data from the lowest ~40 m of 
the section (lower Portage Chute Formation) are significantly lighter (lightest value below −4‰) than 
those from any Middle to Late Ordovician part of the global curve. This deviation relative to the global 
curve is interpreted here as the result of marine deposition subtly influenced by mild restriction in the 
southern part of the Hudson Platform, which produced a normal-salinity water volume that evolved in 
partial isolation from the global carbon cycle during gradual inundation of the craton, perhaps influenced 
by elevated levels of nutrients derived from nearby cratonic sources. After typical global values appear in 
the middle Portage Chute Formation, no part of the curve for the remainder of the Ordovician is 
conspicuously missing, suggesting that deposition was continuous from approximately middle Katian to 
the end of the Ordovician. The depositional timing indicated by the carbon isotope curve for this upper 
stratigraphic interval is compatible with the conodont data, but not with the chitinozoan data. 

The δ13C data for the upper Red Head Rapids Formation in Pen-1 are almost identical to the curve 
spanning the Hirnantian isotope excursion (HICE) in the HBB in northern Manitoba (Figure 32.4A; 
Demski et al. 2015), confirming that the HICE, identified in epicratonic central Laurentia for the first 
time, is also present in the HBB in northern Ontario. The HICE-bearing part of the curve is subdued as 
compared to the global composite (Figures 32.4B and 32.4C), but retains the distinctive shape of this 
interval in the global curve. 

A thin (~2 m) interval of argillaceous dolostone assigned to uppermost Red Head Rapids in Pen-1 
above the HICE should probably be reassigned to the basal Severn River Formation (Silurian) owing to 
its carbon isotope value and position, which postdate the conspicuous low in δ13C that decisively marks 
the Ordovician–Silurian boundary. The gradational nature of the upper contact of this argillaceous 
dolostone supports this suggestion. 

The lithostratigraphic position identified for the Ordovician–Silurian boundary in Pen-1 (see Figure 
32.4), and the contact of Red Head Rapids and Severn River formations, is at a hardground with overlying 
intraclast lag in lime mudstone immediately overlying the argillaceous dolostone mentioned above. The 
Ordovician–Silurian boundary placed by correlation of δ13C to the global curve, however, is at the first 
carbonate bed (dolostone) below a halite interval in the uppermost Red Head Rapids Formation; below 
this contact are interbedded dolostones and halite, overlying anhydrite-bearing dolostone. The detailed 
preservation of the post-HICE δ13C curve spanning the Ordovician–Silurian boundary indicates fairly 
continuous deposition through the HICE and Ordovician–Silurian boundary, and that the Ordovician–
Silurian transition in this part of the HBB spanned a time of evaporative drawdown of seawater to halite 
saturation. It is unclear whether a minor hiatus is preserved in this part of the succession. 

Detailed Description for Figure 32.4. 

Figure 32.4.  Integration of biostratigraphic data and interpreted carbon isotope chemostratigraphy for Pen-1 core (HBB) (see 
“Additional Notes” for abbreviations and other information).  A) Lithostratigraphy after Armstrong et al. (2013).   
B) The δ13C results for Upper Ordovician strata and lowermost Silurian strata (Severn River Formation), after Armstrong et al. 
(2013), calibrated to stratigraphic thickness scale.  Inset (upper left) shows similarity of δ13C curve for part of the Hirnantian in 
equivalent strata in the HBB in Manitoba (MB) (Demski et al. 2015) to part of the upper Pen-1 δ13C curve.   
C) Compiled global curve for δ13C, calibrated to a linear time scale (Figure 32.4D) (Cooper and Sadler 2012).  Most of the 
excursions evident in Figure 32.4B correspond to major and minor excursions (blue curve) in the global δ13C curve (horizontal 
grey lines; Ordovician global curve after Saltzman and Thomas (2012); Silurian global curve after Cramer et al. (2011)).  The 
lowermost approximately 40 m of the section (boxed area in Figure 32.4B) do not correspond to any known part of the 
Ordovician δ13C curve.   
D) Summary of approximate age assignments for Upper Ordovician formations in Pen-1 core based on δ13C curve correlations, 
against both international and regional stage names and linear time scale (Cooper and Sadler 2012).   
E) Chitinozoan and conodont biostratigraphic data (Armstrong et al. 2013).  The age assignments for Upper Ordovician strata in 
Pen-1 correspond well to the sparse conodont biostratigraphic results. 
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Biostratigraphic data are not available for the 94-19 core in the MRB. Comparison of the δ13C curve 
for the MRB with that from the HBB (Figure 32.5) shows that, although sample spacing was the same 
(metre scale), the accumulation rate in the MRB was considerably lower than that in the HBB, such that 
much of the detail in the HBB curve is not evident in the MRB curve. Sampling in the MRB cores needs 
to be at even closer spacing (<1 m) than is “normal” protocol, in order to capture the detail that is 
necessary for reliable correlations. In spite of the lack of detail in the δ13C curve for the 94-19core, the 
distinctive shape of the curve at and just below the Ordovician–Silurian boundary is present where 
expected (exactly at the Red Head Rapids–Severn River formations contact, unlike in the HBB), and the 
probable location of the HICE is estimated to be approximately 10 m below the contact (Figure 32.5D). 
Carbon isotope values below the upper contact of the Surprise Creek Formation in the MRB are too 
stratigraphically sparse to permit any but the most tentative correlations to the HBB and global curves 
(Figures 32.5 and 32.6). Carbon isotope values in the lower Red Head Rapids Formation in the MRB 
deviate markedly from any part of the global compilation curve that is possibly correlative, and so this 
approximately 8 m thick interval is excluded from correlation and, similar to the curve for the lower 
Portage Chute Formation in the Pen-1 core, probably reflects a local carbon isotope signature associated 
with partial basin restriction. 

Comparison of the MRB and HBB carbon isotope curves above the Surprise Creek Formation 
suggests that a distinctive, upward-increasing interval, recorded in Pen-1 (HBB) by Caution Creek and 
Chasm Creek formations, may be entirely absent in 94-19 (MRB). These formations are fossiliferous 
“normal-marine” carbonate strata (collectively ~60 m thick) deposited in the HBB, and do not correspond 
to similar material in the MRB. The absence of such lithofacies in 94-19 (MRB), together with the 
absence of the gradually increasing δ13C values in Pen-1 (HBB), probably indicates an interval dominated 
by non-deposition rather than deposition followed by erosion, because no trace of the former presence of 
such strata or their lateral equivalents is present. The duration of this exposure interval was approximately 
2.5 million years, as suggested by application of the 2012 geologic time scale (Cooper and Sadler 2012) 
to the seemingly equivalent part of the global δ13C curve. 

It is unclear whether a 3 m thick dolomudstone at the top of the Surprise Creek Formation in 94-19 
(MRB) records some part of this missing time. This interval is clearly distinguished from the overlying 
basal Red Head Rapids Formation by its absence of detrital quartz; quartz is present in the Red Head 
Rapids Formation, but entirely absent from upper Surprise Creek Formation in both basins and from 
Caution Creek and Chasm Creek formations in the HBB. The lithofacies of this unit resembles that of the 
Surprise Creek more closely than that of the Red Head Rapids Formation. 

Detailed Description for Figure 32.5. 

Figure 32.5.  Comparison of δ13C curves for Pen-1 (HBB) and 94-19 (MRB) cores (see “Additional Notes” for abbreviations and 
other information).   
A) Linear time scale (Cooper and Sadler 2012).   
B) Global δ13C compilation curve for Upper Ordovician (Saltzman and Thomas 2012) and lowermost Silurian (Cramer et al. 
2011) calibrated against linear time scale (Figure 32.5A).   
C) Stratigraphy of Pen-1 core (Armstrong et al. 2013).   
D) δ13C curve for Pen-1 core, calibrated against thickness scale of Figure 32.5C.   
E) δ13C curve for 94-19 core, tied to thickness scale of Figure 32.5F; (thick wavy orange line indicates possible disconformity).   
F) Stratigraphic section for 94-19 core (Ratcliffe and Armstrong 2013).   
Comparison of the 2 δ13C curves suggests that 2 parts of the MRB curve (boxed areas in Figure 32.5E) do not match the HBB 
curve (Figure 32.5D, particularly see the boxed area in the Portage Chute Formation) or the global compilation curve (Figure 
32.5B).  Furthermore, a long, monotonously ascending part of the curve in HBB (Figure 32.5D), through the Caution Creek and 
Chasm Creek formations, suggests that this interval was represented by an interval of non-deposition, or deposition and 
equivalent erosion, in the MRB (orange wavy line in Figure 32.5E).  Although the material sampled for C isotope analysis was 
collected at 1 to 2 m intervals, this spacing has proven to be inadequate to depict fully the subtleties of the established δ13C curve 
and, consequently, correlation of the MRB curve to the more detailed curve from the HBB is only tentative. 
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Tentative correlation of MRB δ13C patterns to those of the HBB in Pen-1 (see Figure 32.5) suggests 
that deposition of the Portage Chute Formation (Bad Cache Rapids Group) in the MRB (Figures 32.5 to 
32.7) was probably in the early mid-Katian (= Chatfieldian to middle Maysvillian; this is compatible with 
conodont evidence (Armstrong et al. 2013)), which is identical to its depositional time-span in Pen-1 
(HBB). The Surprise Creek Formation was probably deposited in the late Maysvillian to earliest 
Richmondian, which is identical to its depositional time-span in 94-19 (MRB). In the MRB, deposition of 
the Surprise Creek Formation was followed by an interval of non-deposition or minimal deposition and 
minimal erosion, probably under arid conditions, accounting for the preservation of the Surprise Creek 
Formation (or at least most of it), and supported by the presence of arid-region peritidal to supratidal 
lithofacies on both sides of the interval of interest. After a hiatus of approximately 2 (?) million years, 
deposition of the Red Head Rapids Formation began in the MRB in the late Katian, and continued 
through to the end of the Hirnantian. The depositional time-span of the Red Head Rapids Formation is 
roughly identical to that of this formation in HBB, but the formation in the MRB lacks the conspicuous 
dolomite–anhydrite cycles and halite cap that characterizes the uppermost Red Head Rapids Formation in 
Pen-1 (HBB). The timing of the hiatus in the MRB is not coeval with any known eustatic lowstand. 

According to this interpretation of carbon isotope stratigraphic record, the Late Ordovician 
depositional histories of the MRB and HBB were in some ways almost identical, with deposition of 
various lithofacies contemporaneously in the 2 basins. Accommodation space differed between the 2 
basins, with post-compactional accumulation in the HBB about 3 to 4 times that of the MRB. The striking 
difference in the 2 basins’ depositional histories is in the accumulation of skeletal-peloidal wackestone-
packstone in the HBB during an interval of non-deposition in the MRB (see Figure 32.7). Subsidence 
continued in the HBB, but ceased during this time in the MRB. The accumulation rate in the HBB during 
this time appears to have remained similar to that in the underlying (and overlying) formations and, 
therefore, it is suggested that the MRB’s subsidence was interrupted for approximately 2 million years by 
some effect that was not expressed in the HBB. 

Ordovician strata in the MRB are collectively only 20% of the thickness of the equivalent interval in 
the HBB. Several stratigraphic units (Caution Creek and Chasm Creek formations) are absent from the 
MRB; in the HBB, these formations represent approximately 25% of the Ordovician stratigraphic 
thickness). Of the units present in the MRB, their thickness is between approximately 16% and 46% of 
the equivalent units in the HBB, meaning that even during episodes of deposition, accumulation in the 
MRB was less than half of that in the HBB. The lithostratigraphy and carbon isotope curve do not 
indicate any significant episodes of non-deposition in the MRB, other than the time during which the 
Caution Creek and Chasm Creek formations were deposited in the HBB. These differences in subsidence 
and exposure cannot be explained by eustasy, and must be related to differences in subsidence in the 2 areas. 

It is possible that far-field stress from the contemporaneous Taconic Orogeny affected the MRB, but 
not the HBB, which is 500 km farther into the cratonic interior and 500 km farther away from the Taconic 
front, and is also on the far side of the Cape Henrietta Maria Arch (see Figure 32.1), which may have 
behaved as both a buttress and a hinge-line separating areas with distinct subsidence histories in the latest 
Ordovician. Pinet et al. (2013) used seismic data to identify HBB faults with displacements that affected 
only the Ordovician part of the succession, indicating that some degree of subtle tectonic activity affected 
the HBB region in the early Paleozoic. Collectively, these factors support the suggestion of Pinet et al. 
(2013) that initiation of HBB basin-centric subsidence may have begun as early as the Late Ordovician 
(Hirnantian, or possibly Katian) and, by inference, the possibility that the HBB and MRB may have had 
different subsidence histories. Given that Pen-1 is underlain by Paleoproterozoic rocks of the Trans-
Hudson Orogen and 94-19 is underlain by Archean craton of the Superior Province (Eaton and 
Darbyshire 2010), it seems plausible that perturbation of far-field tectonic stresses from the Taconic 
Orogeny, as they passed from Archean to Proterozoic crust, may have caused differential subsidence and 
may account for differences in Ordovician thickness and lithofacies between the MRB and HBB; possible 
tectonic mechanisms that could produce far-field extension, normal faulting and subsidence were  
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Figure 32.7.  Comparison of depositional histories of Upper Ordovician strata in the Hudson Bay Basin (HBB) and the Moose 
River Basin (MRB), as defined by biostratigraphically constrained interpretation of δ13C curve for Pen-1 core (HBB) and 
correlation of its δ13C curve to that of 94-19 core (MRB).  The time interval not recorded by preserved strata in the MRB (vertical 
line pattern) is approximately 2 million years long, using the most recent version of the geological time scale (Cooper and Sadler 
2012).  See “Additional Notes” for abbreviations. 
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explored by Pinet et al. (2013). The age and location of the Taconic Orogen of eastern Laurentia (circa 
450 Ma; ~700 km from onshore MRB and ~1200 km from onshore HBB) seems to be a more probable 
source of such stress than the somewhat older and more distant M’Clintock Orogeny in the high Arctic 
islands (circa 475 Ma; Hadlari, Davis and Dewing 2014). 

To evaluate the implications of the δ13C-derived stratigraphic interpretation, other stable isotope 
systems were used. Strontium isotope analyses, accompanied by carbon and oxygen isotope analyses, 
were undertaken on samples taken from stratigraphic positions between the samples used for carbon and 
oxygen isotope analyses alone (Figures 32.8 and 32.9). Plotting these δ13C values with the δ13C curve for 
Pen-1 (see Figure 32.8) yields a good match between the 2 data sets (see Figure 32.8). 

Detailed Descriptions for Figures 32.8 and 32.9. 

Figure 32.8.  Stable isotope and XRD data for Pen-1 core in the HBB (see “Additional Notes” for abbreviations and other information). 
A) Stratigraphy (from Armstrong et al. 2013).   
B) δ13C curve (from Armstrong et al. 2013) with added values (purple dots) associated with samples taken for 87Sr/86Sr analysis, 
tied to thickness scale of Figure 32.8A (from lithostratigraphic column in Figure 32.2).  For the explanation of the boxed area in the 
Portage Chute Formation, see discussion in Figure 32.5. 
C) Global δ13C curve (Saltzman and Thomas 2012) calibrated to a linear time scale (Figure 32.8D) (Cooper and Sadler 2012).  
Horizontal black lines show suggested correlation of irregularities in Figure 32.8B to those in Figure 32.8C; boxed off region in lower 
Figure 32.8B does not correspond to the global curve.  The depositional time-spans of each formation in Figure 32.8A, as indicated by 
correlation of Figure 32.8B with Figure 32.8C, is shown against a linear time scale (Figure 32.8D) (Cooper and Sadler 2012).   
E) The 87Sr/86Sr data for samples from Pen-1, with overlay of the global composite curve (including error (grey shaded area); 
McArthur, Howarth and Shields 2012) shows that most of the data fall within the expected range, with the exception of some of the 
samples from the Surprise Creek and Red Head Rapids formations; these deviations probably reflect the influence of a local 87Sr-
dominant source (basement rock) during restricted depositional intervals associated with progressive flooding of the cratonic 
interior during lower Paleozoic sea-level rise.   
F) The δ34S results for sulphate material in Surprise Creek and Red Head Rapids formations.  The data conform to the (poorly 
constrained) established global range of δ34S for the upper Ordovician (green and red curves; Paytan and Gray 2012), indicating 
that the sulphur was derived from contemporaneous global marine water and was not strongly influenced by any nearby source or 
by fractionation.  See text for discussion about the global carbonate-associated sulphate (CAS) average (green shaded area).   
G) Evaporite mineralogy in Surprise Creek and Red Head Rapids formations (XRD).  The unusual minerals (talc and monticellite) 
could be contact-metamorphic effects related to the presence of unidentified nearby post-Ordovician intrusions; Jurassic kimberlites 
and post-Ordovician calc-alkalic intrusions are documented to the south in the Moose River Basin (Webb et al. 2004; Sage 1991). 

Figure 32.9.  Stable isotope and XRD data for 94-19 core in the MRB (see “Additional Notes” for abbreviations and other information). 
A) Stratigraphy (from Ratcliffe and Armstrong 2013).   
B) The δ13C curve (from Ratcliffe and Armstrong 2013) with added values (purple dots) associated with samples taken for 87Sr/86Sr 
analysis, tied to thickness scale of Figure 32.9A (from lithostratigraphic column in Figure 32.3); (thick wavy orange line indicates 
possible disconformity).   
C) Global δ13C curve (Saltzman and Thomas 2012) calibrated to a linear time scale (Figure 32.9D) (Cooper and Sadler 2012).  
Horizontal black lines show suggested correlation of irregularities in Figure 32.9B to those in Figure 32.9C; boxed off regions in 
Figure 32.9B do not correspond to the global curve.  The depositional time-spans of each formation in Figure 32.9A, as indicated 
by correlation of Figure 32.9B with Figure 32.9C, is shown against a linear time scale (Figure 32.9D) (Cooper and Sadler 2012).  
Non-deposition or erosion is indicated by vertical lines in Figures 32.9D and 32.9E.   
E) The 87Sr/86Sr data for samples from 94-19 core, corresponding to their position in the interpreted timeline and including the 
interpreted non-depositional interval (vertical lines), with overlay of the global composite curve (including error; gray shaded area); 
McArthur, Howarth and Shields 2012) shows that none of the data fall within the expected range, probably because the basin was 
strongly influenced by locally derived 87Sr sourced from nearby cratonic uplands known to have been present around the MRB 
through the lower and middle Paleozoic.  The overall shape of the curve resembles that from the HBB (see Figure 32.8), 
particularly the pronounced heavy excursions in the Surprise Creek and Red Head Rapids formations; similar to the HBB, these 
deviations probably reflect the enhanced influence of a local 87Sr-dominant source (basement rock) during restricted depositional 
intervals associated with progressive flooding of the cratonic interior during lower Paleozoic sea-level rise.   
F) The δ34S results for sulphate material in Surprise Creek and Red Head Rapids formations.  The data conform to the (poorly 
constrained) established global range of δ34S for the upper Ordovician (green and red curves; Paytan and Gray 2012), indicating 
that the sulphur was derived from contemporaneous global marine water and was not strongly influenced by any nearby source or 
by fractionation.  See text for discussion about the global carbonate-associated sulphate (CAS) average (green shaded area). 
G) Evaporite mineralogy in Surprise Creek and Red Head Rapids formations (XRD).  Although evaporitic material was identified in 
core, XRD results do not support the presence of significant evaporite material in the Red Head Rapids Formation in the MRB. 
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Upper Ordovician strontium isotope ratios for the HBB (see Figure 32.8) generally overlap with the 
global compilation curve (including its error bars), with deviations to heavier values in the Surprise Creek 
and Red Head Rapids formations, probably reflecting subbasin restriction during evaporitic intervals and 
associated increase in the relative contribution of strontium from surrounding, low-relief cratonic sources. 
Upper Ordovician strontium isotope ratios for the MRB, adjusted to depict the missing time in the middle 
Katian (= early to middle Richmondian; see Figure 32.9), show similar behaviour (heavy excursions 
during the evaporitic or subaerial-dominated intervals (Surprise Creek and Red Head Rapids formations)), 
but also a wholesale shift of the curve to considerably heavier values than those in the global reference 
curve (McArthur, Howarth and Shields 2012). This shift to heavier values may indicate a greater 
influence from weathering of local, exposed cratonic sources in the MRB than in the HBB; the MRB is 
known to express progressive onlapping into the Precambrian cratonic interior to the southeast throughout 
the lower to middle Paleozoic (Sanford and Grant 1990). 

Sulphur isotope results (Figures 32.8F and 32.9F) are not helpful, because the data fall within the 
admittedly poorly known range of values for Upper Ordovician carbonate-associated sulphate (CAS) and 
bedded sulphate. Evaporite mineralogy in the 2 basins differs (Figures 32.8G and 32.9G). In the HBB, the 
Surprise Creek Formation contains anhydrite and traces of talc and monticellite, whereas in the MRB, this 
formation contains only gypsum. This difference is regarded as the result of a higher level of exhumation 
and, therefore, greater rehydration of the sulphate in the 94-19 core as compared to Pen-1, where the 
Surprise Creek Formation is currently almost a kilometre below the present-day land surface. Talc is an 
unusual evaporite mineral, but is known predominantly from non-marine (rift) basins in the rock record 
and from modern seafloor vent systems. Its presence in the Surprise Creek Formation is difficult to 
explain, but may have resulted from mild contact metamorphism produced by an as-yet undiscovered 
nearby post-Ordovician intrusion, or minor weathering products derived from contemporaneous 
exposures of mafic bedrock; Jurassic kimberlites and post-Ordovician calc-alkalic intrusions are 
documented in the MRB (Webb et al. 2004; Sage 1991). 

The evaporite content of the Red Head Rapids Formation differs markedly between the HBB and the 
MRB. No sulphate evaporite or halite is present in this formation in the MRB. Unlike the HBB, which 
experienced evaporitic drawdown and accumulated a mineral sequence typical of marine basins at the end 
of Red Head Rapids Formation deposition, the depositional surfaces of the MRB, at this time, may have 
been above the influence of marine water, but still below local depositional base-level. The HBB appears 
to have been a restricted area containing highly evolved marine water, whereas the MRB may have been a 
non-marine region that accumulated sparse meteoric runoff. This slight but significant paleotopographic 
differential may be the residual effect of the phenomenon that caused the cessation of subsidence for 
several million years in the middle to late Katian (early to middle Richmondian) in the MRB, and may be 
related to contemporaneous subsidence patterns in the offshore HBB and/or linked to the distal limit of 
the far-field Taconic stress regime. 

CONCLUSIONS 

The content of Upper Ordovician strata of the HBB (~235 m) and MRB (45 m) differs markedly in 
some formations, but not in others. The cumulative depositional rate in the 2 basins differs by a factor of 
roughly five, reflecting a generally subdued subsidence rate in the MRB relative to the HBB. Part of the 
difference in accumulation rate is explained by the absence of the Caution Creek and Chasm Creek 
formations (subtidal marine skeletal limestones) in the MRB. These formations’ deposition in the HBB 
was coeval with an episode of minimal or no subsidence in the MRB, producing an unconformity 
representing the depositional time-span of the missing formations (~2 million years). Lithofacies typical 
of the 2 formations are completely absent from the relevant part of the stratigraphic column in the MRB, 
as is that part of the δ13C curve expressed in the Caution Creek and Chasm Creek formations. The 
unconformity representing the equivalent time interval in the MRB did not result in removal of any 
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significant part of the Surprise Creek Formation, and a minor thickness of carbonate rock overlying 
typical lithofacies of the Surprise Creek Formation may represent some part of the missing interval. 

Differences in the composition and stratigraphy of the Red Head Rapids Formation indicate that the 
depositional environments of the formation were different in the 2 basins: a restricted, cyclic, marginal-
marine basin with highly evolved evaporitic brines existed in the HBB, but, at the same time, an 
evaporite-poor continental basin largely unaffected by marine water was present in the MRB. Collectively, 
these differences in the middle to late Katian and Hirnantian parts of the stratigraphy of northern Ontario 
record the influences of metre-scale cyclicity in peritidal environments, well-known late Ordovician sea-
level changes, and possibly far-field tectonic effects of the Taconic Orogeny, which moderated 
subsidence rate in the MRB, but not in the more distant HBB. The Cape Henrietta Maria Arch, which 
separated the 2 basins, may have represented a structural buttress that limited the reach of the far-field 
tectonic stress regime. 
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APPENDIX A – ANALYTICAL METHODS 

All analytes were prepared at Laurentian University (Sudbury, Ontario). Material selected for 
analysis was separated from carbonate mud areas in thin section offcuts (for C, O and Sr isotope 
analyses), and from layered or nodular gypsum/anhydrite areas in split core (for S isotope analysis) using 
a hand-held micro-drill with tungsten carbide dental burr. 

Carbon and oxygen isotope analyses reported in Armstrong et al. (2013) were analyzed at the 
W.M. Keck Paleoenvironmental and Environmental Stable Isotope Laboratory (University of Kansas, 
Lawrence) according to the following protocol. For each analysis, 40 to 100 µg of pure carbonate sample 
is measured in a stainless-steel boat. Calcite or dolomite samples are then roasted under vacuum at 200°C 
for 1 hour to release any volatile compounds. For calcitic material, samples and standards are transferred 
individually to glass vials and reacted for 4 minutes under vacuum using 3 drops of 100% prepared 
phosphoric acid (ρ=1.8913 g/cm3) at 75°C. The CO2 is released and trapped cryogenically, then 
transferred online to an isotope ratio mass spectrometer instrument where it is measured 8 times versus a 
calibrated CO2 reference tank for δ ratio analysis and reported versus the VPDB (Vienna Pee Dee 
belemnite standard) scale. For dolomitic material, samples and standards are transferred individually to 
glass vials and reacted for 12 minutes under vacuum using 3 drops of 100% prepared phosphoric acid 
(ρ=1.8913 g/cm3) at 75°C. The CO2 is released and trapped cryogenically, then transferred online to an 
isotope ratio mass spectrometer instrument where it is measured 8 times versus a calibrated CO2 reference 
tank for δ ratio analysis and reported versus the VPDB scale. Analysis was done using a Finnigan™ 
KIEL III Carbonate Device connected to a Finnigan™ MAT-253™ isotope ratio mass spectrometer 
(ThermoFinnigan, Germany). Dolomitic Limestone (National Institute of Standards and Technology 
(NIST) Standard Reference Material® (SRM) 88b) is used as a quality-control standard. Analytical 
precision can be reported as better than 0.02‰ for δ13C, and better than 0.05‰ for δ18O. This precision is 
reached by compiling daily δ13C and δ18O values of 88b and noting its standard deviation over time. 

Strontium, carbon and oxygen isotope analyses were undertaken on material that is stratigraphically 
different from that discussed above, at the Saskatchewan Stable Isotope Laboratory (University of 
Saskatchewan, Saskatoon). For carbon and oxygen isotope analysis, an aliquot of each carbonate sample 
was roasted in a vacuum oven at 200°C for 1 hour to remove water and volatile organic contaminants that 
may confound stable isotope values of the carbonates. Stable isotope values were obtained using a 
Finnigan™ KIEL IV Carbonate Device directly coupled to the dual inlet of a Finnigan™ MAT-253™ 
isotope ratio mass spectrometer.  20-50 µg of carbonate was reacted at 70°C with 3 drops of anhydrous 
phosphoric acid for 420 seconds. The CO2 evolved was then cryogenically purified before being passed to 
the mass spectrometer for analysis. Isotope ratios were corrected for acid fractionation and 17O 
contribution using the Craig correction, and reported in per mil (‰) notation relative to the VPDB scale. 
Data are directly calibrated against the international standard NBS 19 Limestone (NIST Reference 
Material 8544) that is, by definition, δ13C = 1.95‰ VPDB and δ18O = −2.2‰ VPDB. Precision and 
accuracy of data were monitored through routine analysis of NBS 19 and in-house check standards that 
have been stringently calibrated against NBS 19. Precision and accuracy of δ13C and δ18O are 0.05‰ and 
0.11‰, respectively (n = 25). Actual sample errors may be greater than these due to heterogeneity, and 
more accurate data may be obtained for such through repetition. Dolomite δ18O values were calculated 
using the following fractionation factors at 70°C: calcite = 1.008698 (Swart, Burns and Leder 1991); 
dolomite = 1.009926 (Rosenbaum and Sheppard 1986). 

For strontium isotope analysis, an aliquot of each carbonate sample was dissolved using dilute HCl 
in Savillex perfluoroalkoxy (PFA) beakers. Strontium was separated and purified using standard ion 
exchange techniques with AG50Wx12 cation resin and elution with HCl. The 87Sr/86Sr isotope ratios were 
determined on a Triton thermal ionization mass spectrometer with normalization to a value of 0.1194 for 
86Sr/88Sr. One-sigma (1σ) analytical precisions for 87Sr/86Sr are better than 0.005%. The NIST SRM 987 
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Strontium Carbonate standard provides a value of 0.710290 + 3 (2 standard errors on 11 runs during the 
period that the samples were analyzed) and all analyses were corrected assuming a value of 0.710248 for 
this standard. 

Sulphur isotope analysis of sulphates was undertaken at G.G. Hatch Stable Isotope Laboratory 
(University of Ottawa, Ottawa). Samples were weighed into tin capsules with at least twice the sample 
weight of tungstic oxide for inorganic and organic sulphur. Samples were loaded into an Elementar vario 
MICRO cube (Elementar Analysensysteme Gmbh, Germany) elemental analyzer to be flash-combusted at 
1800°C. Released gases are carried by helium through the elemental analyzer to be cleaned and then 
separated by “trap and purge”. The SO2 gas is carried into the Finnigan™ Delta XP™ isotope ratio mass 
spectrometer (ThermoFinnigan, Germany) for analysis. Analytical precision is ±0.2‰. 
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INTRODUCTION 

In 2014, the Natural Resources Canada Geo-Mapping for Energy and Minerals program, phase 2 
(GEM-2) initiated a grant agreement scheme for Canadian university researchers to complement ongoing 
GEM-2 projects. Under this scheme, a collaborative project involving the University of Manitoba and the 
Ontario Geological Survey was initiated to study the stratigraphy and sedimentology of the Devonian 
carbonate succession in the Moose River Basin in northern Ontario. 

This article presents preliminary findings of the study on the Lower to Middle Devonian 
Kwataboahegan Formation in 3 wells in the Moose River Basin, which included core examination, 
petrography and stable isotope geochemistry. The objectives of this study were to characterize the 
lithostratigraphy of the Kwataboahegan Formation and to assess the usefulness of stable isotope analysis 
in establishing a chemostratigraphic framework for the formation and adjacent units. 

METHODS 

Three cores archived at the Ontario Oil, Gas and Salt Resources Library in London, Ontario, were 
selected for close examination of the Kwataboahegan Formation (Figure 33.1):  Kerr Addison Coral 
Rapids CR-78-08 (well licence # F013837); Aquitaine Sogepet et al. Sandbank Lake No. 1 (well licence 
# T003143); and Onakwahegan No. 2 (well licence # T003354). Detailed location and logged interval 
information for these cores are listed in Table 33.1. Note that, despite the name, the Coral Rapids CR-78-08 
core was drilled near Renison, not Coral Rapids. Core examination included documentation of rock types, 
sedimentary structures and textures, fossil and grain content, and porosity. The occurrence of pore-filling 
cements and other diagenetic features was also noted. 

Representative samples from each core were examined using conventional petrographic techniques 
to identify depositional and diagenetic fabrics. Thin sections were prepared by Calgary Rock and 
Materials Services using blue-epoxy impregnation to show porosity. Thin sections were stained using 
Alizarin Red S and potassium ferricyanide to distinguish calcite from dolomite and to identify ferroan 
carbonate minerals, respectively (Dickson 1966). 

For isotopic analyses (δ13C, δ18O, 87Sr/86Sr), a total of 165 powdered rock samples were collected 
every 0.5 to 3 m in the Kwataboahegan Formation and adjacent units in each of the 3 cores. Micrite-rich 
rock types (wackestones and packstones) were chosen wherever possible and sampled using a hand-held 
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drill. Carbon and oxygen isotope analyses were done at the Stable Isotope Laboratory at the University of 
Manitoba and strontium isotope analyses were done at the Isotope Ratio Mass Spectrometry Laboratory at 
Stony Brook University. The analytical precision of these measurements is ±0.09‰ for δ13C and ±0.19‰ 
for δ18O using an internal calcite standard, +0.04‰ for δ13C and +0.17‰ for δ18O using an internal 
dolomite standard, and ±20 ×10−6 for 87Sr/86Sr. 

Graphic stratigraphic sections were produced for this study using the StraterTM software. The 
stratigraphic section for each core briefly describes the lithostratigraphic units and presents the carbon, 
oxygen and strontium isotope results. A legend for the section figures is presented in Figure 33.3. 

DEVONIAN STRATIGRAPHY 

The Devonian succession in the Moose River Basin has a composite thickness of about 400 m and 
consists of, in ascending order, the upper member of the Kenogami River Formation and the Sextant, 
Stooping River, Kwataboahegan, Moose River, Murray Island, Williams Island and Long Rapids 
formations (Figure 33.2; e.g., Norris 1993; Telford 1988). The Sextant and Long Rapids formations are 
mainly siliciclastic rocks, whereas the other units are predominantly marine carbonate rocks with 
evaporites in the Moose River Formation and shale in the Williams Island Formation. Regional 
compilations and detailed investigations of Devonian stratigraphy in the Moose River Basin include 
Sanford and Norris (1975), Norris (1986, 1993), Telford (1988), Bezys and Risk (1990), Uyeno and 
Bultynck (1993) and Klapper et al. (2004). 

 

Figure 33.1.  Locations of wells studied for this project, plotted on a general bedrock geology map (geology from Ontario 
Geological Survey 2011).  For location information, see Table 33.1. 
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Figure 33.2.  Stratigraphic chart for the Devonian succession in the Moose River Basin (after Sanford 1987; Norris 1993; 
Klapper et al. 2004). 

 

Figure 33.3.  Legend for lithostratigraphic plots in Figures 33.4 to 33.6. 
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RESULTS 

Lithostratigraphy of the Kwataboahegan Formation 

The Kwataboahegan Formation in Coral Rapids CR-78-08 is about 66 m thick and composed of 
dolomitic limestones and dolostones (Figure 33.4). The formation is sharply underlain by sandy limestones 
and dolostones, and calcareous to dolomitic sandstones and conglomerates, 11 m thick, which, in turn, 
directly overlie Precambrian crystalline rocks. This siliciclastic-dominated unit is similar to the 
siliciclastic-rich carbonate beds of the Stooping River Formation that are disconformably overlain by the 
Kwataboahegan Formation at its type section at Coral Rapids (Armstrong 2014; Sanford and Norris 
1975). In this core, the Kwataboahegan Formation is sharply overlain by dolomudstones and nodular to 
massive gypsum of the Moose River Formation. 

The lower part of the Kwataboahegan Formation (units E to G in Figure 33.4; 116.3 to 140.5 m; 
381.5 to 461.1 feet; Photos 33.1A and 33.1B) is predominantly dolomitic limestone, consisting of thin to 
thickly interbedded 1) skeletal floatstone with bituminous matrix, 2) bituminous skeletal wackestone and 
3) skeletal packstone to grainstone. The extent of bioturbation and the thickness of skeletal packstone to 
grainstone beds increase up section. Abundant skeletal components include tabulate and rugose corals, 
bulbous and irregular stromatoporoids, crinoids and brachiopods. Bed contacts are generally gradational. 
Porosity is typically less than 5% and includes intercrystalline pores, skeletal molds and vugs. 

The upper part of the Kwataboahegan Formation (units H to L in Figure 33.4; 79.6 to 116.3 m; 261.2 
to 381.5 feet; Photo 33.1C) is dominated by microcrystalline to medium crystalline dolostone that is 
massive to thick bedded and typically bioturbated. Thin beds of bituminous dolostone and intraclastic 
dolorudstone occur locally. Recognizable skeletal fragments are sparse and include irregular 
stromatoporoids, tabulate corals and crinoids. The uppermost 3 m of the Kwataboahegan Formation (units 
K and L in Figure 33.4; 79.6 to 82.6 m; 261.2 to 271.0 feet; Photo 33.1D) consist of a dolostone breccia 
bed (intraclastic dolostone), 1.4 m thick, overlain by a 1.6 m thick limestone bed of interbedded skeletal-
peloidal rudstone to floatstone and packstone to wackestone. Very good (up to 20%) intercrystalline, 
vuggy and moldic porosity characterizes the fine- to medium-crystalline dolostone beds (units I to K in 
Figure 33.4; 81.2 to 105.0 m; 266.5 to 344.5 feet). Vugs are locally occluded by very coarse crystalline 
calcite, fluorite and/or celestite. 

The cored interval in Sandbank Lake No. 1 intersects the basal 26.4 m of the Kwataboahegan 
Formation (unit J in Figure 33.5; 266.7 to 293.1 m; 875.0 to 961.6 feet). This interval is predominantly 
bioturbated, dolomitic, skeletal packstone to wackestone with scattered large fragments of tabulate and 
rugose corals, tabular and robust branching stromatoporoids, crinoids, brachiopods and trilobites. 
Centimetre-size chert nodules are present. The formation’s basal contact with cherty skeletal wackestones 
and minor packstones to grainstones of the Stooping River Formation is gradational. 

Onakwahegan No. 2 has a 6.1 m cored interval of the Kwataboahegan Formation (unit G in Figure 
33.6; 43.0 to 49.1 m; 141 to 161 feet). The unit consists of interbedded dolomitic skeletal floatstone with 
bituminous stringers, and skeletal packstone. Bioturbation is pervasive. Skeletal components include in 
situ tabular stromatoporoids and fragments of rugose and tabulate corals, brachiopods, crinoids and robust 
branching stromatoporoids. Vuggy and moldic porosity is up to 10%. 
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Figure 33.4.  Lithostratigraphic plot for the Coral Rapids CR-78-08 core (well licence # F013837), with vertical profiles for δ13C, 
δ18O and 87Sr/86Sr.  See Figure 33.3 for lithologic legend.  Abbreviations: Fm, Formation; lwr, lower; PC, Precambrian; Conglom, 
conglomerate; FS, framestone; GS, grainstone; MS, mudstone; PS, packstone; RS, rudstone; SS, sandstone; WS, wackestone.  
Carbon and oxygen isotopic data are reported as per mil (‰) Vienna Pee Dee belemnite (VPDB) standard. 
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Photo 33.1.  Core photographs of typical rock types in the Kwataboahegan Formation, Coral Rapids CR-78-08 (well licence # 
F013837).  A) Dolomitic skeletal wackestone-packstone and fine-crystalline dolostone, locally bituminous, showing bioturbation 
and scattered colonial coral and crinoid fragments (unit E).  B) Interbedded bituminous dolomitic skeletal floatstone, bituminous 
skeletal wackestone and light grey skeletal packstone-grainstone (unit F).  Large skeletal components include bulbous 
stromatoporoids, solitary and colonial corals and brachiopods.  C) Fine- to medium-crystalline dolostone, massive to mottled, 
with local thin beds of intraclastic dolorudstone and good vuggy and moldic porosity (unit I).  D) Intraclastic dolorudstone 
(breccia) with good moldic and vuggy porosity (unit K; 2 cores on the left), and skeletal-peloidal packstone-wackestone, 
laminated to bioturbated (unit L; core on the right).  Photo credit:  Oil, Gas and Salt Resources Library (www.ogsrlibrary.com). 

http://www.ogsrlibrary.com/
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Figure 33.5.  Lithostratigraphic plot for the Sandbank Lake No. 1 core (well licence # T003143), with vertical profiles for δ13C, 
δ18O and 87Sr/86Sr.  See Figure 33.3 for lithologic legend.  Abbreviations: Fm., Formation; Mbr., Member; mK, middle Kenogami 
River Member; Conglom, conglomerate; FS, framestone; GS, grainstone; MS, mudstone; PS, packstone; RS, rudstone; 
SS, sandstone; WS, wackestone.  Carbon and oxygen isotopic data are reported as per mil (‰) Vienna Pee Dee belemnite 
(VPDB) standard. 
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Figure 33.6.  Lithostratigraphic plot for the Onakwahegan No. 2 core (well licence # T003354), with vertical profiles for δ13C 
and δ18O.  See Figure 33.3 for lithologic legend.  Abbreviations: Fm, Formation; Kwat., Kwataboahegan; mK, middle Kenogami 
River Member; St. R., Stooping River Formation; Conglom, conglomerate; FS, framestone; GS, grainstone; MS, mudstone; 
PS, packstone; RS, rudstone; SS, sandstone; WS, wackestone.  Carbon and oxygen isotopic data are reported as per mil (‰) 
Vienna Pee Dee belemnite (VPDB) standard. 
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Table 33.1.  Locations and core interval logged for wells studied for this project. 

MNRF Well Licence # F013837 T003143  T003354 
OGSRL Core # 696 417  841 
OGS Station # 14DKA035 14DKA036  14DKA037 

Latitude (°N) 50.950000 51.020833  51.321667 
Longitude (°W) −81.133333 −82.558333  −1.443889 

UTM Easting (m) 490634 390704  469068 
UTM Northing (m) 5644273 5653297  5685690 

Depth to Top of  
Logged Interval 

39.9 m 266.7 m  43.9 m 101.8 m 

Depth to Bottom of 
Logged Interval 

156.9 m 592.8 m  49.1 m 131.1 m 

Depth to Top of  
Logged Interval  

131 feet 875 feet  141 feet 334 feet 

Depth to Bottom of 
Logged Interval 

51 feet 1945 feet  161 feet 430 feet 

Formations Logged Moose River, 
Kwataboahegan,  
Stooping River? 

Kwataboahegan,  
Stooping River,  

upper and middle 
Kenogami River 

 Kwataboahegen Stooping River,  
upper and middle 
Kenogami River 

Well Name Coral Rapids CR-78-08 Sandbank Lake No. 1  Onakwahegan No. 2 
Company Kerr Addison Mines Ltd. Aquitaine Company of 

Canada Ltd. 
 Consumers’ Gas 

Abbreviations:  MNRF, Ministry of Natural Resources and Forestry; OGS, Ontario Geological Survey;  
OGSRL, Oil, Gas and Salt Resources Library. 

Note: Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17. 

Depositional Interpretation 

Previous outcrop and subsurface studies of the Kwataboahegan Formation in the Moose River Basin 
have described the biohermal and biostromal nature of this highly fossiliferous unit (Stoakes 1978; 
Telford 1988). Buildups are interpreted to have developed on topographically high areas in shallow 
subtidal settings below fairweather wave base (Stoakes 1978). In this study, examination of the 
Kwataboahegan Formation, particularly in Coral Rapids CR-78-08, supports the previous interpretations. 

In light of the economic potential of the Kwataboahegan Formation as a reservoir unit in the Hudson 
Bay and Moose River basins (Sanford 1987; Hamblin 2008; Hu and Dietrich 2012; Lavoie et al. 2013, 
2015), detailed study of the facies architecture, as well as the diagenetic history, of the formation is 
warranted for closer evaluation of reservoir characteristics. 

Chemostratigraphy 

Coral Rapids CR-78-08, Sandbank No. 1 and Onakwahegan No. 2 were used to evaluate the viability 
of using of carbon, oxygen and strontium isotope data from micrite-rich limestones to aid correlation of 
the uppermost Silurian to Middle Devonian strata in the Moose River Basin. Previous studies of Devonian 
marine carbonate rocks have shown that δ13C and 87Sr/86Sr values are useful for chemostratigraphy, but δ18O 
values are typically affected by diagenesis (e.g., Joachimski and Buggisch 1993; Wang et al. 1996; 
Denison et al. 1997). 
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Values of δ13C determined in this study range from −0.9 to 4.2‰ (mean 1.7‰) and δ18O values range 
from −12.5 to −2.0‰ (mean −4.5‰). Stratigraphic plots of these data (see Figures 33.4, 33.5 and 33.6) 
reveal patterns of positive and negative shifts that may be useful for regional correlation. Across the 
contact between the middle and upper members of the Kenogami River Formation, δ13C values shift 
sharply toward more positive values (Sandbank Lake No. 1, Onakwahegan No. 2: see Figures 33.5 and 33.6, 
respectively) and, in the lower part of the Stooping River Formation, δ13C values show a sharp negative 
shift. The middle and upper part of the Stooping River Formation appear to be characterized by relatively 
low δ13C values (Sandbank Lake No. 1: see Figure 33.5). In the Kwataboahegan Formation, δ13C values 
show a roughly linear increase upsection in the lower two-thirds of the formation, followed by a slight 
decrease in the upper one-third (Coral Rapids CR-78-08: see Figure 33.4). Values of δ13C in the Moose 
River Formation have more irregular patterns of positive and negative shifts, but show an overall decrease 
upsection. 

The trends shown in the preliminary δ13C data in this study appear to be broadly correlative with 
those of the generalized δ13C curve compiled for the Early to Middle Devonian (Lochkovian to Eifelian) 
(cf. Saltzman 2002; Buggisch and Joachimski 2006; Becker, Gradstein and Hammer 2012). Of particular 
note is the positive shift across the contact between the middle and upper members of the Kenogami 
River Formation, which corresponds to the well-documented positive excursion across the Silurian–
Devonian transition, and the negative shift observed in the lower part of the Stooping River Formation, 
which appears to relate to the negative shift in the late Pragian to early Emsian. The increasing–decreasing 
trend in δ13C values upsection in the Kwataboahegan Formation corresponds approximately with the trend 
seen in the latest Emsian to early Eifelian. These findings suggest that δ13C values are useful for 
chemostratigraphy in the Moose River Basin and that further isotopic work is warranted. Strontium 
isotope analysis of 23 samples from Coral Rapids CR-78-08, Sandbank No. 1 and Onakwahegan No. 2 
produced 87S/86Sr results ranging from 0.708147 to 0.708946 (mean 0.708466). All samples have 87Sr/86Sr 
values that are slightly more radiogenic than the expected values for Lower to Middle Devonian marine 
carbonate rocks and no vertical trends are apparent (cf. Denison et al. 1997). These higher values are 
tentatively attributed to Devonian-sourced fluids where 87Sr was incorporated during burial diagenesis 
and may have been derived from alteration of clays and potassium feldspars (cf. Kaufman, Meyers and 
Hanson 1990; Wendte et al. 1998). Possible sources for radiogenic strontium are underlying siliciclastic 
rocks or Precambrian basement rocks. These preliminary findings suggest that strontium isotopes are not 
useful for chemostratigraphy in the study area. 
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INTRODUCTION 

Results are presented from phase 1 of a multi-year bedrock groundwater mapping project comprising 
the logging and sampling of 38 continuously cored holes across southwestern Ontario (Sun, Brunton and 
Jin 2014; Figure 34.1). Planning for phase 2 of the project will be initiated in 2016, involving up to 3 years 
of regional deep-bedrock drilling. Phase 3 of this project will involve physical hydrogeological testing 
and the installation of multi-level groundwater monitoring networks to discretely sample and characterize 
the groundwater flow zones. 

Previously, there have been no regional-scale investigations concerning the geological controls on 
bedrock groundwater flow zones that reside in the Upper Silurian through Middle Devonian strata of 
southwestern Ontario. This mapping program is being undertaken to provide citizens and institutions of 
Ontario with accurate and objective earth science and underground bedrock groundwater knowledge 
across southwestern Ontario. This information will be used to assess bedrock groundwater resources and 
to characterize the economic potential of stacked carbonate resources to support a) quality of life, 
b) environmental quality and c) public health and safety. This project forms a significant component of 
the lead author’s PhD thesis at the University of Western Ontario. 

The majority of existing cores through this stratigraphic interval are stored at the Oil, Gas and Salt 
Resources Library in London, Ontario, and at the Ontario Geological Survey in Sudbury, Ontario. For this 
project, 38 previously logged cores are being relogged: 5 cores were relogged last year, and 10 cores were 
relogged this year. The stratigraphic units that have been logged in detail include, from top to bottom, the 
Dundee Formation, the Detroit River Group (including the Lucas, Amherstburg and Sylvania formations) 
and its equivalent Onondaga Formation in the Niagara Peninsula region, the Bois Blanc Formation 
(including its lower Springvale Member), the Oriskany Formation, and the Upper Silurian Bass Islands/ 
Bertie formations and the Salina Group G Unit (Figure 34.2). Core logging during the 2015 field season 
included wells from the northwestern margin of Lake Erie (U.S. Steel No. 1 - J.H. Lawrence No. 1; 
Consumers’ Amoco 13102; Consumers’ Pan Am 13057 and Consumers’ Amoco 13076), the Municipality 
of Chatham–Kent (OGS 82-2 Harwich 25-II ECR), Essex County (Cansalt DDH 87-3), Lambton County 
(Imperial No. 809 - W.J. Mawson No. 1), Huron County (Domtar Goderich S.T.#1 and SVCA-4) and 
Bruce County (SVCA-3) (Table 34.1). 
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The main goals of the 2015 field season were to compile sedimentologic and/or stratigraphic 
information of this predominantly carbonate-dominated succession and to provide preliminary lithofacies 
descriptions of each formation within the Upper Silurian to Middle Devonian strata (see Figure 34.2). The 
time duration of this succession spans the Pridolian (Late Silurian) to Eifelian (Middle Devonian) and, 
therefore, includes the Silurian–Devonian boundary—a significant disconformity (Kobluk et al. 1977). 
Samples for carbon and oxygen isotope analyses were also collected through this stratigraphic interval to 
better characterize the temporal significance of disconformities within lithofacies where biostratigraphic 
control is lacking. Ten cores have been logged and 4 were sampled, with a focus on the Bass Islands 
Formation (Late Silurian) through to Dundee Formation (Middle Devonian). 

GEOLOGIC SETTING 
Paleogeographically, southwestern Ontario was situated on the farfield side of the Appalachian Basin 

within a forebulge area marked by the present-day location of the Findlay and Algonquin arches (see 
Figure 34.1). The study area includes the present-day Onondaga escarpment in the western margin of the  

 

Figure 34.1.  Geologic map of southwestern Ontario showing the locations of the 10 logged oil and gas well cores that span the 
stratigraphic interval of interest.  The locations of the oil and gas wells are keyed to Table 34.1.  Geology after Armstrong and 
Carter (2010). 
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Table 34.1.  List of drill cores, from oil and gas wells, logged during 2015 field season. 

Drill 
Hole1 

Licence  
- Location2 

Well Name2 General Location2 Easting3 
(m) 

Northing3 
(m) 

Remarks or Reference2 

1 F005446  
- London 

U.S. Steel No. 1  
- J.H. Lawrence No. 1 

South of Simcoe,  
Norfolk County 

557709.1544 4732254.827 Armstrong and Carter (2006) 

2 T002803  
- London 

Consumers’ Amoco 13102 Lake Erie,  
near Long Point 

529989.2964 4713938.051 OGSR core # 1001 

3 T002759  
- London 

Consumers’ Pan Am 13057 Lake Erie,  
near Port Stanley 

507070.1465 4722050.446 OGSR core # 999 

4 T006045  
- London 

OGS 82-2,  
Harwich 25-II ECR 

Chatham, Mun. of 
Chatham–Kent 

411110.2794 4693401.929 Johnson, Russell and Telford 
(1985) 

5 T007143  
- London 

Cansalt DDH 87-3 Sandwich West Tp., 
Essex County 

325446.113 4674922.595 OGSR core # 953 

6 F011730  
- London 

Imperial No. 809  
- W.J. Mawson No. 1 

McGillivray Tp.,  
near Lambton Shores, 
Lambton County 

447576.7218 4786919.655 OGSR core # 220 

7 T002812  
- London 

Consumers’ Amoco 13076 Lake Erie,  
near Port Stanley 

479339.9641 4722503.149 OGSR core # 957 

8 OGS-DDH  
- Sudbury 

SVCA-3 West of Teeswater,  
Bruce County 

471300 4869600 Luinstra, Brunton and Cowan 
(2006) 

9 OGS-DDH  
- Sudbury 

SVCA-4 Seaforth,  
Huron County 

468900 4822200 Luinstra, Brunton and Cowan 
(2006) 

10 T003563  
- London 

Domtar Goderich S.T.#1 Goderich,  
Huron County 

444608.7305 4842965.127 OGSR core # 1072 

1Number refers to location shown on Figure 34.1. 
2Abbreviations:  DDH, diamond-drill hole; Mun., Municipality; OGS, Ontario Geological Survey;  
   OGSR, Oil, Gas and Salt Resources Library; SVCA, Saugeen Valley Conservation Authority; Tp, township. 
3Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17. 

Appalachian Basin. The elongate shape of the Appalachian Basin today reflects the inherited structural 
influence of Late Paleozoic orogenesis (Ettensohn 2008). The Algonquin Arch has traditionally been 
referred to as a broad geologic feature separating the Appalachian foreland basin from the Michigan 
Basin, the southwestern end of which being a structural low termed the Chatham Sag (Brigham 1971; see 
Figure 34.1). The Findlay Arch is a southwesterly extension of the Algonquin Arch in the United States 
(Carter and Easton 1990). Recent sequence stratigraphic studies of Lower Silurian carbonate-dominated 
successions in southwestern Ontario and Michigan have demonstrated that the Algonquin Arch is better 
described as an ephemeral flexural forebulge region that shifted positions through time and influenced 
sedimentary facies patterns and differential erosion on the Laurentian craton (see Brett et al. 2004; 
Brunton 2009; Brintnell et al. 2009; Brunton and Brintnell 2011; Brunton et al. 2012). 

PRELIMINARY LITHOFACIES DESCRIPTIONS 

The bulk of this year’s study involved lithological descriptions of cores and examination of gamma-
neutron density logs in southern Ontario. Three cores from the Onondaga escarpment (U.S. Steel No. 1 - 
J.H. Lawrence No. 1, Consumers’ Amoco 13102 and Consumers’ Pan Am 13057) have been selected as 
reference cores to delineate the lithofacies of the Dundee Formation through to rocks of the G Unit of the 
Salina Group. Research has been focussed on detailed logging of lithology, sedimentary structures, fauna, 
porosity and diagenetic alteration fabrics of the selected cores. A total of 100 representative lithologic 
samples have been collected from the reference cores and will be cut into thin sections or polished to be 
observed with optical microscope or scanning electron microscope (SEM) to determine microfacies 
characteristics and mineralogical composition. 
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Salina Group G Unit 
The G Unit, which is the uppermost unit of the Salina Group, is approximately 10 m thick across the 

study area. In ascending order, it consists of tan to light grey dolostone with anhydrite laths grading 
upward into argillaceous dolostone. The contact between the G Unit and the overlying Bass Islands and 
Bertie formations is disconformable. The unit subcrops in the Onondaga escarpment area and is buried by 
overburden of varying thickness. Two lithofacies have been discerned within the G Unit in the Onondaga 
escarpment area: 1) microbial dolomudstone with anhydrite nodules and 2) microbial-laminated 
dolomudstone. 

Facies 1 is barren of skeletal megafossils and possesses algal or microbial laminations that 
commonly exhibit a planar to convoluted fabric encrusting gypsum nodules (Photo 34.1A). Facies 2 
possesses vugs that are filled by secondary gypsum crystals and casts (Photo 34.1B). Gastropods and 
desiccation cracks are also present. 

 

Figure 34.2.  Upper Silurian and Devonian stratigraphic nomenclature of southwestern Ontario. The major facies changes seen 
across the area reflect the tectonostratigraphic effect intermittent movements of the forebulge had on the present-day western 
Niagara Peninsula region (modified from Haynes 1992; Haynes and Parkins 1992; Armstrong and Dodge 2007; Armstrong 2007, 
2008; Armstrong and Carter 2010).  All rock units listed are formations, unless otherwise indicated, and are not to scale regarding 
relative thicknesses across the study area. (Abbreviations:  Gp = Group; Fm = Formation; Mbr = Member). 
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Photo 34.1.  Lithologic examples from Salina Group G Unit to the Silurian–Devonian boundary taken from reference cores.  
Each piece of core is 10 to 20 cm long and the top is to the left.  Abbreviations:  BI, Bass Islands Formation; bc = breccia; br = 
brachiopod; bt = bioturbation; mc = mud crack.  A) Upper G Unit facies 1: bluish grey gypsum beds are encrusted by tan to light 
grey calcimicrobial mudstone.  B) Upper G Unit facies 2: dark grey microbialite with gypsum casts and crystals.  C) Contact of 
Bass Islands/Bertie formations with the underlying Salina Group G Unit (Silurian) (U.S. Steel No. 1 - J.H. Lawrence No. 1).  
Contact surface is characterized by an erosional surface dipping approximately 40° bedding (toward the left in the photo).  
D) Bass Islands/Bertie formations facies 1: tan to grey algal laminations with mud crack at the left top.  E) Bass Islands/Bertie 
formations facies 2: light brown dolomudstone with angular intraclasts preserved in a dolomitized, recrystallized matrix.  Note 
the cavities are filled by secondary gypsum.  F) Bass Islands/Bertie formations facies 3: massive dolomudstone with bioturbation 
marks at the right.  G) Upper Bass Islands/Bertie formations facies 4: tan to light grey dolomudstone with irregular bluish grey 
mottle.  Tube-like features can be recognized on transverse surface of the core, which are considered to be formed by burrowing.  
H) Contact of the Springvale Member sandstone (Devonian) with the underlying Bass Islands/Bertie formations (Silurian).  
The calcareous sandstone of the Springvale Member unconformably overlies the sucrosic dolostone of the Bass Islands/Bertie 
formations (Consumers’ Pan Am 13057).  I) Contact of the Oriskany Formation sandstone (Devonian) and the underlying Bass 
Islands/Bertie formations (Silurian).  The calcareous sandstone clasts from Oriskany(?) Formation fill the joints in the sucrosic 
dolostone of the Bass Islands/Bertie formations (Consumers’ Amoco 13102).  J) Contact of the fossiliferous, calcareous quartz 
arenite of Oriskany Formation overlying the sucrosic Bass Islands/Bertie formations (U.S. Steel No. 1 - J.H. Lawrence No. 1). 
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The Salina Group G Unit is overlain disconformably by a shaly dolomudstone of the Bass Islands 
Formation in most cores. An abrupt erosional surface marks this contact in the U.S. Steel No.1 - 
J.H. Lawrence No. 1 core (Photo 34.1C). 

Bass Islands Formation / Bertie Formation 
The Bass Islands and Bertie formations are the youngest Silurian strata in southwestern Ontario. 

The type section of the Bass Islands Formation is located in western Lake Erie on the Bass Islands, Ohio 
(Sparling 1970). The inferred laterally equivalent Bertie Formation subcrops in the Niagara Peninsula 
region of Ontario (Johnson et al. 1992; for general descriptions, see Sun, Brunton and Jin 2014). Based 
upon the cores logged to date, only the traditional Bertie Formation (Haynes and Parkins 1992) can be 
recognized in core. Although 5 members have been identified in the Fort Erie area (Telford and Johnson 
1984), 4 lithofacies have been recognized in this study: 1) argillaceous microbial-laminated dolomudstone, 
2) brecciated microbial-laminated dolomudstone, 3) massive dolomudstone and 4) crinoidal and rugose 
coral-bearing dolomudstone. 

Facies 1 comprises argillaceous microbialite with dark blue oval mottles within parallel beds. Fossils 
are rare, and teepee structures, mud cracks (Photo 34.1D) and intraformational rip-up clasts are common. 
Facies 2 is a buff to light brown dolomudstone with angular intraclasts that preserve a microbially laminated 
fabric in a medium grey dolomitized, recrystallized matrix. Cavities are commonly filled by gypsum with 
patches of fenestral porosity along karstic solution surfaces (Photo 34.1E). Facies 3 is massive, bioturbated, 
buff to creamy dolomudstone with abundant fractures and intraformational clasts and rare gastropods 
(Photo 34.1F). Facies 4 is currently only recognized in the U.S. Steel No. 1 - J.H. Lawrence No. 1 core and 
comprises a medium brown, bituminous, vuggy dolomudstone with sparse fragments of crinoids and rugose 
corals. Carbonaceous seams are common, as well as bluish dispersed mottles (Photo 34.1G). 

Oriskany Formation 
In parts of the study area, the lithostratigraphic boundary between the Silurian and Devonian periods 

is marked by a regional erosion surface with pronounced small-scale karst features (Kobluk et al. 1977; 
Johnson et al. 1992; Photos 34.1H, 34.1I and 34.1J). The Oriskany Formation is a mature quartz arenite 
that disconformably overlies the Silurian carbonate peneplain and varying paleokarstic surface. Some 
joints and paleokarst areas in the uppermost Silurian carbonates are filled with Oriskany sands (see Photo 
34.1H) and well-rounded pebbles and cobbles derived from siliciclastic rocks that were deposited during 
the Early Devonian (see Derry, Michener, Booth and Wahl and Ontario Geological Survey 1989). 

The Oriskany Formation is a coarse-sand grade (with localized reworked basal conglomerates), 
sparsely fossiliferous (mainly brachiopods), calcareous quartz arenite that varies from 0.5 to 1.5 m in 
thickness. It possesses an Early Devonian fauna including Costispirifer arenosus (Conrad), Rensellaeria 
elongata (Conrad), Hipparionyx proximus and Plethorhyncha spp. (Best 1953; Sanford 1968; Photos 34.1J 
and 34.2A). The Oriskany Formation is restricted to the Niagara Peninsula. The top of this unit is marked by 
a sharp contact with the overlying greenish to pinkish calcareous sandstones of the Springvale Member of 
the Bois Blanc Formation. 

Springvale Member (Bois Blanc Formation) 
The Springvale Member occurs as lenses either at the base of, or interfingering with, the Bois Blanc 

Formation cherty limestone and dolostone. This sandstone member is confined to the Niagara Peninsula 
and its type locality is near the village of Springvale in Haldimand County, Ontario. It can be traced to the 
southwest beneath Lake Erie using geophysical logs (see Sanford 1968). Kobluk and Brookfield (1982) 
have found 2 subaerial episodes of karstification formed during both the intervals both before and after  
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Photo 34.2.  Lithologic examples of the Oriskany Formation to the Amherstburg Formation taken from reference cores.  Each 
piece of core is 10 to 20 cm long and the top is to the left.  Abbreviations:  Am = Amphipora; br = brachiopod; ch = chert; 
cr = crinoid; hs = horsetail styloseams; mv = microvugs; py = pyrite; rc = rugose coral; st = stylolites; tc = tabulate coral; 
Th = Thamnopora.  A) Well-rounded and well-sorted Oriskany Formation quartz arenite. Note the pyrite to the left and brachiopod 
fossil to the right.  B) Springvale Member orthoquartzitic arenite interfingering with Bois Blanc Formation carbonates. 
Pseudomorphs of halite crystals infilled by secondary brownish grey gypsum (centre of the photo).  C) Contact of Springvale 
Member and Bois Blanc Formation carbonates.  The contact between the Bois Blanc Formation facies 1 (brachiopod mudstone 
with chert nodules) and Springvale Member sandstone is sharp.  D) Typical lithology of Bois Blanc Formation facies 2: 
concentrated styloseams are shown in the centre of the photo.  E) Bois Blanc Formation facies 3: wispy and convoluted styloseams 
are abundant to the right.  F) Gradational contact between the Bois Blanc Formation and the Amherstburg Formation.  Generally, 
the Bois Blanc Formation facies 4 of crinoidal-pelloidal wackestone marks the uppermost Bois Blanc Formation and grades into 
the fossiliferous, bituminous Amherstburg Formation rugose coral-crinoidal packstone.  G) Amherstburg Formation facies 2 
crinoidal-pelloidal mudstone with blebby, irregular chert nodules.  H and I) Biostrome facies of rudstone to floatstone in upper 
Amherstburg Formation.  J) Disconformable contact of the Dundee Formation sandy crinoidal mudstone and the underlying 
Amherstburg Formation rugose coral-crinoidal mudstone-wackestone. 
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deposition of the Oriskany Formation, the latter of which appears to be Oriskany Formation sands 
reworked into the Springvale Member. The Springvale Member is a light brown-bluish or pinkish white, 
medium- to coarse-sand grade orthoquartzitic arenite with abundant wispy greenish microstyloseams. 
Hematite stains occur sporadically, along with halite pseudomorphs that are now filled with brownish 
grey gypsum (Photo 34.2B). Greenish grey glauconite is common. 

Bois Blanc Formation 

The type section of the Bois Blanc Formation is exposed on Bois Blanc Island in the Mackinac 
Straits (Sanford 1968). In its type section, the formation consists of grey-tan brown or bluish grey, finely 
crystalline limestones with abundant grey-white chert nodules. The Bois Blanc Formation varies in 
thickness from a thin veneer to a maximum of 20 m along the Onondaga escarpment and grades 
northwestward to gray and tan dolostones in the Sarnia–London areas and ultimately to light grey 
limestones in central Michigan. Early studies correlated the Bois Blanc Formation with the Onondaga 
Formation (New York); however, Oliver (1966) demonstrated that the Bois Blanc Formation in southern 
Ontario possesses an older megafauna. Because of the pervasive silicification of both the Bois Blanc and 
the overlying Amherstburg formations (or Edgecliffe Member of Onondaga Formation (New York)), 
detailed correlations are difficult to make (Cassa and Kissling 1982). Syndepositional sedimentary 
structures are disrupted by the diagenetic growth of chert nodules and dolomitization; thus, only the 
lithologic character of the carbonate rocks and the proportion of marine fauna and diagenetic alteration 
fabrics are potentially helpful. Four major lithofacies are recognized in the study area: 1) brachiopod 
mudstone; 2) coral-crinoidal packstone; 3) coral-brachiopod wackestone-packstone; and 4) crinoidal-
pelloidal wackestone. 

Facies 1 is the basal unit of the Bois Blanc Formation. It is characterized by massive, light to 
medium grey, finely crystalline mudstone with large displacive chert nodules, which comprise 25% of the 
rock (Photo 34.2C). Brachiopods, comprising Acrospirifer duodenaria (Hall) and Amphigenia elongata 
(Vanuxem), are commonly fragmented and/or shells are overturned. Porosity is low and a few subvertical 
micro-fractures are filled with secondary calcite spar. Facies 2 is massive, light to medium brownish grey, 
fossiliferous and bioturbated packstone (Photo 34.2D). Corals and brachiopods are commonly overturned 
and appear to be reworked. Rare digitate stromatoporoids and Thamnopora occur in a few cores. Chert 
nodules are rare and styloseams change in appearance from horsetail to wispy. Facies 3 is massive, light 
brownish grey, finely crystalline, moderately fossiliferous wackestone-packstone with abundant wispy 
stylolites (Photo 34.2E). Tabulate corals (Favosites) and solitary rugose corals are rare. Chert nodules, 
generally containing silicified fossils of rugose corals and sponge spicules, comprise 10% of this facies. 
Facies 4 occurs at the top of Bois Blanc Formation and comprises massive, dark grey wackestone with 
abundant crinoid fragments (Photo 34.2F). Colonial rugose corals and packstone pulses also occur. Chert 
nodules are rare, but wispy and concentrated styloseams are common. 

Detroit River Group / Onondaga Formation 

The Middle Devonian Detroit River Group consists mainly of limestones and dolostones and has 
been subdivided into 3 formations, which, in ascending order, are the Sylvania, Amherstburg and Lucas 
formations (see text and “References” in Sun, Brunton and Jin 2014). In the Niagara Peninsula region, the 
Bois Blanc Formation is overlain by cherty limestones of the Onondaga Formation (Telford and Tarrant 
1975a, 1975b). There is no depositional record of the Sylvania and/or Lucas formations in that part of 
southwestern Ontario. The type section of the Onondaga Formation is in New York state. The formation 
is subdivided into 4 members, 3 of which can be correlated with the units in the study area (Edgecliffe, 
Clarence and Moorehouse members; see Figure 34.2). These members extend northwestward into Ontario 
and laterally merge into the Detroit River Group. The Amherstburg Formation, as used in this paper, is 
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correlative with the lower part of the Onondaga Limestone of New York state, equating at least in part 
with the Edgecliffe Member (see Oliver 1954). In southwestern Ontario, the Amherstburg Formation 
comprises up to 60 m of fossiliferous, bituminous, commonly cherty limestones and dolostones (Johnson 
et al. 1992). Its basal contact with the Bois Blanc Formation is generally considered disconformable; 
however, the contact appears gradational in some cores (see Photo 34.2F). Also, the lateral relationships 
between the Amherstburg and Lower Onondaga formations are poorly defined because of the lack of 
suitable outcrops in the transition area in the Niagara Peninsula region (Uyeno, Telford and Sanford 
1982). The Edgecliffe Member is the lowest unit of the Onondaga Formation and comprises a massive, 
light grey, coarsely crystalline limestone characterized by a diverse marine benthic fauna, including 
rugose corals, tabulate corals and brachiopods. Both the Amherstburg Formation in the study area and the 
Edgecliffe Member possess biostromal limestones with chert nodules. Four lithofacies can be recognized 
in core: 1) coral-crinoidal packstone; 2) crinoidal-pelloidal mudstone (Photo 34.2G); 3) coral-brachiopod 
floatstone to rudstone (Photos 34.2H and 34.4I); and 4) tabulate coral-stromatoporoid-skeletal packstone. 

Facies 1 is the lowest unit that overlies the crinoidal wackestone in the Bois Blanc Formation, 
occurring repeatedly throughout the lower Amherstburg Formation (see Photo 34.2F). Amphipora occur 
above the lower contact with Bois Blanc Formation, and Thamnopora and laminar stromatoporoids are 
present, but are not common. Chert nodules change in form from displacive to blebby or irregular within 
thin beds. Facies 2 occurs as packstone lenses that average 1.25 m in thickness. This facies is very cherty 
and lacks megafaunal fossils and sedimentary structures (see Photo 34.2G). Facies 3 is very fossiliferous 
and contains a variety of fossils, including colonial rugose corals, tabulate corals and crinoid fragments. 
Thamnopora and laminar stromatoporoids are common (see Photos 34.2H and 34.2I) and chert nodules 
are rare. Facies 4 is recognized in all the studied cores along Onondaga Escarpment and is characterized 
by a framework of tabulate corals and stromatoporoids. Intercrystalline porosity occurs in tabulate corals 
and chain corals, as well as moldic porosity associated with brachiopod shells. 

Dundee Formation 

The Dundee Formation, which includes sandy limestones at the base and fossiliferous coral-
stromatoporoid skeletal limestones or crinoidal-pelloidal limestones throughout remainder of succession, 
disconformably overlies the Detroit River Group carbonates (Photo 34.2J). This disconformity is marked 
by a sudden change a) from the evaporitic or sandy limestone or dolostone in the Lucas Formation (in the 
area to the east and north of London) or b) from the fossiliferous, biostromal facies of the Amherstburg 
Formation (along the Onondaga escarpment). The thickness of facies within the Dundee Formation varies 
locally and regionally. Historically, the term “Columbus” has been applied to the sandy member near the 
base of the Dundee Formation (Sparling 1988; Rickard 1984) in the study area as defined by the study in 
which Birchard (1990) described similar rocks in Ohio. Black shales of the Marcellus Formation 
disconformably overlie Dundee limestones in all localities in southwestern Ontario (Uyeno, Telford and 
Sanford 1982). Previously, Birchard (1990, 1993) identified 6 lithofacies within the Dundee Formation. 
These 6 lithofacies were recognized in this study and include 1) argillaceous crinoidal-pelloidal wackestone; 
2) crinoid-brachiopod-Thamnopora wackestone-packstone; 3) rugose coral-crinoidal mudstone; 4) crinoid-
brachiopod grainstone to wackestone; 5) brachiopod mudstone-wackestone and 6) coral-crinoidal 
wackestone to packstone. 

Facies 1 occurs at the base of Dundee Formation and is composed of slightly argillaceous, bioturbated, 
crinoid-dominated wackestone overlying the biostrome facies in Detroit River Group or Onondaga 
Formation (Photo 34.3A). This contact is disconformable and the sand content increases toward the 
forebulge region. Wispy argillaceous seams are abundant and irregular chert nodules comprise less than 
10% of rock. Facies 2 occurs in a cherty, bioturbated packstone matrix with concentrated organic-rich 
intervals (Photo 34.3B). Facies 3 comprises rugose corals and crinoid ossicles that are sparsely distributed 
within a light brown interval with sharp-edged, irregular chert nodules (Photo 34.3C). Facies 4 comprises 
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a basal brachiopod-crinoidal grainstone unit overlain by sparsely fossiliferous wackestones (Photo 34.3D). 
Facies 5 is massive, bioturbated mudstone to wackestone with common brachiopods and increased chert 
nodules and rare crinoid debris and solitary rugose corals (Photo 34.3E). Facies 6 is uncommon and is 
characterized by crinoidal wackestones with rare tabulate coral–rugose coral packstone pulses (Photo 34.3F). 

SUMMARY OF DEPOSITIONAL HISTORY 

Upper Silurian to Middle Devonian strata along the Onondaga escarpment represent several carbonate 
depositional cycles that reflect an overall change from restricted marine epeiric seas during the Late 
Silurian to shallow open-marine shelf with significant hiatuses during the Early and Middle Devonian. 
A major paleokarst horizon occurs at the Silurian–Devonian boundary. 

The Salina Group G Unit and Bass Islands/Bertie formations represent a coastal sabkha flat and 
peritidal environments. At this time, the western margin of Appalachian Basin was composed of 
microbial laminites and a few species of high spired gastropods in arid subtropical environment. Locally, 
on the farfield side of the Algonquin Arch, the peritidal lithofacies changed into more open marine 
lagoonal facies, where evaporite deposits declined, based on evidence of where bluish burrow mottles and 
vuggy dolostone with crinoid-rugose coral fauna occur. 

Along the Onondaga escarpment, the Upper Silurian strata are overlain unconformably by the 
Oriskany Formation sandstone (lower Lower Devonian). The hiatus represented by this sharp lithologic 
contact is significant, but its age is poorly defined. During the Early Devonian, the study area was not 
covered by deep marine waters, and the succession along Onondaga escarpment is dominated by 
carbonates with ephemeral siliciclastic influxes. These sands are well sorted and sized, and are not 
continuous on a regional basis; however, in places, the sands are preserved preferentially in paleokarst  

 

Photo 34.3.  Lithologic examples of Dundee Formation taken from reference cores.  Each piece of core is 10 cm long and the top 
is to the left.  (Abbreviations: br = brachiopods; ch = chert; cr = crinoid; hs = horsetail styloseams; ps = peaked stylolites; 
rc = rugose coral; tc = tabulate coral; Th = Thamnopora).  A) Basal member (facies 1) of Dundee Formation: crinoidal-pelloidal 
wackestone with irregular, blebby chert nodules; peaked stylolite shown on the right.  B) Dundee Formation facies 2: bioturbated 
wackestone with abundant brachiopod, crinoid and Thamnopora fossils.  Intercrystalline porosity is evident in the Thamnopora.  
C) Dundee Formation facies 3: sparsely distributed rugose corals and crinoid fragments.  Note the relationships between the 
rugose coral and chert nodule and the mudstone.  D) Dundee Formation facies 4: coarse grainstones that grade upward into 
brachiopod-crinoidal wackestone.  E) Dundee Formation facies 5: horsetail-like stylolites formed around the brachiopod shells in 
bioturbated wackestones to mudstones.  F) Dundee Formation facies 6: tabulate coral and rugose coral-crinoidal wackestone-
packstone with horsetail styloseams. 
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sinkholes or joints. The origins of the sandstones are debatable because 1) there are no local sources 
(Uyeno, Telford and Sanford 1982) and 2) they are poorly preserved in core because they are poorly 
lithified. The sphericity and maturity of these siliciclastics suggest wind-blown processes, most likely 
from the midcontinent region, based upon paleogeography and prevailing wind directions. 

The wind-blown origin of these sands is best evinced in places where the Springvale Member 
disconformably overlies the Oriskany Formation: the Oriskany Formation sandstones interfinger with the 
Springvale Member phosphatic lithofacies. Distribution of these 2 sandstone units is not coincident 
laterally and they are not extensive enough to cross both the basins or to blanket the area (Summerson and 
Swann 1970). This spotty distribution may indicate the seafloor of the Early Devonian in southern 
Ontario was irregular as a result of the dissolution of the underlying Silurian evaporitic dolostones 
(Sanford and Brady 1955; Summerson and Swann 1970; Karrow 1973). 

The cherty and varying fossiliferous limestones of the Bois Blanc Formation formed within a normal 
marine shallow cratonic shelf. The diverse assemblages of abundant brachiopods and rugose corals, as well 
as the less common tabulate corals, trilobites, gastropods and crinoids, represent cyclic deposition within 
subtropical to tropical climatic conditions (see paleogeographic reconstructions in Cocks and Torsvik 2011). 

The contact between the Bois Blanc and Amherstburg formations is disconformable (Armstrong 2007, 
2008). The environmental conditions during the deposition of the lower Amherstburg Formation were 
similar to those of the Bois Blanc Formation. The Amherstburg Formation comprises bituminous 
laminations, along with a diverse and abundant megafauna, including tabulate corals, rugose corals, 
brachiopods, crinoids and trilobites. Condensed sequences comprising biostromal facies dominate the upper 
Amherstburg Formation (Fagerstrom 1971) and Edgecliffe Member of the Onondaga Formation (New 
York) (Oliver 1966). This biostrome facies represents the highest sea-level stand in the Emsian–Eifelian 
cycle, with occasional rapid sea-level fluctuations that caused cessation and reviving of coral growth. 

Carbonate lithofacies of the Dundee Formation show that a relative sea-level rise followed subaerial 
exposure and erosion at the end of Detroit River Group–Lower Onondaga Formation time (see Birchard 
and Risk 1990; Birchard 1993; Birchard, Rutka and Brunton 2004). Subsequently, transgressive 
Appalachian seas resulted in the establishment of Dundee Formation carbonate factory and generation of 
regionally extensive limestone facies. 

FUTURE WORK 

Future phase 1 project research work will involve the following: 

1. visit key outcrops throughout southern Ontario, and describe and correlate facies with those 
described from cores. Refine and delineate the various carbonate facies by logging core and 
logging outcrops, with detailed work on petrographic and paleontological analysis of the Upper 
Silurian to Middle Devonian strata. Fifteen cores have been examined to date; the remaining 
23 cores will be examined within the next year. 

2. summarize the temporal and spatial facies relationships across the forebulge region in 
southwestern Ontario to better correlate the Detroit River Group and Onondaga Formation;  

3. reconstruct the depositional and diagenetic history of the stratigraphic units, including the 
formation and texture of chert nodules in Bois Blanc, Amherstburg and Dundee formations, and 
the evaporite facies of the Bass Islands/Bertie and Lucas formations; and 

4. provide a stratigraphic framework that incorporates chemostratigraphic, biostratigraphic and 
paleoecologic information to allow improved correlation of stratigraphic intervals, including the 
significance of regional paleokarstification of the Bass Islands/Bertie formations and their 
contact with the overlying Devonian strata. 
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35.  Project Unit 13-018.  
Quaternary Stratigraphy of the 
Niagara Peninsula Revealed with 
Three-Dimensional Mapping 

A.K. Burt1 
1Earth Resources and Geoscience Mapping Section, Ontario Geological Survey 

INTRODUCTION 

In 2013, the Ontario Geological Survey (OGS) initiated a three-dimensional (3-D) mapping project, 
encompassing the Niagara Peninsula and extending westward to the city of Brantford (see Burt 2013, for 
descriptions of the project area location and regional setting) in response to requests by clients to provide 
continuous 3-D coverage of the Greater Golden Horseshoe. The goal of the project is to build a 3-D 
model of regional-scale Quaternary deposits that form both regional and local aquifers and aquitards. 

Field activities during 2013 focussed on the examination of natural and man-made exposures, as well 
as soil probe and hand-auger cores (Burt 2013). A ground-based gravity survey, targeting areas where 
buried-bedrock valleys were predicted based on water-well information, was completed in the fall of 2013 
and this information was used to guide subsequent drilling and monitoring well targets (Ontario Geological 
Survey 2014). A total of 77 continuously cored boreholes, 28 of which have been converted into 
monitoring wells, were drilled during the 2014 and 2015 field seasons. Preliminary logs for boreholes 
BH01 to BH26 as well as descriptions and photos of regional-scale sediment packages were previously 
presented (Burt 2014). Thin section microfabric analysis of diamicton samples collected from BH17 was 
done as part of an undergraduate thesis project at Brock University (Janzen 2015). 

CURRENT FIELD ACTIVITIES 

A total of 41 PQ (8.5 cm inner diameter) continuously cored mud-rotary boreholes penetrating the 
Quaternary sediments and upper 0.5 to 2 m of bedrock were drilled in 2015, focussing on the western 
portion of the study area (Figure 35.1). The locations, depths and monitoring wells for all holes drilled to 
date are listed in Table 35.1. The boreholes range from 2.65 to 94.45 m in depth, with a combined drill 
length of 2168.62 m of Quaternary sediments and 157.27 m of bedrock. The core was logged, photographed 
at 0.25 m increments and representative intervals sampled in the field. Samples were collected for particle 
size analysis (diamicton and stratified sediments), heavy mineral analysis (diamicton), carbonate content 
(diamicton and fine-textured stratified sediments) and pebble counts (diamicton and gravelly stratified 
sediments). A pocket penetrometer was used to perform field penetration tests on clay-rich sections of 
core. Intact sections of diamicton in several boreholes were sampled for thin section microfabric analysis 
at Brock University, whereas, at other sites, complete cores were retained for study by McMaster 
University students. 
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Monitoring wells (2.5 inch diameter threaded, flush-joint polyvinyl chloride (PVC)) with 5 to 10 feet 
long (1.5 to 3.0 m) slotted screens have been installed in 28 of the boreholes drilled to date. The wells will 
be used by the Niagara Peninsula Conservation Authority, City of Hamilton and Grand River 
Conservation Authority for ongoing monitoring of groundwater levels and chemistry (see Campbell and 
Burt, this volume). 

Three shallow seismic lines, ranging from 4.5 to 8.5 km in length, were acquired by the Geological 
Survey of Canada (GSC) as part of a collaborative agreement (see Figure 35.1). The survey was carried 
out by the GSC’s Near Surface Geophysics Section using an Industrial Vehicles International Minivib 
Minibuggy source with a landstreamer, three-component geophone array built by the GSC (Pugin, Pullan 
and Hunter 2009). This system collects high-resolution p- and s-wave data and is capable of imaging 
contacts between units of contrasting seismic velocity within the Quaternary sediments, as well as the 
bedrock surface. Two of the lines were run in an east-west orientation to determine whether multiple 
thalwegs exist within the Erigan channel, as well as to define the lateral extent and geometry of the lower 
drift gravel beds observed in previous drilling (e.g., see Figure 35.7: BH08 and BH10). The third line, run 
in a north-south direction, was acquired to refine the extent and shape of the Chippawa channel. Processing 
of the data is currently ongoing. At the time of writing, downhole geophysics (natural gamma, gamma-
gamma density, apparent conductivity, magnetic susceptibility, fluid temperature, compression (P) wave 
velocity and shear (S) wave velocity) were being conducted in 7 boreholes located adjacent to the seismic 
lines to determine the seismic velocities of the observed lithological units. These velocities will be used to 
calibrate the seismic data and convert profiles to true depths. 

 
Figure 35.1.  Location of seismic lines and boreholes drilled during 2014 and 2015; see Table 35.1 for locations, drill depths and 
monitoring well ownership. 
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Table 35.1.  Borehole name, location, depth to bedrock, depth of hole and monitoring well ownership of 2014 and 2015 boreholes. 

Borehole ID Code Location1 Easting2 

(m) 
Northing2 

(m) 
Depth to 
Bedrock 

(m) 

Depth 
of Hole 

(m) 

Well 
Owner3 

BH01-NP-2014 BH01 Niagara College, NOTL 649367 4779414 44.25 47.25 NC 
BH02-NP-2014 BH02 Turner Road, Thorold 643767 4768927 27.38 30.50  
BH03-NP-2014 BH03 Lemon Road, Niagara Falls 653848 4761720 20.80 22.75  
BH04-NP-2014 BH04 Garner Road, Niagara Falls 650603 4773113 8.40 10.80  
BH05-NP-2014 BH05 Civic Complex, Wainfleet 632560 4753345 45.15 48.40 NPCA 
BH06-NP-2014 BH06 Gainsborough CA, West Lincoln 630724 4766938 36.50 40.67 NPCA 
BH07-NP-2014 BH07 Elcho Road, West Lincoln 617465 4763441 26.75 29.08  
BH08-NP-2014 BH08 Case Road, Wainfleet 626541 4753495 44.50 47.35 NPCA 
BH09-NP-2014 BH09 Glynn A Green School, Pelham 640009 4766739 64.75 68.07 NPCA 
BH10-NP-2014 BH10 Sumbler Road, Pelham 635967 4762870 55.00 58.00 NPCA 
BH11-NP-2014 BH11 Young Road, Niagara Falls 649467 4763862 26.00 28.95 NPCA 
BH12-NP-2014 BH12 Bossert Road, Niagara Falls 658276 4763144 16.3 19.7  
BH13-NP-2014 BH13 Concession 1, Wainfleet 628215 4749786 42.7 45.72 NPCA 
BH14-NP-2014 BH14 Townline Road, Wainfleet 640187 4756676 38.7 42.06 NPCA 
BH15-NP-2014 BH15 Buchner Road, Welland 645987 4760619 40.35 43.18 NPCA 
BH16-NP-2014 BH16 Line 9, NOTL 654271 4780993 30 32  
BH17-NP-2014 BH17 McNab Road, NOTL 647836 4784641 27.33 30.56  
BH18-NP-2014 BH18 Line 6, NOTL 652194 4783365 16.1 19.89  
BH19-NP-2014 BH19 Concession 1, NOTL 656584 4788362 19.35 21.4  
BH20-NP-2014 BH20 Burgoyne Woods, St. Catharines 644425 4778394 32.6 35.05  
BH21-NP-2014 BH21 Brookfield Road, Port Colborne 649879 4755644 23.2 27.43  
BH22-NP-2014 BH22 College Road, Fort Erie 656546 4757699 15.05 16.84  
BH23-NP-2014 BH23 Sider Road, Fort Erie 660824 4756656 17.75 20  
BH24-NP-2014 BH24 Stevensville Road, Fort Erie 658861 4752849 30.1 33.48 NPCA 
BH25-NP-2014 BH25 Niagara Parkway, Fort Erie 664936 4757794 12.1 13.77 NPCA 
BH26-NP-2014 BH26 Portage Road, Niagara Falls 656817 4770082 27.15 30.33 NPCA 
BH27-NP-2014 BH27 Gents Road, Wainfleet 633076 4758904 47.95 51.05 NPCA 
BH28-NP-2014 BH28 Niagara College, Welland 641022 4763800 40.75 42.67 NPCA 
BH29-NP-2014 BH29 Concession 6, Wainfleet 624034 4759606 38.4 39.67  
BH30-NP-2014 BH30 Centre Street, Pelham 635923 4766523 92.35 94.45  
BH31-NP-2014 BH31 Montrose Road, Niagara Falls 652905 4767377 26.5 28.85 NPCA 
BH32-NP-2014 BH32 North Shore Drive, Haldimand 619599 4746591 44.1 46.4 NPCA 
BH33-NP-2014 BH33 5 St Louth, St. Catharines 638538 4777117 51.2 53.31 NPCA 
BH34-NP-2014 BH34 Concession 4, West Lincoln 623742 4767952 24.5 25.88  
BH35-NP-2014 BH35 Concession 5, West Lincoln 614680 4768507 23.53 25.93  
BH36-NP-2014 BH36 Highland Road E, Hamilton 602676 4780714 9.65 12.19  
BH37-NP-2015 BH37 Younge Road, Haldimand 591752 4767031 23.1 24.4  
BH38-NP-2015 BH38 Haldimand–Dunnville Townline Road, 

Haldimand 
605380 4757315 17.05 18.25  

1Abbreviations: Brant, County of Brant; Gainsborough CA, Gainsborough Conservation Authority; Haldimand, Haldimand 
County; Hamilton, City of Hamilton; N Dumfries, Township of North Dumfries (Regional Municipality of Waterloo);  
Norfolk, Norfolk County; NOTL, Niagara-on-the-Lake; W Lincoln, Township of West Lincoln (Niagara Region);  
Wainfleet, Township of Wainfleet (Niagara Region). 

2Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17. 
3Abbreviations: GRCA, Grand River Conservation Authority; Ham, City of Hamilton; NC, Niagara College;  

NPCA, Niagara Peninsula Conservation Authority. 
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Table 35.1, continued 

Borehole ID Code Location1 Easting2 

(m) 
Northing2 

(m) 
Depth to 
Bedrock 

(m) 

Depth 
of Hole 

(m) 

Well 
Owner3 

BH39-NP-2015 BH39 Calvert Road, Haldimand 619625 4757849 30.55 32.03  
BH40-NP-2015 BH40 Logan Road, Haldimand 614287 4752176 29.4 30.45  
BH41-NP-2015 BH41 Ramsey Road, Haldimand 610594 4747209 5.4 7.6  
BH42-NP-2015 BH42 River Road, Haldimand 606209 4752604 24 25.9  
BH43-NP-2015 BH43 Yaremy Road, Haldimand 600650 4750475 25.15 25.95  
BH44-NP-2015 BH44 Concession 4, Haldimand 590047 4746963 6.35 7.65  
BH45-NP-2015 BH45 King George Street, Haldimand 592302 4756018 20 21.35  
BH46-NP-2015 BH46 Brooks Road, Haldimand 594677 4759908 16.95 18.25  
BH47-NP-2015 BH47 Kohler Road, Haldimand 592676 4751165 6.75 7.4  
BH48-NP-2015 BH48 South Coast Drive, Haldimand 582035 4739230 17.95 19.15  
BH49-NP-2015 BH49 Concession 10 Walpole, Haldimand 576972 4753521 2.5 2.65  
BH50-NP-2015 BH50 Concession 10 Walpole, Haldimand 572550 4752659 7.5 8.85  
BH51-NP-2015 BH51 Line Road 2, Haldimand 580567 4759980 17.15 18.25  
BH52-NP-2015 BH52 Highway 3, Haldimand 570877 4747248 11.3 12.1  
BH53-NP-2015 BH53 Hart Road, Haldimand 614303 4758648 22.95 25.12 NPCA 
BH54-NP-2015 BH54 Haldimand Road 9, Haldimand 599393 4766673 19.35 21.4 NPCA 
BH55-NP-2015 BH55 Concession 2, West Lincoln 604910 4765617 15 17.37 NPCA 
BH56-NP-2015 BH56 Concession 5, West Lincoln 607933 4771970 20.65 21.35  
BH57-NP-2015 BH57 Woodburn Road, Hamilton 601437 4774379 23.25 29.95 Ham 
BH58-NP-2015 BH58 Onondaga Townline Road, Brant 581883 4773703 26.8 27.4  
BH59-NP-2015 BH59 Tyneside Road, Hamilton 591658 4776011 39.7 42.2 NPCA 
BH60-NP-2015 BH60 Smith Road, Hamilton 585366 4783097 32.25 34.35 NPCA 
BH61-NP-2015 BH61 Powerline Road E, Hamilton 579025 4786966 84.7 86.3  
BH62-NP-2015 BH62 Burt Road, Brant 562713 4787595 42.7 44.2  
BH63-NP-2015 BH63 Jerseyville Road W, Hamilton 572083 4783265 41.95 42.65 GRCA 
BH64-NP-2015 BH64 Alberton Road S, Hamilton 575715 4781145 23.8 25.65 Ham 
BH65-NP-2015 BH65 Westover Road, Hamilton 575009 4794991 27.2 27.48  
BH66-NP-2015 BH66 Village Road, N Dumfries 563001 4801951 12.65 15.15  
BH67-NP-2015 BH67 Concession 4 W, Hamilton 563556 4791679 15.8 17.8 Ham 
BH68-NP-2015 BH68 Lynden Road, Hamilton 568857 4789180 28.3 29.77  
BH69-NP-2015 BH69 Orkney Road, Hamilton 573651 4790276 38.23 40.57 Ham 
BH70-NP-2015 BH70 Adams Road, Brant 564808 4780501 35.35 36.52  
BH71-NP-2015 BH71 Hamilton Road, Brant 566727 4771907 43.85 44.3  
BH72-NP-2015 BH72 Niagara Street, St. Catharines 644329 4782759 18.85 19.8  
BH73-NP-2015 BH73 Fifteenth Street, Lincoln 634113 4780874 33.6 34.45  
BH74-NP-2015 BH74 Spiece Road, Lincoln 626500 4777915 8.8 9.95  
BH75-NP-2015 BH75 Inglehart Road, Grimsby 613398 4778950 14.1 15.2  
BH76-NP-2015 BH76 Garden Lane, Hamilton 585200 4801778 18.85 19.85  
BH77-NP-2015 BH77 Concession 3 Townsend, Norfolk 562792 4762132 31.65 33.25  
1Abbreviations: Brant, County of Brant; Gainsborough CA, Gainsborough Conservation Authority; Haldimand, Haldimand 

County; Hamilton, City of Hamilton; N Dumfries, Township of North Dumfries (Regional Municipality of Waterloo);  
Norfolk, Norfolk County; NOTL, Niagara-on-the-Lake; W Lincoln, Township of West Lincoln (Niagara Region);  
Wainfleet, Township of Wainfleet (Niagara Region). 

2Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17. 
3Abbreviations: GRCA, Grand River Conservation Authority; Ham, City of Hamilton; NC, Niagara College;  

NPCA, Niagara Peninsula Conservation Authority. 
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PRELIMINARY DRILLING RESULTS 

Field descriptions of the core have been used to construct a composite log that summarizes the 
stratigraphic sequence encountered (Figure 35.2) and preliminary summary logs for each borehole 
(Figures 35.3 to 35.9). A brief description of the main sediments encountered, interpreted depositional 
environments and representative photos have been included on the composite log. More detailed 
descriptions and additional photos are found in Burt (2014). The summary borehole logs are grouped 
according to location and the figures include all boreholes drilled to date. In addition, a series of 
16 boreholes from across the study area are presented on a single figure to illustrate the full range of 
bedrock and sediment characteristics (Figure 35.10). The final logs, along with detailed descriptions, 
sample results, geophysical profiles, interpretations and well construction details, will be released after all 
drilling activities have been completed. 

Bedrock 
The study area is underlain by southward-dipping Ordovician, Silurian and Devonian bedrock 

formations, elements of which give rise to the prominent features of the Niagara and Onondaga 
escarpments. The Niagara Escarpment generally follows the southern shore of Lake Ontario and is 
bisected by deep and partially infilled re-entrant bedrock valleys extending to the south. Below the 
escarpment, the Ordovician Queenston Formation shale bedrock surface steps down toward Lake Ontario 
and is dissected by channels that extend from the re-entrant bedrock valleys north toward the lake or east 
toward the Niagara River. Several of these valleys were detected by the ground gravity survey (Ontario 
Geological Survey 2014). These, and other suspected valleys, are revealed by the lower bedrock 
elevations in BH73, BH33, BH17 and BH01 (see Figure 35.3). 

Eramosa Formation bituminous dolostone and Guelph Formation vuggy dolostone were intersected 
above the Niagara Escarpment cuesta. Deep and narrow re-entrant valleys, such as the Redhills, Erigan 
and St. David’s valleys, incise these relatively resistant formations (e.g., see Figure 35.5: BH09). The 
valleys are filled with Quaternary sediments along most of their length and are only visible at surface 
where partially re-excavated along the escarpment. The valleys continue south, likely broadening where 
they cross the softer, Salina Group black shales and gypsum (e.g., see Figure 35.7: BH29, BH08, BH13, 
BH05, BH27, BH10, BH09, BH14 and BH15). The deeper and broader eastward-trending Dundas 
bedrock valley system is located in the northwestern portion of the study area. The boreholes on Figure 
35.4 straddle this valley system. 

The Onondaga escarpment is much more subdued and trends eastward across the study area, angling 
away from the Lake Erie shore in the west. Devonian Onondaga Formation cherty limestone and Dundee 
Formation limestone were intersected above this escarpment. The Erigan channel and numerous small and 
relatively shallow re-entrant bedrock valleys extend south from the Onondaga escarpment (e.g., see 
Figure 35.8: BH24; see also Figure 35.9: BH32). Between the 2 escarpments, the bedrock surface dips 
southward and eastward forming a relatively deep basin in the east-central portion of the study area. The 
eastward-dipping trend is best illustrated by boreholes following the Niagara Escarpment (see Figure 
35.5) and the west Salina basin area (see Figure 35.6), whereas boreholes BH36, BH74 and BH04 (see 
Figure 35.5) highlight the higher elevations close to the escarpment. 

Quaternary Sediments 
The Quaternary sediments have been grouped into a series of regional-scale sediment packages as 

previously defined and described by Feenstra (1981) and Menzies and Taylor (1998). A composite log, 
presented in Figure 35.2, provides a brief description of the typical sediments encountered in each 
sediment package. More detailed descriptions and additional photos may be found in Burt (2014). 
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Figure 35.2.  Composite log of Quaternary sediments in the Niagara Peninsula study area. 
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Figure 35.3.  Summary logs of boreholes drilled below the Niagara Escarpment; for information on borehole locations, see figure 
inset, Figure 35.1 and Table 35.1. 
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Figure 35.4.  Summary logs of boreholes drilled in the Hamilton–Dundas buried-bedrock valley area; for information on 
borehole locations, see figure inset, Figure 35.1 and Table 35.1. 
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Figure 35.5.  Summary logs of boreholes drilled in the Niagara Escarpment area; for information on borehole locations, see 
figure inset, Figure 35.1 and Table 35.1. 
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Figure 35.6.  Summary logs of boreholes drilled in the western Salina basin area; for information on borehole locations, see 
figure inset, Figure 35.1 and Table 35.1. 
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Figure 35.7.  Summary logs of boreholes drilled in the Erigan channel–Fonthill ice contact–delta complex area; for information 
on borehole locations, see figure inset, Figure 35.1 and Table 35.1. 
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Figure 35.8.  Summary logs of boreholes drilled in the Chippawa channel–eastern Salina basin area; for information on borehole 
locations, see figure inset, Figure 35.1 and Table 35.1. 
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Figure 35.9.  Summary logs of boreholes drilled in the Onondaga escarpment area; for information on borehole locations, see 
figure inset, Figure 35.1 and Table 35.1. 
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Figure 35.10.  Summary logs of project-wide representative boreholes demonstrating the range in elevations (surface and bedrock), 
depths drilled and sediments observed in 2014 and 2015; for information on borehole locations, see figure inset, Figure 35.1 and 
Table 35.1. 
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LOWER DRIFT PACKAGE 

The lower drift package, representing the oldest Quaternary sediments encountered to date, extends 
across the study area and ranges from as little as a few centimetres of silt and/or sand till around the 
Dundas Valley (e.g., see Figure 35.4: BH70, BH64 and BH61) and overlying both escarpments (e.g., see 
Figure 35.5: BH57, BH36, BH56, BH75, BH06 and BH02) to several metres of stony silt to sand till 
within the Salina basin (e.g., see Figure 35.6: BH54, BH55 and BH42; see also Figure 35.8: BH31, BH03 
and BH26). The partially buried drumlins, located below the Onondaga escarpment in the west-central 
part of the study area, are composed of this till (e.g., see Figure 35.9: BH45). The tills have previously 
been correlated with either Wentworth Till (Feenstra 1981) or a longer Catfish Creek Till–Wentworth Till 
continuum (Bajc and Dodge 2011; Feenstra 1981). Locally (e.g., see Figure 35.7: BH10), the lower drift 
package is characterized by interbedded gravel, dirty gravel and diamicton (possibly eskers), whereas 
thicker, clean glaciofluvial gravel and/or sand (water bearing) was encountered in boreholes BH01 (see 
Figure 35.3), BH08 (see Figure 35.7), BH14 and BH25 (see Figure 35.8). Boreholes drilled below the 
Niagara Escarpment typically had a more complex lower drift package with highly variable diamicton 
units interbedded with stratified sediments (e.g., see Figure 35.3: BH17, BH19 and BH20) possibly 
reflecting grounding lines or ice-marginal positions. 

LOWER GLACIOLACUSTRINE UNIT 

The lower glaciolacustrine unit extends across the study area, although it is difficult to distinguish it 
from the upper glaciolacustrine unit where the intervening Halton drift is absent (e.g., see Figure 35.4: 
BH64; see also Figure 35.7: BH13, BH27 and BH10; see also Figure 35.9: BH52, BH51, BH48 and 
BH44). The unit is characterized by laminated, rhythmically bedded, bedded and graded clay, silty clay 
and clayey silt deposited under quiet deep-water conditions in glacial lakes Whittlesey and Warren 
following the retreat of Wentworth ice. Sharp contacts between the lower drift package and overlying 
fine-textured glaciolacustrine sediments are suggestive of a rapid flooding of the basin. Beds with 
abundant rip-up clasts of silt and clay, sand and granules typically characterize the basal portions of this 
unit. In places, the lower glaciolacustrine unit is slightly to highly deformed, with folded and contorted 
bedding, faulting and shearing being observed in the core. This deformation may be attributed to 
slumping, overriding by glacial ice and/or iceberg scouring. Debris-flow sediments at or near the top of 
this unit indicate proximity to glacial ice. 

HALTON DRIFT 

Halton drift was found across the study area extending south over the Onondaga escarpment. This 
unit incorporates a wide range of facies deposited during the advance and retreat of Halton ice. Thick 
beds of somewhat stony to stony silt to clay diamicton are found immediately down-ice of the Niagara 
Escarpment and in some recessional moraines (e.g., see Figure 35.5: BH59, BH57, BH36, BH56, BH75, 
BH35, BH34 and BH74). The stone content decreases farther from the escarpment, and stone-poor clayey 
diamicton, often with abundant, deformed clay and silty clay laminations, beds and blocks, becomes the 
dominant Halton unit facies (e.g., see Figure 35.7: BH29, BH05, BH06 and BH15). There are also many 
examples of interbedded very thin to thick diamicton and glaciolacustrine sediment units representing 
deposition from floating ice (ice shelf and/or icebergs; e.g., see Figure 35.6: BH71, BH07; see also Figure 
35.8: BH15 and BH21). In some places, Halton drift is dominated by glaciolacustrine sediments with only 
thin diamicton beds and discontinuous stringers (e.g., see Figure 35.6: BH55). In some of these boreholes 
(e.g., see Figure 35.7: BH13 and BH10; see also Figure 35.8: BH03), the Halton unit diamicton does not 
appear on the preliminary logs. Rarely, sand and silty fine-textured sand is interbedded with clayey or silty 
diamicton (e.g., see Figure 35.7: BH08 and BH09), reflecting an ice-proximal depositional environment. 
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The Fonthill ice contact–delta complex, deposited in a re-entrant along the Halton ice margin in the 
east-central study area, rises far above the surrounding landscape. Over 75 m of gravelly sand, sand and 
silty sand overlying interbedded diamicton and glaciolacustrine silt and clay recording a prograding delta 
was observed in BH30 (see Figure 35.7), whereas BH09, located off the eastern flank of the delta 
complex, has over 50 m of interbedded deltaic silt and sand, silty diamicton (reflecting local influences) 
and sporadic deeper water glaciolacustrine sediments that were likely deposited when the main sediment 
supply was cut off. Similarly, sandy deposits, reflecting the influence of the retreating ice margin, were 
observed in the northwestern part of the study area overlying the Waterdown moraines (see Figure 35.4: 
BH76) where they form a buried-bedrock valley fill (see Figure 35.4: BH65), and adjacent to (and partially 
filling) the Dundas buried-bedrock valley (see Figure 35.4: BH61 and BH60). These findings are 
consistent with the interbedded diamicton, silt and sand, collectively referred to as Halton Drift, observed 
in previously drilled boreholes along the axis of the buried Dundas valley (Marich et al. 2011). 

UPPER GLACIOLACUSTRINE UNIT 

Following the retreat of Halton ice north of the Niagara Escarpment, glaciolacustrine sedimentation 
once again dominated the region. Lake levels dropped to the Grassmere, Lundy, Dana and Dunnville 
levels progressively exposing the newly deposited lake sediments from west to east (Feenstra 1981). In 
the western portion of the study area, the upper glaciolacustrine unit is dominated by rhythmically bedded 
silt and clay (see Figure 35.4), becoming increasingly clay rich in the central (see Figure 35.6) and eastern 
portions (see Figure 35.8) of the study area, and range from undisturbed to slightly deformed to highly 
deformed sediments. As previously noted, these sediments are indistinguishable from the lower 
glaciolacustrine sediments because they were deposited in similar quiescent deep-water depositional 
environments. Boreholes located close to the Fonthill ice contact–delta complex (e.g., see Figure 35.7: 
BH06 and BH10) are more silt rich than surrounding boreholes. Other boreholes contain thin, sandy 
sediments at the top of the sequence that were deposited in the Dunnville delta, which formed at the 
mouth of an early Grand River (e.g., see Figure 35.7: BH29, BH08 and BH13; see also Figure 35.6: 
BH53 and BH40). 

GLACIAL LAKE IROQUOIS SEDIMENTS 

As Halton ice retreated north of the Niagara Escarpment and lake levels continued to drop, the 
Onondaga and Niagara escarpments bordered distinct lake basins. Glacial Lake Iroquois formed between 
the Niagara Escarpment and the retreating ice front. Water levels in the newly formed glacial Lake 
Iroquois dropped, and then rose again to the main stand in response to rapid isostatic uplift of the eastern 
outlet. There are extensive deposits of glacial Lake Iroquois nearshore sands adjacent to Lake Ontario 
(e.g., see Figure 35.3: BH73 and BH72). Deeper water glacial Lake Iroquois sediments are found at 
surface around Niagara-on-the-Lake and north of the main glacial Lake Iroquois shore bluff (e.g., see 
Figure 35.3: BH20, BH16 and BH19). Sandy gravel observed in the upper portions of BH73 and BH19 
(see Figure 35.3) is interpreted as beach deposits. 

PROJECT PLAN 

A third drilling program is planned for 2016 focussing on the infills of the St. David’s buried gorge 
and the Dundas buried-bedrock valley, as well as the far southwestern corner of the study area. It is 
anticipated that monitoring wells will continue to be installed by project partners and other agencies at 
sites of greatest hydrogeologic interest. An interactive borehole database will be released after drilling is 
completed and results of analytical work have been received. A standardized database will be assembled 
from existing sources of subsurface information and used for the construction of a 3-D geologic model 
and the generation of derivative products. 



Earth Resources and Geoscience Mapping Section (35)  A.K. Burt 

35-17 

ACKNOWLEDGMENTS 

Each field season brings new challenges and triumphs. Desmond Rainsford (OGS), André Pugin 
(GSC) and Heather Crow (GSC) have developed and executed a geophysical program designed to answer 
many of the outstanding questions about the Erigan and Chippawa channels. The continued enthusiasm, 
logistical support and funding for monitoring-well installations provided by Jayme Campbell (Niagara 
Peninsula Conservation Authority), Sonia Strynatka (Grand River Conservation Authority) and Carmen 
Ches (City of Hamilton) make it all worthwhile. Countless people in county and township offices across 
the study area have once again made the permitting process as painless as possible. 

The real stars of the drilling program were the people who I was fortunate enough to work with each 
day. Don Grant (Aardvark Drilling), and his revolving team of helpers, continued to provide the drilling 
expertise, logistical support and interest in the project that I have come to rely on. This year, my team was 
ably and enthusiastically rounded out by David Bowman (McMaster University Integrated Science 
Program). David took on the seemingly thankless tasks of endless sampling, pocket penetration 
measurements and public communication while managing to keep our work sites organized and efficient. 
No less important were the questions and discussions that made me think! 

REFERENCES 
Bajc, A.F. and Dodge, J.E.P. 2011. Three-dimensional mapping of surficial deposits in the Brantford–Woodstock 

area, southwestern Ontario; Ontario Geological Survey, Groundwater Resources Study 10, 86p. 

Burt, A.K. 2013. The Niagara Peninsula study: A new three-dimensional Quaternary geology mapping project; in 
Summary of Field Work and Other Activities 2013, Ontario Geological Survey, Open File Report 6290, p.38-1 
to 38-21. 

——— 2014. Penetrating Niagara with three-dimensional mapping; in Summary of Field Work and Other Activities 
2014, Ontario Geological Survey, Open File Report 6300, p.32-1 to 32-18. 

Burt, A.K. and Dodge, J.E.P. 2011. Three-dimensional modelling of surficial deposits in the Barrie–Oro moraine 
area of southern Ontario; report in Ontario Geological Survey, Groundwater Resources Study 11, 125p. 

Feenstra, B.H. 1981. Quaternary geology and industrial minerals of the Niagara–Welland area, southern Ontario; 
Ontario Geological Survey, Open File Report 5361, 260p. 

Janzen, B. 2015. Microstructural analysis of ice marginal deposition, northeast Niagara peninsula, southern Ontario; 
unpublished BSc thesis, Brock University, St. Catharines, Ontario, 47p. 

Marich, A.S., Priebe, E.H., Bajc, A.F., Rainsford, D.R.B. and Zwiers, W.G. 2011. A geological and hydrogeological 
investigation of the Dundas buried bedrock valley, southern Ontario; Ontario Geological Survey, Groundwater 
Resources Study 12, 248p. 

Menzies, J. and Taylor, E.M. 1998. Urban geology of St. Catharines–Niagara Falls, Region Niagara; in Urban 
geology of Canadian cities, Geological Association of Canada, Special Paper 42, p.287-321. 

Ontario Geological Survey 2011. 1:250 000 scale bedrock geology of Ontario; Ontario Geological Survey, 
Miscellaneous Release—Data 126–Revision 1. 

——— 2014. Ontario geophysical surveys, ground gravity data, grid and point data (ASCII and Geosoft® formats) 
and vector data, Niagara area; Ontario Geological Survey, Geophysical Data Set 1073. 

Pugin, A.J.-M., Pullan, S.E. and Hunter, J.A. 2009. Multicomponent high-resolution seismic reflection profiling, 
The Leading Edge, October 2009, v.28, no.10, p.1248-1261. 



 

Summary of Field Work and Other Activities 2015,  
Ontario Geological Survey, Open File Report 6313, p.36-1 to 36-8. 
 
© Queen’s Printer for Ontario, 2015 

36-1 

36.  Project Unit 13-018.  Filling 
Groundwater Data Gaps in the 
Niagara Region to Assist  
Decision-Making Processes 
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INTRODUCTION 

In 2013, the Ontario Geological Survey (OGS) commenced a three-dimensional (3-D) mapping 
project focussed on the Quaternary sediments of the Niagara Peninsula (Burt 2013, 2014; see also Burt, 
this volume). The OGS was responding to Niagara Region and Niagara Peninsula Conservation Authority 
(NPCA) proposals to address geological framework data gaps. In year 2 of the OGS study (Burt 2014), 
Niagara WaterSmart funded an OGS–NPCA partnership to address gaps in the hydrogeological regime 
that had been identified by Source Water Protection studies (Niagara Peninsula Conservation Authority 
and AquaResource Inc. 2010). Addressing these gaps will inform effective groundwater management in 
Niagara (Council of Canadian Academies 2009; Figure 36.1). 

In 2014, 18 groundwater monitoring wells were constructed to study 3 buried-bedrock valley systems 
that begin at Lake Erie and have aquifer potential (Flint and Lolcama 1986) (Figure 36.2): 1) the Erigan 
channel, 2) the Chippawa–Niagara Falls channel and 3) the Crystal Beach channel. The monitoring wells 
were screened in the most transmissive unit as determined during borehole advancement (Burt 2014). 
Most wells monitor the uppermost bedrock unit with a 3 m screen, although some 1.5 and 4.6 m screens 
were used, and some wells monitor both sediment and bedrock (Figures 36.3 and 36.4). 

GEOLOGICAL CONTEXT 

The Niagara Peninsula is underlain by Ordovician red and green shale below the Niagara 
Escarpment, relatively resistant Silurian dolostone forming the Niagara Escarpment cuesta and softer 
black shale and gypsum forming a shallow basin in the central peninsula, and Devonian limestone above 
the Onondaga escarpment. A series of buried-bedrock valleys, with the potential to host sediment 
aquifers, dissect the bedrock surface. These valleys are only evident at the ground surface where they 
cross the escarpments (for more information on bedrock and the buried valleys, see Burt 2013, 2014; see 
also Burt, this volume). 

The Quaternary sediment cover across the Niagara Peninsula, the majority of which was deposited 
after the Late Wisconsinan glacial maximum, has been grouped into a series of regionally identified 
sediment packages (for more detailed descriptions, representative photographs and summary logs, see Burt 
2013, 2014; see also Burt, this volume). The lower drift package, representing the oldest Quaternary 
sediments recognized to date, consists of stony silt to sand till (e.g., see Figure 36.4: BH13, BH11, BH31 
and BH26) with local deposits of interbedded gravel, dirty gravel and diamicton (possibly eskers) (e.g., see 
Figure 36.3: BH10) and clean glaciofluvial gravel and/or sand (water bearing) (e.g., see Figure 36.3: BH08; 
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see also Figure 36.4: BH14). The lower drift package is overlain by a lower glaciolacustrine unit of 
rhythmically bedded silt and clay deposited in glacial lakes Whittlesey and Warren (e.g., see Figure 36.3: 
BH32 and BH09). A final ice advance out of the Lake Ontario basin deposited Halton drift, which is 
dominated by stone-poor to somewhat stony clayey diamicton, often with abundant deformed clay and 
silty clay laminations, beds and blocks (intraclasts) (e.g., see Figure 36.3: BH32 and BH33; see also 
Figure 36.4: BH05, BH15, BH11, BH31 and BH26). The Halton unit also includes glaciolacustrine 
sediments with thin diamicton beds and discontinuous stringers and, more rarely, silt to sand is 
interbedded with diamicton (e.g., see Figure 36.3: BH08 and BH09). The gravelly sand, sand and silty 
sand Fonthill ice contact–delta complex, deposited in a re-entrant along the Halton ice margin in the east-
central part of the study area, forms an important regional groundwater recharge area. Following the 
retreat of Halton ice north of the Niagara Escarpment, glaciolacustrine sedimentation once again 
dominated the region. Upper glaciolacustrine unit rhythmically bedded clay and silty clay blankets the 
underlying Halton unit across most of the region and, collectively, they form an effective confining layer. 
Boreholes located close to the Fonthill ice contact–delta complex (e.g., see Figure 36.3: BH10 and BH09) 
have more silt-rich upper glaciolacustrine unit sediments than observed in surrounding boreholes. Other 
boreholes are capped with thin sandy sediments deposited in a delta that formed at the mouth of an early 
Grand River (e.g., see Figure 36.3: BH08; see also Figure 36.4: BH13). Glacial Lake Iroquois formed 
below the Niagara Escarpment as the ice continued to retreat northward and eastward. There are extensive 
deposits of Lake Iroquois nearshore sands near Lake Ontario, whereas deeper water silts and clays are 
found at surface around Niagara-on-the-Lake and north of the main glacial Lake Iroquois shore bluff. 

 

Figure 36.1.  Work flow from database to decision making, highlighting the importance of establishing a geological framework 
and hydrogeological regime early in the process (from Oak Ridges Moraine Coalition 2011, p.4). 
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Figure 36.3.  Summary of the lithology, screened interval and June 2015 water levels in monitoring wells constructed along the Erigan 
channel.  Monitoring well locations are shown on the inset map.  Numbers on the flow-direction line refer to static water level. 
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Figure 36.4.  Summary of the lithology, screened interval and June 2015 water levels in monitoring wells constructed along the 
Chippawa–Niagara Falls channel.  Monitoring well locations are shown on the inset map.  Numbers on the flow-direction line 
refer to static water level. 
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CURRENT FIELD ACTIVITIES 
In 2015, NPCA activities focussed on implementing a bedrock valley aquifer monitoring program 

using the borehole locations constructed in 2014. The NPCA’s program approach (Table 36.1) is based 
primarily upon protocols developed by the Ministry of the Environment and Climate Change’s Provincial 
Groundwater Monitoring Program. Single-well response tests were conducted for a minimum of 1 hour 
using a submersible pump with a maximum flow rate of 20 L per minute (note: wells are 63 mm in 
diameter, which limits pump options). In 8 of the tests, drawdowns were minimal, ranging from 0.6 to 0.1 m. 
To increase the drawdown response, a jet pump was used at these higher producing wells, resulting in flow 
rates between 86 and 170 L per minute (Table 36.2). Equipment limitations prevented even higher rates. In 
some cases, constant-head injection testing rather than discharge testing was used, as deeper water levels 
exceeded the pump’s range. 

Table 36.1.  List of tasks for the Niagara Peninsula Conservation Authority groundwater monitoring program. 

Groundwater Monitoring Program Tasks 
• Landowner access agreements for sites, including annual insurance requirements 
• Well development using compressed air to remove drilling mud and estimate a well flow rate 
• Rustproof, label with agency contact details, and safety flag wells for education and protection 
• Survey well casings for reference elevation  

(in metres above sea level (m asl) and Universal Transverse Mercator (UTM) co-ordinates) 
• Collect and store monthly manual water levels 
• Install and maintain data-logging pressure transducers for hourly pressure measurements 
• Complete single-well tests using submersible or jet pumps, by discharge and/or injection methods 
• Water quality sampling (minimum annually) after well purging and field parameter stabilization 

Table 36.2.  Discharge and injection rates for high-producing wells. 

Borehole Well Name (and Location) Test Type Rate 
(L per minute) 

Water Level Change 
(m) 

Erigan channel 
BH27 Gents Road 

(Wainfleet) 
Discharge 20 −0.14 
 114 −2 

BH09 Glynn A Green 
(Glynn A Green School, Pelham) 

Discharge 16 −0.7 
Injection 161 4 

Chippawa–Niagara Falls channel 
BH13 Concession 1 

(Wainfleet) 
Discharge 20 −0.4 
 98 −5 

BH05 Public Works 
(Civic Complex, Wainfleet) 

Discharge 20 −0.1 
 117 −1.2 

BH14 Townline 
(Townline Road, Wainfleet) 

Discharge 20 −0.1 
Injection 147 3 

BH26 Oak Hall 
(Portage Road, Niagara Falls) 

Discharge 14 −0.6 
Injection 170 1 

Crystal Beach channel 
BH25 College 

(Niagara Parkway, Fort Erie) 
Discharge 20 −0.5 
 86 −4 

Other 
BH01 Glendale (Niagara College, Niagara-

on-the-Lake) 
Discharge 20 −0.2 
Injection 208 5 
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In 2015, following a second Niagara WaterSmart grant, 5 monitoring wells were constructed in OGS 
boreholes along the groundwater flow profile of the Upper Welland River Watershed, NPCA’s largest 
subwatershed (see Figure 36.2). All of these wells were screened in the uppermost bedrock unit. The 
purpose of the monitors is to characterize the Upper Welland River Watershed groundwater system and 
serve as “golden-spike” locations for a geochemistry study of the western Niagara Peninsula (see 
McEwan et al., this volume), complementing existing NPCA wells (Binbrook, W0000287 and W000080) 
(see Figure 36.2). As part of this study, all 23 monitoring wells constructed in collaboration with the 
OGS, as well as an additional 5 pre-existing locations along the transects, were sampled by McEwan for a 
variety of geochemical analyses. 

PRELIMINARY RESULTS 

Groundwater elevations in the upper bedrock aquifer show an overall descending trend from Lake 
Erie to Lake Ontario along the Erigan channel (see Figure 36.3). Channel groundwater tritium 
concentrations (south of the Welland River) were very low (Table 36.3), suggesting minimal recharge 
from Lake Erie. The Fonthill ice contact–delta complex forms an important recharge area for the bedrock 
aquifer system as clearly shown by a 5 m rise in water level beneath it. 

Groundwater elevations along the Chippawa–Niagara Falls channel clearly show the cone of 
depression from 40+ years of dewatering the Welland Canal Townline Tunnel (see Figure 36.4). 
Groundwater tritium concentrations near Lake Erie (south of the Welland River) in this channel were not 
detectable (see Table 36.3), suggesting a lack of recent recharge. 

Most waters sampled from the confined bedrock valley aquifers in the fall of 2014 were anoxic, 
sulphurous and brackish (1000 to 10 000 ppm total dissolved solids), except at the Fonthill ice contact–
delta complex. Based on available information, the bedrock valley aquifer systems appear to align well 
with the Intermediate Regime Sulphur Water System as described by Carter et al. (2014). Initial water 
chemistry results compare well with those reported previously by the OGS (Hamilton et al. 2011) and 
further identify naturally occurring groundwater concerns for boron, fluoride and sodium, all of which 
occur above the Ontario Drinking Water Standards. 

Table 36.3.  Results of tritium analyses for water sampled from boreholes in the Erigan, Chippawa–Niagara Falls and 
Crystal Beach channels. 

Borehole Well Name (and Location) Value (tritium units) 
Erigan channel 
BH32 Monument (North Shore Drive, Haldimand County) 2.7 
BH08 Case Bell (Case Road, Wainfleet) 3.7 
BH27 Gents Road (Wainfleet) 1.3 
Chippawa–Niagara Falls channel 
BH13 Concession 1 (Wainfleet) <0.8 
BH05 Public Works (Civic Complex, Wainfleet) <0.8 
BH14 Townline (Townline Road, Wainfleet) <0.8 
Crystal Beach channel 
BH24 Stevensville (Stevensville Road, Fort Erie) 1.6–2.3 
BH25 College (Niagara Parkway, Fort Erie) 2.7 
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PROJECT PLAN 
Additional monitoring wells will be constructed adjacent to BH60 (Smith Road) and BH09 (Glynn 

A. Green School) as overburden aquifers appear to be recharging the bedrock system at these locations. 
The nested wells will be used to understand the interaction between the 2 aquifer systems. Monitoring 
program start-up tasks will continue for wells constructed in 2015. 

Two 2014 monitoring wells will be tested by constant-head injection testing using the jet-pump 
system in the fall of 2015. Ongoing manual and datalogger water-level monitoring, well maintenance and 
sampling will continue into 2016. Results of single well response testing will be analyzed to determine 
hydraulic conductivities. Priority locations for 2016 pumping tests will be identified. 

A database will be assembled for management of the water level and water chemistry information. 
Landowners will be notified if the quality of their water exceeds Ontario Drinking Water Standards. 
Results will be analyzed in collaboration with McMaster University and the OGS. 
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the Niagara Peninsula 
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1School of Geography and Earth Sciences, McMaster University, Hamilton, Ontario  L8S 4L8 
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INTRODUCTION 

The need for a high-density study of groundwater geochemistry in the Niagara Peninsula was 
identified following the collection of field data during the 2010 field season of the Ontario Geological 
Survey Ambient Groundwater Geochemistry Program (Hamilton, Freckelton and Mariotti 2010). 
Anomalously high concentrations of geochemical parameters, including sulphate, magnesium, calcium, 
total organic carbon, rare earth elements, and fecal and total coliform bacteria, were identified in water 
from bedrock wells on the Niagara Peninsula and studied as part of an undergraduate thesis (Matheson 
2012). These geochemical parameters have spatial trends that were found to cross formational boundaries, 
and groundwater with similar geochemical character was observed to occur in several different 
formations (Hamilton, Freckelton and Mariotti 2010; Matheson; 2012; Jagger Hims Ltd. 2009). Spatial 
correlation between past or present gas fields and these geochemical trends, and a number of other lines 
of evidence led Matheson (2012) to propose improperly abandoned gas wells as one of the possible 
factors impacting groundwater geochemistry. Matheson (2012) concluded that further work and higher 
density sampling with additional geochemical parameters were required to better delineate the specific 
areas affected and the nature of the groundwater geochemical anomaly. 

Field work in the summer of 2015 achieved this goal by increasing the bedrock-well sampling 
density fourfold and including a wider range of parameters, such as δ13CDIC, δ13CDOC, δ13CCH4, δ34SSO4, 
δ34SH2S and CH4 collection by headspace analysis. Samples were collected following the protocols of the 
Ambient Groundwater Geochemistry Program (Hamilton, Freckelton and Mariotti 2010; Hamilton 2015) 
in domestic bedrock-groundwater wells, springs and monitoring wells. A total of approximately 180 
samples were collected on the Niagara Peninsula: 150 samples during the regular field season (May to 
June 2015) and 30 samples during the late summer–early fall as a collaborative project with the Niagara 
Peninsula Conservation Authority. The consistent geochemical sample collection procedures, covering an 
area from Port Dover, in the west, to the Niagara River, in the east, provides the largest and most 
analytically complete groundwater geochemical data sets collected to date on the Niagara Peninsula. 

This report summarizes preliminary results of field work in support of a Master of Science thesis, by 
the senior author, at McMaster University, started in 2014 under the supervision of Dr. Greg Slater and 
supported by the Ontario Geological Survey. The collection of geochemical and isotopic samples in the 
summer of 2015 is the field component of a study that seeks to delineate the source of highly mineralized 
groundwater in bedrock wells within the Niagara Peninsula. 
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STUDY AREA 
The 2015 study area encompasses the Niagara Escarpment to the north, Lake Erie to the south, 

Hamilton to the west and a north-south transect from Lowbanks to Vineland in the east. In each 5 by 5 km 
node across the study area, 1 geochemical and isotopic sample set was taken from a well completed in the 
bedrock or “overburden–bedrock contact” aquifers. Additional sampling using the protocols and methods 
of the Ambient Groundwater Geochemistry Program was completed in the eastern Niagara Peninsula in 
collaboration with the Niagara Peninsula Conservation Authority. This sampling was completed in 
monitoring wells installed by the Ontario Geological Survey as part of the three-dimensional Quaternary 
mapping project, with support from the Niagara Region Conservation Authority (Burt 2014). The study 
area encompasses 4 conservation authorities: the Niagara Peninsula Conservation Authority, the Grand 
River Conservation Authority, the Long Point Conservation Authority and the Hamilton Conservation 
Authority (Figure 37.1). Communities in the study area include (from east to west) Pelham, Wainfleet, 
Lowbanks, Dunnville, Lincoln, Smithville, Cayuga, Grimsby, Binbrook, Hamilton, Caledonia, 
Hagersville and Port Dover. 

GEOLOGIC SETTING 
The Niagara Peninsula lies within the Paleozoic Appalachian Basin, east of the Algonquin Arch 

(Armstrong and Carter 2010; Johnston et al. 1992), which is a northeast-trending tectonic ridge, active 
from the Precambrian through the Paleozoic; the axis of the arch trends through the centre of southern to 
southwestern Ontario. The arch separates the 2 major sedimentary basins in southern Ontario: the Michigan 
Basin to the west and the Appalachian Basin to the east (Johnston et al. 1992). Paleozoic sedimentary 
rocks of Devonian to Silurian age overlie the Precambrian basement on the Niagara Peninsula. These 
sedimentary units dip 3 to 12 m/km southwest, increasing with depth (Armstrong and Carter 2010). 

 

Figure 37.1.  Extent of the study area, sampling locations and conservation authority jurisdiction.  Major communities are 
labelled on the map to provide spatial reference.  The 5 by 5 km grid system (red grid lines) used for sampling is shown. 
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Sedimentary units exposed on surface within the study area include the Devonian Dundee, 
Onondaga, Bois Blanc and Oriskany formations; the Upper Silurian Bertie (Bass Islands) formation and 
Salina Group, and the Lower Silurian Lockport Formation (Armstrong and Carter 2010; Armstrong 
2007). The Dundee and Onondaga formations are characterized by fossiliferous limestones with abundant 
chert nodules. In a few select locations within the study area (Armstrong and Dodge 2007), the Oriskany 
Formation sandstone overlies infilled sinkholes formed from the collapse of Silurian units as a result of 
salt dissolution during the Paleozoic. The Onondaga Formation is exposed at many locations in the study 
area, including Hemlock Creek near Selkirk, Ontario (Armstrong and Carter 2010). Upper Silurian units 
in the Niagara Peninsula comprise dolostones with minor shale components and laminations (Bertie 
Formation), very fine to crystalline dolostones (Bass Islands Formation); dolostones with intermittent 
shale layers and gypsum nodules (Salina Group); and medium to thickly bedded, fine- to medium-
crystalline dolostones (Guelph Formation). Lower Silurian units in the study area comprise dolostones of 
the Gasport and Goat Island formations and the Eramosa member of the Lockport Formation. 

Glacial sedimentary drift cover is thin over much of the Peninsula except in the vicinity of 3 known 
buried-bedrock valleys (Flint and Lolcama 1986; Armstrong 2007) (see also Campbell and Burt, this 
volume, Figure 36.2). The most significant buried-bedrock valley in the study area is the Erigan channel, 
trending approximately north from Lowbanks, near the shore of Lake Erie, to Fonthill, just north of 
Welland (Armstrong 2007). The St. David’s and Crystal Beach bedrock channels (Flint and Lolcama 
1986) are located east of the Ontario Geological Survey sampling area for 2015 (this study). Glacial cover 
is thinnest at the crest of the Niagara and Onondaga escarpments (Menzies and Taylor 1998) and thickens 
in the Salina trough, which is a bedrock low between the 2 escarpments and trending from Brantford to 
Welland along the strike of the Salina Group (F.R. Brunton, Ontario Geological Survey, personal 
communication, 2014). 

 

Figure 37.2.  Bicarbonate concentrations (mg/L HCO3) using field alkalinity measurements (for explanation, see “Preliminary 
Results and Discussion”) superimposed on the Paleozoic geology of the study area.  Geology from Armstrong and Dodge (2007). 
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METHODS 

From the results of the Ambient Groundwater Geochemistry Program conducted in 2010, the need 
for resampling at past sites and higher density sampling in the region was identified. At a density of 
1 sample per 5 by 5 km grid across the Niagara Peninsula, samples were collected from a well completed 
in bedrock or from the bedrock–overburden contact aquifer. Samples were collected in domestic wells 
following the protocols of the Ambient Groundwater Geochemistry Program. Homeowners with domestic 
wells drilled to bedrock were contacted and asked if they were willing to participate in the scientific 
study; if they agreed, then the raw, untreated groundwater was sampled from their well. Groundwater 
samples were collected at regular intervals across the study area and should be sufficient to characterize 
regional groundwater chemistry in bedrock aquifers. 

Approximately 155 samples were collected in the summer of 2015 from domestic, farm and 
monitoring wells and from several groundwater-fed springs. In addition, quality-control samples (~15%: 
blanks, standards and duplicates) were submitted with the collected samples for laboratory analyses, for a 
total of 180 samples. Approximately 20 monitoring wells were sampled in the study area using consistent 
sample collection protocols. 

Upon arrival at a potential sampling site, the homeowner was asked 1) to confirm that they have a 
water well drilled to bedrock and 2) if they would allow sampling for research purposes. In many cases, 
residential water supplies are obtained from cisterns or holding tanks and, often in these cases, the pre-
existing well on the property has been abandoned. In some cases, homeowners did not fully 
decommission such wells, but removed all plumbing and left wells unused. In a few cases, when no other 
bedrock water well within the 5 by 5 km grid was available for sampling, unused domestic wells were 
sampled using the same sampling procedures as for monitoring wells (i.e., purging of at least 3 well 
volumes). With the identification of a bedrock water well on a homeowner’s property and with 
permission from the homeowner, a short interview was conducted. The homeowner was asked about the 
age and depth of the well, if there was an access point to allow sampling of water prior to treatment, what 
water treatment systems are in place, and their subjective observations about the quality and quantity of 
their well water. 

Prior to sampling, a visual inspection of the well was conducted and measurements were collected. 
Measurements include diameter of the well casing, the distance the well casing projects from surface, 
depth of the well and the static water level prior to the start of sampling. In cases where the well cap could 
not be removed because it was buried, had a sanitary seal or was otherwise inaccessible, static water 
levels from the Ministry of Environment and Climate Change water-well record were used. Signs of any 
compromised well-head security were noted and the type of well cap used was recorded. Well locations 
were determined using a global positioning system device and transferred into geographic information 
software (ESRI® ArcGIS®). 

During purging prior to sample collection, a YSI multi-parameter probe and YSI ProODO® Optical 
Dissolved Oxygen meter equipped with a Juniper® Systems Archer Field PC® (handheld device) recorded 
field parameters in a flow-through cell. Prior to collecting a sample at a domestic well or farm well, the 
well and plumbing were purged until stable values of geochemical parameters (temperature, conductivity, 
oxidation–reduction potential) were observed, as measured by the multi-parameter instrument. Monitoring 
wells were purged until a minimum of 3 well volumes had been removed and stable field parameters were 
observed. Spring samples were obtained at the source of the groundwater discharge by direct collection or 
with a peristaltic pump into the measurement apparatus. 

A three-point calibration of pH was carried out each day using pH 4, pH 7 and pH 10 calibration 
standards (Photo 37.1A). Conductivity was calibrated at the beginning of the field season, and checked 
every morning to ensure readings were within 5% of the calibration standard. Oxidation–reduction 
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potential was not calibrated, and not used as a definitive geochemical parameter. Dissolved oxygen (DO) 
was calibrated each morning using a two-point calibration of dissolved oxygen in an active yeast solution 
(0% DO) and shaken water (100% DO). 

 

Photo 37.1.  A) Calibration and iodide measurement station in the field laboratory.  B) Sampling hook-up and set-up at a typical 
domestic well with the sampling manifold attached to an untreated outside tap.  Water runs through the manifold until stable 
readings were obtained by the multi-parameter instrument.  Some of the sample bottles collected and field measurement 
equipment used are shown in the photo. 
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At each sample site, 17 bottles for geochemical, isotopic and gas analyses were collected and later 
shipped to various laboratories for analysis (Photo 37.1B). Geochemical samples include analyses for 
major cations and anions, mercury, trace elements, iodide, bacteria, nitrogen parameters (e.g., total 
Kjeldahl nitrogen + ammonia/ammonium, nitrate/nitrite), dissolved gases (including methane and carbon 
dioxide), dissolved organic carbon (DOC) and dissolved inorganic carbon (DIC). Isotopic samples 
include analyses for δ18OH2O, δ18OSO4, δ2HH2O δ34SSO4, δ34SH2S, δ13CDIC, δ13CDOC, δ13CCH4 and tritium (H3). 
Time-sensitive samples, including total and fecal coliforms, nitrogen parameters, total inorganic carbon, 
total organic carbon and colour, were shipped daily for analysis within 48 hours of sample collection. 
Anion, cation/metals, mercury, DOC, δ13CDIC and δ13CDOC were pressure filtered using a 0.45 μm 
Millipore Durapore® (polyvinylidene fluoride (PVDF)) filter at each site. Metal and mercury samples 
were acidified to 1% using J.T. Baker® UltraPure HNO3 and to 2% using Fisher Optima™ HCl shortly 
after sample collection. Samples collected for δ13CDIC and δ13CDOC were “fixed” with HgCl2 prior to 
sampling to eliminate biological activity after sample collection. Samples for δ34SSO4, δ34SH2S, H2S and 
alkalinity were filtered using a 0.45 μm Millipore Durapore® PVDF filter, in case of turbidity in 
groundwater samples. Hydrogen sulphide concentration, reported as mg/L S2–, was field tested at all sites 
where the presence of H2S was noticed by smell. Alkalinity, reported in mg/L as CaCO3

–, was measured 
at all sites for the determination of bicarbonate values. For detailed sampling procedures and the list of 
geochemical parameters, following the protocols of the Ambient Groundwater Geochemistry Program, 
see Hamilton (2015: “MRD_283_Revised_support document”). 

Dissolved gasses were measured in the field 24 hours after sample collection. Methane samples, 
collected in 1 L glass bottles, were filled to 600 mL and stored upside down after sampling and allowed to 
equilibrate to room temperature. After equilibration, gas parameters were measured in the headspace using an 
RKI Eagle 2 portable multi-gas monitor. The temperature of the water in the gas samples (room temperature) 
was measured using the temperature function on a YSI ProODO® Optical Dissolved Oxygen meter. 

On the multi-gas instrument, calibration of low-level methane and carbon dioxide was done prior to 
daily measurement using 10 000 ppm CH4 and 2.5% CO2 standards, respectively. Calibration of high-
level methane was carried out weekly, because high gas concentrations damage the low-level sensor. 
Field measurements of dissolved gasses using the Ambient Groundwater Geochemistry Program 
procedures are to be compared with laboratory measurements at McMaster University from headspace 
analysis in evacuated, degassed bottles. The latter method involves collection of the groundwater sample 
in an intermediary container (usually the tritium bottle) followed by immediate extraction of 30 mL of 
water using a syringe. A fine needle is then added to the syringe and the water is injected into a 60 mL, 
HgCL2-fixed evacuated bottle through a butyl septum. The samples are stored upside down prior to analysis. 

PRELIMINARY RESULTS AND DISCUSSION 

At each site, field alkalinity measurements were made by titrating 1.6 M H2SO4 into 100 mL of 
sample with bromocresol green–methyl red pH indicator. Field alkalinity was used to determine the 
bicarbonate concentration in the sample (mg/L) by direct linear conversion (alkalinity divided by 0.8202). 
Figure 37.2, showing bicarbonate concentrations in relation to the Paleozoic bedrock geology, demonstrates 
that the host geological formation is the dominant control on bicarbonate concentration in groundwater in 
the study area. The Salina Group and Guelph Formation show low bicarbonate concentrations, whereas 
the Devonian carbonate units and Lower Silurian Lockport Formation exhibit higher concentrations. 
A notable exception to this is a cluster of high bicarbonate values in the southwesternmost extent of the 
sampled Salina Group. This is just north of a cluster of bicarbonate concentrations in the neighbouring 
Onondaga Formation that is anomalously high with respect to data in the same unit west of the study area 
(Hamilton 2015). Further research, including investigation of groundwater-flow direction in the study 
area and geochemical modelling, may provide insight into the causes of differences in alkalinity in the 
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study area. Investigation into bicarbonate concentrations in samples from Silurian carbonates west of the 
study area may be done after the results from laboratory analysis of other parameters are received. 

Field conductivity concentrations (Figure 37.3) show a similar distribution by formation, with higher 
conductivities corresponding to the Upper Silurian units and lower measurements corresponding to 
Devonian carbonates and Lower Silurian units. Laboratory results of the major anions and cations present 
in groundwater samples may assist in determining the sources of geochemical differences between and 
within formations. 

SUMMARY 

This report summarizes groundwater field data collection procedures and preliminary results for the 
field component of an MSc thesis at McMaster University, which is supported in part by the Ontario 
Geological Survey. Further investigation will follow the completion of laboratory analyses. Field work 
conducted in the summer of 2015 was successful as one sample was collected in all but one of the grid 
nodes within the study area. Analysis of isotopic data will add another aspect of groundwater geochemistry 
that will be used to determine the possible controls and sources of geochemical parameters in the study area. 

 

Figure 37.3. Conductivity values (µS/cm) of groundwater samples, as measured during field collection (for explanation, see 
“Preliminary Results and Discussion”), superimposed on the Paleozoic geology of the study area.  Geology from Armstrong and 
Dodge (2007). 
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38.  Project Unit 15-016.   
Township of Alfred and Plantagenet 
Groundwater Study 

T. Di Iorio1, A.J. Lemieux1 and S.M. Hamilton2 
1South Nation Conservation Authority, Finch, Ontario  K0C 1K0 
2Earth Resources and Geoscience Mapping Section, Ontario Geological Survey,  
   Sudbury, Ontario  P3E 6B5 

INTRODUCTION 

Natural groundwater that exceeds the quality limits in provincial standards (Ministry of the 
Environment 2006) is a persistent issue that limits development of private services in the United Counties 
of Prescott and Russell in eastern Ontario. Water quality is linked to geological setting and is primarily 
determined by the marine environment that existed in the St. Lawrence Lowland following the most 
recent glacial retreat. In addition to trapping saline water, thick marine clays mask a complex Paleozoic 
bedrock topography and geology, the interbedded limestone and shale units of which, along with long 
groundwater residence times, may further contribute to poor water quality. Consequently, the United 
Counties of Prescott and Russell identified a need for an aquifer capability screening tool (ACST) with 
respect to groundwater resource use. 

An ACST consists of maps of expected groundwater quality and quantity to assist in evaluating the 
development potential of a property where private services are proposed. An ACST was developed for the 
City of Clarence–Rockland as a pilot study through a collaborative partnership with the Ontario 
Geological Survey and the University of Ottawa in 2013–2014 (Morton et al. 2013; Geofirma 
Engineering Ltd. 2015; Morton 2015). Following the successful field sampling and mapping program 
established for Clarence–Rockland, the United Counties of Prescott and Russell opted to continue the 
mapping program with its other municipalities. The Township of Alfred and Plantagenet was selected as 
the second mapping region because development pressures are increasing and groundwater quality issues 
are prevalent across the township. 

The project includes a field program to refine and enhance the ACST by collecting high-quality 
geochemistry data at a regular spacing across the township. The results of the geochemical sampling will 
be used to map local aquifers and to define groundwater-flow patterns. The field work described here 
reflects efforts made by the South Nation Conservation Authority and the Ontario Geological Survey 
toward the measurement and collection of groundwater samples from private residential wells across the 
Township of Alfred and Plantagenet. 

METHODS 

Site Selection 
Site selection generally followed the methodology developed for the Ontario Ambient Groundwater 

Geochemistry Project (“Ambient Groundwater Project”) (Hamilton, Brauneder and Mellor 2007). The 
methodology applies a grid across the project area to ensure samples are collected at a regular spacing, 
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with samples collected from 1 overburden well and 1 bedrock well per grid cell. In this study, samples 
were collected on a 2 km grid across the Township of Alfred and Plantagenet, providing a resolution finer 
than the Ambient Groundwater Project, which uses a 10 km grid. The sampling grid and distribution of 
wells sampled are shown in Figure 38.1. 

Site selection was initiated prior to the start of sampling to expedite the sampling season (10 weeks 
between June and September) and to raise awareness about the project within the community. The project 
was advertised in June and July through presentations and printed ads. A one-page ad, in English and 
French, was designed to introduce the project and to solicit residents to volunteer their well for sampling. 
The ad was displayed as posters in public areas and delivered as a directed mail drop to nearly 6000 rural 
residents across the township. In addition, the ad was issued as a press release and published in several 
local newspapers throughout the summer. 

Site-scheduling protocols developed for the Clarence–Rockland Groundwater Sampling Program 
were applied for this study (Morton et al. 2013). First, a sampling schedule was developed for the 10 
week field season corresponding to the sampling grid. Volunteers were scheduled based on specific 
criteria, including availability of a well log, access to the well and access to a tap that provides raw, 
untreated groundwater. To simplify site scheduling, it was assumed that drilled wells were bedrock wells 
and dug wells were overburden wells. This assumption holds true for overburden wells and, based on 
local Ministry of Environment and Climate Change water-well records, is generally true for bedrock 
wells. Site scheduling was conducted on a first-come, first-served basis for suitable wells. If a volunteer 
contacted the project staff, but another volunteer had previously been scheduled for that well type and 
grid block, then the well was not sampled; however, the address and contact information were added to a 
waiting list for future consideration. 

As a result of advertising the project, 165 residents volunteered to be part of the study and 85 of the 
volunteered wells were deemed suitable and sampled. In grid cells where no residents volunteered to be 
part of the study, the field team would select wells to sample at random by going door to door within the 
grid cell. Soliciting volunteers door to door was time consuming and sometimes unsuccessful. Residents 
who had previous knowledge of the project (i.e., through newspaper ads, fliers, posters or neighbours) 
were more likely to participate when approached. 

Field Sampling 

The field sampling was carried out in general accordance with the protocols developed by the 
Ontario Geological Survey for their Ontario Ambient Groundwater Geochemistry Project (Hamilton, 
Brauneder and Mellor 2007; Hamilton and Brauneder 2008). 

Every site visit started with the well owner signing a consent form, followed by a brief well owner 
interview. Interviews included questions about the age and depth of the well, a description of water use 
and water treatment systems, and historic water quality or quantity issues. Following the interview, a 
visual inspection and measurements were taken at the well head, including casing diameter, casing height 
above ground (“stick-up”), water level, well depth and Universal Transverse Mercator (UTM) co-ordinates 
(using a Garmin® GPSMAP® 60Cx global positioning system unit). 

An apparatus used to purge water and collect samples was connected to a faucet that provided 
untreated water. The water apparatus consisted of 4 main tubes. Two tubes were inflow from the faucet 
line and outflow to a garbage pail used to purge the initial volume of water prior to sampling. The other 
2 tubes included switch valves to control the flow rate: one was used for filling sample bottles and the 
other was used to run water through 2 flow cells with which a YSI multi-parameter instrument and 
YSI ProODO® meter could be inserted to record and log measurements of temperature, pH, conductivity, 
oxidation–reduction potential and dissolved oxygen. 
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Figure 38.1.  Study area boundaries, bedrock geology and sample locations.  The red grid shows the 2 by 2 km grid cells, within 
which ideally 1 overburden and 1 bedrock well would be sampled.  Universal Transverse Mercator co-ordinates provided using 
North American Datum 1983 in Zone 18.  Geographic (base) data provided by the Ministry of Natural Resources and Forestry, 
and used by the South Nation Conservation Authority under licence.  Bedrock geology from Armstrong and Dodge (2007) 
(abbreviation: Fm., Formation). 
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Sampling started once stable temperature and pH readings were observed on the YSI multi-parameter 
probe. This usually occurred after approximately 240 L (~2 garbage pails) of water was purged. Fifteen 
(15) sample bottles were filled at each site to analyze water for metals, anions, mercury, iodide, isotopes, 
tritium, dissolved organic and inorganic carbon, total Kjeldahl nitrogen (TKN) + ammonia/ammonium, 
nitrate/nitrite, bacteria, methane, total organic carbon, colour and artificial sweeteners; this included a 
“spare” sample bottle for additional analysis as needed. The sample bottles for metals, anions, mercury 
and total organic carbon were each filled using a syringe and 0.45 μm filter. 

Alkalinity was measured on site by titrating 1.6 N H2SO4 into 100 mL of sample with an added 
indicator packet of bromocresol green. Titrated amounts were recorded at 3 endpoints: blue grey, violet 
grey and pink. 

Hydrogen sulphide (H2S) content was measured on site by preparing a blank of de-ionized water and 
comparing it, using a colour wheel, to a prepared sample. Hydrogen sulphide was not measured at sites 
where oxygen was present and the oxidation–reduction potential was positive, because it was reasonable 
to assume that H2S would not be present. 

Water samples for bacterial analyses were obtained directly from the faucet, following disinfection 
by scrubbing the faucet with a disinfecting wipe for at least 20 seconds and splashing water upward to 
rinse away the soapy suds. 

At the end of each field day, a cooler was prepared containing a) the samples for dissolved organic 
and inorganic carbon, total Kjeldahl nitrogen (TKN) + ammonia/ammonium, nitrate/nitrite, bacteria, 
colour, and b) a Chain of Custody form; this cooler was shipped via Purolator to SGS Environmental 
Laboratories for analysis. Methane, iodide and tritium bottles were stored at room temperature, artificial 
sweeteners bottles were stored in a freezer, and all other samples were refrigerated. Methane samples 
were measured the following morning, iodide was measured within 5 days, and all other samples were 
stored and sent to the Ontario Geological Survey Geoscience Laboratories in Sudbury at the end of the 
field season. 

Measurement Probes and Calibration 

A YSI 650 data-logging instrument was used to record pH, electrical conductivity, temperature and 
oxidation–reduction potential (ORP). The YSI instrument was connected to a sonde that incorporated 2 
probes: 1) pH–ORP and 2) temperature–electrical conductivity. Dissolved oxygen was measured and 
logged using a YSI ProODO® Optical Dissolved Oxygen probe. 

At the beginning of each sampling day, the YSI and ODO probes were calibrated or checked for 
accuracy. The YSI probe was calibrated for pH and electrical conductivity. The pH probe was calibrated 
using a three-point calibration at pH of 4, 7 and 10; and electrical conductivity was checked with a 
1413 μS/cm solution. The ODO probe was calibrated daily to zero (0) using a yeast and sugar solution. 
The probes for ORP and temperature were not calibrated. 

Methane Measurements 

Methane was measured every morning for samples that were collected from the previous day. Gas 
contents of CH4, O2 and CO2 were measured using an RKI Eagle 2 portable multi-gas meter, and 
temperature was measured using the YSI ODO probe. Methane measurements were made using 2 
sensors: a low-level sensor capable of measuring from 0 to 25 000 ppm CH4, and a high-level sensor 
capable of measuring up to 50 volume % CH4. 



Earth Resources and Geoscience Mapping Section (38)  T. Di Iorio et al. 

38-5 

The RKI Eagle 2 meter was calibrated daily prior to methane measurement for low-level methane 
and carbon dioxide and weekly for high-level methane. Low-level methane was calibrated using a 
25 000 ppm CH4 gas cylinder; high-level methane was calibrated using a 50.0 volume % CH4 gas 
cylinder; and carbon dioxide was calibrated using a 2.50 volume % CO2 cylinder. 

Iodide Measurements 

The Thermo Scientific™ Orion™ 9453BN Iodide Electrode was connected and operated through an 
Orion™ Star A324 portable meter. The meter was calibrated to 10 ppb I– and 1000 ppb I– prior to 
measurement. Iodide samples were measured within 5 days of their collection. Prior to measurement, the 
headspace (2 cm) of each sample was discarded, and 1 mL of ionic strength adjuster and 1 magnetic stir 
bar were added. The probe was inserted into the sample bottle over top of a magnetic stirring plate and a 
measurement was recorded after 15 minutes. 

Carbon Isotope Samples 

Samples for carbon isotopes of dissolved methane and dissolved inorganic carbon–dissolved organic 
carbon (DIC–DOC) were collected where the amount of methane in bedrock groundwater was high 
enough to cause significant exsolution and/or free bubbles once it was pumped to the surface. Where 
there was exsolution only, an aqueous sample and DIC–DOC sample were collected. At sites where the 
incidence of free bubbles was high, a vapour phase sample was also collected, in addition to the aqueous 
methane and DIC–DOC samples. 

The DIC–DOC samples were collected in amber glass vials fixed with a trace amount of mercuric 
chloride (HgCl2), a preservative to prevent alteration as a result of biological activity, and immediately 
refrigerated. For vapour phase samples, gas was collected from an inverted 1 L glass bottle into which the 
purge hose was connected and gas was allowed to accumulate into the inverted bottom end of the bottle. 
Then, 40 mL of gas were collected using a syringe with a needle attachment, of which 10 mL were 
ejected before transfer. The gas was then transferred to a clear glass vial that was vacuumed sealed with a 
rubber stopper. The needle was inserted through the stopper, and gas was transferred from the syringe into 
the vial by suction. The process was completed underwater to prevent air contamination. Aqueous phase 
samples were collected using a syringe to pull 40 mL of sample from a bottle into which water was 
actively flowing. A needle was added to the syringe and 10 mL of water were ejected to prevent potential 
contamination. The needle was inserted through the stopper of a vacuum-sealed clear glass vial, and the 
water was transferred to the glass vial by suction. Vials were stored upside down to prevent the migration 
of methane through the rubber stopper. 

In total, 11 aqueous phase and 5 vapour phase samples were collected. Aqueous phase samples will 
be analyzed for stable carbon (13C) isotopes; the results will be used to determine whether or not methane 
was generated bacteriogenically or thermogenically (as a result of processes associated with diagenesis). 
Vapour phase samples will be analyzed for radiocarbon (14C) isotopes to determine the age of the 
methane. Carbon isotope data will be used in subsequent analyses to determine a potential relationship 
between the prevalence of methane and halogens in the study area. 

RESULTS 

From the field work in 2015, a total of 159 samples were submitted for geochemical analyses. 
Groundwater was sampled from private residential wells at 137 locations throughout the Township of 
Alfred and Plantagenet: 59 bedrock wells and 78 overburden wells. The remaining 22 samples comprised 
11 standards, 3 blanks and 8 duplicates. 
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Every grid cell was explored; however, data gaps exist where grid cells did not contain wells. Poor 
water quality was known in the deeper aquifer in some regions of the study area; thus, bedrock wells 
could not be located (i.e., southern and southeastern portions of the grid). In addition, several grid cells 
were located in forested areas (near the western boundary) where there is no development and, 
consequently, no wells. The southeastern portion of the grid is sparsely populated so very few wells were 
located or sampled. 

A database of field data has been maintained throughout the field season. Laboratory results are still 
pending at the time of writing. Once the data are available, individual analytical reports will be prepared 
for each of the well owners who participated in the project. Analytical results will be used to help produce 
maps of groundwater quality, which will be used to develop an ACST for the Municipality. 

ACKNOWLEDGMENTS 

We would like to thank the South Nation Conservation Authority summer students who assisted as 
field staff, including Thierry Gibeault, Marika Havekes, Saxon Ireland, Bonnie Lee Boyd and Andrew 
Carr. We would also like to thank Stephanie Fudge and the 2015 Ambient Groundwater Geochemistry 
Project field crew for training on the protocols used in this study and assisting with well pumping and 
sampling in September. We would like to extend our sincere appreciation to the staff at the offices of the 
Township of Alfred and Plantagenet and the United Counties of Prescott and Russell who helped support 
and advertise the field program. We would like to thank the Eastern Ontario Water Resource Committee 
for their funding contribution toward this project. Finally, we would like to thank the many residents 
across the Township of Alfred and Plantagenet who volunteered to be part of the sampling program; we 
were pleased that so many residents were eager to learn more about their wells and the local groundwater 
resource. 

REFERENCES 
Armstrong, D.K. and Dodge, J.E.P. 2007. Paleozoic geology of southern Ontario; Ontario Geological Survey, 

Miscellaneous Release—Data 219. 

Geofirma Engineering Ltd. 2015. Clarence–Rockland groundwater study: Development of an aquifer capability 
screening tool; unpublished report for the United Counties of Prescott and Russell, 78p. 

Hamilton, S.M. and Brauneder, K. 2008. The Ambient Groundwater Geochemistry Project: Year 2; in Summary of 
Field Work and Other Activities, 2008, Ontario Geological Survey, Open File Report 6226, p.34-1 to p.34-7. 

Hamilton, S.M., Brauneder, K. and Mellor, K.J. 2007. The Ambient Groundwater Geochemistry Project—
southwestern Ontario; in Summary of Field Work and Other Activities, 2007, Ontario Geological Survey, 
Open File Report 6213, p.20-1 to 20-9. 

Ministry of the Environment 2006. Technical support document for Ontario Drinking Water Standards, Objectives 
and Guidelines, revised June 2006 (PIBS 4449e01); Ministry of the Environment, Toronto, Ontario, 42p. 

Morton, S.R. 2015. Development and evaluation of an aquifer capability screening tool. Pilot Study: Clarence–
Rockland, Ontario; unpublished MSc thesis, University of Ottawa, Ottawa, Ontario, 113p. 

Morton, S.R., Di Iorio, T., Hamilton, S.M. and Robin, M.J.L. 2013. Development of an aquifer mapping tool, City 
of Clarence–Rockland, Ontario; in Summary of Field Work and Other Activities, 2013, Ontario Geological 
Survey, Open File Report 6290, p.40-1 to 40-7. 



 

This page left blank intentionally 



 

Geoscience Laboratories 
 



 

Summary of Field Work and Other Activities 2015,  
Ontario Geological Survey, Open File Report 6313, p.39-1 to 39-11. 
 
© Queen’s Printer for Ontario, 2015 

39-1 

39.  Summary of Quality Control Data 
for the Geoscience Laboratories 
Methods CTK-100, SGT-R01,  
IMP-200, XRF-M01, XRF-M02,  
XRF-T02 and XRF-T03 

J.C. Hargreaves1 
1Geoscience Laboratories, Ontario Geological Survey 

INTRODUCTION 

This article summarizes the results of quality control samples for a number of Geoscience Laboratories 
(Geo Labs) methods: calcite and dolomite determination by Chittick apparatus (method code CTK-100) 
(Table 39.1); specific gravity determination (method code SGT-R01) (Table 39.2); gold and platinum 
group elements determination by nickel sulphide fire-assay (method code IMP-200) (Table 39.3); major 
element analysis by X-ray fluorescence (method codes XRF-M01 and XRF-M02) (Tables 39.4 and 39.5, 
respectively); and trace element analysis by X-ray fluorescence (method codes XRF-T02 and XRF-T03) 
(Tables 39.6 and 39.7, respectively). The IMP-200 and XRF-M01 methods are accredited to ISO 17025:2005. 

The CTK-100 method quality control data are summarized from April 2013 to August 2015, capturing 
analyses conducted by a new analyst in the section. The quality control data for the SGT-R01 and IMP-200 
methods are summarized from January 2008 to August 2015 to provide an update since the last published 
data quality review for these 2 methods (Schweyer 2007). The XRF-M01 and XRF-M02 quality control 
data are summarized from April 2014 to August 2015, covering the time since the XRF-M02 method was 
incorporated into the major element analysis by X-ray fluorescence package. In March 2014, the 
recalibrated methods for trace element analysis by X-ray fluorescence packages were brought online and 
the reportable elements were separated between the XRF-T02 and XRF-T03 method codes based on the 
wavelength at which they are analyzed. Therefore, the quality control data for these methods are 
summarized from this date. 

FUTURE WORK 

The Geo Labs will be pursuing ISO 17025:2005 accreditation for the XRF-T02, XRF-T03 and IMP-101 
methods; the IMP-101 method is the low-level determination of gold, platinum and palladium by lead fire-
assay and finished using inductively coupled plasma mass spectrometry (ICP–MS). 
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Table 39.1.  Results obtained for in-house and certified reference materials using the CTK-100 method (April 2013 to August 
2015).  All values are in weight % (wt %). 

Material Provider Description Calcite (wt %) Dolomite (wt %) Total Carbonate (wt %) 
In-House Reference Material     
CTK-2 N/A Calcareous rock 5.3 ± 0.70 (176) 6.9 ± 0.60 (176) 12.2 ± 0.70 (176) 
Certified Reference Material     
SO-3 CANMET Calcareous soil 22.3 ± 2.1 (14) 28.9 ± 1.8 (14) 51.1 ± 1.7 (14) 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements).  
N/A: data not available. 

Table 39.2.  Summary of specific gravity results for in-house reference materials obtained by the SGT-R01 method (January 2008 to 
August 2015). 

Material Description Specific Gravity (g/cm3) 

SG-C0 Quartzite 2.6770 ± 0.0029 (311) 
SG-C1 Gabbro 2.9553 ± 0.0019 (275) 
SG-C2 Rhyolite 2.6629 ± 0.0016 (119) 
SG-C3 Granite 2.628 ± 0.006 (56) 

Note: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 

 



 

 

Table 39.3.  Summary of Au, Ir, Pd, Pt, Rh and Ru results obtained by the IMP-200 method for in-house reference materials and certified reference materials (January 2008 to 
August 2015).  All values are in parts per billion (ppb). 

Material Provider Description Au (ppb) Ir (ppb) Pd (ppb) Pt (ppb) Rh (ppb) Ru (ppb) 
In-House Reference Materials       
LDI-1 In-house Gabbro 80 ± 15 (4) 0.073 ± 0.026 (4) 893 ± 39 (4) 104 ± 4 (4) 0.74 ± 0.06 (4) 0.37 ± 0.05 (4) 
LK NIP-1 In-house Diabase 4.6 ± 1.1 (26) 0.172 ± 0.017 (26) 17.3 ± 0.6 (26) 12.8 ± 0.6 (26) 0.87 ± 0.04 (26) 0.43 ± 0.06 (26) 
NPD-1 In-house Diabase 2.74 ± 0.24 (2) 0.04 (2) 5.330 ± 0.014 (2) 6.02 ± 0.05 (2) 0.210 ± 0.014 (2) 0.14 (2) 
OKUM-1 In-house Ultramafic Komatiite 1.2 ± 0.4 (44) 0.90 ± 0.07 (44) 11.5 ± 0.5 (44) 10.9 ± 0.7 (44) 1.36 ± 0.08 (44) 4.0 ± 0.5 (44) 
Certified Reference Materials       
CHR-Bkg GIT-IWG Chromitite 11 ± 4 (8) 27.2 ± 2.2 (8) 54 ± 10 (8) 36 ± 7 (8) 8.0 ± 0.5 (8) 53 ± 4 (8) 
Certificate   28* 28* 70* 50* 9* 67* 
CHR-Pt+ GIT-IWG Chromitite 3998 ± 91 (2) 6237 ± 223 (2) 80700 ± 880 (2) 55610 ± 1570 (2) 4717 ± 112 (2) 8630 ± 810 (2) 
Certificate   4300 ± 300 6200 ± 400 80800 ± 5000 58000 ± 2600 4700 ± 400 9200 ± 1150 
PTC-1a CANMET Copper-Nickel Sulphide 1112 ± 138 (6) 110 ± 10 (6) 4281 ± 140 (6) 2422 ± 299 (6) 317 ± 13 (6) 209 ± 6 (6) 
Certificate   1310 ± 110 110 ± 30* 4480 ± 120 2720 ± 110 330 ± 60 210 ± 10* 
TDB-1 CANMET Diabase 6.3 ± 1.8 (123) 0.079 ± 0.011 (123) 22.3 ± 0.6 (123) 4.75 ± 0.31 (123) 0.466 ± 0.024 (123) 0.24 ± 0.05 (123) 
Certificate   6.3 ± 1 0.15* 22.4 ± 1.4 5.8 ± 1.1 0.7* 0.3* 
UMT-1 CANMET Ultramafic Ore Tailings 47 ± 9 (104) 9.4 ± 0.5 (104) 108.3 ± 2.7 (104) 135 ± 9 (104) 10.20 ± 0.26 (104) 10.0 ± 0.6 (104) 
Certificate   48 ± 2 8.8 ± 0.6 106 ± 3 129 ± 5 9.5 ± 1.1 10.9 ± 1.5 
WGB-1 CANMET Gabbro 2.0 ± 0.7 (23) 0.181 ± 0.027 (23) 12.9 ± 1.2 (23) 5.4 ± 2.0 (23) 0.203 ± 0.017 (23) 0.13 ± 0.05 (23) 
Certificate   2.9 ± 1.1 0.33 ± 0.17* 13.9 ± 2.1 6.1 ± 1.6 0.32 ± 0.21* 0.3* 
WMG-1 CANMET Gabbro 131 ± 46 (22) 50.1 ± 2.0 (22) 394 ± 9 (22) 786 ± 14 (22) 27.6 ± 0.70 (22) 29 ± 3 (22) 
Certificate   110 ± 11 46 ± 4 382 ± 13 731 ± 35 26 ± 2 35 ± 5 
WMS-1a CANMET Massive Sulphide 292 ± 61 (21) 326 ± 16 (21) 1447 ± 51 (21) 1887 ± 52 (21) 240 ± 6 (21) 137 ± 11 (21) 
Certificate   300 ± 18 322 ± 19* 1450 ± 50 1910 ± 50 222 ± 38 145 ± 15* 

WPR-1 CANMET Altered Peridotite 43 ± 6 (48) 14.9 ± 1.1 (48) 247 ± 9 (48) 289 ± 10 (48) 13.8 ± 0.5 (48) 21.6 ± 2.2 (48) 
Certificate   42.2 ± 2.8 13.5 ± 1.8 235 ± 9 285 ± 12 13.4 ± 0.9 21.6 ± 4.3 

Notes:  Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
Certificate value is average ± 95% confidence interval on the population mean. 
* Provisional values. 
CANMET = Canadian Centre for Mineral and Energy Technology; GIT-IWG = Group International de Travail – International Working Group. 
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Table 39.4.  Summary of major element analyses obtained by the XRF-M01 method for in-house reference materials and certified reference materials (April 2014 to August 2015).  
All values are in weight % (wt %). 

Material Provider Description Al2O3 (wt %) BaO (wt %) CaO (wt %) Cr2O3 (wt %) Fe2O3 (wt %) 
In-house Reference Materials      
LDI-2 In-house Gabbro 18.30 ± 0.08 (29) 0.0051 ± 0.0027 (29) 9.79 ± 0.04 (29) 0.0350 ± 0.0009 (29) 6.98 ± 0.05 (29) 
LK NIP-1 In-house Diabase Sill 15.30 ± 0.10 (15) 0.0123 ± 0.0025 (15) 10.10 ± 0.05 (15) 0.0208  ± 0.0018 (15) 13.60 ± 0.04 (15) 
LLH-1 In-house Rhyolite 10.90  ± 0.04 (2) 0.0058  ± 0.0011 (2) 3.270 ± 0.024 (2) 0.0132  ± 0.0017 (2) 1.7500 ± 0.0005 (2) 
NPD-1 In-house Diabase 13.70  ± 0.08 (187) 0.0275  ± 0.0028 (187) 7.90  ± 0.04 (187) 0.0147 ± 0.0016 (187) 12.70  ± 0.06 (187) 
ODL-1 In-house Dolomitic Limestone 2.240  ± 0.016 (91) < 0.004 (87) 26.40  ± 0.12 (91) < 0.002 (87) 2.730  ± 0.015 (91) 
OKUM-1 In-house Ultramafic Komatiite 8.00 ± 0.05 (131) < 0.004 (129) 7.76  ± 0.04 (131) 0.3650 ± 0.0027 (129) 11.90 ± 0.05 (131) 
ORCA-1 In-house Rhyolite 12.60 ± 0.10 (45) 0.0428  ± 0.0026 (45) 1.140 ± 0.015 (45) 0.0099 ± 0.0022 (45) 2.910  ± 0.023 (45) 
QS-1 In-house Calcareous Shale 14.30 ± 0.08 (5) 0.0369 ± 0.0023 (5) 7.95 ± 0.05 (5) 0.0093 ± 0.0008 (5) 6.460  ± 0.021 (5) 
RV-1 In-house Melagabbro 15.80  ± 0.08 (5) 0.0239  ± 0.0015 (5) 8.79 ± 0.04 (5) 0.0339  ± 0.0013 (5) 10.40  ± 0.04 (5) 
Certified Reference Materials      
BCS-353 BAS Sulphate-Resisting 

Portland Cement 
3.718  ± 0.025 (8) 0.024  ± 0.004 (8) 64.65 ± 0.28 (8) 0.0175  ± 0.0016 (8) 4.72 ± 0.0428 (8) 

Certificateǂ  3.77 ± 0.07 N/A 64.8 ± 0.2 N/A 4.82 ± 0.06 
BHVO-2 USGS Basalt 13.67 ± 0.08 (190) 0.0079  ± 0.0028 (189) 11.34  ± 0.05 (190) 0.0404 ± 0.0013 (189) 12.46 ± 0.03 (190) 
Certificate‡   13.5 ± 0.2 0.01455 ± 0.0015 11.4 ± 0.2 0.0409 ± 0.0028 12.3 ± 0.2 
CHR-Bkg GIT-IWG Chromitite 13.34  ± 0.24 (4) < 0.004 (4) 0.035  ± 0.006 (4) 28.0 ± 0.8 (4) 14.10 ± 0.23 (4) 
Certificate†   12.91 ± 0.72 N/A 0.07 ± 0.03 29.05 ± 0.67 13.87 ± 0.8 
GSP-2 USGS Granodiorite 14.95 ± 0.07 (38) 0.148  ± 0.004 (38) 2.066 ± 0.014 (38) < 0.002 (38) 4.90 ± 0.05 (38) 
Certificate‡   14.9 ± 0.2 0.150 ± 0.005 2.1 ± 0.06 0.0029 ± 0.0009 4.9 ± 0.16 
IF-G GIT-IWG Iron Formation 0.106  ± 0.018 (2) < 0.004 (2) 1.562  ± 0.010 (2) < 0.002 (2) 56.98 ± 0.27 (2) 
Certificate†   0.15 ± 0.02 0.00017 ± 0.00005 1.55 ± 0.03 0.00058 ± 0.00015 55.85 ± 0.22 
SARM-40 MINTEK Carbonatite 0.387  ± 0.006 (87) 0.0429  ± 0.0025 (83) 50.92 ± 0.23 (87) 0.0064  ± 0.0009 (83) 2.666 ± 0.007 (87) 
Certificate‡   0.410 ± 0.085 0.035 ± 0.014 49.77 ± 1.65 0.0051 ± 0.0058* 2.75 ± 0.14 
SY-4 CANMET Diorite Gneiss 20.92 ± 0.11 (68) 0.0368 ± 0.0027 (68) 7.92 ± 0.04 (68) < 0.002 (68) 6.270 ± 0.019 (68) 
Certificate†   20.69 ± 0.08 0.0380 ± 0.0006 8.05 ± 0.04 0.00175 ± 0.00015 6.21 ± 0.03 
UB-N ANRT Serpentine 2.863  ± 0.019 (87) < 0.004 (87) 1.219  ± 0.009 (87) 0.3480 ± 0.0029 (87) 8.298 ± 0.023 (87) 
Certificate†   2.9 ± 0.08 0.0030 ± 0.0003 1.2 ± 0.03 0.336 ± 0.015 8.34 ± 0.10 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
ǂ Certificate value is the average ± 1 standard deviation of the laboratory means.  Certification was carried out on ignited samples; however, because the Geo Labs data are 
reported on an “as received” (non-ignited) basis, the reported data may be expected to be ~1.73% (relative) lower than the certificate values. 
* Provisional values. N/A: data not available. 
ANRT = Association Nationale de la Recherche Technique, Paris; BAS = Bureau of Analysed Samples Ltd.; CANMET = Canadian Centre for Mineral and Energy Technology; 
GIT-IWG = Group International de Travail – International Working group; MINTEK = Council for Mineral Technology, South Africa; USGS = United States Geological Survey. 

G
eoscience Laboratories (39)  

J.C
. H

argreaves 

39-4 



 

 

Table 39.4, continued. 

Material Provider Description K2O (wt %) LOI (wt %) MgO (wt %) MnO (wt %) Na2O (wt %) 
In-house Reference Materials      
LDI-2 In-house Gabbro 0.297 ± 0.011 (29) 2.60 ± 0.12 (29) 10.40 ± 0.07 (29) 0.1130 ± 0.0023 (29) 1.640 ± 0.021 (29) 
LK NIP-1 In-house Diabase Sill 0.471 ± 0.009 (15) 0.12 ± 0.07 (16) 7.32  ± 0.06 (15) 0.1890 ± 0.0024 (15) 2.390 ± 0.018 (15) 
LLH-1 In-house Rhyolite 1.6200  ± 0.0020 (2) 5.93 ± 0.04 (2) 0.127  ± 0.005 (2) 0.0255 ± 0.0008 (2) 0.265 ± 0.008 (2) 
NPD-1 In-house Diabase 1.360  ± 0.016 (187) 1.32 ± 0.06 (187) 4.80  ± 0.04 (187) 0.1890 ± 0.0026 (187) 2.700 ± 0.030 (187) 
ODL-1 In-house Dolomitic Limestone 0.74 ± 0.05 (91) 40.20  ± 0.09 (91) 17.60  ± 0.14 (91) 0.1800 ± 0.0017 (91) 0.056 ± 0.023 (91) 
OKUM-1 In-house Ultramafic Komatiite 0.053  ± 0.009 (131) 4.77 ± 0.09 (131) 21.50  ± 0.15 (131) 0.1830  ± 0.0025 (131) 1.120  ± 0.024 (131) 
ORCA-1 In-house Rhyolite 2.130  ± 0.031 (45) 0.80 ± 0.06 (45) 0.487 ± 0.008 (45) 0.0612 ± 0.0021 (45) 4.59 ± 0.06 (45) 
QS-1 In-house Calcareous Shale 4.420  ± 0.020 (5) 11.30 ± 0.19 (5) 3.650  ± 0.021 (5) 0.1020 ± 0.0010 (5) 0.125 ± 0.018 (5) 
RV-1 In-house Melagabbro 0.684  ± 0.008 (5) 2.19 ± 0.08 (5) 9.05 ± 0.05 (5) 0.1730 ± 0.0021 (5) 2.150 ± 0.008 (5) 
Certified Reference Materials      
BCS-353 BAS Sulphate-Resisting 

Portland Cement 
0.455 ± 0.010 (8) 1.73 ± 0.12 (8) 2.434 ± 0.011 (8) 0.2030 ± 0.0029 (8) 0.106 ± 0.009 (8) 

Certificateǂ   0.49 ± 0.02 N/A 2.42 ± 0.05 N/A 0.10 ± 0.01 
BHVO-2 USGS Basalt 0.5242 ± 0.0031 (190) -0.598 ± 0.020 (190) 7.37 ± 0.05 (190) 0.1717 ± 0.0021 (190) 2.248 ± 0.030 (190) 
Certificate‡   0.52 ± 0.01 N/A 7.23 ± 0.12 0.166578 ± 0.005165 2.22 ± 0.08 
CHR-Bkg GIT-IWG Chromitite 0.030 ± 0.023 (4) 5.14 ± 0.18 (4) 23.6 ± 0.6 (4) 0.097 ± 0.004 (4) 0.003 ± 0.013 (4) 
Certificate†   N/A 5.25* 23.47 ± 1.22 0.14 ± 0.02 N/A 
GSP-2 USGS Granodiorite 5.38 ± 0.04 (38) 0.84 ± 0.06 (38) 0.988 ± 0.023 (38) 0.0370 ± 0.0022 (38) 2.79 ± 0.03 (38) 
Certificate‡   5.38 ± 0.14 N/A 0.96 ± 0.03 0.0413 ± 0.0026 2.78 ± 0.09 
IF-G GIT-IWG Iron Formation < 0.01 (2) -1.36 ± 0.12 (3) 1.966  ± 0.027 (2) 0.029 ± 0.004 (2) 0.012 ± 0.013 (2) 
Certificate†   0.012 ± 0.008 1.1* 1.89 ± 0.04 0.042 ± 0.003 0.032 ± 0.01 
SARM-40 MINTEK Carbonatite 0.0158  ± 0.0013 (87) 39.387 ± 0.013 (87) 1.913 ± 0.017 (87) 0.1806 ± 0.0018 (87) 0.056 ± 0.009 (87) 
Certificate‡   0.030 ± 0.026* N/A 1.97 ± 0.29 0.18 ± 0.01 0.05 ± 0.21* 
SY-4 CANMET Diorite Gneiss 1.631  ± 0.027 (68) 4.47 ± 0.11 (68) 0.544 ± 0.020 (68) 0.1094  ± 0.0020 (68) 7.19 ± 0.08 (68) 
Certificate†   1.66 ± 0.02 4.56 ± 0.07 0.54 ± 0.01 0.108 ± 0.001 7.1 ± 0.05 
UB-N ARNT Serpentine 0.0212  ± 0.0016 (87) 12.13 ± 0.10 (87) 35.38 ± 0.25 (87) 0.1253 ± 0.0021 (87) 0.122  ± 0.020 (87) 
Certificate†   0.02 ± 0.01 12.06* 35.21 ± 0.18 0.12 ± 0.01 0.1 ± 0.04 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
ǂ Certificate value is the average ± 1 standard deviation of the laboratory means.  Certification was carried out on ignited samples; however, because the Geo Labs data are 
reported on an “as received” (non-ignited) basis, the reported data may be expected to be ~1.73% (relative) lower than the certificate values. 
* Provisional values. N/A: data not available. 
ANRT = Association Nationale de la Recherche Technique, Paris; BAS = Bureau of Analysed Samples Ltd.; CANMET = Canadian Centre for Mineral and Energy Technology; 
GIT-IWG = Group International de Travail – International Working group; MINTEK = Council for Mineral Technology, South Africa; USGS = United States Geological Survey. 
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Table 39.4, continued. 

Material Provider Description P2O5 (wt %) SiO2 (wt %) TiO2 (wt %) Total (wt %) 
In-house Reference Materials     
LDI-2 In-house Gabbro 0.0040 ± 0.0003 (29) 49.00 ± 0.18 (29) 0.111 ± 0.010 (29) 99.4 ± 0.4 (29) 
LK NIP-1 In-house Diabase Sill 0.1110 ± 0.0014 (15) 49.20 ± 0.22 (15) 1.140 ± 0.010 (15) 100.0 ± 0.3 (15) 
LLH-1 In-house Rhyolite 0.0004 ± 0.0005 (2) 76.0 ± 0.5 (2) 0.0479 ± 0.0030 (2) 100.0 ± 0.5 (2) 
NPD-1 In-house Diabase 0.1260  ± 0.0016 (187) 53.80 ± 0.26 (187) 1.130 ± 0.010 (187) 99.8 ± 0.4 (187) 
ODL-1 In-house Dolomitic Limestone 0.0351 ± 0.0009 (91) 8.86 ± 0.05 (91) 0.109  ± 0.004 (91) 99.20 ± 0.28 (91) 
OKUM-1 In-house Ultramafic Komatiite 0.0214 ± 0.0007 (131) 44.20 ± 0.22 (131) 0.375 ± 0.005 (131) 100.0 ± 0.4 (131) 
ORCA-1 In-house Rhyolite 0.0526 ± 0.0008 (45) 75.0 ± 0.4 (45) 0.296 ± 0.013 (45) 100.0 ± 0.6 (45) 
QS-1 In-house Calcareous Shale 0.1530 ± 0.0022 (5) 50.80 ± 0.26 (5) 0.748  ± 0.005 (5) 100.0 ± 0.4 (5) 
RV-1 In-house Melagabbro 0.0131 ± 0.0006 (5) 50.10 ± 0.26 (5) 0.2020  ± 0.0017 (5) 99.6 ± 0.5 (5) 
Certified Reference Materials     
BCS-353 BAS Sulphate-Resisting Portland Cement 0.0802 ± 0.0024 (8) 20.21 ± 0.13 (8) 0.169 ± 0.013 (8) 98.5 ± 0.3 (8) 
Certificateǂ   0.077 ± 0.004 20.5 ± 0.2 N/A N/A 
BHVO-2 USGS Basalt 0.2708  ± 0.0026 (190) 50.22 ± 0.17 (190) 2.730 ± 0.015 (190) 100.46 ± 0.29 (190) 
Certificate‡   0.27 ± 0.02 49.9 ± 0.6 2.73 ± 0.04 N/A 
CHR-Bkg GIT-IWG Chromitite < 0.002 (4) 15.6 ± 0.4 (4) 0.12 (4) 100.0 ± 0.7 (4) 
Certificate†   N/A 15.27 ± 0.66 0.14 ± 0.05 N/A 
GSP-2 USGS Granodiorite 0.2907 ± 0.0025 (38) 66.77 ± 0.31 (38) 0.665  ± 0.013 (38) 99.8  ± 0.4 (38) 
Certificate‡   0.29 ± 0.02 66.6 ± 0.8 0.66 ± 0.02 N/A 
IF-G GIT-IWG Iron Formation 0.0602 ± 0.0008 (2) 41.35 ± 0.22 (2) < 0.01 (2) 100.7 ± 0.7 (2) 
Certificate†   0.063 ± 0.014 41.20 ± 0.15 0.014 ± 0.008 N/A 
SARM-40 MINTEK Carbonatite 1.957 ± 0.013 (87) 3.048 ± 0.015 (87) 0.0461  ± 0.0024 (87) 100.62 ± 0.25 (87) 
Certificate‡   2.05 ± 0.08 3.08 ± 0.18 0.05 ± 0.01 N/A 
SY-4 CANMET Diorite Gneiss 0.1293 ± 0.0023 (68) 50.19 ± 0.27 (68) 0.289 ± 0.005 (68) 99.7 ± 0.5 (68) 
Certificate†   0.131 ± 0.004 49.9 ± 0.1 0.287 ± 0.003 N/A 
UB-N ARNT Serpentine 0.0082  ± 0.0017 (87) 39.55 ± 0.14 (87) 0.1057  ± 0.0027 (87) 100.17  ± 0.31 (87) 
Certificate†   0.04 ± 0.02 39.43 ± 0.15 0.11 ± 0.01 N/A 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
ǂ Certificate value is the average ± 1 standard deviation of the laboratory means.  Certification was carried out on ignited samples; however, because the Geo Labs data are 
reported on an “as received” (non-ignited) basis, the reported data may be expected to be ~1.73% (relative) lower than the certificate values. 
* Provisional values. N/A: data not available. 
ANRT = Association Nationale de la Recherche Technique, Paris; BAS = Bureau of Analysed Samples Ltd.; CANMET = Canadian Centre for Mineral and Energy Technology; 
GIT-IWG = Group International de Travail – International Working group; MINTEK = Council for Mineral Technology, South Africa; USGS = United States Geological Survey. 
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Table 39.5.  Summary of Co, Cu, Ni, V and Zn results obtained by the XRF-M02 method for in-house reference materials and certified reference materials (April 2014 to August 
2015).  All values are in parts per million (ppm). 

Material Provider Description Co (ppm) Cu (ppm) Ni (ppm) V (ppm) Zn (ppm) 
In-house Reference Materials       
LDI-2 In-house Gabbro 66 ± 5 (10) 1474 ± 15 (10) 1511 ± 11(10) 95.7 ± 2.5 (11) 46 ± 6 (10) 
LK NIP-1 In-house Diabase Sill 59 ± 6 (6) 160 ± 11 (6) 153 ± 4 (6) 288 ± 4 (6) 102.2 ± 2.3 (6) 
NPD-1 In-house Diabase 45 ± 5 (62) 142 ± 9 (61) 67 ± 7 (62) 270 ± 4 (63) 209.2 ± 2.1 (62) 
ODL-1 In-house Dolomitic Limestone 7 ± 6 (5) 52 ± 22 (5) 9.8 ± 2.1 (5) 20 ± 4 (5) 59.4 ± 1.9 (5) 
OKUM-1 In-house Ultramafic Komatiite 92 ± 4 (43) 52 ± 14 (41) 925 ± 11 (43) 178 ± 5 (43) 69 ± 4 (43) 
ORCA-1 In-house Rhyolite < 12 (14) 16 ± 11 (14) < 9 (14) 13.5 ± 2.6 (14) 56 ± 4 (14) 
Certified Reference Materials       
BHVO-2 USGS Basalt 44 ± 6 (65) 121.5 ± 2.3 (63) 121.0 ± 3.1 (65) 306 ± 4 (66) 106 ± 4 (65) 
Certificate‡   45 ± 3 127 ± 7 119 ± 7 317 ± 11 103 ± 6 
CHR-Bkg GIT-IWG Chromitite 182 ± 18 (2) 56 ± 4 (2) 1942 ± 13 (2) 475 ± 4 (2) 226.5 ± 2.1 (2) 
Certificate†   167 ± 38 52 ± 18 2006 ± 290 N/A 205 ± 56 
GSP-2 USGS Granodiorite < 12 (11) 39.3 ± 2.2 (11) 19.4 ± 3.1 (11) 49 ± 4 (12) 119 ± 5 (11) 
Certificate‡   7.3 ± 0.8 43 ± 4 17 ± 2 52 ± 4 120 ± 10 
IF-G GIT-IWG Iron Formation 18 ± 34 (2) 15 ± 8 (2) 25 ± 12 (2) < 8 (2) 31 ± 5 (2) 
Certificate†   29 ± 5 10 ± 2 22.5 ± 3.0 2 ± 1 20 ± 4 
SARM-40 MINTEK Carbonatite 14 ± 5 (7) 17.5 ± 1.4 (7) 10.1 ± 1.4 (7) 26.5 ± 2.2 (7) 22.6 ± 3.0 (7) 
Certificate‡   20.0 ± 11.5* 10.0 ± 3.5* 25 ± 34* 27.0 ± 5.5* 25 ± 7* 
SY-4 CANMET Diorite Gneiss < 12 (18) < 14 (18) < 9 (18) < 8 (18) 98 ± 6 (18) 
Certificate†   2.8 ± 0.2 7 ± 1 9 ± 1 8 ± 1.6 93 ± 2 
UB-N ARNT Serpentine 103 ± 5 (32) 28.0 ± 1.5 (31) 2021 ± 16 (32) 69.6 ± 2.4 (32) 84.2 ± 2.6 (32) 
Certificate†   100 ± 12 28 ± 3 2000 ± 80 75 ± 9 85 ± 7 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
ANRT = Association Nationale de la Recherche Technique, Paris; CANMET = Canadian Centre for Mineral and Energy Technology;  
GIT-IWG = Group International de Travail – International Working group; MINTEK = Council for Mineral Technology, South Africa; USGS = United States Geological Survey. 
* Provisional values. N/A: data not available. 
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Table 39.6.  Summary of results obtained by the XRF-T02 method for in-house reference materials and certified reference 
materials from (March 2014 to August 2015).  All values are in parts per million (ppm). 

Material Provider Description As (ppm) Br (ppm) Cu (ppm) Ga (ppm) 
In-house Reference Materials     
LDI-2 In-house Gabbro < 6 (27) 2.5 ± 0.9 (18) 1205 ± 9 (25) 10.9 ± 0.3 (23) 
LK NIP-1 In-house Diabase Sill < 6 (13) 1.2 ± 0.4 (8) 157 ± 4 (11) 20.07 ± 0.23 (10) 
NPD-1 In-house Diabase < 6 (113) 3.1 ± 0.8 (76) 139 ± 3 (111) 19.1 ± 0.4 (86) 
ODL-1 In-house Dolomitic Limestone 54.7 ± 1.6 (88) 13 ± 5 (27) 28.3 ± 1.7 (88) 2.9 ± 0.3 (30) 
OKUM-1 In-house Ultramafic Komatiite < 6 (75) < 1.2 (60) 44 ± 3 (83) 9.2 ± 0.4 (67) 
ORCA-1 In-house Rhyolite < 6 (25) < 1.2 (18) 9.8 ± 1.7 (21) 15.4 ± 0.7 (24) 
QS-1 In-house Calcareous Shale 7.1 ± 1.3 (4) N/A < 9 (4) 19.9 (1) 
RV-1 In-house Melagabbro < 6 (5) < 1.2 (5) 1734 ± 27 (5) 14.92 ± 0.19 (5) 
Certified Reference Materials     
BHVO-2 USGS Basalt 0.6 ± 1.7 (117) 0.2 ± 0.5 (76) 131 ± 3 (116) 21.8 ± 0.4 (88) 
Certificate‡   N/A N/A 127 ± 7 21.7 ± 0.9 
GSP-2 USGS Granodiorite 0.8 ± 2.1 (79) < 1.2 (43) 42.1 ± 1.2 (79) 21.7 ± 0.8 (52) 
Certificate‡   N/A N/A 43 ± 4 22 ± 2 
STSD-2 CANMET Stream Sediment 40 ± 1.9 (77) 2.6 ± 0.6 (45) 52 ± 2.9 (73) 21.8 ± 0.6 (51) 
Certificate†   42* 4* 47* N/A 
SY-4 CANMET Diorite Gneiss 1 ± 2.5 (21) 228.9 ± 2.8 (15) < 9 (22) 33.9 ± 1 (18) 
Certificate†   0.1-2* N/A 7 ± 1 35 ± 1 
TDB-1 CANMET Diabase 2.2 ± 2.9 (54) 2.4 ± 0.6 (29) 305 ± 6 (53) 22.1 ± 0.4 (33) 
Certificate†   2.5 ± 0.5* N/A 323 ± 15 21 ± 2* 

   Mo (ppm) Nb (ppm) Ni (ppm) Pb (ppm) 
In-house Reference Materials     
LDI-2 In-house Gabbro < 0.8 (20) < 0.7 (23) 1194 ± 25 (26) < 1.7 (30) 
LK NIP-1 In-house Diabase Sill 1.09 ± 0.15 (9) 3.56 ± 0.22 (10) 141.9 ± 1.2 (13) 2.3 ± 0.5 (14) 
NPD-1 In-house Diabase 1.3 ± 0.3 (82) 4.9 ± 0.4 (86) 61.9 ± 1.2 (113) 101.8 ± 2.2 (119) 
ODL-1 In-house Dolomitic Limestone 0.97 ± 0.17 (27) 1.5 ± 0.5 (27) 10.0 ± 0.4 (88) 16.2 ± 0.7 (89) 
OKUM-1 In-house Ultramafic Komatiite < 0.8 (66) < 0.7 (67) 910 ± 6 (85) < 1.7 (93) 
ORCA-1 In-house Rhyolite 3.60 ± 0.19 (20) 10.5 ± 0.8 (24) 4.2 ± 0.3 (23) 4.5 ± 1.2 (27) 
QS-1 In-house Calcareous Shale N/A 13.4 (1) 38.5 ± 0.6 (4) 8.8 ± 0.8 (4) 
RV-1 In-house Melagabbro < 0.8 (5) < 0.7 (5) 510 ± 6 (5) 4.84 ± 0.21 (5) 
Certified Reference Materials     
BHVO-2 USGS Basalt 4.26 ± 0.23 (82) 17 ± 0.4 (88) 121.6 ± 1 (123) < 1.7 (129) 
Certificate‡   N/A 18 ± 2* 119 ± 7 N/A 
GSP-2 USGS Granodiorite 3 ± 0.3 (49) 26.1 ± 0.8 (52) 16.4 ± 0.6 (80) 42.4 ± 0.5 (88) 
Certificate‡   2.1 ± 0.6* 27 ± 2 17 ± 2 42 ± 3 
STSD-2 CANMET Stream Sediment 13.29 ± 0.29 (49) 20.6 ± 0.7 (51) 60.7 ± 0.6 (74) 79.5 ± 0.9 (80) 
Certificate†   13* 20* 53* 66* 
SY-4 CANMET Diorite Gneiss 1.01 ± 0.21 (17) 12.6 ± 1.2 (18) 6.6 ± 0.4 (22) 10.6 ± 1.2 (25) 
Certificate†   0.2-3* 13 ± 1 9 ± 1 10 ± 1 
TDB-1 CANMET Diabase 1.52 ± 0.26 (30) 10.4 ± 0.5 (33) 88.9 ± 1.4 (53) 14.8 ± 0.9 (56) 
Certificate†   1.6 ± 0.7* N/A 92 ± 6 17 ± 3* 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
CANMET = Canadian Centre for Mineral and Energy Technology; USGS = United States Geological Survey. 
* Provisional values.  N/A: data not available. 
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Table 39.6, continued. 

Material Provider Description Rb (ppm) Sr (ppm) Th (ppm) U (ppm) 
In-house Reference Materials     
LDI-2 In-house Gabbro 12.61 ± 0.31 (29) 182.2 ± 3.2 (29) < 1.5 (23) < 1.6 (18) 
LK NIP-1 In-house Diabase Sill 13.24 ± 0.26 (14) 164.4 ± 0.8 (14) 1.7 ± 0.4 (10) < 1.6 (8) 
NPD-1 In-house Diabase 47.5 ± 1.2 (114) 172.0 ± 1.3 (113) 4.5 ± 0.6 (86) < 1.6 (76) 
ODL-1 In-house Dolomitic Limestone 23.39 ± 0.31 (89) 65.9 ± 1.0 (89) 2.09 ± 0.654 (30) < 1.6 (27) 
OKUM-1 In-house Ultramafic Komatiite 1.48 ± 0.24 (80) 14.98 ± 0.31 (78) < 1.5 (67) < 1.6 (60) 
ORCA-1 In-house Rhyolite 52.0 ± 0.5 (27) 70.8 ± 2.3 (26) 4.9 ± 0.5 (24) < 1.6 (18) 
QS-1 In-house Calcareous Shale 131.8 ± 3.0 (4) 110.0 ± 1.4 (4) 10.3 (1) N/A 
RV-1 In-house Melagabbro 20.0 ± 0.4 (5) 334 ± 4 (5) 0.7 ± 0.6 (5) < 1.6 (5) 
Certified Reference Materials     
BHVO-2 USGS Basalt 10.4 ± 0.5 (121) 384.8 ± 1.6 (120) 1.7 ± 0.5 (88) < 1.6 (76) 
Certificate‡   9.8 ± 1.0 389 ± 23 1.2 ± 0.3* N/A 
GSP-2 USGS Granodiorite 240 ± 5 (84) 238 ± 5 (83) 107 ± 4 (52) < 1.6 (43) 
Certificate‡   245 ± 7 240 ± 10 105 ± 8 2.40 ± 0.19 
STSD-2 CANMET Stream Sediment 100.7 ± 1.5 (79) 436 ± 7 (78) 16.1 ± 0.8 (51) 18.2 ± 0.569 (45) 
Certificate†   104* 400* 17.2* 18.6* 
SY-4 CANMET Diorite Gneiss 56.6 ± 0.7 (23) 1192 ± 17 (23) 2.7 ± 0.8 (18) < 1.6 (15) 
Certificate†   55 ± 1.5 1191 ± 12 1.4 ± 0.2 0.8 ± 0.1 
TDB-1 CANMET Diabase 21.4 ± 0.5 (53) 222.6 ± 1.6 (53) 3.1 ± 0.6 (33) < 1.6 (29) 
Certificate†   23 ± 2* 230± 24* 2.7 ± 0.3 1.0 ± 0.1* 

Material Provider Description Y (ppm) Zn (ppm) Zr (ppm)  
In-house Reference Materials     
LDI-2 In-house Gabbro 2.0 ± 0.4 (24) 38.2 ± 2.4 (27) 5.7 ± 0.7 (30)  
LK NIP-1 In-house Diabase Sill 22.1 ± 0.5 (10) 98.5 ± 1.0 (12) 81.6 ± 1.4 (14)  
NPD-1 In-house Diabase 25.0 ± 0.5 (92) 222.8 ± 2.9 (114) 110.5 ± 2.2 (120)  
ODL-1 In-house Dolomitic Limestone 12.62 ± 0.24 (30) 55.6 ± 0.8 (88) 27.4 ± 0.6 (89)  
OKUM-1 In-house Ultramafic Komatiite 9.41 ± 0.27 (80) 63.1 ± 0.5 (89) 18.00 ± 0.28 (93)  
ORCA-1 In-house Rhyolite 73.5 ± 1.4 (24) 50.8 ± 1.2 (23) 263 ± 6 (27)  
QS-1 In-house Calcareous Shale 28.9 (1) 75.9 ± 0.4 (4) 161.7 ± 0.4 (4)  
RV-1 In-house Melagabbro 5.7 ± 0.4 (5) 98 ± 4 (5) 16.9 ± 1.4 (5)  
Certified Reference Materials     
BHVO-2 USGS Basalt 25.5 ± 0.5 (95) 103.9 ± 1.1 (120) 174.5 ± 2.5 (129)  
Certificate‡   26 ± 2 103 ± 6 172 ± 11  
GSP-2 USGS Granodiorite 25.7 ± 0.5 (58) 120.3 ± 1.7 (84) 566 ± 5 (89)  
Certificate‡   28 ± 2 120 ± 10 550 ± 30  
STSD-2 CANMET Stream Sediment 38.6 ± 0.5 (52) 268 ± 3 (77) 189.7 ± 2 (80)  
Certificate†   37* 246* 185*  
SY-4 CANMET Diorite Gneiss 124.9 ± 1.5 (20) 94.8 ± 1.8 (24) 513 ± 9 (25)  
Certificate†   119 ± 2 93 ± 2 517 ± 16  
TDB-1 CANMET Diabase 35 ± 0.8 (36) 137 ± 2.3 (54) 164.4 ± 2.5 (56)  
Certificate†   36 ± 4* 155 ± 11 156 ± 20*  

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
CANMET = Canadian Centre for Mineral and Energy Technology; USGS = United States Geological Survey. 
* Provisional values.  N/A: data not available. 
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Table 39.7.  Summary of results obtained by the XRF-T03 method for in-house reference materials and certified reference 
materials (March 2014 to August 2015).  All values are in parts per million (ppm). 

Material Provider Description Ba (ppm) Ce (ppm) Co (ppm) 
In-House Reference Materials    
LDI-2 In-house Gabbro 50.7 ± 2.6 (25) 2 ± 4 (14) 58 ± 1.5 (24) 
LK NIP-1 In-house Diabase Sill 146 ± 5 (13) 17.6 ± 3.1 (7) 56.7 ± 1.8 (13) 
NPD-1 In-house Diabase 279 ± 5 (85) 36 ± 4 (48) 43.5 ± 2.4 (90) 
ODL-1 In-house Dolomitic Limestone 56.6 ± 2.9 (83) 33 ± 3 (21) 9.7 ± 0.7 (82) 
OKUM-1 In-house Ultramafic Komatiite 3.3 ± 2.7 (64) < 15 (44) 85.8 ± 1.4 (75) 
ORCA-1 In-house Rhyolite 355 ± 12 (21) 53 ± 4 (12) 3.7 ± 1.4 (19) 
QS-1 In-house Calcareous Shale 370 ± 6 (4) N/A 16.5 ± 0.7 (4) 
RV-1 In-house Melagabbro 226.7 ± 2.5 (5) < 15 (5) 67.6 ± 1.0 (5) 
Certified Reference Materials    
BHVO-2 USGS Basalt 128 ± 8 (97) 39 ± 4 (56) 45.3 ± 1.9 (106) 
Certificate‡   130 ± 13 38 ± 2 45 ± 3 
GSP-2 USGS Granodiorite 1349 ± 21 (72) 392 ± 5 (31) 7.5 ± 1.1 (75) 
Certificate‡   1340 ± 44 410 ± 30 7.3 ± 0.8 
STSD-2 CANMET Stream Sediment 517 ± 10 (64) 87 ± 4 (30) 20.9 ± 1.6 (63) 
Certificate†   540* 93* 19* 
SY-4 CANMET Diorite Gneiss 362 ± 6 (18) 122.9 ± 3.0 (10) 5.0 ± 1.7 (19) 
Certificate†   340 ± 5 122 ± 2 2.8 ± 0.2 
TDB-1 CANMET Diabase 248 ± 9 (33) 34 ± 4 (10) 44.1 ± 2.9 (34) 
Certificate†   241± 13 41 ± 4 47 ± 4* 

Material Provider Description Cr (ppm) Cs (ppm) La (ppm) 
In-House Reference Materials    
LDI-2 In-house Gabbro 269 ± 7 (22) < 7 (14) < 7 (14) 
LK NIP-1 In-house Diabase Sill 171 ± 5 (10) < 7 (7) < 7 (7) 
NPD-1 In-house Diabase 130 ± 8 (70) < 7 (48) 17.4 ± 2.7 (48) 
ODL-1 In-house Dolomitic Limestone 18.4 ± 2.1 (24) < 7 (21) 16.3 ± 2.9 (21) 
OKUM-1 In-house Ultramafic Komatiite 2521 ± 18 (70) < 7 (44) < 7 (44) 
ORCA-1 In-house Rhyolite 67 ± 5 (20) < 7 (12) 26.2 ± 2 (12) 
QS-1 In-house Calcareous Shale 77.6 (1) N/A N/A 
RV-1 In-house Melagabbro 252.8 ± 1.9 (5) < 7 (5) < 7 (5) 
Certified Reference Materials    
BHVO-2 USGS Basalt 304 ± 4 (79) < 7 (56) 17 ± 3 (56) 
Certificate‡   280 ± 19 N/A 15 ± 1 
GSP-2 USGS Granodiorite 18 ± 3 (52) < 7 (31) 186 ± 7 (31) 
Certificate‡   20 ± 6 1.2 ± 0.1* 180 ± 12 
STSD-2 CANMET Stream Sediment 110.8 ± 2.6 (41) 13.5 ± 2 (30) 56.2 ± 2.2 (30) 
Certificate†   116* 12* 59* 
SY-4 CANMET Diorite Gneiss 11.7 ± 1.2 (17) < 7 (10) 65 ± 4 (10) 
Certificate†   12 ± 1 1.5 ± 0.1 58 ± 1 
TDB-1 CANMET Diabase 251 ± 5 (18) < 7 (10) 17 ± 4 (10) 
Certificate†   251 ± 13 N/A 17 ± 2* 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
USGS = United States Geological Survey; CANMET = Canadian Centre for Mineral and Energy Technology. 
* Provisional values. N/A: data not available. 
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Table 39.7, continued. 

Material Provider Description Mn (ppm) Sc (ppm) V (ppm) 
In-House Reference Materials    
LDI-2 In-house Gabbro 885 ± 12 (20) 25.6 ± 1.5 (15) 89.8 ± 2.9 (20) 
LK NIP-1 In-house Diabase Sill 1454 ± 18 (10) 33.6 ± 1.0 (7) 285 ± 3 (10) 
NPD-1 In-house Diabase 1380 ± 13 (76) 33.6 ± 1.4 (49) 269 ± 4 (77) 
ODL-1 In-house Dolomitic Limestone 1476 ± 11 (81) 9.5 ± 1.6 (22) 19.9 ± 1.0 (81) 
OKUM-1 In-house Ultramafic Komatiite 1363 ± 8 (65) 28.3 ± 1.4 (45) 172.4 ± 2.6 (66) 
ORCA-1 In-house Rhyolite 437 ± 10 (14) 5.4 ± 0.9 (13) 10.0 ± 0.8 (14) 
QS-1 In-house Calcareous Shale 772 ± 15 (3) N/A 115 ± 4 (3) 
RV-1 In-house Melagabbro 1325 ± 8 (5) 27.8 ± 1.0 (5) 110.8 ± 1.6 (5) 
Certified Reference Materials    
BHVO-2 USGS Basalt 1320 ± 14 (90) 32 ± 1.4 (56) 310 ± 3 (92) 
Certificate‡   1290 ± 40 32 ± 1 317 ± 11 
GSP-2 USGS Granodiorite 305 ± 3 (64) 6.7 ± 0.8 (33) 48.8 ± 2.0 (65) 
Certificate‡   N/A 6.3 ± 0.7 52 ± 4 
STSD-2 CANMET Stream Sediment 1087 ± 14 (56) 15.6 ± 0.8 (31) 101.9 ± 2.3 (56) 
Certificate†   1060* 16* 101* 
SY-4 CANMET Diorite Gneiss 841 ± 7 (16) 5.5 ± 0.8 (11) 6.4 ± 0.7 (16) 
Certificate†   819 ± 24 1.1 ± 0.1 8.0 ± 1.6 
TDB-1 CANMET Diabase 1467 ± 18 (32) 37.1 ± 1.1 (11) 449 ± 5 (32) 
Certificate†   1577 ± 76* 36 ± 3* 471 ± 21* 

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). 
† Certificate value is average ± 95% confidence interval on the population mean. 
‡ Certificate value is average ± 1 standard deviation of the laboratory means. 
USGS = United States Geological Survey; CANMET = Canadian Centre for Mineral and Energy Technology. 
* Provisional values. N/A: data not available. 
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40.  Constraining the Age of 
Synorogenic Conglomerate and 
Sandstone in Penhorwood Township, 
Northern Swayze Greenstone Belt 

W. Bleeker1, S.L. Kamo2, B.T. Atkinson3 and M. Stalker4 
1Geological Survey of Canada, Earth Sciences Sector, Natural Resources Canada, Ottawa, Ontario  K1A 0E8 
2Jack Satterly Geochronology Laboratory, University of Toronto, 22 Russell Street, Toronto, Ontario  M5S 3B1 
3Resident Geologist Program (retired), Ontario Geological Survey, Timmins, Ontario  P0N 1H0 
4Geological Consultant for Rapier Gold Inc., P.O. Box 664, Schumacher, Ontario  P0N 1G0 

INTRODUCTION 

New outcrops (trenches) of coarse clastic sedimentary rocks in Penhorwood Township, northern 
Swayze greenstone belt, approximately 66 km west-southwest of Timmins, were previously described 
(Bleeker, Atkinson and Stalker 2014; see Figure 40.1 for general locality). These rocks, which include 
polymict conglomerate and pebbly sandstone, with some granitoid clasts, were deposited in a rapidly 
evolving environment that must have included transient fluvial to fluvio-deltaic high-energy conditions. 
They were tentatively interpreted as being of synorogenic origin, that is, deposited in an active tectonic 
environment following the onset of regional deformation. As such, they might represent the western 
continuation of the “Timiskaming assemblage” of the Porcupine mining camp. To test this interpretation, 
an initial detrital zircon U/Pb age study was undertaken to help constrain the time of deposition of this 
clastic sedimentary package. Herein are reported the U/Pb age results on 13 single zircon grains that were 
selected for isotopic analysis. The youngest concordant zircon analysis constrains the deposition of the 
conglomerate and pebbly sandstone to younger than 2687.6±1.6 Ma (uncertainties quoted at 2σ level 
throughout). A slightly reversely discordant zircon analysis has an age of 2682.8±4.7 Ma. These results are 
consistent with a synorogenic age of this clastic package, but do not unequivocally prove such an origin. 
Notably, among the zircons analyzed, there were no ages of synorogenic syenite plutons with ages of 
circa 2680 to 2670 Ma, which are commonly associated with Timiskaming clastic rocks farther east. 

BACKGROUND AND SAMPLE DESCRIPTION 

The outcrops and trenches in Penhorwood Township expose a variety of rock types, including dark 
slaty siltstone, conglomerates, pebbly sandstones and deformed intrusive mafic dikes (Photo 40.1; see 
also Bleeker, Atkinson and Stalker 2014). All these rocks are deformed, with steeply dipping bedding 
planes, and were metamorphosed at low metamorphic grade. The best conglomerate outcrops show a 
polymict clast population of mafic and felsic volcanic rocks, various porphyries, a few rounded granitoid 
clasts and some clasts of vein quartz. Abundant clasts of plagioclase porphyry may be derived from a 
nearby porphyry intrusion exposed in outcrop. This would signify the presence of an unconformity in the 
area. The observed association of rock types provides a good match to parts of the Timiskaming 
assemblage, particularly the upper part of this assemblage (Figure 40.2). The deformed mafic dikes may 
represent synorogenic mafic magmatism of a more alkaline nature, as seen elsewhere associated with the 
Timiskaming assemblage. However, syenitic intrusions, or clasts thereof, have not been observed. 
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All observed bedding planes are steeply dipping and generally trend approximately east-west; 
however, there is some notable variation in trend (from ~250 to ~285°). A steep cleavage is also present 
and changes vergence (angle relative to bedding trace) from one outcrop or trench to the next, indicating 
the package of sedimentary rocks is fairly tightly folded on a local scale. More work is required to resolve 
the local structure and to fit the outcrops into the regional map pattern (e.g., Milne 1972a, 1972b, 1972c). 

A sample of representative (pebbly) sandstone (BNB-14-096), interlayered with pebbly 
conglomerates, was taken from one of the more extensively exposed trenches, across a sample width of 
approximately 1 m (see Photo 40.1A). Co-ordinates of the exact sample location (±4 m), obtained by 
GPS, are included in Table 40.1. The same outcrop shows a deformed and metamorphosed mafic dike 
intruding into the sandstones and conglomerates (see Photo 40.1B). 

URANIUM–LEAD GEOCHRONOLOGY OF DETRITAL ZIRCONS 

After thorough cleaning of the sandstone sample, approximately 15 kg was crushed. About half of 
the crushed material was then milled. A concentrate of the mineral zircon was recovered by reprocessing 
the heavy mineral splits on a Wilfley table until a significantly reduced sample size of approximately 5 to 
10 g remained. This was followed by standard mineral separation procedures using magnetic separation  

 

Figure 40.1.  Simplified geology of the western Abitibi greenstone belt and the Kapuskasing Structural Zone, highlighting the 
presence of known Timiskaming assemblage rocks.  The yellow star identifies the location of the “new” occurrence of 
Timiskaming rocks in the northern part of the Swayze greenstone belt being discussed in this report. 
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Photo 40.1.  Outcrop pictures of the main trench in Penhorwood Township.  A) Steeply dipping, deformed, pebbly 
conglomerates and sandstones.  The sequence is intruded by a deformed synorogenic mafic dike.  Hammer for scale.  The 
sandstone section that was sampled shows up on the upper right side of the image.  B) Close-up of the approximately 1 m wide, 
deformed mafic dike that intrudes pebbly conglomerates.  The dike shows chilled margins, and carries xenoliths of felsic 
porphyry.  It is cut by deformed quartz veins and affected by carbonate alteration.  C) The section of sandstone and pebbly 
sandstone that was sampled for the detrital zircon study.  Pen for scale. 
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and methylene iodide methods to produce a zircon concentrate. Crushing, mineral separation and isotopic 
analysis were carried out at the Jack Satterly Geochronology Laboratory of the University of Toronto. All 
U/Pb results were obtained on carefully selected single zircon grains pre-treated by “chemical abrasion” 
(Mattison 2005). Analyses were by isotope dilution thermal ionization mass spectrometry (ID-TIMS) 
methods. Analytical protocols are more fully described in the Appendix. 

An abundance of zircon grains was recovered from the sample. These show a range in colour 
(colourless to dark pink) and morphological characteristics, and degree of detrital rounding. Most grains 
show modest surface abrasion, with slight rounding at crystal face intersections; a few grains are 
extensively rounded and pitted, indicating extensive detrital transport. Some grains are euhedral and show 
little or no evidence of transport. These zircons were either sourced locally, or they may have escaped 
erosional effects by being encased within clasts or other minerals. However, as the sample was dominated 
by sand size material, the latter explanation is less applicable. 

 

Figure 40.2.  Composite model stratigraphy and structural setting of typical occurrences of synorogenic clastic (± volcanic-
plutonic) rocks in the Abitibi greenstone belt (after Bleeker 2015).  Stratigraphic column and main lithologies are shown on the 
left, and tectonic interpretation is given on the right.  The overall evolution or “life time” of the synorogenic basin remnants can 
be divided into 5 phases, with a total duration of approximately 20 million years (my) (see Bleeker 2015, for additional detail).  
The tectonic switch to synorogenic processes occurred at 2687 Ma.  Bold white stars indicate the association of rock types 
exposed in the Penhorwood Township trenches.  Abbreviation: BIF, banded iron formation. 
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In detrital zircon studies of clastic sedimentary rocks, the youngest, concordant, single zircon age 
constrains the maximum age of deposition of the sedimentary unit. To maximize the probability of dating 
a potentially youngest zircon grain, and thus placing a tighter constraint on the (maximum) age of 
deposition, euhedral crystals with a variety of morphologies were selected for this study. 

Uranium–Lead Analytical Results 

A total of 13 single zircon crystals were analyzed. Representative grains are shown in Photo 40.2 and 
analytical results are provided in Table 40.1. They are displayed on a Concordia diagram in Figure 40.3. 
A number of the analyses are reversely discordant, which may be as a result of incomplete dissolution, 
which does not affect the 207Pb/206Pb ages. Below, results are thus discussed and quoted as model 207Pb/206Pb 
ages. They appear to define 4 approximate age groupings: circa 2688 Ma (4 zircons), circa 2700 Ma 
(1 zircon), circa 2709 Ma (6 zircons) and circa 2723 Ma (2 zircons). 

Elongate, lath-like grains are from the age group of circa 2709 Ma. Equant or short prismatic grains 
with sharp crystal face intersections define the youngest age group at circa 2688 Ma. The youngest, 
concordant zircon grain has a 207Pb/206Pb age of 2687.6±1.6 Ma (see Table 40.1, grain #10), which defines 
the maximum age of deposition for these sandstones and conglomerates. A single result may be somewhat 
younger, with a 207Pb/206Pb age of 2682.8±4.7 Ma (see Table 40.1, grain #13), but is less precise and 
slightly reversely discordant. Thus, this result should be treated with some caution. To complete the data 
presentation, Figure 40.4 plots the results as a relative probability diagram versus age. 

 

Photo 40.2.  Image of representative detrital zircon grains from sample BNB-14-096, shown after “chemical abrasion” pre-
treatment.  Grain identifiers correspond with those in Table 40.1. 



 

 

Table 40.1.  Uranium–lead isotopic data for chemically abraded single zircon crystals from a synorogenic clastic unit, Penhorwood Township, sample BNB-14-096.  The youngest 
concordant to nearly concordant zircon grains (#10 and #13) are indicated in bold. 

No. Th/U PbC 
(pg) 

206Pb/204Pb 
measured 

207Pb/235U 2σ 206Pb/238U 2σ Error 
Corr. 

207Pb/206Pb 2σ 206Pb/238U 
Age (Ma) 

2σ 207Pb/235U 
Age (Ma) 

2σ 207Pb/206Pb 
Age (Ma) 

2σ % 
Disc 

BNB-14-096 (UTM co-ordinates, Zone 17U, 415102E 5337335N, WGS84) 
1 0.49 0.3 2714 13.389 0.066 0.5170 0.0024 0.951 0.18784 0.00029 2686 10 2707 5 2723.3 2.5 1.7 
2 0.24 0.9 995 13.381 0.099 0.5175 0.0033 0.924 0.18752 0.00053 2689 14 2707 7 2720.5 4.7 1.4 
3 0.26 0.2 508 13.968 0.467 0.5429 0.0176 0.974 0.18661 0.00141 2796 73 2748 31 2712.5 12.5 -3.8 
4 0.44 0.2 6781 13.519 0.058 0.5261 0.0021 0.963 0.18639 0.00022 2725 9 2717 4 2710.6 1.9 -0.6 
5 0.50 0.2 2273 13.662 0.154 0.5323 0.0058 0.973 0.18617 0.00048 2751 25 2727 11 2708.6 4.3 -1.9 
6 0.74 0.2 2642 14.044 0.119 0.5472 0.0046 0.949 0.18615 0.00050 2813 19 2753 8 2708.5 4.4 -4.8 
7 1.67 1.0 1392 13.559 0.063 0.5288 0.0019 0.864 0.18594 0.00044 2737 8 2719 4 2706.6 3.9 -1.4 
8 0.72 0.3 4419 13.078 0.046 0.5105 0.0016 0.952 0.18580 0.00020 2659 7 2685 3 2705.4 1.8 2.1 
9 0.68 0.2 5012 13.342 0.061 0.5224 0.0024 0.927 0.18524 0.00032 2709 10 2704 4 2700.3 2.9 -0.4 
10 0.40 0.2 9572 13.114 0.040 0.5174 0.0014 0.945 0.18381 0.00018 2688 6 2688 3 2687.6 1.6 0.0 
11 0.65 1.1 2045 13.302 0.045 0.5241 0.0020 0.759 0.18407 0.00047 2717 9 2701 3 2689.9 4.2 -1.2 
12 2.49 0.3 2498 13.671 0.076 0.5395 0.0028 0.963 0.18378 0.00028 2781 12 2727 5 2687.3 2.5 -4.3 
13 0.45 0.3 2442 13.303 0.088 0.5264 0.0029 0.903 0.18329 0.00053 2726 12 2701 6 2682.8 4.7 -2.0 

Notes: 
All zircon grains have been thermally annealed and etched in HF (Mattinson 2005). 
Th/U calculated from radiogenic 208Pb/206Pb ratio and 207Pb/206Pb age assuming concordance. 
PbC is total amount of common Pb in picograms (pg); assigned the isotopic composition of laboratory blank. 
206Pb/204Pb corrected for fractionation and common Pb in the spike.  
Pb/U ratios corrected for fractionation, common Pb in the spike, and blank. 
Error Corr. is correlation coefficients of X-Y errors on the Concordia plot. 
Correction for 230Th disequilibrium in 206Pb/238U and 207Pb/206Pb assuming Th/U of 4.2 in the magma. 
Disc. is percent discordance for the given 207Pb/206Pb age; negative values indicate reverse discordance. 
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DISCUSSION AND CONCLUSIONS 

A robust result stemming from these new data is that the Penhorwood conglomerates and pebbly 
sandstones have a maximum depositional age of circa 2688 Ma (see Table 40.1, grain #10). One less 
precise and slightly reversely discordant grain (#13) hints at a younger maximum age. These maximum 
ages of deposition are both suggestive and permissive of a synorogenic origin. Ages obtained farther east 
indicate that the transition to synorogenic magmatism occurred as early as 2687±3 Ma (Barrie 1990), that 
is, immediately following, if not during, final deposition of the Porcupine Group turbidites. The large 
Adams pluton, south of Timmins, already postdated the first significant folding event and has an age of 
circa 2686 Ma (Frarey and Krogh 1986). 

The maximum age of deposition obtained here is thus at the time of transition to synorogenic 
processes, and the polymict character of the conglomerates supports uplift and erosion of some granitoid 
plutons in the source area. The sediment package was then intruded by synorogenic mafic dikes and 
subsequently deformed. The data from this study do not indicate a contribution to the Penhorwood 
sandstones and conglomerates of typical Timiskaming-age syenitic plutons. Thus, perhaps the Penhorwood 
clastic rocks are best interpreted as “early synorogenic”. However, the observed rock association is certainly 
compatible with the main part of the Timiskaming assemblage (see Figure 40.2). Perhaps younger 
synorogenic zircons were absent in the source of this particular sandstone package, or such grains were 
not picked during the grain selection for this exploratory study. In any case, these results and field 
observations support the presence of synorogenic mafic magmatism in the area, younger than 2688 Ma. 

 

Figure 40.3.  Results of 13 single grain zircon analyses displayed on standard U/Pb Concordia diagram.  Colours identify the 
4 groups of results.  Youngest grains (#10 and #13) are identified. 



Targeted Geoscience Initiative 4 (40)  W. Bleeker et al. 

40-8 

It is also noted that the constraint obtained from the youngest concordant detrital zircon (i.e., 
younger than 2688 Ma) is similar, if not identical, to the detrital zircon age constraint on the Ridout 
assemblage farther south (van Breemen, Heather and Ayer 2006), a more extensively preserved clastic 
sequence dominated by polymict conglomerates and sandstones, and for which a synorogenic origin is not 
in doubt. In this study, the youngest detrital zircon grain, with a 207Pb/206Pb age of 2682.8±4.7 Ma, 
although less precise and slightly reversely discordant, could be derived from synorogenic plutons that 
intruded the northern Swayze greenstone belt. An example is the nearby Kukatush pluton, for which van 
Breemen, Heather and Ayer (2006) report an age of 2684±2 Ma. This would also provide a proximal 
source for some of the granitoid clasts observed (see Bleeker, Atkinson and Stalker 2014). 

Apart from the youngest zircon ages obtained, the other detrital ages represent well-known source 
assemblages in the Swayze greenstone belt or, more generally, the south-central Abitibi greenstone belt. 
Specifically, the 2 oldest grains agree well with the climax of felsic volcanism toward the end of the 
regional Deloro assemblage and its correlative units (Corfu 1993; Ayer et al. 2002; Thurston et al. 2008). 
Zircon ages of circa 2710 to 2705 Ma generally match those of the Tisdale assemblage. In more detail, 
the relatively precise detrital ages at circa 2705 to 2707 Ma could be derived from felsic volcanism and 
associated porphyries of the Heenan Formation (van Breemen, Heather and Ayer 2006). 

 

Figure 40.4.  Age histogram (blue) and relative probability curve (red) for the 13 single zircon results.  Grey bar indicates timing 
of the switch to synorogenic processes (circa 2687 Ma).  The maximum depositional age of the pebbly sandstone is 2688 Ma 
(based on the youngest peak (including grain #10), and possibly somewhat younger (grain #13).  In the limited sampling (n=13) 
conducted to date, zircon grains with ages of circa 2680 to 2670 Ma were not identified, either because the sandstone was 
deposited prior to this time, or because it was sourced from a local area with no zircon-bearing felsic rocks of that age, or such 
grains were not picked during the grain selection for this study. 
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In conclusion, the weight of the evidence suggests that the Penhorwood Township polymict 
conglomerates and pebbly sandstones are of synorogenic origin and represent an occurrence of 
Timiskaming assemblage rocks well to the west of Timmins. The maximum depositional age is 2688 Ma, 
and possibly somewhat younger. After deposition in an active tectonic environment, the sequence was 
intruded by synorogenic mafic dikes, before being deformed and tightly folded into its present position. 
The new age constraint is identical to that for the Ridout sequence farther south. 
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APPENDIX: ANALYTICAL PROTOCOL 

The rock sample was crushed and milled using standard methods, involving a jaw crusher and Bico 
disk mill, respectively. Initial sample weight of the composite sandstone sample was ~15 kg. After 
crushing to ~1 cm pieces, half the sample was milled to a powder. A heavy mineral concentrate was 
recovered by reprocessing the heavy mineral splits on the Wilfley table until a significantly reduced 
sample size of ~5 to 10 g remained. This was followed by standard mineral separation procedures using 
magnetic separation and methylene iodide methods to produce a zircon concentrate. 

Uranium–lead analysis was by isotope dilution thermal ionization mass spectrometry methods (ID-
TIMS). Prior to analysis, zircon crystals were selected under a binocular microscope, and then thermally 
annealed and chemically etched (chemical abrasion), which has the advantage of penetrative removal of 
alteration zones where Pb loss has occurred and generally improving concordance (Mattinson 2005). 
These zones correlate with high U domains that have suffered radiation damage prior to alteration. The 
pre-treatment involved placing zircon grains in a muffle furnace at ~1000°C for ~24 to 60 hours to repair 
radiation damage and anneal the crystal lattice, followed by a modified single-step partial dissolution 
procedure in ~0.10 mL of ~50% HF (occasionally diluted if zircon grains appeared to be severely 
metamict) and 0.020 mL 7N HNO3 in Teflon™ dissolution vessels at 195°C for 7 to 9 hours. Zircon 
grains were rinsed with 8N HNO3 at room temperature prior to dissolution. A 205Pb–235U spike was added 
to the Teflon™ dissolution capsules during sample loading. Zircon was dissolved using ~0.10 mL of 
concentrated HF acid and ~0.02 mL of 7N HNO3 at 195°C for 3 to 5 days, then dried to a precipitate and 
redissolved in ~0.15 mL of 3N HCl overnight (Krogh 1973). U and Pb were isolated from the zircon 
using 50 µL anion exchange columns using HCl, deposited onto outgassed rhenium filaments with silica 
gel (Gerstenberger and Haase 1997), and analyzed with a VG354 mass spectrometer using a Daly detector 
in pulse-counting mode. Corrections to the 206Pb–238U ages for initial 230Th disequilibrium in the zircon 
have been made assuming a Th/U ratio in the magma of 4.2. All common Pb was assigned to procedural 
Pb blank for zircon. Dead time of the measuring system for Pb and U was 16 and 14 ns, respectively. The 
mass discrimination correction for the Daly detector is constant at 0.05% per atomic mass unit. Amplifier 
gains and Daly characteristics were monitored using the SRM 982 Pb standard. Thermal mass 
discrimination corrections are 0.10% per atomic mass unit. Decay constants are those of Jaffey et al. (1971). 

All age errors quoted in the text and table, and error ellipses in the Concordia diagrams are given at 
the 95% confidence interval. Plotting and age calculations were done using Isoplot 3.00 (Ludwig 2003). 
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Metric Conversion Table 

Conversion from SI to Imperial  Conversion from Imperial to Sl 

SI Unit Multiplied by Gives  Imperial Unit Multiplied by Gives 
LENGTH 

1 mm 0.039 37 inches  1 inch 25.4 mm 
1 cm 0.393 70 inches  1 inch 2.54 cm 
1 m 3.280 84 feet  1 foot 0.304 8 m 
1 m 0.049 709 chains  1 chain 20.116 8 m 
1 km 0.621 371 miles (statute)  1 mile (statute) 1.609 344 km 

AREA 
1 cm2 0.155 0 square inches  1 square inch 6.451 6 cm2 

1 m2 10.763 9 square feet  1 square foot 0.092 903 04 m2 

1 km2 0.386 10 square miles  1 square mile 2.589 988 km2 

1 ha 2.471 054 acres  1 acre 0.404 685 6 ha 
VOLUME 

1 cm3 0.061 023 cubic inches  1 cubic inch 16.387 064 cm3 

1 m3 35.314 7 cubic feet  1 cubic foot 0.028 316 85 m3 

1 m3 1.307 951 cubic yards  1 cubic yard 0.764 554 86 m3 

CAPACITY 
1 L 1.759 755 pints  1 pint 0.568 261 L 
1 L 0.879 877 quarts  1 quart 1.136 522 L 
1 L 0.219 969 gallons  1 gallon 4.546 090 L 

MASS 
1 g 0.035 273 962 ounces (avdp)  1 ounce (avdp) 28.349 523 g 
1 g 0.032 150 747 ounces (troy)  1 ounce (troy) 31.103 476 8 g 
1 kg 2.204 622 6 pounds (avdp)  1 pound (avdp) 0.453 592 37 kg 
1 kg 0.001 102 3 tons (short)  1 ton(short) 907.184 74 kg 
1 t 1.102 311 3 tons (short)  1 ton (short) 0.907 184 74 t 
1 kg 0.000 984 21 tons (long)  1 ton (long) 1016.046 908 8 kg 
1 t 0.984 206 5 tons (long)  1 ton (long) 1.016 046 9 t 

CONCENTRATION 
1 g/t 0.029 166 6 ounce (troy) /  

ton (short) 
 1 ounce (troy) /  

ton (short) 
34.285 714 2 g/t 

1 g/t 0.583 333 33 pennyweights /  
ton (short) 

 1 pennyweight /  
ton (short) 

1.714 285 7 g/t 

OTHER USEFUL CONVERSION FACTORS 
Multiplied by 

1 ounce (troy) per ton (short) 31.103 477 grams per ton (short) 
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short) 
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short) 
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short) 

Note: Conversion factors in bold type are exact. The conversion factors have been taken from or have been derived from factors given 
in the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, published by the Mining Association of Canada in 
co-operation with the Coal Association of Canada. 
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