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1. Ontario Geological Survey:
Strategic Perspective for 2014–2018
J.A. Fyon1
1

Director’s Office, Ontario Geological Survey

INTRODUCTION
This article reflects on our past and charts a path for the future, taking stock of the Government’s
priorities and the needs of the people of Ontario. It also charts out geoscience and related activities for the
years 2013–2014 to 2017–2018.
The Ontario Geological Survey (OGS), of the Ministry of Northern Development and Mines
(MNDM) Mines and Minerals Division (MMD), aspires to the highest levels of relevance and excellence.
The OGS has taken stock of its accomplishments, considered key trends that will shape its future, and
developed a strategic plan to prioritize and focus its efforts through to the 127th anniversary (2017) of its
founding in 1891.
This document includes
•

a brief summary of some of the OGS recent accomplishments as the geoscience organization
responsible to document the regional geology of Ontario;

•

a list of the trends that drive the need for ongoing public geoscience;

•

a description of our key clients and stakeholders; and

•

an overview of our key priorities for the 2013–2018 period.

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.

To achieve the strategic priorities, OGS will continue to deliver world-class geoscience and
continued implementation of effective and efficient business and management practices to ensure the
OGS retains the capacities, flexibilities and resilience that are necessary to adapt to evolving Ontario
Government priorities, as well as to changes in its financial resources and operational environment. The
implementation of this strategic plan will address the Ontario Government priorities and contribute public
geoscience to society to meet the needs of the citizens of Ontario.

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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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
• geochemical environmental baseline;
• identification of geological hazards that are a threat to public health and safety;
• physical 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; and
• stewardship and economic development related to groundwater, energy and minerals, from a
geological perspective.

VISION, MISSION AND MANDATE OF THE OGS
The evolution of OGS’s role since 1891 is reflected in our vision, mission and mandate statements.
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:
• rare earth elements (REE) and felsic volcanic rocks;
• early adoption of point-of-observation data capture (e.g., OGS FieldLog in 1986);
• tectonic assemblages;
• gold metallogeny;
• Provincially Significant Mineral Potential tool;
1-2
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remote predictive mapping of surficial deposits: extremely useful for land-use planning, habitat
prediction, environmental baseline;
groundwater quality survey across southern Ontario;
groundwater aquifer mapping: three-dimensional (3-D) modelling;
geochemical methods to identify mineral deposit signatures: soil gas hydrocarbon (SGHSM)
anomaly in lake sediments in “Ring of Fire” area.

TRENDS THAT WILL SHAPE THE OGS FUTURE
Global changes and trends are underway that have influenced and will continue to influence
Ontario’s ability to harness the full potential of its natural resource endowment, 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:
•

Ontario’s mineral and energy resources remain in high demand, but with significant variability
because of geo-political events and resultant market volatilities (e.g., critical rare earth element
market intervention by 1 or 2 countries).

•

Although North America trade patterns will remain important, there is increased growth in
Asian and southern hemisphere markets, 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 nonrenewable energy geological sources across all of Ontario, and scarcity of quality groundwater
resources required to support Ontario’s people and industry.

•

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 governments to provide robust guidance on management, mitigation and
adaptation to the challenges of a changing climate will increase; geoscience has an important
role in framing and informing some of those decisions.

•

The demand for highly specialized geoscience experts will intensify, as will the demand for
effective and efficient multidisciplinary and intersectoral engagement and partnerships (public
sector, private sector and academia).

•

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.

•

Governments will be under relentless pressure to improve efficiency.
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OGS CLIENTS AND STAKEHOLDERS
The OGS’s timely, independent, credible and modern geoscience knowledge products are used to
inform Government, industry and the public. These decisions may touch on topics related to economic
development, policy development and implementation, land-use planning, and environmental assessments
and regulations.
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.
The OGS also has clients who formulate and implement policy and who are regulators in the
provincial, municipal and local governments. In addition, OGS data, information and knowledge are used
by many different private sectors to inform their investment, infrastructure or other business-related
decisions.
Industry uses OGS geoscience knowledge products to inform investment decisions related to
efficient and effective mineral and energy exploration, environmental management, and physical
infrastructure planning and construction.
All OGS information and knowledge products are freely available. The general public uses these
products to become better informed about Ontario as a land mass, including our natural resource
endowment, environmental processes and geological hazards.

STRATEGIC PRIORITIES
There are 4 strategic priorities that will be the focus of the OGS for fiscal years 2013–2014 through
to 2017–2018. Each strategic priority has related implementation activities. The strategic priorities take
into account the OGS’s organizational commitments to the Ontario Government, as well as a broad
spectrum of input received from OGS employees, partners, clients and others.

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.

How Will the OGS Address the Strategic Priorities?
Implementation 1. Establish geoscience priorities based on public policy direction and input from
stakeholders and clients.
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Implementation 2. Collect, analyze, advise and archive geoscience information by
•

receiving third-party geoscience data, information and knowledge;

•

carrying out “feet on the ground” mapping;

•

carrying out geophysical surveying;

•

carrying out geochemical surveying;

•

carrying out inorganic geochemical analysis of geological material;

•

estimating Earth resource (mineral, groundwater, and energy) potential.

Implementation 3. Provide access to OGS geoscience goods and services in a client-friendly form.
Implementation 4. Continue to invest in wellness and excellence of OGS staff and science excellence.

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 are recognized as a contributor to provincial decisionmaking in a number of policies and legislation, including
•

Provincial Policy Statement 2014: “The wise use and management of these resources (includes
mineral, water and natural heritage resources) over the long term is a key provincial interest.”

•

Clean Water Act, 2006: Assessment reports for the source protection areas require
identification of all the significant groundwater recharge areas and highly vulnerable aquifers.

•

Environmental Protection Act: Mandatory requirements for Phase One Environmental Site
Assessment Reports include describing the site geology.

•

Professional Geoscientists Act 2000: “An individual practices professional geoscience when
he/she performs an activity: a) that requires the knowledge, understanding + application of
geoscience principles; and b) that concerns safeguarding of the welfare of public or
safeguarding of life, health or property including the natural environment.”

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.

Globally, the demand for natural resources is increasing. Given Ontario’s stable political system and
its diversified portfolio of mineral resources, Ontario is well positioned to benefit from this rising demand.
However, relevant geoscience information is not always being used to the extent it could or should be in
decision making, partly because the science of geology is not well understood by decision makers and
partly because decision makers are not aware of the relevance of geoscience to the public policy issues
facing society today. Increasingly, geoscience is an essential element of social, environmental and
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resource management decision-making processes. Therefore, provision and communication about the
relevance of geoscience, and consideration of an Ontario geoscience policy, are important to help
•

inform policy formulators and implementers of geoscience options related to conservation,
protection of human and ecologic health and safety, and economic growth;

•

provide a consistent and defensible geoscience standard for use by Ontario ministries;

•

ensure public geoscience assets held by other Ontario ministries are accessible to all.

OGS Role Within Government
Within the Ontario government, OGS is the primary provider of public, regional geoscience
information and knowledge products. The OGS goods and services can greatly support strategic land-use
decisions by Ontario ministries, Aboriginal governments, municipal governments, private sector and
environmental non-governmental organizations. Through co-ordinated interdepartmental collaboration,
the OGS can support MNDM in ensuring timely, high-quality reviews, including providing scientific and
technical expertise for environmental assessments of resource projects, municipal and general land-use
planning, source water protection, and physical infrastructure planning.
The OGS geoscience program defines new prospective regions for energy, mineral and groundwater
resources and develops new tools and methods to assist in their discovery, whether at the surface or
buried deeply beneath the surface of the Earth. The OGS products and services reduce industry
investment risks and stimulate increased exploration investments that contribute to economic
development in many parts of Ontario.
To deliver on the strategic priorities, different roles and responsibilities are distributed across the
entire OGS Branch (Table 1.1).

Contributions to Our Strategic Objective
To advance its contributions to unlocking Ontario’s natural resource potential, the OGS has
identified 4 key technical mapping commitments for the next 5 years:
•

contribute to effective and efficient decisions related to Earth resource exploration (minerals,
groundwater and energy), land-use planning, and economic and infrastructure development and
provide a geoscience baseline to help assess cumulative impacts of development and climate
change by collecting, interpreting, synthesizing and disseminating geoscience data describing
Ontario; the data and information collection activities will include “feet-on-ground” field work,
geophysical surveying, inorganic geochemical analysis of rock, surficial material, surface and
groundwater, as well as receiving third-party geoscience data, information and knowledge;

•

assess mineral (including aggregate and industrial mineral resources), energy and groundwater
Earth resource potential across all of Ontario to support land-use planning and resource and
infrastructure development by collecting, interpreting, synthesizing and disseminating
geoscience data;

•

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

•

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

A number of technical initiatives are designed to address these key geoscience commitments (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?

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

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 Director’s Office,
external clients,
ERGMS, RGP
stakeholders, and with OGS
staff who serve as proxy for
external clients
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, RGP
energy, groundwater

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

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

Who? *

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

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

Geochemistry

ERGMS, RGP,
GeoServices

Geophysics

ERGMS

Receive third-party
geoscience information

RGP, ERGMS

John B. Gammon
Geoscience Library

GeoServices

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

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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Products and services will include
•

two- and three-dimensional geological maps of the bedrock and surficial deposits across
southern Ontario, the near north and the Far North of Ontario;

•

geophysical and geochemical surveys across Ontario;

•

inventory assessments of groundwater and mineral resources across all of Ontario to establish a
framework for assessing its resource potential.

All publications will be integrated into the GeologyOntario data warehouse. Some key data sets will
be made available using the Google Earth™ mapping service (“OGS Earth”) visualization platform.

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.
The OGS has invested in building meaningful and respectful relationships with Aboriginal people
and organizations to meet our constitutional duty to consult and as a foundation to work toward social
license underpinning OGS field projects. This approach reflects the OGS field-based science business,
which involves a multi-year presence in a geographic area.

OGS Role Within the Mines and Minerals Division
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).
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
relationshipbuilding with
Aboriginal
people, at a
community
level, and with
organizations

Seek social license for OGS
geoscience field projects by
engaging and relationshipbuilding

Director’s Office,
ERGMS,
RGP

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

*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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Contributions to Our Strategic Objective
To advance its contributions to the maintenance and enhancement of Aboriginal relations, the OGS
will continue to deliver and refine on 5 key roles for the next 5 years:
• seek social license for OGS geoscience field projects by engagement 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.
The approach will include
• Aboriginal community- and organization-based technical and educational visits and workshops;
• facilitation of capacity building through program delivery by third parties, such as Mining
Matters, and community colleges and universities;
• participation in technical training sessions focussed on, and co-ordinated by, Aboriginal
organizations;
• redesign of the OGS Aboriginal Liaison function.

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 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.

OGS Role Within the Mines and Minerals Division
The intent of the Mines and Minerals Division’s (MMD) marketing activities is to attract mineral
investment to Ontario. The OGS brings geological expertise to the investment attraction and promotional
activities led by the MMD’s Strategic Support Branch (Table 1.3). The OGS staff use their presence at
investment attraction events to engage directly with mineral exploration companies that have exploration
projects in Ontario in order to gain better insight into the geological interests of the company and to speak
to technical questions asked of potential investors.
In addition, OGS technical experts support the MMD investment attraction efforts by providing
•

geoscience knowledge of available mineral properties in a region;

•

knowledge of the Ontario geology and the potential for different types of mineral resource
opportunities across all of Ontario;

•

knowledge of key players in the mineral industry and the ability to broker between interested
clients.
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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

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
groundwaterrelated interests)

Participate in
marketing and
promotional
events, both
domestic and
international

Director’s Office,
ERGMS,
GeoServices,
RGP

Sustain and increase
investment in Ontario’s
mineral sector

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.

OGS Role
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.

OGS Role Within the Mines and Minerals Division
The OGS will pursue several tactics to achieve Priority 4, which include
•

demonstrate and advocate, through inter-Ministry committee work, the application of OGS
public geoscience;

•

demonstrate and advocate the relevance and application of OGS public geoscience through the
use of various media channels, including internal blogs, OPSpedia, newsletters, Wawatay
articles and social media;

•

demonstrate and advocate the relevance and application of OGS public geoscience to
Aboriginal users and potential users as part of the OGS Aboriginal engagement and
relationship-building activities;

•

seek 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 about 9800 maps, 3300 reports, 600 data releases;
file downloads from our Web site, in the period January 1 to October 31, 2014, were in excess of 406 000
maps and reports in portable document format (.pdf) and image (.jpg) format, and in excess of 6000
vector (geographic information system (GIS)) map and digital data products. Portable document format
(PDF) downloads have increased almost 25%, but vector maps and digital data sets have declined. During
this same period, the OGS published 12 new reports, 84 new maps, and 10 new data set releases.
The OGS continues to
•

implement an enhanced geoscience program to help inform decisions facing government,
industry and citizens;

•

advocate for informed policy decisions through the provision of modern geoscience data and
knowledge;

•

identify geological characteristics relevant to Ontario’s public health and safety;

•

publish and promote information on Ontario’s landmass and 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”), which shows great promise as the medium to broaden
the access and awareness of OGS geoscience goods and services to both traditional and nontraditional users.

The OGS public geoscience goods and services play an important role in helping support publicpolicy decision makers, investors and other users. Societal needs are increasingly complex and require a
sound and objective understanding and application of geoscience to help assess and frame the complex
options available. The OGS is Ontario’s geoscience organization with the regional and holistic geoscience
mandate and with the skills, knowledge, methods, distribution networks, collaborations and standards in
place to deliver on this complex science challenge. The OGS is working to supply or facilitate access to
the geoscience knowledge needed to support the diverse range of public policy and societal issues.
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Earth 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, multidisciplinary 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
metal and mineral deposit settings at a regional scale;

•

mapping and sampling Ontario’s Quaternary sediments to understand regional distribution,
compositional trends (geochemical and mineralogical) and glacial history for mineral resource
evaluation with special emphasis on areas covered by thick Quaternary deposits;

•

mapping Ontario’s 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 Ontario’s aggregate and industrial minerals to provide current inventories and quality
assessments of aggregate and industrial mineral resource potential;

•

mapping Ontario’s 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 results-based plan and core business
of the Ontario Geological Survey Branch, which, in turn, is linked to those of the Ministry of Northern
Development and Mines (MNDM) and its Mines and Minerals Division. Government priorities (Table 2.1)
are achieved through a variety of 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.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.2-1 to 2-21.
© Queen’s Printer for Ontario, 2014
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Region

Government Priority

Strategy

Objective

Initiative

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 potential
for the Far North as a
transition source and to
support remote
development

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

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

Activity

Precambrian
Bedrock Geology
Far North Land Use Mapping
Planning Initiative
Targeted Geoscience
Initiative 4 (TGI-4)
– Federal Program

Current Projects
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) Regional characterization of mafic to ultramafic
intrusions in the Oxford–Stull and Uchi
domains, Superior Province: TGI-4 Initiative
c) Petrology of iron-vanadium-titanium mafic
intrusions in the McFaulds Lake greenstone belt:
MSc thesis study as part of the TGI-4 Initiative
d) Study of the ultramafic to mafic Black Label–
Black Thor intrusive complex in the McFaulds
Lake greenstone belt: a total of 4 MSc and PhD
thesis studies as part of the TGI-4 Initiative
e) Bedrock geology and compilation of the Fort
Hope greenstone belt: multi-year bedrock
geology mapping and compilation; mapping in
the Attwood Lake area in 2014
f) Bedrock geology of the McVicar Lake–Lang Lake
greenstone belt: 1:20 000 scale mapping in 2014
g) Far North terrain mapping project: remote
sensing and data interpretation; reconnaissance
mapping and aggregate assessment in the Moose
River Basin
h) Surficial deposits sampling in the “Ring of Fire”
region: analytical work on overburden samples
for fine-fraction geochemistry and indicator
minerals
i) McFaulds Lake area lake sediment and water
sampling project: high-density lake sediment
and water geochemistry survey – mineral
exploration and baseline environmental data

Far North Land Use Paleozoic Bedrock
Planning Initiative
Geology Mapping

j) Paleozoic stratigraphy and hydrocarbon resource
potential of the Hudson Platform: bedrock
mapping and core logging to upgrade geoscience
data for Paleozoic strata in the Hudson Bay
Lowland and re-evaluate hydrocarbon resource
potential in support of the GEM 2 Initiative;
focussed in the Moose River Basin in 2014

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

Geo-mapping for
Energy and Minerals
(GEM)
– Federal Program

J.R. Parker

Surficial Geology
Mapping and
Sampling; Surficial
Geochemistry

Surficial
Geochemistry of
Northern Ontario
Initiative;

Earth Resources and Geoscience Mapping Section (2)

Table 2.1. Government Priorities linked to current projects of the Earth Resources and Geoscience Mapping Section: 2014–2015.

Region

Government Priority

Near North - Economy:
Northeast
• understanding the
geology and Earth resource
potential of Ontario
attracts investment dollars,
triggers economic
development

2-3

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

Strategy

Objective

Initiative

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

Abitibi Initiative
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

Surficial
Geochemistry of
Northern Ontario
Initiative

Activity

Current Projects

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) Gold metallogeny and structural synthesis in the
southern Swayze greenstone belt – PhD thesis
study
d) Structural and tectonic study of the Ridout shear
zone – MSc thesis study
e) Northeast Wawa greenstone belt bedrock
geology mapping: 1:20 000 and 1:50 000 scale
township mapping
f) Characterize gold mineralization in the vicinity
of the Renabie Mine – MSc thesis study

Proterozoic Bedrock g) Geological mapping and structural analysis in
Geology Mapping
the Nepewassi domain, Central Gneiss Belt,
Grenville Province – MSc thesis study
Surficial Geology
Mapping and
Sampling

h) Surficial geology mapping and till sampling in
the Chapleau area
i) Analysis of B- and C-horizon soil samples
collected in the Temagami, Sudbury and Algoma
forest management units in northeastern Ontario

Geophysical
Mapping

j) Airborne magnetic and TDEM geophysical
survey of the Kabinakagami Lake region
k) Project management and QA/QC of airborne
geophysical surveys

Abitibi Initiative
Geophysical
Techniques in
Support of Bedrock
Geology Mapping

Earth Resources and Geoscience Mapping Section (2)

Table 2.1, continued.

Abitibi Initiative

J.R. Parker

Region

Government Priority

Near North - Economy:
Northwest
• understanding the
geology and Earth resource
potential of Ontario
attracts investment dollars,
triggers economic
development

2-4

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

Strategy

Objective

Initiative

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

Northwest Ontario
Initiative

Activity

Precambrian
Geology Bedrock
Targeted Geoscience Mapping
Initiative 4 (TGI-4)
– Federal Program
Proterozoic Initiative

Current Projects
a) Western Wabigoon Subprovince Synthesis:
multi-year 1:100 000 scale bedrock geology
compilation and synthesis of the western
Wabigoon Subprovince
b) Minnitaki Lake (Northeast Bay) bedrock geology
mapping project: 1:20 000 scale mapping
d) Bedrock geology of Sackville and Conmee
townships, Shebandowan greenstone belt:
1:20 000 scale mapping
e) Study of the Marmion terrane 4-D crust–mantle
evolution and mineral systems – PhD thesis
study
f) Geological mapping and petrogenesis of the
Thunder intrusion – MSc thesis study in support
of the TGI-4 Initiative

Geophysical
Mapping

g) Airborne magnetic and radiometric geophysical
survey of the Thunder Bay region
h) Project management and QA/QC of airborne
geophysical surveys

Surficial
Geochemistry of
Northern Ontario
Initiative

Surficial Geology
Mapping and
Sampling

i) Regional till sampling at Mowe Lake: surficial
geology mapping and geochemical sampling (till
sampling)

Northwest Ontario
Initiative

Geochemical
Mapping

j) High-density lake sediment and water
geochemistry survey: Nakina-Marshall Lake
k) High-density lake sediment and water
geochemistry survey: Municipality of Greenstone
l) High-density lake sediment and water survey
pilot study: Current Lake area
m) High-density lake sediment and water
geochemistry survey: Marathon region

Geophysical
Techniques in
Support of Bedrock
Geology Mapping

Earth Resources and Geoscience Mapping Section (2)
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Proterozoic Initiative
Northwest Ontario
Initiative
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Government Priority

South

Economy:
• understanding the geology
and Earth resource potential
of Ontario attracts
investment dollars, triggers
economic development

In
collaboration,
apply
geoscience
techniques to
assess Earth
resource
Improving Quality of Life: potential to
• collection of new, accurate meet societal
geoscience data informs
and
land-use planning for
government
protection of natural beauty priorities
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

Provide the geologic
Proterozoic
framework to support Initiative
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

Apply and
integrate
geoscience
techniques and
data related to
groundwater,
regional
surface and
Improving Quality of Life: subsurface
• impact of natural gas on
geology, and
groundwater quality and
natural gas to
implications for health and assess energy
safety
potential and
implications
for
environment,
groundwater
quality and
public health

Provide a geoscience
framework to assess
energy potential in the
southern Ontario and
the relationship
between the geology
and groundwater
quality and public
health and safety

Economy;
Green Energy Transition:
• identification of
renewable (geothermal) to
non-renewable (natural gas)
energy options that occur in
the subsurface

Strategy

Objective

Initiative

Energy Initiative

Activity

Current Projects

Proterozoic Bedrock a) Geology of the Brudenell area: bedrock geology
Geology Mapping
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
c) Geology of the Mud Lake, Black Donald Lake
and Centennial Lake areas: multi-year 1:20 000
scale bedrock geology and compilation mapping
project
d) Precambrian Basement Compilation of the
Grenville Province in Eastern Ontario:
1:100 000 scale bedrock geology compilation of
Precambrian Grenville Province basement rocks
in eastern Ontario utilizing aeromagnetic data
Gas Assessment of
Paleozoic Shale

e) Shale gas assessment of the Devonian
Kettle Point Formation and Ordovician shale
units: multi-year program to assess shale gas in
bedrock shale units in southern Ontario and
assess interaction with groundwater resources
(Note the linkage to the Ambient Groundwater
Geochemistry projects in the south and the
Far North Geo-mapping for Energy and Minerals
(GEM) energy projects)
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Region

Government Priority

Strategy

Objective

South,
continued

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
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Apply
geoscience
techniques in
areas of
aggregate
Infrastructure
resource
Investments:
priority to
• aggregate resource supply meet societal
is essential to infrastructure and
investments
government
Improving Quality of Life: priorities
• 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
Economy:
• aggregate material is
essential to infrastructure
development and growth

Initiative

Activity

Current Projects

Provide the geologic
Environmental
Initiative
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

Stream Sediment
Sampling and
Analysis

f) Southern Ontario Stream Sediment Geochemistry
Survey: collaborative project with the Ministry
of the Environment to conduct analysis of
organic and inorganic compounds in collected
stream sediment samples, southern Ontario
g) Sampling and analysis of stream sediments and
waters near Lake Erie: MSc thesis study and
collaborative project with Ministry of
Agriculture and Food and Ministry of Rural
Affairs (OMAFRA) to characterize phosphorus
in stream sediments and waters in the Lake Erie
region

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

h) Renfrew County ARIP: complete aggregate
resources inventory
i) Parry Sound ARIP: complete aggregate
resources inventory
j) Seamless ARIP project: compile existing ARIP
maps to create seamless map for southern
Ontario

Industrial Minerals
Inventory Initiative

Industrial Minerals k) Guelph Formation industrial minerals study
Resource Evaluation l) Aggregate quality testing: Manitoulin Island
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Region

Government Priority

South,
continued

Economy:
• water is essential to growth

Strategy

Apply
geoscience
techniques in
Improving Quality of Life:
areas of
• abundant clean water is a
groundwater
prerequisite for healthy families priority to
and communities (Places to
meet societal
Grow; climate change)
and
government
• understanding groundwater
priorities
systems (Clean Water Act;
Greenbelt) will enable
protection of natural beauty and
resources
• identification of groundwater
quality issues and geo-hazards
mitigates public health and
safety issues
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Objective

Initiative

Activity

Current Projects

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

Two-Dimensional
(2-D) and ThreeDimensional (3-D)
Surficial Sediment
Mapping

Surficial Geology
Mapping and
Sampling

m) Quaternary geology of the Lindsay–
Peterborough area: 1:50 000 scale mapping
n) Three-dimensional (3-D) mapping of Quaternary
geology in southern Simcoe County: multi-year
project to generate geologic model for
groundwater assessment
o) Three-dimensional (3-D) mapping of Quaternary
geology in central Simcoe County: multi-year
project to generate geologic model for
groundwater assessment
p) Three-dimensional (3-D) mapping of Quaternary
geology in the Orangeville–Fergus area:
multi-year project to generate geologic model for
groundwater assessment
q) Three-dimensional (3-D) mapping of Quaternary
geology deposits in the Niagara Peninsula:
multi-year project to generate geologic model for
groundwater assessment

Three-Dimensional
(3-D) Bedrock
Geology Mapping

Paleozoic Bedrock
Mapping

r) Bedrock aquifer, karst and Early Silurian
sequence stratigraphy mapping project:
Guelph to Owen Sound
s) Bedrock aquifer mapping of the Niagara
Escarpment cuesta
t) Characterize groundwater flow systems of the
Early Silurian rocks of the Niagara Escarpment
cuesta – PhD thesis study
u) Lineament and structural analysis of Chatham
airborne magnetic data: collaboration with
Ministry of Natural Resources and Forestry
v) Lineament and structural analysis of eastern
Ontario airborne magnetic data
w) Sequence stratigraphic and sedimentologic study
of the Late Silurian to Middle Devonian
succession, southwestern Ontario – PhD thesis
study
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Region

Government Priority

South,
continued

Economy:
• water is essential to growth

Strategy

Apply
geoscience
techniques in
Improving Quality of Life:
areas of
• abundant clean water is a
groundwater
prerequisite for healthy families priority to
and communities (Places to
meet societal
Grow; climate change)
and
government
• understanding groundwater
priorities
systems (Clean Water Act;
Greenbelt) will enable
protection of natural beauty and
resources
• identification of groundwater
quality issues and geo-hazards
mitigates public health and
safety issues
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PanEconomy:
Provincial • 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 landuse 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

Initiative

Activity

Current Projects

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

Ambient
Groundwater
Geochemistry
Mapping

Geochemical
Mapping

x) Ambient Groundwater and Geochemistry
Project: infill field sampling of overburden and
bedrock wells to complete the project
y) Patterns and controls of groundwater chemistry
in eastern Ontario – MSc thesis study
z) Investigate and characterize a groundwater
geochemical anomaly on the Niagara Peninsula
– MSc thesis study

Geophysical
Techniques in
Support of Surficial
Mapping

Geophysical
Mapping

aa) Regional ground gravity survey in the central
Simcoe region – supports 3-D surficial mapping

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

Precambrian
Bedrock Geology
Mapping;
Geoscience Data
Inventory and
Compilation

a) Document the distribution of regional settings
and characteristics of mineralized, intermediate
to felsic plutonic systems
b) Metamorphic patterns in Archean greenstone
belts
c) Maintain geochronology database for Ontario
d) Magnetic supergrid update
e) Processing proprietary geophysical data
f) Maintaining Ontario Precambrian bedrock
magnetic susceptibility geodatabase

Maintenance of
Provincial
Geophysical Data

J.R. Parker

Objective
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The ERGMS supported 66 active projects during the 2014–2015 fiscal year, which includes
43 active core projects (see Table 2.1) and 23 active collaborative projects (Table 2.2). The collaborative
projects include 3 projects with other provincial ministries; 10 projects with the Geological Survey of
Canada (GSC); 1 project with the City of Guelph; and 9 graduate thesis projects with universities. The
ERGMS also supported 7 additional graduate thesis projects as part of projects with GSC and other
organizations already mentioned above (see Table 2.1). 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 Earth Resources and Geoscience Mapping Section projects in northern and the Far North of Ontario
described in Summary of Field Work and Other Activities, 2014. Numbers correspond to article numbers.
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From November 2013 to October 2014 inclusive, the ERGMS produced 11 Preliminary Maps,
1 Open File Report, 1 Groundwater Resource Study, 5 Miscellaneous Releases—Data (MRD),
2 Aggregate Resource Inventory Papers (ARIP), 6 Geophysical Data Sets (GDS), 74 airborne geophysical
survey maps and 6 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 Earth Resources and Geoscience Mapping Section projects in southern Ontario described in Summary of
Field Work and Other Activities, 2014. Numbers correspond to article numbers.
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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 2014

Abitibi Initiative

PhD thesis study of gold metallogeny and structural synthesis of Laurentian University
the southern Swayze greenstone belt

Summary of Field Work article in 2014

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

University of Waterloo

Summary of Field Work article in 2014

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

Laurentian University

Summary of Field Work article in 2014

Metallogeny and Geology of
Northwest Ontario

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

Summary of Field Work article in 2014

3-D and 2-D Bedrock
Geology Mapping

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

University of Waterloo

Summary of Field Work article in 2014
Summary of Field Work article in 2014

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

Ministry of Natural Resources and
Forestry

Ongoing

Southern Ontario stream-sediment geochemistry survey

Ministry of the Environment

Ongoing

MSc thesis study of stream water and sediment geochemistry
from the Lake Erie region with a focus on phosphorus
characterization

Ministry of Agriculture and Food,
Ministry of Rural Affairs;
Trent University

Ongoing

Ambient Groundwater
Geochemistry Mapping
Initiative

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

University of Western Ontario

Summary of Field Work article in 2014

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

McMaster University

Beginning in Fall 2014

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

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 2014
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Collaboration and data sharing agreement as part of the Bedrock City of Guelph
Aquifer Mapping of the Niagara Escarpment Cuesta project

Environmental Initiative
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Initiative

Project

Project Collaborator(s)

Project Progress

Collaborative Projects with
the GSC:
Groundwater Program

Collaborate on reflection seismic geophysical surveys in the
southern part of Simcoe County in support of 3-D surficial
geology mapping

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

Regional characterization of ultramafic to mafic intrusions in
the Oxford–Stull and Uchi domains, Superior Province

Geological Survey of Canada

Ongoing

MSc thesis study of petrology of iron-vanadium-titanium mafic
intrusions in the McFaulds Lake greenstone belt

Lakehead University,
Geological Survey of Canada,
Noront Resources Ltd.,
MacDonald Mines Exploration Ltd.

Ongoing

Ongoing

MSc thesis study of the stratigraphy, geochemistry and
petrogenesis of the Black Label chromite zone of the
Black Thor intrusive complex, McFaulds greenstone belt

Laurentian University,
Geological Survey of Canada,
Cliffs Natural Resources Inc.

Ongoing

MSc thesis study of the geology and genesis of mobilized
Laurentian University,
chromitite in the Black Label pyroxenite zone of the Black Thor Geological Survey of Canada,
intrusive complex, McFaulds greenstone belt
Cliffs Natural Resources Inc.

Ongoing

MSc thesis study of the mineralogy, geochemistry and
petrogenesis of nickel-copper-platinum group element
mineralization in the mafic to ultramafic Black Thor intrusive
complex, McFaulds greenstone belt

Laurentian University,
Geological Survey of Canada,
Cliffs Natural Resources Inc.

Ongoing

MSc thesis study to map and characterize the Thunder Intrusion, Lakehead University,
north of Thunder Bay
Geological Survey of Canada,
Rio Tinto

Ongoing

J.R. Parker

PhD thesis study of the mafic to ultramafic Black Thor intrusive Laurentian University,
complex and associated chromium and nickel-copper-platinum Geological Survey of Canada,
group element mineralization, McFaulds Lake greenstone belt
Cliffs Natural Resources Inc.
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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;

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.
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;
• surficial geochemistry of northern Ontario;
• surficial mapping of northern Ontario;
• surficial geochemistry of southern Ontario;
• surficial mapping of southern Ontario;
• Proterozoic initiative;
• Paleozoic initiative.
Initiatives involving aggregate and industrial mineral resource compilation and inventory studies:
• documentation and inventory of aggregates resources;
• documentation and inventory of industrial mineral resources.
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;
• ambient groundwater geochemistry initiative;
• environmental initiative.
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Initiatives involving documentation, compilation and inventory studies of energy resources:
• documentation of hydrocarbons in Paleozoic rocks.
Initiatives involving geophysical projects:
• application of geophysical techniques in support of bedrock geology mapping;
• geophysics and rock properties data compilation;
• application of geophysical techniques in support of surficial sediment mapping.
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.

NEW COLLABORATIVE INITIATIVES
The following new technical initiatives are potential collaborations with the federal government and
may require ERGMS resources during the upcoming 2015–2016 fiscal year:
•

A possible future Federal Targeted Geoscience Initiative 5 (ERGMS will plan collaboratively
with the Geological Survey of Canada during the 2014–2015 fiscal year on minerals-related
projects of mutual interest in Ontario);

•

Federal Groundwater Program (ERGMS will plan collaboratively with the Geological Survey of
Canada during the 2014–2015 fiscal year on groundwater projects of mutual interest in Ontario);

•

Federal Environmental Program (ERGMS will plan collaboratively with the Geological Survey of
Canada during the 2014–2015 fiscal year on environmental projects of mutual interest in Ontario);

•

Federal Energy Geoscience Collaborative and Open Innovation Network initiative (EG-COIN)
(ERGMS will plan collaboratively with the Geological Survey of Canada during the 2014–2015
fiscal year on energy-related projects of mutual interest in Ontario).

COMMUNITY-GUIDED GEOSCIENCE
City of Ottawa
The ERGMS and the City of Ottawa are in the process of developing a collaborative agreement to
conduct geoscience activities in eastern Ontario. Geoscience data and information are fundamental to
planning, design and construction of 1) rural and urban development in the City; 2) related City works
and operations; and 3) environmental protection. Significant investments are made annually by the City in
the collection of geoscience data in support of this development and related capital works and operations.
To date, these data are not compiled or consolidated, and data maintenance and data distribution are at the
discretion of the organization that collects the data. Therefore, it is the City of Ottawa’s goal to support
the systematic capture and consolidation of geoscience information so that it is available for any and all
purposes in the interest of public good, thereby supporting enhanced understanding of geosciences in
Ottawa, better decisions, lower costs, risk mitigation and enhanced environmental protection.
The City is planning to establish business processes to compile borehole geoscience data collected in
the Ottawa region and forward the data to OGS which will 1) distribute the information through the OGS
borehole database; and 2) use the borehole database and the data provided by the City as a foundation for
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future 2-D and 3-D subsurface surficial sediment and bedrock mapping projects in the Ottawa region. It is
anticipated that the ERGMS will conduct bedrock mapping and drilling in the Ottawa region as well as 3-D
surficial sediment mapping and associated drilling as part of geoscience mapping initiatives. These data
will result in 3-D models that will be published by the OGS, but maintained and enhanced by the City and
relevant conservation authorities.

Northeast Community Network
The Northeast Community Network (NeCN) is a not-for-profit corporation that facilitates and coordinates 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, is seeking 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.
The goal of the meeting was to identify geoscience data gaps, identify and prioritize private-sector needs
and identify possible project designs that may meet those needs for the Northeast Geoscience Initiative
region. The meeting was focussed on identifying 1) geoscience gaps in the region of interest that can be
addressed by geoscience disciplines; 2) skills, tools, methods or technologies required to address those
needs; and 3) possible project designs that may meet those needs. The meeting was attended by community
stakeholders, First Nation representatives, mineral exploration industry, academia and government
representatives and resulted in the recognition of 7 key geoscience gaps that should be addressed, these are:
1.

improve coverage of modern, first-order regional airborne geophysical data in the northern part
of the NeCN region and along the Highway 11 corridor

2.

apply new or relatively untested exploration methodologies over known mineralization or in
various types of geologic environments

3.

update surficial mapping and regional surficial media sampling (soils, lake sediment) in the
NeCN region

4.

improve coverage of modern surficial and Quaternary mapping, aggregate studies and
engineering terrain studies in possible access route areas in the north

5.

improve coverage of 1:20 000 and 1:50 000 scale bedrock mapping, that include modern
geochronology and lithogeochemistry

6.
7.

conduct thematic and metallogenic studies in the region
update assessments of industrial mineral potential for possible brick making, use of carbonatites
for a variety of commodities such as phosphorus for fertilizers, graphite, etc.

8.

update geoscience data regarding public health risks in areas of possible future development

Priorities for addressing the gaps were considered and there was general agreement that collecting
geoscience data in areas that are “understudied” should be a priority, followed by upgrading data for areas
that have been previously mapped. Emphasis should be on regional airborne geophysics, surficial
geochemistry and mapping, and bedrock mapping, followed by thematic and metallogenic studies.
This possible new Community-Guided Geoscience initiative in northeastern Ontario may require
OGS support during the upcoming 2015–2016 fiscal year.
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COLLABORATIVE PROJECTS WITH THE GEOLOGICAL SURVEY OF
CANADA
The Targeted Geoscience Initiative 4 (TGI-4) commenced in 2011 and is now in its final year. This
is a five-year, collaborative, federal geoscience program with a mandate to generate new geoscience
knowledge in support of deep exploration (see “Targeted Geoscience Initiative 4”, this volume, Articles
40 to 43). To accomplish this objective, the Geological Survey of Canada (GSC), as part of the Earth
Sciences Sector (ESS) of Natural Resources Canada (NRCan), implemented an extensive program with
activities focussed on regions in and around established and emerging mining camps. In addition, TGI-4
has led the development of new geoscience-based techniques in support of more effective exploration for
buried mineral deposits.
The GSC, OGS, private sector and academia have been collaborating on geoscience projects located
throughout Ontario that are focussed on nickel-copper-PGE-chromium and lode gold deposits (Tóth et al.,
this volume, Article 40; Pelletier et al., this volume, Article 41; Oswald et al., this volume, Article 42; and
Bleeker, Atkinson and Stalker, this volume, Article 43).
Collaborative GSC–OGS projects in the McFaulds Lake “Ring of Fire” region include
•

bedrock geology mapping, diamond-drill core re-logging and compilation as part of a multiyear OGS–GSC collaborative project as OGS “in-kind” support to the TGI-4;

•

regional characterization of ultramafic to mafic intrusions in the Oxford–Stull and Uchi domains;

•

co-support of an MSc thesis at Lakehead University to study the petrology and iron-titaniumvanadium mineralization of the Thunderbird and Butler mafic to ultramafic intrusions in the
McFaulds Lake greenstone belt, which includes participation of ERGMS staff and analytical
support from the OGS Geoscience Laboratories;

•

co-support of a total of 4 thesis projects (1 PhD and 3 MSc theses) at Laurentian University to
study the mafic to ultramafic Black Thor intrusive complex in the McFaulds Lake greenstone
belt, which includes analytical support from the OGS Geoscience Laboratories.

Another collaborative GSC–OGS TGI-4 project focussed on nickel-copper-PGE-chromium in Ontario is
•

co-support of an MSc thesis at Lakehead University to study and characterize the Thunder
intrusion, north of Thunder Bay, which includes analytical support from the OGS Geoscience
Laboratories.

The ERGMS is conducting the Hudson Platform project designed to complement targeted 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 30).
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 in the southern part of Simcoe County to support the ERGMS ongoing 3-D mapping of
Quaternary deposits and groundwater aquifers in this region (Bajc et al., this volume, Article 33).
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OTHER COLLABORATIVE PROJECTS
Other collaborative projects that the ERGMS conducted in 2014 (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 prospectivity, which includes analytical support from the OGS
Geoscience Laboratories (Bjorkman et al., this volume, Article 12);

•

support of a PhD thesis study with Laurentian University to conduct a metallogenic gold study
and structural synthesis of the southern Swayze greenstone belt in the southern Abitibi
Subprovince (Hastie, this volume, Article 7);

•

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 8);

•

support of an MSc thesis study with Laurentian University to conduct a characterization of gold
mineralization in the vicinity of the past-producing Renabie Mine in the northeast Wawa
greenstone belt, Abitibi Subprovince (Robichaud and McDivitt, this volume, Article 5);

•

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, this volume, Article 34);

•

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;

•

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 that 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 31);

•

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 17; Easton, this volume, Article 16);

•

collaborate with the City of Guelph as part of the bedrock groundwater aquifer mapping of the
Niagara Escarpment cuesta (Priebe, Neville and Brunton, this volume, Article 35);

•

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;

•

collaborate with Ministry of the Environment on a regional stream sediment geochemistry
project across southern Ontario;

•

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; this work includes support for an MSc thesis with Trent University
and analytical support from the OGS Geoscience Laboratories (Burke, this volume, Article 29);

•

collaborate with Ministry of Natural Resources and Forestry 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.
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PROVINCIAL-SCALE METALLOGENIC COMPILATION AND
INVENTORY STUDIES
The ERGMS continued 3 ongoing, multi-year, provincial-scale projects that fall under the initiative
to create inventories of various tectonic settings relevant to mineral exploration, as follows:
•

ongoing documentation of mineralized intermediate to felsic plutonic systems in the Superior
Province primarily focussed on documentation of gold mineralization related to felsic to
intermediate plutonic rocks in the Wabigoon Subprovince;

•

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 (Duguet, this volume, Article 11).

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)
Paleontology Division of the Geological Association of Canada
Targeted Geoscience Initiative 4 nickel-copper-PGE-chromium and lode gold project teams
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 Management Health and Safety Committee
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
National Geoscience Information Management Group
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)
2-19

Earth Resources and Geoscience Mapping Section (2)

•
•

J.R. Parker

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
R.P.M. Mulligan accepted a position with the ERGMS as Quaternary Geoscientist. R.D. Dyer
accepted the position of Manager – Geoscience Mapping for Phanerozoic bedrock mapping, Quaternary
surficial mapping, groundwater aquifer mapping and surficial geochemical mapping projects.
Peter Barnett retired from the ERGMS closing a 39-year career dedicated to public service,
geoscience and Quaternary mapping across Ontario. Peter conducted Quaternary mapping and sampling
projects and related studies throughout southern and eastern Ontario from 1975 until the 1990s. In 2000,
Peter collaborated on an innovative Ontario Geological Survey–Canada Centre for Remote Sensing
(CCRS) method development pilot study to create engineering terrain maps for the Far North using
remotely sensed imagery. In 2008, Peter led the Far North Terrain Mapping Project in collaboration with
the Ontario Ministry of Natural Resources as part of the Far North Information and Knowledge
Management planning process. This project consisted of remote predictive mapping and field checking to
produce innovative, multi-purpose 1:100 000 scale surficial geology maps that can be used for land-use
planning, drift exploration, infrastructure development, aggregate resource studies and ecological land
classification studies. Peter produced over 202 government publications during his career with the OGS
including the chapter on the “Quaternary Geology of Ontario” that he wrote for the Geology of Ontario
volume. In 2003, Peter was the first OGS geoscientist to be awarded the Provincial and Territorial
Geologists Medal, which highlighted his public service as a geoscientist and his national recognition as a
pre-eminent expert on Quaternary geology.

LIST OF PUBLICATIONS
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3. Project Unit 14-002. Geology and
Mineral Potential of the Lang Lake
Greenstone Belt, Central Uchi Domain
S.J. Magnus1
1

Earth Resources and Geoscience Mapping Section, Ontario Geological Survey

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. The purpose of this bedrock mapping project is to update the geoscience
data for this region and to integrate the data with the Cat Lake First Nation’s community-based land use plan.
The bedrock mapping of the greenstone belt, at the 1:20 000 scale, consisted of 1) relatively
thorough coverage in the west end of the belt; 2) a transect across the middle of the belt in the Card–
Cannon Lakes area; 3) a transect north of Jutzi Lake; and 4) reconnaissance-scale data collected from the
plutonic rocks surrounding the belt. These data have resulted in an improved understanding of the facies
present in the different rock types identified by previous mappers (Laird 1930, 1931; Fenwick 1970,
1971; Fenwick and Srivastava 1972; Sage and Breaks 1982), and have provided supporting evidence for
the structural and lithological features identified in relatively recent airborne geophysical surveys (Ontario
Geological Survey 2000). These preliminary conclusions will be tested and supplemented by geochemical
and geochronological data, for which samples were collected throughout the greenstone belt.

Geological Setting
The Lang Lake greenstone belt is located within the central Uchi domain, 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 comprise approximately 290 million years of depositional
and tectonic history, which has 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 (2750–2730 Ma) as described by
Stott and Corfu (1991), based on an upper intercept age determination of 2747 +4/-3 Ma from a quartzporphyritic volcanic rock collected at McVicar Lake. Throughout the other belts within the Uchi domain,
the rocks of the Confederation assemblage have been described as consisting primarily of tholeiitic pillow
lavas and calc-alkalic coherent to pyroclastic flows, with significant proportions of more geochemically
mature sedimentary facies only described within the Lang Lake greenstone belt and the Bee Lake
greenstone belt (Corfu and Stott 1993).

Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.3-1 to 3-12.
© Queen’s Printer for Ontario, 2014
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REGIONAL GEOLOGY
Stratigraphy
Five stratigraphic packages have been tentatively delineated within the belt based on lithological and
geophysical data, including 3 volcaniclastic packages and 2 sedimentary packages (Figure 3.1).
Descriptions of the facies comprising these packages are to follow. It is important to note that these
packages are only internally relevant to the Lang Lake greenstone belt, and therefore may be reassigned
to the assemblages described throughout the Uchi domain (such as the Confederation assemblage,
Woman assemblage, etc.) pending geochemical and geochronological data.
Packages A and B are composed of very similar facies, and will thus be described together. These
packages are dominated by mafic rocks, which are composed mainly of mafic massive to pillowed flows,
with a relatively high proportion of interflow mafic sediments including interbedded magnetite-chertsiltstone iron formations.
Pillows observed within these packages are quite texturally homogenous, present as moderately sized
(25 cm to 1 m long) bun-shaped pillows with 1 to 1.5 cm thick rinds, round- and pipe-shaped vesicles
(quartz-filled amygdules) commonly developed adjacent to the rinds, sparse vesicles developed within the
core of the pillows, and 0.5 to 1.5 cm of recrystallized hyaloclastite material interstitial to individual
pillows. Epidote alteration of the pillow cores was only rarely observed. Well-formed pillow cusps
indicate tops to the south for Package A, and tops to the north for Package B; a major point of evidence
cited by Fenwick (1970, 1971) and Fenwick and Srivastava (1972) for their interpretation of the belt as a
syncline.
The mafic sediments observed were composed of very fine-grained to medium-grained material with
bedding defined by compositional banding on a macro scale (up to 10 cm thick) containing parallel bands
and dismembered lenses of magnetite-chert ± siltstone iron formation (Photo 3.1A). It is uncertain
whether the dismemberment of these beds was a consequence of depositional process and setting or of
later tectonism-related strain, and thus this feature of the iron formations cannot confidently be used to
interpret the nature of their deposition. The siltstone portion of these formations is compositionally
variable, and has been observed as both biotite-muscovite- and chlorite-dominated, indicating a mixture
of volcanogenic and continental sources for the pelagic sediment load.

Figure 3.1. Illustration of the supracrustal depositional packages described herein. Abbreviations: BHFZ, Bear Head fault zone;
SLSZ, Saddle Lake shear zone. All co-ordinates provided in NAD83 Zone 15.
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Several lenses of felsic to intermediate volcaniclastic rocks are intercalated with mafic pillowed
flows in the Saddle Lake–Boyes Lake area (Figure 3.2), as well as a singular occurrence of calc-silicate rock
(diopside, epidote, calcite and quartz) closely associated with a zinc-lead-silver occurrence (Puumala 2009).
Several coarse-grained plagioclase phyric gabbroic intrusions are present at the east end of Package B,
and it is currently unclear whether these are related to the other gabbroic rocks throughout the belt.
Numerous incursions of late granodiorite to pink pegmatitic granite into amphibolitized rocks of both
Packages A and B indicate that these rocks have intrusive contacts with the surrounding batholiths, and
were not transported into contact by tectonic processes.
Package C is dominated by mafic volcanic to volcaniclastic rocks including aphyric (with rare
plagioclase phenocrysts) massive to pillowed flows, discrete beds of well-preserved granular
hyaloclastite, pillow breccia to agglomerate (Photo 3.1B). Pillows are irregularly shaped with poorly
developed cusps, and range in size from 8 to 50 cm long with 1 cm rinds and 1 to 1.5 cm of interstitial
hyaloclastite. Round quartz-filled amygdules are common, and on a horizontally cut surface show an even
distribution of amygdules around all sides of the pillows, suggesting that locally beds are oriented
horizontally and the right way up. Several occurrences of pillows with variolitic cores have been observed.
The remainder of Package C consists of felsic volcanic to volcaniclastic rocks present in several
elongate S-folded bands, including massive to flow-banded coherent flows (locally in peperitic contact
with accretionary lapillistones), lithic-rich lapillistones (Photo 3.1C), finer tuffaceous rocks interbedded
with mudstone, and several outcrops of epiclastic material, such as massive felsic volcanic cobbles in a
silty chloritic matrix.
Fine-grained aphyric to plagioclase phyric mafic dikes have been observed crosscutting many of the
rock types throughout this package and several discrete gabbro-textured bodies are present within the
package; however, the affinity of these intrusions remains uncertain pending geochemical analysis.
Package D consists of variably interbedded siltstones and mudstones, tuffaceous siltstones and
mudstones, and thinly bedded felsic fine ash tuffs (Photo 3.1D) to quartz and potassium feldspar crystalbearing ash tuffs. The relationship between these rocks and the intermediate to mafic volcanic and
volcaniclastic rocks proximal to the Bear Head fault remains uncertain and may require more detailed
mapping efforts.
Package E comprises mainly garnetiferous sandy to muddy arkosic wacke and para-amphibolite,
with several bands of iron formation, which is present as both magnetite-chert-siltstone facies to garnetamphibole-magnetite schist within the same horizons along strike.
One significant facies within Package E is a polymictic clast- to matrix-supported cobble to pebble
(with rare boulder-sized) oligomictic metaconglomerate with a fine matrix that varies between wacke and
chlorite, which outcrops on the shores of and west of Cannon Lake and in some smaller lenses towards
the north and on the north shore of Card Lake (see Figure 3.2). The larger clasts are dominated by felsic
intrusive clasts, such as quartz porphyritic tonalite and granodiorite clasts, with minor populations of
mafic to felsic volcanic clasts, mafic intrusive clasts and possible sedimentary clasts. Clasts appear to be
moderate to well rounded, although shearing during deformation may have further enhanced their
roundness (Photo 3.1F). Lenses of finely layered arkosic wacke have been observed within the
conglomerate at several localities (Photo 3.1E).
A very fine-grained massive felsic flow outcrops on several islands and on the western shore of
Cannon Lake (see Figure 3.2). No contact relationships between it and either the metaconglomerate of
Package E to the north or the mafic volcanic rocks of Package B to the south have been observed.
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Photo 3.1. A) Mafic sedimentary rocks with bedding defined by slight change in colour. Several bands of magnetite-facies iron
formation are intercalated within the sedimentary rocks in this outcrop (UTM 604860E 5717060N). B) Monomictic
conglomerate consisting of well-rounded cobble-sized mafic volcanic clasts in a chloritic matrix. Clast size varies throughout the
outcrop (UTM 612396E 5716185N). C) Felsic quartz-crystal tuff breccia (UTM 603944E 5715005N). D) Z-folded felsic tuff
interbedded with minor muddy and silty layers. A sinistral shear, which cuts through bedding in the middle of the photo, rotates
subparallel to bedding along strike (UTM 597434E 5714754N). E) Arkosic arenite with bedding defined by dark grey silty
material (UTM 622530E 5718986N). F) Polymictic conglomerate consisting of well-rounded cobble-to-pebble-sized clasts in a
para-amphibolite (greywacke) matrix. Clast types are dominantly quartz porphyritic tonalite and felsic volcanic, with minor
mafic intrusive and sedimentary clasts (UTM 622277E 5717526N). All UTM co-ordinates provided using NAD83 in Zone 15.
All scale items point north; the finger is 2 cm wide; and pen is 15 cm long.
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Figure 3.2. Simplified geological map of the Lang Lake greenstone belt.
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However, these rocks have been tentatively included in Package E because another occurrence of a
massive amphibole-phyric intermediate flow is present on the northwest shore of Cannon Lake and inland
west of the lake, that is conformable with the surrounding metasedimentary rocks, assuming that this rock
is not, in fact, a massive para-amphibolite.
Package E is also host to various mafic, tonalitic (Photo 3.2F) and possibly lamprophyric dikes and
sills, and is intruded by the same granodioritic incursion that cuts through the east end of Package A. The
older (pre-Neoarchean plutonism) dikes indicate a magmatic history previously undocumented within this
greenstone belt, which will be further investigated using geochemistry.
Distinct boundaries between Packages A to D have not been observed, such that the nature of their
contacts is currently unknown. Due to their similar facies and opposing top directions, Packages A and B
likely represent opposite sides of a major syncline, as interpreted by previous mappers (Laird 1930, 1931;
Fenwick 1970, 1971; Fenwick and Srivastava 1972). However, whether Packages C and D lie
conformably on top of the previous packages or not remains in question.
Several outcrops have been observed along the mapped contacts between Package E and the
surrounding metavolcanic rocks of Packages A and B, although both sides of the contact were never
revealed in one single outcrop. Consistently, the metavolcanic rocks of Packages A and B near the contact
have been highly strained and highly metasomatized (abundant magnetite growth along the southwest
contact, abundant coarse inclusion-rich garnets along the northern contact) and quartz-veined. Although
the southern contact has been represented by a shear zone in Figure 3.2, the nature of this contact remains
in question and likely requires a more detailed structural investigation.

Structure and Metamorphism
Metamorphic grade within the greenstone belt increases from greenschist facies (chlorite-actinoliteplagioclase metamorphic mineral package in mafic rocks) in the centre of the belt, to mid to upper
amphibolite facies towards the surrounding plutons (diopside in stable metamorphic mineral assemblage
in calc-silicate rocks near the northern contact). There is presently no mineralogical or textural evidence
to suggest multiple regional metamorphic events.
There is presently no structural or metamorphic evidence to suggest that tectonic activity affected the
belt prior to Neoarchean plutonism. A strong east-trending sinistrally displaced schistosity, evidenced by
S-folded and variably boudinaged veins and dikes, has been observed across almost the entire belt north
of Lang Lake and east of McVicar Lake (see Figure 3.2), including protomylonitic foliations within
granite plutons to the north of the belt. The presence of staurolite crystals along axial planes to S-folded
bedding (Photo 3.3A) suggests that major sinistral deformation occurred during peak metamorphism
shortly after emplacement of the surrounding tonalite to granodiorite plutons. Emplacement of the
granodiorite pluton west of Lang Lake orthogonal to bedding likely produced the locally exaggerated
folding illustrated by iron formations as interpreted through geophysical data (see Figure 3.2; Photo 3.3C).
East-directed shortening is interpreted to have subsequently modified this fabric, as evidenced by
composite kink folding observed at the west end of Lang Lake (Photo 3.3D), and a northward-trending
fold axis to a gently undulating secondary folding event observed throughout the remainder of the belt.
The Bear Head fault, a major regional shear zone, intersects the greenstone belt at its southwest
corner and continues southeast into the Meen–Dempster greenstone belt (see Figure 3.2). The extent of
the effects of the Bear Head fault laterally into the greenstone belt is currently unknown, and requires a
more detailed structural analysis. The dextral displacement documented elsewhere along this fault
(Osmani and Stott 1988) is consistent with anastomosing networks of very wide, dextral shear zones
observed at the west end of Lang Lake (Photo 3.3E). Scarce evidence suggests that north-side down
normal displacement may have occurred along the east-striking splays of the Bear Head fault (Photo 3.3F).
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Photo 3.2. A) Diorite (left) mingling with gabbro (right) of roughly equal grain size (UTM 607434E 5713415N). B) Tonalite
clast (left) within gabbro. Solid arrow points towards a straight sharp contact between the 2 rock types, whereas the segmented
arrow illustrates a gradational contact between tonalite, quartz gabbro and gabbro. This has been interpreted as an assimilation
texture (UTM 603909E 5712235N). C) A small dextral shear cutting a plagioclase adcumulate (anorthosite) (UTM 605656E
5711997N). D) A medium-grained quartz monzonite with interstitial chlorite, from a conspicuous monzonitic to monzodioritic
intrusion between Lang and Sor lakes (UTM 601773E 5714646N). E) A fine- to medium-grained quartz-phyric tonalite dike
which crosscuts greywacke between Card and Cannon lakes (UTM 622596E 5719344N). F) A plagioclase-phyric intermediate
intrusion from a trenched outcrop west of Lang Lake (UTM 595567E 5717226N). The rock samples in Photos 3.2D, 3.2E and
3.2F are not described in this article, but complement the discussion on the geology of the area. All UTM co-ordinates provided
using NAD83 in Zone 15. All scale items pointing north; the finger is 2 cm wide; and pen is 15 cm long.

3-7

Earth Resources and Geoscience Mapping Section (3)

S.J. Magnus

The latest deformation recognized in the area is an approximately 20 km wide ductile shear zone
striking roughly 333° that may have resulted from north-directed shortening. The shear zone is composed
of disjunctive conjugate shears (<2 mm wide) which offset bedding and earlier foliations and veining
within the belt and the surrounding plutons (Photo 3.3B). The locus of this deformation is along a dextral
offset which is plainly visible on the map pattern offsetting the greenstone–granite contact along the
northern edge of the map (see Figure 3.2.). Subjugate sinistral offsets, which trend roughly 010° and
disrupt the folded iron formations at the west end of the belt, illustrate the sinistral motion conjugate to
the more dominant dextral fabric. The shear zone intersects the Bear Head fault at the west end of
McVicar Lake, south of which their strikes become nearly parallel (striking southeast) as their traces
continue down through Semia Lake.

Alteration and Mineralization
The prospect of gold-related alteration and veining related to shear splays from the Bear Head fault
in the McVicar Lake area spurred the staking rush and the first descriptions of the Lang Lake belt in the
late 1920s and early 1930s, and has since remained the most lucrative prospect in the belt. Pervasive
alteration (variable ankerite-chlorite-sericite-pyrite alteration assemblages) is present parallel to eaststriking shear zones which transect tonalitic (i.e., the Sor Lake sill and Shonia Lake stock (McKay 2003))
and gabbroic, dioritic and anorthositic (Photos 3.2A, 3.2B and 3.2C) intrusive rocks (i.e., the Altered
Zone and Chellow Vein (McKay 2003)) in the McVicar Lake area, which host significant gold values in
both the altered rock and shear-hosted quartz veins (Figure 3.3). The most intense alteration was observed
along the sheared contact between these intrusive rocks and the surrounding supracrustal rocks, with
some shear zones containing textural evidence for both sinistral and dextral motion.
Several occurrences of massive, net-textured and disseminated magmatic nickel-copper-sulphide
mineralization have been observed in medium- to coarse- grained, locally pegmatitic metagabbro within
the intrusive complex (see Figure 3.3). Similar mineralization occurs in an outcrop of highly
recrystallized and highly strained metagabbro at the very southeast end of the greenstone belt.
Low-grade gold and copper mineralization was described just west of Lang Lake in the early 1960s,
hosted in sulphide-mineralized quartz veins, stringers in supracrustal rocks and feldspar porphyritic dikes
and sills (Simoneau 2004) (see Figure 3.3). The property has been periodically mapped and drilled by
several companies since its initial discovery, with consistent results of wide, low grade gold, copper and
locally silver in sulphide-mineralized rocks. Cursory observations during the 2014 field season have
revealed that structures related to each of the previously described events are present within the supracrustal
and intrusive rocks on the property, and that the highest concentration of sulphide mineralization
observed on surface occurs within east-striking shear zones with well-developed dextral S–C fabrics.
A lead-silver occurrence of unknown affinity, described previously by Weidner (1987) and is located
along the northern shore of Lang Lake, consists of several highly ankeritized tonalite dikes that crosscut
sheared and ankeritized mafic rock at roughly 045°, and 2 sets of parallel quartz veins striking 327°:
white quartz veins which cut through both rock types, and dark grey quartz veins which cut only the
tonalite dikes. No sulphide mineralization was observed within either of the vein sets; however,
disseminated fine-grained euhedral galena is visible within the ankeritized tonalite dikes and mafic schist.
An association between this mineralization and the structural events described here cannot yet be resolved
(see Figure 3.3, “Unclassified (Pb-Ag-Zn)” mineral occurrences deposit style).
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Figure 3.3. Simplified geological map of the Lang Lake greenstone belt showcasing previously documented mineral occurrences (Puumala 2009), sorted by interpreted deposit
style and simplified alteration assemblages observed during the 2014 field season. Abbreviations: SLT, Shonia Lake trenches. Note that a transparency has been applied to the
background geology colours as compared with those used in Figure 3.2, see Figure 3.2 for legend.
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Photo 3.3. A) Staurolite porphyroblasts, retrograde-metamorphosed to muscovite along their edges, are moderately aligned with
their long axes parallel to an S1 schistosity which defines the axial plane to larger-scale S-folds, in arkosic wacke to arkosic
arenite (UTM 632491E 5722277N). B) A tonalitic dike, which crosscuts medium-grained gabbro, is offset by several high-angle
dextral shears (UTM 607485E 5713068N). C) A sinistral shear zone just right of the compass cuts the variably kink-folded
finely bedded tuffaceous siltstones and mudstones, with possible chert and D) an illustration of the composite kink folds in the
same outcrop (UTM 596599E 5715277N). E) Mylonitized metagabbro cut by a tonalite dikes which have been dextrally sheared
into the mylonitic fabric (UTM 596639E 5715041N) and F) roughly 800 m eastward along strike, a similarly mylonitized gabbro
contains quartz veins which display sinistral rotation (delta clast) on a vertical surface, indicating north-side down normal
displacement (UTM 597396E 5714837N). All UTM co-ordinates provided using NAD83 in Zone 15. All scale items point
north; the finger is 2 cm wide; and pen cap is 4.5 cm long.
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Extensive alteration and mineralization were not widely observed within the supracrustal rocks and
there was very little evidence of hydrothermal alteration associated with volcanogenic massive sulphide
deposits. Several occurrences of copper, zinc and gold, documented in the Mineral Deposit Inventory
(MDI, Ontario Geological Survey 2013), are located within the supracrustal rocks of Package A;
however, few of these were located during the 2014 field season, and thus the author cannot validate their
reported association with volcanogenic massive sulphide depositional processes (Puumala 2009).

RECOMMENDATIONS FOR EXPLORATION AND FUTURE RESEARCH
It is currently unclear whether the shear-hosted gold mineralization present in the McVicar Lake area
is related to deformation along splays of the Bear Head fault, or whether the Bear Head fault remobilized
some previously active, gold-endowed shear zones. Therefore a detailed petrographic and structural study
of the gold-bearing veins and shear zones is critical in order to identify the timing and structural history of
gold mineralization. Along with a detailed structural analysis of the behaviour and dynamics (particularly
in the vertical direction) of the Bear Head fault west and south of Lang Lake, and of the several other
shearing events described herein, these studies may provide a strong tool for expanding gold exploration
efforts into the supracrustal rocks throughout the belt outside of the McVicar Lake area.
The relationship between the mafic and felsic intrusive rocks in the McVicar Lake area and the
surrounding metavolcanic rocks is currently under investigation by the author and Matthew Hanewich,
a BSc candidate at Carleton University who is going to describe the geochemical affinity of the volcanic
rocks throughout the belt and potentially correlate them with the previously described packages found
throughout the Uchi domain. Pending geochemical and geochronological results, the author feels that the
intrusive complex, which hosts abundant magma mixing, assimilation, magma separation and
hybridization textures (Photos 3.3A and 3.3B), may be a great future locality to study these magma
chamber processes and to potentially relate them directly to observed volcanic textures and geochemistry.
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INTRODUCTION
The Attwood Lake area was mapped in the summer of 2014 as part of the multiyear Fort Hope
greenstone belt bedrock geology mapping project located in the eastern portion of Uchi Subprovince. The
map area covers roughly 1400 km2 and is located at 51°16′30″N latitude and 88°37′W longitude. Roughly
one fourth of the area was accessible and possessed sufficient outcrop exposure to be worthwhile
mapping. The area is roughly 50 km southwest of Eabametoong First Nation and can be accessed by float
plane from Nakina, 200 km to the southeast, and Armstrong Station, 120 km to the south.
The project commenced in 2010 with the Keezhik Lake bedrock mapping project (Buse and Purdy
2010) followed by the Miminiska Lake bedrock mapping project (Buse 2011). The Attwood Lake
1:50 000 scale bedrock geology map with accompanying geochemical and geochronological data will be
published in April 2016. The goals of the eastern Uchi Subprovince bedrock mapping project are to
1.

create a set of 1:50 000 scale bedrock geology maps for the Fort Hope greenstone belt;

2.

subdivide the Fort Hope greenstone belt into tectonic assemblages and correlate them westward
with the Pickle Lake and Red Lake greenstone belts using lithogeochemistry and
geochronology;

3.

identify any possible correlation eastward and northward with the Ring of Fire region as
proposed by Stott et al. (2010);

4.

determine the evolution of tectonic settings for individual tectonic assemblages and the overall
tectonic setting of the Fort Hope greenstone belt during the Uchian orogeny (Percival et al. 2006);

5.

determine the nature of the terrane and domain boundaries to the north and south of the eastern
Uchi Subprovince;

6.

examine and, based on the above, interpret the mineral potential of the eastern Uchi
Subprovince.

This article presents the results from the 2014 field season and includes descriptions of the metavolcanic
and metasedimentary terranes, 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.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.4-1 to 4-11.
© Queen’s Printer for Ontario, 2014
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REGIONAL GEOLOGY
The Attwood Lake area was originally mapped as a series of reconnaissance maps, most notably
Operation Fort Hope in 1969 by Thurston, Carter and Riley (1969). The first detailed maps were made by
Wallace (1980, 1981) at the 1:15 580 scale and published at the 1:31 680 scale. This mapping offered
detailed lithological information for the region, but lacked sufficient geochemical, structural and
economic data.
The Attwood Lake area is at the southwestern extent of the Fort Hope greenstone belt and is
proximal to the Uchi–English River subprovincial boundary, which is poorly defined in this region. No
geochronological data have been recorded in the Attwood Lake area to date, but recent geochronological
work in the Miminiska Lake and Keezhik Lake areas to the north indicates a general eastward younging
across the Uchi Subprovince. To the north, the south Miminiska metavolcanic terrane, which may be
continuous with the metavolcanic rocks of the Attwood Lake area, has an age of circa 2739 Ma; broadly
correlative with the Confederation assemblage in the Red Lake greenstone belt (Buse and Hamilton 2012).
Turbiditic sedimentation and coeval felsic volcanism north of Attwood Lake around Miminiska Lake
have ages of 2323 to 2716 Ma, which is correlated westward to the St. Joseph assemblage and has been
linked to an early deformation event related to Uchian orogeny (Buse and Hamilton 2012).

GEOLOGY OF THE ATTWOOD LAKE AREA
The metavolcanic package (Figure 4.1) in the Attwood Lake area is dominated by amphibolites and
pillow basalts. The mafic metavolcanic rocks are all amphibolitized with varied degrees of
recrystallization, although primary volcanic textures are preserved locally. The majority of mafic
metavolcanic rocks in the region are medium grained, homogeneous, nonmagnetic to weakly magnetic
amphibolite. Pillows are small to medium sized, ranging from 20 cm to over 2 m long when stretched and
deformed (Photo 4.1A). They have thin to medium selvages, generally 0.5 to 3 cm, infilled with mafic
metasediment and more rarely recrystallized hyaloclastite. These flows often contain quartz-filled
amygdules, up to 10%, usually 2 to 3 mm, but also with larger quartz-filled amygdules up to 2 cm.
In association with the pillowed flows, there are local occurrences of autobrecciation, flow-top breccia
and hyaloclastite (Photo 4.1B) frequently containing quartz amygdules and are commonly altered (see
“Metamorphism and Alteration”). In the northern part of the map area, these metavolcanic sequences are
sometimes capped by quartz porphyritic felsic tuffs with up to 10%, 2 to 4 mm, quartz phenocrysts.
Proximal to the Attwood Lake narrows there are thicker packages of felsic pyroclastic rocks with varied
morphologies, including lapilli tuff, crystal tuff and tuff. The lapilli tuff are the most common and are
generally matrix supported with coarse tuff and 10 to 15% flattened felsic lapilli, sometimes displaying
fiamme textures where they are not too strongly deformed (Photo 4.1C). Fine laminae and bedding are
visible in a few locations within these tuffaceous units. It is likely that there are synvolcanic mafic dikes
and sills throughout the mafic metavolcanic rocks, but the high metamorphic grade makes them difficult
to differentiate from recrystallized flows, except where plagioclase phenocrysts and glomerocrysts
suggest a subvolcanic origin. In the Hurst Lake area, synvolcanic mafic dikes are found crosscutting the
Hurst Lake batholith and are interpreted to be feeder dikes for the southern part of the Fort Hope
greenstone belt.
The metasedimentary package (see Figure 4.1) is composed primarily of lithic and feldspathic
wackes. Feldspathic arenites to lithic arenites are present locally. Conglomerates and granular sandstones
are found along the northern and eastern contacts with the mafic metavolcanic rocks. These contacts are
interpreted to be unconformable. The morphology of the conglomerates are inconsistent along strike with
clasts ranging from subangular to subrounded, and textures from moderately to poorly sorted as well as
matrix to clast supported (Photo 4.1D). Clasts are primarily amphibolite ± garnet, granodiorite, quartz and
rare felsic metavolcanic rocks, all within a sandy matrix, and occur in varied proportions along strike.
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Figure 4.1. Simplified geologic map of the Attwood Lake area. The UTM co-ordinates are in NAD83, Zone 16. Abbreviations: Cu, copper; Ni, nickel.
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Photo 4.1. Select photos of lithologic units in the Attwood Lake area. A) Mafic pillow basalts with spilitized centres, younging
towards the north, Vertente Bay, north Attwood Lake; hammer head pointing north for scale. B) Altered mafic autobreccia and
hyaloclastite on the big island in Vertente Bay, north Attwood Lake. C) Weakly flattened felsic lapilli tuff with 15% felsic lapilli
with fiamme textures on the east side of the Attwood Lake narrows; pencil tip pointing north. D) Granular sandstone overlying
clast-supported polymictic conglomerate, clasts are predominantly granodiorite, east of Hurst Lake; pencil tip points north.
E) Metawacke with brown euhedral staurolite porphyroblasts and a large anhedral porphyroblast retrograded to muscovite to the
left of the pencil tip, east side along lakeshore at the south end of Attwood Lake; pencil tip points north. F) Weakly magnetic
garnetiferous amphibolite, interpreted to be metamorphosed silicate facies iron formation, southwest of Attwood Lake narrows;
pencil points north. G) Anorthosite, showing mesocumulate texture with 8% amphibole, west of Gould Lake; pencil tip points
north. H) Pegmatitic muscovite-bearing trondhjemite with radiating muscovite bundles, southeastern bay of Attwood Lake;
compass tip points north.
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Along Attwood Lake, the majority of metasedimentary rocks are wackes with interbedded muddy
material. Muddier beds and units tend to be more micaceous and possess larger and more numerous
porphyroblasts of staurolite and garnet (Photo 4.1E). At the south end of Attwood Lake, occurrences of
the fibrolite variety of sillimanite and retrograde porphyroblasts, now as knots of muscovite and possibly
former andalusite are apparent. Cordierite was not observed in outcrop, but was reported by Wallace
(1981) along the south bays of Attwood Lake. Minor in situ melt, generally less than 4%, is visible within
the metawackes proximal to the contact with the muscovite-bearing trondhjemite. At the centre of the
metasedimentary unit, there is a felsic wedge consisting primarily of sericitized felsic tuff, quartz ±
feldspar crystal tuff and lapilli tuff, some of which may be reworked by sedimentary processes. Mixed
volcaniclastic and metasedimentary rocks are present in a small area in and around the Attwood Lake
narrows and include tuffaceous sandstone composed of reworked felsic tuff and a heterolithic moderately
sorted conglomerate with 5% fiamme-textured felsic lapilli. Silicate facies iron formation and sulphidemineral–bearing argillites ± cherts are found as semicontinuous bands ranging from 1 to 100 m wide
throughout the metavolcanic and metasedimentary rocks of the greenstone belt (see Figure 4.1). 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 (Photo 4.1F). In some areas, the iron formation grades into a sulphide-mineral–
bearing argillaceous and cherty metasediment.
A series of mafic to ultramafic intrusions are located in the western part of the map area (see Figure 4.1).
The best exposed intrusion is the Weese Lake sill which is located west of the lake and extends parallel to
the lake (see Figure 4.1). The sill is dominantly anorthosite (Photo 4.1G) with lesser gabbro and
hornblendite. The sill is crosscut by multiple finer grained gabbroic dikes that appear to be genetically
related to the intrusion. Rhythmic layering indicative of fractional crystallization is not readily apparent,
but the possibility of a distinct geochemical trend in the sill will be investigated as part of an
undergraduate thesis undertaken by Cédric Mayer at Laurentian University. Only one other intrusion at
Gould Lake (see Figure 4.1) was accessible and was similar in composition to the Weese Lake sill,
although there was much more evidence of brecciation and multiple intrusive events in this intrusion.
Surrounding the greenstone belt are multiple felsic intrusive rocks of different relative ages. The
oldest, prevolcanic intrusive which appears to be representative of the basement to the greenstone belt, is
the Hurst Lake batholith to the east of Hurst Lake. The Hurst Lake batholith is primarily foliated biotite
granodiorite and quartz monzodiorite transected by east-trending mafic dikes that are interpreted to be
feeder dikes to the mafic metavolcanic rocks to the west. The Vick Lake and Shabuskwia Lake batholiths,
to the north and west of Weese Lake, respectively (see Figure 4.1), are also foliated granodiorite to quartz
monzodiorite. The foliation is parallel to that in the metavolcanic rocks and mafic intrusive rocks; the
presence of intrusive brecciation and dikes along contacts and the migmatization of the metavolcanic rocks
adjacent to the intrusions are all indicators that these intrusions are syntectonic. Lastly, a posttectonic,
primarily pegmatitic S-type muscovite-garnet ± biotite-bearing trondhjemite to granite intrudes the
metasedimentary rocks south of Attwood Lake and is present around much of Luella Lake and the east
bay of Shabuskwia Lake to the west (see Figure 4.1; Photo 4.1H). This intrusion is completely
undeformed and related dikes of the same composition crosscut the metasedimentary and metavolcanic
rocks of the greenstone belt in the south end of the map area.
Three sets of Proterozoic diabase dikes occur within the map area (see Figure 4.1), all of which are
strongly magnetic with distinct aeromagnetic signatures (Ontario Geological Survey 2003). The dikes are
medium to coarse grained and are composed of pyroxene, plagioclase and amphibole; some have distinct
quartz diorite phases associated with them. Buse and Hamilton (2012) determined the ages of 2 of the
dike sets: circa 1883 Ma for the north-northwest-trending set, which is interpreted to be part of the Pickle
Crow dike swarm, and circa 2102 Ma for the northeast-trending set, which is interpreted to part of the
Marathon dike swarm. The northwest-trending remnant and normal dikes have been interpreted as part of
the Matachewan dike swarm (Madon, McIlraith and Stott 2009).
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STRUCTURAL GEOLOGY
Evidence for 3 periods of deformation were recognized in the Attwood Lake area and are interpreted
from observations of generalized and repeated structures in the map area, as well as airborne geophysical
data (Ontario Geological Survey 2003). The facing direction in the Attwood Lake area is predominantly
to the south in the northern and western part of the metavolcanic package and to the north in the central
portion of metavolcanic package, which reflects the complex folding in the region (see Figure 4.1). The
majority of observed pillow younging directions are upright, with overturned pillows only where the
stratigraphy was dipping at high angles. Evidence for younging was rarely observed in the
metasedimentary rocks because of the high metamorphic grade.
The earliest deformation observed in the area, most prominent in the north end of Weese Lake and
north Attwood Lake, is regional east-trending isoclinal folding associated with 0.5 to 3 m amplitude
isoclinal folds observed in outcrops (Photo 4.2A). These folds tend to be upright with dominant easttrending fold axes but also frequently display other trajectories as a result of modifications brought about
by later deformation events. The fold hinges associated with the isoclinal folds are moderately to steeply
plunging where they are measureable. Cleavage refraction is common in wacke units, resulting in smaller
cleavage to bedding angles in less competent, more micaceous, layers (Photo 4.2B).
A subsequent regional deformation is represented by a main, discrete foliation, striking between 020
and 070°, though dominantly 050° and dipping at high angles throughout the greenstone belt. This
foliation is interpreted to be associated with regional folding along a northeast-trending fold axis that is
most prominent in the northeast corner of the map area (see Figure 4.1). Outcrop-scale folding associated
with this event was observed locally (Photo 4.2C).
The latest deformation is characterized by gentle to open folds with fold closures to the northwest or
west-northwest. This feature is most prominent at the regional scale, with the fold axis extending through
the south end of Attwood Lake and the north end of Weese Lake. Outcrop-scale open folds with this
orientation were observed throughout the greenstone belt, with crenulation cleavage, parallel to the fold
axes, locally overprinting the main foliation (Photo 4.2D). This event may be related to the intrusion of
the late S-type trondhjemite intrusion in the south, although a similar style of late folding was noted by
Buse (2011) to the north. The triangular shape of Weese Lake is due to the fold interference pattern created
by an early, regional northeast-trending fold being refolded by one of these late folds (see Figure 4.1).
The structural geology to the west and north of the Weese Lake is heavily influenced by the intrusion
of the surrounding plutons which are interpreted to have been synchronous with deformation. Foliations
in outcrops on the west side of Weese Lake are dominantly steeply dipping and strike north, which differs
from the dominantly northeast- and east-striking foliation in the rest of the belt. Stretching lineations in
the metavolcanic rock on the southeast side of Weese Lake plunge moderately to the north, which is
indicative of some dextral movement in the strain aureole surrounding the intrusion. Complex folding is
noted in pillowed mafic metavolcanic rocks at the north end of Weese Lake, where east-trending isoclinal
folding is refolded by northeast trending Z-folds (Photo 4.2E). Small shear zones were noted throughout
the map area and were generally parallel or subparallel to the dominant foliation. In the north and south ends
of Attwood Lake, many of the shear zones had ambiguous or sinistral shear sense indicators (Photo 4.2F);
elsewhere, the shearing tended to be dominantly dextral (Photos 4.2G and 4.2H). A series of small, late,
brittle north-northwest-trending faults with sinistral displacement were observed in the vicinity of the
Attwood Lake narrows and are represented by distinctive breaks in regional airborne geophysical data
(Ontario Geological Survey 2003) as well as discontinuities in the geology. Outcrop-scale faulting tends
to be associated with quartz veining, but orientation trends were not identified in the field.
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Photo 4.2. Select photos of structural features in the Attwood lake area. A) Folded pillows with quartz veins along fold axial
planes, south of Vertente Bay, north Attwood Lake; compass mirror points north. B) Tight fold plunging near vertically to the
west in metawacke. The fold shows good cleavage refraction, east of Attwood Lake narrows; pencil tip points north.
C) Chevron Z-folds in metasediment, fold axes (FA) trend to the northwest, east of Attwood Lake narrows; pencil tip points north.
D) Early 035° striking foliation (red dash) overprinted by a later 345º striking cleavage (yellow dash), south of Vertente Bay,
north Attwood Lake; compass mirror points north. E) Fold interference in pillowed flow where earlier east-west isoclinal folds
(FA1) are refolded by northeast trending Z-folds (FA2) parallel associated with an overprinting penetrative cleavage (S2), northwest
of Weese Lake; pen tip points north. F) Sinistrally rotated predeformational garnet in altered mafic volcanic rocks, east of
Vertente Bay, north Attwood; pencil tip points north. G) En échelon vein array formed in mafic volcanic rocks as a result of
dextral shear, southwest of Attwood Lake narrows; pen tip points north. H) Dextral rotation of granodioritic blocks within Hurst
Lake batholith, east shoreline of Hurst Lake; pencil tip points north.
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METAMORPHISM AND ALTERATION
Metamorphism in the Attwood Lake area ranges from lower amphibolite to upper amphibolite.
No chlorite remains in the mafic metavolcanic rocks. There are mafic migmatites that occur along the
northern contact of the greenstone belt which is in the metamorphic aureole of Vick Lake batholith. One
outcrop of metasedimentary metatextite was found along the north side of Luella Lake which may be
related to the English River Subprovince. Metamorphic grade increases southward and is first evidenced
by the appearance of sillimanite. Metasedimentary rocks along the southern contact with the muscovitebearing, S-type trondhjemite, do not contain muscovite which may be an intrusive effect. The majority of
porphyroblastic minerals observed in the greenstone belt appear to be pretectonic to syntectonic and
developed parallel to, or were deformed by, the dominant foliation which indicates that they may have
formed syndeformation to postdeformation. Late euhedral, posttectonic garnets were found in almost all
the metasedimentary rocks and the S-type intrusive rocks.
Spilitization, feldspar-epidote-quartz alteration, of the pillowed mafic metavolcanic rocks and related
breccias is commonly observed, typically affecting the centres of the individual pillows. In some
instances, the spilitization is pervasive and entire sections are completely altered (Photo 4.3A). In other
areas where the metamorphic grade is higher and the alteration is less pervasive, the presence of large
anhedral to subhedral garnet porphyroblasts in mafic and felsic metavolcanic rocks is attributed to the
same alteration events (Photo 4.3B). This alteration is interpreted to be synvolcanic.
The anorthosites and gabbros of the Weese Lake and Gould Lake intrusions are commonly altered by
biotite and sericite in proximity to contacts with felsic intrusions. In some cases primary igneous textures
are unrecognizable. Small quantities of green mica were observed in one shear zone within mafic
intrusive rocks of the Weese Lake intrusion.

ECONOMIC GEOLOGY
There are 4 known mineral occurrences in the map area, all copper ± nickel and associated with
mafic to ultramafic intrusions (Mason and White 1995). Unfortunately, none of these occurrences were
located by the field party. Currently, only 1 block of 16 claim units are active on the north side of Luella Lake.
Over the years, several ground and airborne geophysical surveys were conducted by mineral
exploration companies over the region, primarily in the Luella–Weese lakes area. Between 1972 and
1975, 9 diamond-drill holes totalling 1230 m were drilled by Getty Mines Limited with the following
mineralized intersections: Borehole LL-1 with 3.6 feet of 1.71 weight % Cu and 6500 ppm Ni in quartzbiotite schist and Borehole LL-2 with 3.6 feet of 1 weight % Cu and 1900 ppm Ni in hornblende gneiss
and additionally 2.4 feet of 5.6 weight % Cu and 6800 ppm Ni in quartz-hornblende gneiss (Getty Mines
Limited 1976). In 2003, East West Corporation, in a joint venture with Cascadia International Resources,
conducted an electromagnetic geophysical survey followed up by 7 diamond-drill holes in the Luella
Lake area with one drill hole (LB04-4) intersecting 3.3 m of more than 10 000 ppm Cu, 1015 ppm Ni,
0.04 ppm Au, 0.045 ppm Pt and 0.037 ppm Pd in altered pyroxenite with trace chalcopyrite (Middleton
2004). Pembroke Capital Corporation (Burga 2011) reported assay results from samples collected from
float and outcrops in the Weese–Luella lakes area. Copper-nickel mineralization was confirmed in
volcanic float and in anorthosite outcrops with copper assays up to 9750 ppm in mafic metavolcanic rocks
and 1220 ppm in anorthosite. Many claim blocks in the Weese–Luella and Auger lakes areas lapsed in
2012. Trace to 1% pyrite and rare chalcopyrite was observed in anorthosite and gabbro was noted
throughout by the field party in the Weese Lake intrusion. Ground and borehole pulse electromagnetic
surveys were performed for Pro Minerals Incorporated at Discovery Lake just northeast of the map area in
2010 (Pro Minerals Incorporated 2010). The area is historically known for its volcanogenic massive
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sulphide mineralization with broad alteration zones enriched in copper and zinc as stringer or lens styles,
also associated with anomalous gold and silver values (Pro Minerals Incorporated 2010).
Mineralized quartz veins were observed proximal to the contacts between syntectonic and
posttectonic felsic intrusions and older mafic intrusions at Weese and Gould lakes. These veins tended to
be 5 to 40 cm wide and subparallel to the local foliation. The veins were grey and rusty and contain up to
5% disseminated chalcopyrite with some single crystals of molybdenite, one of which was about
1.5 cm wide (Photo 4.3C). Samples from some of these veins have been submitted for assay.
A small pit was encountered in a gossan zone located north of the Attwood Lake narrows in an
argillaceous, cherty sulphide-facies iron formation, where the sulphide minerals consist dominantly of
up to 20% pyrrhotite with subsidiary chalcopyrite and trace bornite (Photo 4.3D). Generally the iron
formation was rusty due in part to trace pyrite and magnetite, but no other mineralization appeared to be
associated with these units.

Photo 4.3. Select photos of mineralization and alteration in the Attwood Lake area. A) Pervasive spilitization of mafic pillows
and related breccia, lighter green ovoid patches are former pillow centres, north of Attwood Lake narrows; hammer head points
north. B) Synvolcanic alteration of metavolcanic rocks that were metamorphosed to amphibolite facies, garnet-amphibolesericite, northeast of Attwood Lake narrows; pencil tip points north. C) Large platy crystal of molybdenite (Mo) in a grey
chalcopyrite-bearing quartz vein near the granodiorite-anorthosite contact on the west side of Weese Lake; pencil tip points north.
D) Gossaniferous pit in pyrrhotite-rich argillaceous metasediment with trace chalcopyrite and bornite, southwest of the Attwood
Lake narrows, looking roughly north.
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It is recommended that exploration in the area remain focussed on the mafic intrusions as well as
in the surrounding mafic metavolcanic rocks and younger intrusions where the mineralization may be
remobilized within quartz veins or along shear zones. The area offers significant potential for copper,
nickel and potentially platinum group elements. The presence of possible hydrothermal synvolcanic
alteration in the area does indicate the possibility for volcanogenic massive sulphides in the region.
There is a possibility of the volcanogenic massive sulphide mineralization and alteration from the
Disco (Discovery) Lake area continuing south along Auger Lake, but this has yet to be confirmed.
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INTRODUCTION
The geological bedrock mapping carried out this summer was part of a multi-year project to update the
geological knowledge of the northeast Michipicoten greenstone belt. During the summer of 2014, detailed
1:20 000 scale mapping focussed on Brackin Township, reconnaissance mapping was done in Leeson
Township and verification was done in Marsh and Lang townships (Figure 5.1). The objectives of this
summer’s work were the following: 1) update and perform the geological mapping in Brackin and Leeson
townships, which were last mapped in 1972 and 1942, respectively (Bennett 1972; 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. McDivitt). Presented in this
article are the preliminary results for a) Brackin Township and b) the detailed study of the Renabie Mine.

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.
A detailed assemblage framework does not exist for the northeast part of the belt because of the lack of
data. The metavolcanic rocks have been previously subdivided into 3 distinct volcanic cycles (Table 5.1)
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); these cycles will be referred to in this report as the “2900 volcanic cycle”,
the “2750 volcanic cycle” and the “2700 volcanic cycle”, respectively.
The 2900 volcanic cycle is composed of a lower section of mafic metavolcanic flows and an upper
section of intermediate to felsic volcaniclastic rocks, overlain by iron formation (Sage and Heather 1991).
The supracrustal rocks of this cycle are intruded by the Hawk Lake granitic intrusive complex (2888±2 Ma),
which is coeval with the interpreted age of the capping iron formation (Turek, Smith and Van Schmus
1984; Turek, Van Schmus and Sage 1988). The lower part of the 2750 volcanic cycle lies conformably
above the 2900 volcanic cycle and is composed of intermediate to mafic metavolcanic flows overlain by
intermediate to mafic breccia with discontinuous units of iron formation. The upper part of the cycle
consists of intermediate to felsic metavolcanic flows (Sage and Heather 1991). This cycle is capped by
the Michipicoten iron formation, which was deposited during a hiatus in volcanism between the 2750 and
2700 volcanic cycles. The base of the 2700 volcanic cycle consists of mafic to intermediate flows, overlain
by an upper section of intermediate to felsic metavolcanic rocks or metasedimentary rocks (Sage and
Heather 1991). This volcanic cycle is not capped by iron formation; however, iron formation occurs in the
upper section of the mafic to intermediate metavolcanic rocks and at the base of the metasedimentary rocks.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.5-1 to 5-11.
© Queen’s Printer for Ontario, 2014
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Figure 5.1. General geology map of the northwest part of the Michipicoten greenstone belt (data from OGS 2011b). Brackin Township is outlined in red. Geochronological
data: “2013 OGS” geochronological sample locations and ages from Kamo (2014); “other referenced” geochronological sample locations and ages are from Turek et al. (1996).
Universal Transverse Mercator (UTM) co-ordinates are provided in Zone 17 using North American Datum 1983 (NAD83).
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< 2700 Ma

Diabase dikes
Intrusive contact
Intermediate to felsic intrusive rocks
Intrusive contact
Mafic to intermediate metavolcanic rocks
Conformable contact

2700 volcanic cycle

Gabbroic and dioritic intrusive rocks
Intrusive contact
Intermediate to felsic metavolcanic rocks and associated metasedimentary rocks
Conformable contact
Iron formation
Conformable contact
Mafic to intermediate metavolcanic rocks
Conformable and intrusive contact

2750 volcanic cycle

Gutcher Lake stock (2722±1 Ma)
Intrusive contact
Iron formation
Conformable and intrusive contact
Jubilee stock (2745±3 Ma) and quartz-feldspar porphyry (2741.8±6.1 Ma)
Intrusive contact
Diorite, gabbro, peridotite
Intrusive contact
Intermediate to felsic metavolcanic rocks
? Conformable contact ?
Jubilee tuffs (2746±11 Ma), iron formation
? Conformable contact ?
Mafic to intermediate metavolcanic rocks
Conformable contact

2900 volcanic cycle

Table 5.1. Summary of the volcanic cycles of the Michipicoten greenstone belt (modified from Sage and Heather (1991) with
supporting ages from Turek, Smith and Van Schmus (1982, 1984), Turek, Van Schmus and Sage (1988), Turek, Sage and
Van Schmus (1990) and Turek et al. (1996)). Stratigraphic column is based on geology in the Wawa area.

Hawk Lake granite complex (2888±2 Ma)
Intrusive contact
Iron formation
Conformable contact
Intermediate to felsic metavolcanic rocks
Conformable contact
Mafic to intermediate metavolcanic rocks

Several Archean gabbroic to dioritic rocks intrude the volcanic cycles (Sage and Heather 1991; this
study). The supracrustal rocks were intruded by several granitoid rocks of varied composition with ages
ranging from 2888±2 Ma to 2662±5 Ma (Turek, Smith and Van Schmus 1984). Proterozoic dikes of the
north-northwest-trending Matachewan and northeast-trending Biscotasing swarms are the youngest bedrock
units in the study area.
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 successions of Archean metavolcanic rocks
ranging from rare pre-2750 Ma to 2695 Ma and followed by 2 successor sedimentary basins from 2690 to
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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 volcanic cycle (2750 Ma) of the Michipicoten
greenstone belt, presented above, may represent time-equivalent volcanism similar to the Abitibi greenstone belt.

Figure 5.2. Simplified lithological map of Brackin Township (UTM co-ordinates are provided in Zone 17 using NAD83).
Numbers beside mineral occurrence points indicate occurrences listed in Table 5.2.
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Table 5.2. Main characteristics of mineral occurrences in Brackin Township.
Occurrence
Braminco 21 prospect
MDI42B05SW00003
Braminco A vein
MDI42B05SW00056
Braminco No. 7 vein
MDI42B05SW00053
Braminco B vein
MDI42B05SW00055
Braminco 57 vein
MDI42B05SW00035
Canbrae C vein
MDI42B05SW00054
Baltic D vein
MDI42B05SW00038
Springer vein
MDI42B05SW00004
Baltic 69 vein
MDI42B05SW00037
Baltic 75 vein
MDI42B05SW00039
Baltic 72 vein
MDI42B05SW00036
Baltic 73 vein
MDI42B05SW00043
Macabie North showing
MDI42B05SW00025
Macassa 94 vein
MDI42B05SW00042
Macabie South showing
MDI42B05SW00040
Macassa high-grade
MDI42B05SW00041
OGS gold occurrence
MDI42B05SE00002
OGS silver occurrence
MDI42B05SW00029

Number in
Figure 5.2
1

Commodities

Best Historic Value

Host Units

Quartz (Au)

Up to 11 g/t Au

Quartz vein in sheared tonalite

2

Au

Up to 0.29 oz/t Au

Quartz vein in sheared tonalite

3

Quartz (Au)

Up to 0.13 oz/t Au

Quartz vein in tonalite

4

Au (quartz)

Up to 2.08 oz/t Au

Quartz vein in tonalite

5

Au

Up to 0.14 oz/t Au

Quartz vein in sheared tonalite

6

Au

Up to 0.51 oz/t Au

Quartz vein in tonalite

7

Au

Up to 2.436 oz/t Au

Quartz vein in sheared tonalite

8

Au

Up to 1.19 oz/t Au

Quartz vein in tonalite

9

Au

Up to 2.56 oz/t Au

Quartz vein in tonalite

10

Au

Up to 0.79 oz/t Au

Quartz vein in tonalite

11

Au

Up to 0.36 oz/t Au

Quartz vein in tonalite

12

Au

Quartz vein in tonalite

13

Au (Ag)

14

Au (Ag)

15

Au

16

Au

Up to 3.43 oz/t Au and
1.22 oz/t Ag
Up to 2.04 oz/t Au and
2.14 oz/t Ag
Up to 0.07 oz/t Au and
81.8 ppm Ag
Up to 0.63 oz/t Au and
1.87 oz/t Ag
Up to 0.32 oz/t Au

17

Au, Ag (Mo, Cu, Pb)

Quartz vein in tonalite

18

Ag (Au)

Up to of 0.17 oz/t Au
and 0.51 oz/t Ag
Up to 0.16 oz/t Ag and
trace Au

Quartz vein in sheared tonalite
Quartz vein in tonalite
Quartz vein in tonalite
Quartz vein in sheared tonalite

Quartz vein in intermediate to
felsic metavolcanic rocks

Abbreviations: Ag, silver; Au, gold; Cu, copper; g/t; gram per tonne; Mo, molybdenum; oz/t, ounce per ton; Pb, lead.
Source: Mineral Deposit Inventory (MDI; OGS 2014) updated July 15, 2014, by A.C. Wilson, Resident Geologist Office,
Timmins, Ontario.

GEOLOGY OF BRACKIN TOWNSHIP
Brackin Township (Figure 5.2) was last mapped by Bennett (1972). The study area is underlain by
intermediate to felsic plutonic rocks in the east. Mafic to intermediate metavolcanic flows underlie the
western portion of the study area. Minor units of felsic and ultramafic metavolcanic rocks as well as
metasedimentary rocks are locally interlayered with the mafic metavolcanic rocks. The Archean rocks are
intruded by Proterozoic gabbroic dikes.
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Metavolcanic Rocks
Mafic metavolcanic rocks dominate the western portion of Brackin Township (see Figure 5.2). The
mafic metavolcanic flows are dark grey on fresh surfaces and are typically well foliated. Mafic
metavolcanic rocks are predominantly fine grained and are largely characterized by amphibolite-facies
metamorphic mineralogy near the near the margin of the batholith. At greater distance from the margin of
the batholith, the metamorphic mineralogy is greenschist facies. Massive flows are predominant, whereas
pillowed flows (Photo 5.1A) are restricted to the northeastern part of the study area and on the northern
shore of Missinaibi Lake, where pillow tops indicate stratigraphic-facing direction to the west. The
pillows are well developed and vary in size from a few decimetres to a metre in diameter. In the northwest
corner of the study area, heart-shaped pillows (Photo 5.1B) are observed, indicating that folding has
occurred since their formation.
Intermediate metavolcanic rocks (Photo 5.1C) occur within the mafic metavolcanic rocks. They are
generally fine- to medium-grained massive flows or tuffs and are moderately foliated. The fresh surface is
light grey and weathers to a slightly darker grey. Ultramafic to mafic metavolcanic rocks are found on the
southern shore of Crooked Lake. They form thin flows, surrounded by mafic to intermediate metavolcanic
rocks. The flows are largely massive, with radial actinolite (Photo 5.1D). The fresh surface is black and
weathers dark grey.

Metasedimentary Rocks
Clastic metasedimentary rocks are restricted to the southeastern part of Brackin Township and
consist of buff grey, thinly bedded siltstone. Iron formation was not observed in the study area; however,
magnetic anomalies (OGS 2002, 2003a, 2003b, 2011a) extend from Lang Township, where iron
formation was observed in outcrop (Robichaud 2013), into the mafic metavolcanic rocks in the southwest
section of the study area.

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 5.1E)
with minor occurrences of granite. The main mafic mineral is typically biotite, but the presence of
hornblende is noted in varying amounts locally. The more tonalitic to granodioritic phases are whitish
grey on fresh surfaces and weather buff grey, whereas the more granitic phases are pinkish on both fresh
and weathered surfaces. The rocks are generally moderately to well foliated, although some areas are
characterized by weak fabric development. Quartz veining, as well as hematite and epidote staining are
the dominant types of alteration. A seemingly later phase of the Missinaibi Lake batholith occurs in the
northern section of Crooked Lake. This phase of the batholith is medium-grained, massive tonalite
(Photo 5.1F), with virtually no ductile deformation. The composition is very similar to the rest of the
pluton and is primarily differentiated by the lack of foliation. Turek et al. (1996) reports a U/Pb age of
2741±21 Ma for a tonalitic phase of the Missinaibi Lake batholith (1 km north of the study area in Leeson
Township). A U/Pb age of 2713.6±1.1 Ma was reported (Kamo 2014) for a tonalitic phase of the Missinaibi
Lake batholith to the south of the study area in Lang Township. The different ages as well as the differences
in composition and structural fabric suggest that the Missinaibi Lake batholith has multiple phases.
The Ruby Lake stock, which mostly occurs in Stover Township, occupies a very small area in
western Brackin Township (see Figure 5.2). It is composed of foliated, tonalitic and granitic rocks
containing biotite with minor hornblende. The rocks are light pink on fresh surfaces and weather to
creamy pink. Potassium feldspar megacrysts are sometimes noted and can be up to 1 cm in size. Turek et
al. (1996) reports a U/Pb age of 2661±11 Ma for the Ruby Lake stock.
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Photo 5.1. A) Mafic metavolcanic rocks exhibiting well-developed pillows (UTM 290664E 5351478N). B) Moderately foliated
pillowed flow with heart-shaped pillow (UTM 287543E 5360791N). C) Foliated intermediate metavolcanic rocks (UTM 288323E
5360460N); pen for scale is 0.8 cm wide. D) Ultramafic to mafic metavolcanic rocks with radial actinolite (UTM 287035E
5355807N). E) Well-foliated, fine-grained tonalite from the Missinaibi Lake batholith (UTM 289989E 5359266N). F) Finegrained, massive, tonalite from the Missinaibi Lake batholith (UTM 292790E 5360312N). All UTM co-ordinates provided using
NAD83 in Zone 17. Compass for scale in Photos 5.1A, 5.1B and 5.1E is 6.9 cm wide.
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Gabbroic rocks (see Figure 5.2) intrude the supracrustal rocks in Brackin Township, notably the
mafic metavolcanic rocks in the eastern part of the study area. The gabbro intrusions are medium to
coarse grained, foliated and typically amphibolitized. Locally, pyroxene grains are still preserved. Finegrained felsic intrusions also occur in the mafic metavolcanic flows, but these are always less than a metre
in width. Typically foliated, these felsic intrusive rocks are very fine to fine grained and occur near the
contact between the mafic metavolcanic rocks and the Missinaibi Lake batholith.

Proterozoic Intrusions
Proterozoic intrusions are gabbroic in composition. The majority of the dikes trend north-northwest;
however, some dikes trend northeast. These dikes commonly have strong, linear aeromagnetic signatures
and were mostly outlined by using airborne magnetic data (OGS 2002, 2003a, 2003b, 2011a). These are
predominantly fine- to medium-grained gabbros, frequently having a diabase texture and occasionally
displaying plagioclase phenocrysts or glomerocrysts. The north-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
An early regional foliation (S1) is defined within the supracrustal rocks and the plutonic rocks in
Brackin Township. The S1 regional foliation parallels the contact between the mafic metavolcanic rocks
and the Missinaibi Lake batholith. The trend of the S1 foliation has an average trend of 170° and dips
moderately to steeply to the west. A later regional foliation (S2) is subparallel to the earlier S1 regional
foliation. The S2 foliation has an average trend of 145° and dips moderately to the southwest. The
overprinting relationship between S1 and S2 is rarely preserved. Moderately plunging lineations occur
with the S1 and S2 foliations and plunge to the west and southwest. Late shear zones (S3) trending 110°
can be observed in locally in the study area. These late shear zones display sinistral shear sense indicators,
but a late dextral reactivation is apparent.
A large syncline was observed in the northwest part of the study area and is supported by pillow-top
indicators. This fold has a shallow plunge to the north and has isoclinal to steeply dipping limbs parallel
to the S1 foliation. In the northeast portion of the study area, heart-shaped pillows (see Photo 5.1B) are
observed near the axial plane of the syncline.
The study area was also affected by late brittle faulting. Major faults run underneath Crooked Lake
and Missinaibi Lake (see Figure 5.2). This is evidenced by mapping, geophysical interpretation and
topography; however, no foliations are observed parallel to faulting. The faults appear to displace the
Archean lithologies, but do not displace the Proterozoic intrusions, implying that faulting predates the
emplacement of the Proterozoic dikes.

ECONOMIC POTENTIAL
Gold is the dominant metal commodity reported in Brackin Township along with silver and quartz
(flux) with minor amounts of molybdenum, copper and lead, based on mineral exploration programs by
mining companies and prospectors. A total of 18 properties are reported as Mineral Deposit Inventory
(MDI) sites (see Figure 5.2; Table 5.2; OGS 2014). Gold mineralization is mostly found in the Missinaibi
Lake batholith, near the contact with the mafic metavolcanic rocks and is associated with quartz veins and
shear zones within the batholith.
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The economic potential for gold mineralization in the area is bolstered by the proximity of the pastproducing Renabie Mine in Leeson Township. Potential for nickel mineralization may be present in the
ultramafic to mafic metavolcanic rocks in Brackin Township. Disseminated sulphide minerals such as
pyrrhotite and pyrite, comprising 1 to 5% of the mineralogy, have been found to occur within these units.

GOLD MINERALIZATION AT THE FORMER RENABIE MINE
Detailed mapping of the C-Zone, Nudulama and Nudulama East outcrops in Leeson Township and
the Pileggi No.1 showing in Stover Township (see Figure 5.1) was conducted concurrently with the 2014
regional mapping program by the Ontario Geological Survey. This outcrop-scale mapping was completed
by the second author as part of an MSc thesis study to characterize the structural and geochemical
properties of gold occurrences along the Renabie Trend. The purpose of this project is to increase the
understanding of gold mineralization within a regional geologic context. This thesis work is supported
through the Ontario Geological Survey–Laurentian University Graduate Mapping School Program.
The east-trending mineralized outcrops of the C-zone, Nudulama and Nudulama East are located
eastward and along strike of the former Renabie Mine within tonalite of the Missinaibi Lake batholith
(see Figure 5.1). The Pileggi No.1 showing is located 12 km southwest of the former mine in mafic
metavolcanic rocks (see Figure 5.1). The east-trending mineralized zone at Pileggi No.1 is subparallel to
mineralized zones at the former Renabie Mine.
The Renabie Mine is a significant historic gold producer within the Wawa Subprovince, with
documented gold production in excess of 1 million ounces before closure of the mine in 1991 (Callan and
Spooner 1998). Gold mineralization is associated with shear-hosted ribbon-banded quartz veins (Callan
and Spooner 1998). Mineralization at the former mine is hosted within granitoid rocks comprising the
Missinaibi Lake batholith. Geochronological analyses of the Nudulama biotite tonalite, a component of
the Missinaibi Lake batholith, yielded a U/Pb zircon age of 2741±21 Ma (Turek et al. 1996). Results from
previous stable isotope and petrogenetic studies indicate that the fluids responsible for gold mineralization
were from magmatic and/or mantle sources (Callan and Spooner 1988; Jemiellta, Callan and Spooner
1988). Results from a fluid inclusion study have been used to suggest that the fluids were rich in CO2 and
were generated during regional metamorphism (Studemeister and Kilias 1987). The mapping completed
this past summer suggests that the shear zones have a complex kinematic history involving early sinistral,
south-side-up movement followed by dextral strike-slip reactivation. In contrast to previous studies that
linked the gold mineralization to the progressive development of the shear zones (Callan and Spooner
1998), the preliminary results from this study suggest that the gold-bearing ribbon-banded quartz veins
were emplaced prior to the development of the shear zones. Further work over the 2014–2015 winter
season will focus on characterizing the geochemical and mineralogical signatures of the different
generations of veins observed in the 4 stripped outcrops—C-Zone, Nudulama, Nudulama East and the
Pileggi No.1—mapped during the summer.

FUTURE WORK
Next year, mapping will focus on Rennie and Leeson townships at 1:20 000 scale, with
reconnaissance mapping in Stover Township. Jordan McDivitt will also finish his MSc field work by
completing work at Pileggi No.1 as well as conducting detailed mapping of the area surrounding the
former Renabie Mine.
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INTRODUCTION
In 2006, the Ontario Geological Survey (OGS) started a multiyear bedrock geology mapping project
of the Bartlett Dome area, south of Timmins (Figure 6.1). This project was part of the OGS core program
and represented an in-kind contribution to the Targeted Geoscience Initiative III (TGI-3), which was a
five-year federal geoscience program to sustain base metal reserves associated with established, base
metal mining communities in Canada. The Geological Survey of Canada (GSC), Géologie Québec, OGS,
industry and academia conducted collaborative geoscience projects throughout the Abitibi greenstone
belt. In 2009, the mapping project was extended south to the Halliday Dome area (see Figure 6.1). The
objectives of this multiyear project were to 1) update the geological mapping in the southern part of the
Timmins mining camp (Bartlett and Halliday domes), which was previously mapped in the 1970s and
1950s; 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 summarizing and comparing the
mapping, the major lithologies and the geochronology of the different domes in the southern Timmins area.

SUMMARY OF MAPPING PROJECTS
The Bartlett Dome and Halliday Dome cover an area of approximately 1650 km2 (30 by 55 km) and
the northern edge is located about 50 km south of the city of Timmins (see Figure 6.1). The Bartlett
Dome, and by extension the Halliday Dome, was originally considered to be the continuation of the Shaw
Dome (Houlé, Baldwin and Thurston 2008). The Shaw Dome (see Figure 6.1), located southeast of
Timmins, was mapped in the early to mid-2000s (Vaillancourt, Pickett and Dinel 2000; Hall, MacDonald
and Dinel 2003; Houlé, Hall and Tremblay 2004; Houlé and Guilmette 2005) and compiled by Houlé and
Hall (2006, 2007). It is host to several past-producing mines of nickel, copper and platinum group
elements (PGE) as well as gold and silver; thus, the interest in finding its extension. To update the
geology, portions of the Bartlett Dome (Price, McArthur, Bartlett, Geikie, English, Zavitz, Semple and
Hutt townships; Figure 6.2) were remapped at a scale of 1:20 000 (Houlé 2006, 2007; Houlé and Solgadi
2007; Houlé, Baldwin and Thurston 2008; Houlé, Préfontaine and Brown 2008; Houlé, Solgadi and
Préfontaine 2009; Préfontaine et al. 2009; Duguet et al. 2010a, 2010b; Préfontaine et al. 2010; Robichaud
2012; Préfontaine 2012; Robichaud, Préfontaine and Magnus 2013; Préfontaine 2014). Similarly, parts of
the Halliday Dome (Sothman, Halliday and Midlothian townships; see Figure 6.2) were remapped at
1:20 000 scale (Houlé, Préfontaine and Brown 2008; Préfontaine et al. 2009; Duguet et al. 2010a, 2010b;
Préfontaine et al. 2010; Préfontaine and Magnus 2010, 2012; Préfontaine 2011; Préfontaine and Robichaud
2013). Montrose Township was previously remapped at a scale of 1:20 000 in 2005 as part of a different
project (Project Unit 05-004: Préfontaine and Berger 2005, 2006; see Figure 6.2). The surrounding
townships were mapped at a reconnaissance scale.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.6-1 to 6-15.
© Queen’s Printer for Ontario, 2014
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Figure 6.1. Volcanic and sedimentary episodes for the Bartlett, Halliday and Shaw domes. Geology from this study and sources
described in “Summary of Mapping Projects”. Abbreviation: MRF, Mattagami River fault.
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Figure 6.2. General geology of the area of the Bartlett, Halliday and Shaw domes. The ages (in Ma) indicated, with locations
shown (red dots), were determined through this and other studies (see text for additional information). Geology from this study
and sources described in “Summary of Mapping Projects”.

6-3

Earth Resources and Geoscience Mapping Section (6)

S. Préfontaine

In addition, geological mapping of the western part of Price Township and Thorneloe Township was
completed at a scale of 1:20 000 (Project Unit 11-008: Préfontaine 2012, 2014; see Figure 6.2) to finish
the geological mapping west of the Mattagami River fault and to complement mapping by Vaillancourt,
Pickett and Dinel (2000) and Hall and Smith (2002). The stratigraphy changes west of the Mattagami
River fault. The metavolcanic rocks and the chemical metasedimentary rocks located at the northern and
eastern edge of the Kenogamissi batholith (Hall and Smith 2002; Préfontaine 2014) are interpreted to be
part of the northern Shaw Dome west of the Mattagami River fault (see Figure 6.1). Overlying the
metavolcanic package are younger turbiditic metasedimentary rocks. Since these rocks are not part of
either the Bartlett or the Halliday Dome, they will not be included in the description mentioned below.

GENERAL GEOLOGY OF THE ABITIBI GREENSTONE BELT
The Abitibi greenstone belt, which developed in an ensimatic basin (Ayer et al. 2002), consists of a
stratigraphically continuous succession of Archean metavolcanic and metasedimentary rocks. At a
greenstone belt scale, a laterally continuous package of mafic to intermediate metavolcanic rocks, with
lesser ultramafic and felsic metavolcanic rocks, appears 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 et al. (1999a, 1999b), Ayer, Ketchum and Trowell (2002) and Ayer et
al. (2005) have divided the belt into 8 temporally constrained lithotectonic assemblages (Table 6.1). Six
of these assemblages are dominantly volcanic: Pacaud, Deloro, Stoughton–Roquemaure, Kidd–Munro,
Tisdale and Blake River; 2 assemblages are dominantly sedimentary: Porcupine and Timiskaming. More
recently, a revision to the stratigraphy of the Abitibi greenstone belt was done by Thurston et al. (2008),
reaffirming the autochthonous development of the volcanic stratigraphy. Thurston et al. (2008) propose
subdividing 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), followed by 2 successor basins,
referred to as the Porcupine-type (2690–2682 Ma) basins and Timiskaming-type (2676–2670 Ma) basins.
Ayer et al. (2010a, 2010b) added 2 older sedimentary basins: the Caopatina (<2700 Ma) and Opemisca
(<2692 Ma) predominantly located in the province of Québec. Significant depositional gaps marked by
chemical sedimentary rocks are found between and within many of the volcanic episodes (Thurston et al.
2008).

GEOLOGY OF THE “DOMES”
To compare the different domes, a summary of the geology of each is presented below. All ages
mentioned are U/Pb ages on zircons with the ages determined using TIMS at the Jack Satterly
Geochronology Laboratory at the University of Toronto (formerly at the Royal Ontario Museum) with the
exception of one age in Dundonald Township that was analyzed at the University of British Columbia
geochronology laboratory. In addition, it should be noted that the supracrustal rocks mentioned below are
intruded by large felsic to intermediate intrusions (e.g., Adams pluton, Geikie pluton and the Kenogamissi
batholith) and other smaller, ultramafic to felsic intrusions. Mafic Proterozoic dikes correlated with the
Matachewan, Nipissing, Biscotasing, Sudbury and Abitibi swarms intrude the Archean rocks. Unconformably
overlying the supracrustal rocks are metasedimentary rocks of the Proterozoic Huronian Supergroup
(Gowganda Formation) (see Figure 6.2). The term “dome” refers to a location and geomorphological
features and does not have any genetic connotation. The semicircular volcano-sedimentary succession of
the Shaw Dome area is located approximately 30 km southeast of Timmins, Ontario; the volcanosedimentary succession of the Bartlett Dome is located 50 km south of Timmins; and, finally, the volcanosedimentary succession of the Halliday Dome is located south of the Bartlett Dome (see Figure 6.1).
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Table 6.1. Summary of the southern Abitibi greenstone belt stratigraphy.
Volcanic Episode
(Assemblage)1

Apparent
Thickness

Dominant Rock Types

Volcanic Magma Clan2

2676–2670 Ma
(Timiskaming)

Max. 2–3 km

Polymictic conglomerate and sandstone in subaerial Alkalic to calc-alkalic
alluvial fan, fluvial, and deltaic settings, alkalic
volcanic rocks in Kirkland Lake area

2690–2682 Ma
(Porcupine)

Max. 2–3 km

Local basal felsic pyroclastic rocks of the Krist
formation (Timmins area) overlain by turbiditic
sediments (argillite to wacke) with rare
ultramafic rocks (possibly Timiskaming)

Calc-alkalic; komatiitic?

Mafic to felsic volcanic units with volcaniclastic
components
Minor clastic metasedimentary rocks overlain by
high-magnesium and high-iron tholeiitic basalts
with minor tholeiitic andesite, dacite and rhyolite
forming upper 5%

Tholeiitic to calc-alkalic

2701–2695 Ma
(Upper Blake River)
2704–2701 Ma
(Lower Blake River)

2706–2704 Ma
(Upper Tisdale)
2710–2706 Ma
(Lower Tisdale)

2712–2710 Ma
(Kidd–Munro)
2715–2712 Ma
(Kidd–Munro)

1–7 km
~10 km

~5 km
~5–10 km
(poorly
constrained)

~2 km
~10 km

2717-–2715 Ma
(Kidd–Munro)

~15 km
(Halliday
Dome)

2720–2717 Ma
(Kidd–Munro)

~15 km

Tholeiitic similar to mid-ocean
ridges

Intermediate to felsic amygdaloidal flows
heterolithic debris flows and volcaniclastic units
Mafic volcanic rocks with localized ultramafic,
intermediate to felsic metavolcanic rocks and iron
formation

Calc-alkalic

Tholeiitic basalts and transitional to tholeiitic
rhyolites, komatiites and basalt komatiites
Tholeiitic basalts and rhyolites with rare
intermediate transitional rock, komatiites and
argillites. Calc-alkalic felsic to intermediate
volcanic complex
Tholeiitic basalts with tholeiitic to transitional
dacites and rhyolites, and komatiites. Minor
calc-alkalic intermediate to felsic rocks and
argillites
Tholeiitic basalts with minor intermediate to
felsic rocks and komatiites

Tholeiitic to transitional;
komatiitic
Tholeiitic; transitional;
komatiitic; calc-alkalic

Tholeiitic basalts with komatiites and local felsic
metavolcanic rocks

Tholeiitic similar to mid-ocean
ridge basalts with komatiitic
magma (ADK–AUK3)

Tholeiitic with slight depletion of
LREE, HFSE, niobium and
titanium; komatiitic AUK3;
rhyolites variably tholeiitic to
calc-alkalic

Tholeiitic to calc-alkalic and
komatiitic
Tholeiitic to transitional and
komatiitic

2723–2720 Ma
(Stoughton–
Roquemaure)

Max. 12 km
SE of Lake
Abitibi
batholith

2734–2724 Ma
(Deloro)

~5 km

2750–2735 Ma
(Pacaud)

5 km in
Shining Tree
area

Ultramafic, mafic and felsic metavolcanic rocks,
with minor iron formation

AEK3 komatiitic, high iron and
high magnesium tholeiitic and
calc-alkalic

~5 km

Intermediate to felsic pyroclastic rocks capped by
iron formation

Calc-alkalic

Pre-2750 Ma
2766±1.1 Ma
(un-named unit,
Temagami area)

Mafic to felsic calc-alkalic metavolcanic rocks with Calc-alkalic with minor tholeiitic
locally dominant tholeiitic mafic metavolcanic
units and an iron formation cap

1

Based on age ranges in Ayer et al. (2005) and Thurston et al. (2008) and modified by this study (in bold).
Magma clan information based on Ayer et al. (2002) and references therein.
3
Komatiite types as reviewed in Sproule et al. (2005): ADK = alumina-depleted komatiite, AEK = alumina-enriched komatiite,
AUK = alumina-undepleted komatiite.
Abbreviations: HFSE, high field-strength elements; LREE, light rare earth elements.
2
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Geology of the Shaw Dome
Figure 6.3 summarizes the stratigraphy of the Shaw Dome. It is composed of 2 volcanic episodes:
1) 2734–2724 Ma (Deloro) and 2710–2704 Ma (Tisdale) (see Figure 6.1). The 2734–2724 Ma episode in
the southern Abitibi greenstone belt is composed principally of calc-alkalic felsic to mafic metavolcanic
flows and pyroclastic metavolcanic rocks with several horizons of iron formation: both classic banded
iron formation (lower stratigraphy) and lean cherty iron formation (upper stratigraphy) (Ayer et al. 2002).
The volcanic episode is capped by a sedimentary interface zone consisting of a regionally extensive iron
formation and related hydrothermal breccias, iron formation conglomerates, fluidized iron formation and
debris flow (Thurston et al. 2008; Baldwin 2009). This description corresponds with what was observed
in the Shaw Dome. The oldest portion of the 2734–2724 Ma episode, located in the central portion of the

Figure 6.3. Schematic stratigraphic column of the Shaw Dome area south of the Porcupine–Destor deformation zone, illustrating
the main volcano-sedimentary episodes (modified from Houlé, Baldwin and Thurston 2008). Age constraints are U/Pb ages from
Ayer et al. (2005) and Houlé, Baldwin and Thurston (2008). Abbreviation: IF, iron formation.
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Shaw Dome structure, is composed dominantly of a coherent facies of calc-alkalic intermediate to mafic
metavolcanic rocks with lesser intermediate volcaniclastic rocks and iron formations. Small discontinuous
units of felsic metavolcanic rocks occur near the contact with the 2710–2704 Ma episode rocks (Houlé,
Baldwin and Thurston 2008) and yielded an imprecise age of 2727±12 Ma (Ayer et al. 2005). The Upper
Section of the 2734–2724 Ma episode is composed of felsic fragmental metavolcanic rocks that yielded
an age of 2724.1±3.7 Ma (Ayer et al. 2005). Three regionally extensive iron formation horizons cap this
section (Houlé, Baldwin and Thurston 2008; see Figure 6.2).
The rocks of the 2710–2704 Ma episode, which overlies the 2734–2724 Ma episode (see Figure 6.1),
were previously separated into the Lower Tisdale (2710–2706 Ma) and the Upper Tisdale (2706–2704 Ma)
(Ayer et al. 2002, 2005; Thurston et al. 2008). In the Shaw Dome, the lower section of the Lower Tisdale
consists of calc-alkalic intermediate to felsic fragmental metavolcanic rocks (lesser coherent facies), iron
formation, and ultramafic rocks (Houlé, Baldwin and Thurston 2008; see Figure 6.2). A felsic metavolcanic
rock yielded a U/Pb age of 2708±2 Ma (Barrie and Corfu 1999). In comparison, the Upper Section of the
Lower Tisdale, located around the outer margins of the Shaw Dome structure, consists of coherent facies
of tholeiitic mafic metavolcanic rocks intercalated with coherent facies of komatiitic basalt and komatiitic
metavolcanic rocks (Houlé, Baldwin and Thurston 2008; see Figure 6.2). The Upper Tisdale, which is
absent in the Shaw Dome, is composed of calc-alkalic felsic to intermediate rocks with a minor iron
formation at the top of the unit (Ayer et al. 2002, 2005; Thurston et al. 2008; see Table 6.1).

Geology of the Bartlett Dome
Similar to the Shaw Dome, the Bartlett Dome is composed of the 2 same volcanic episodes:
2734–2724 Ma (Deloro) and 2710–2704 Ma (Tisdale) (see Figure 6.1). The intermediate to felsic
volcanic rocks, located in Fripp, McArthur, Bartlett, English and Semple townships, which have ages of
2728±1.8 Ma (Houlé, Baldwin and Thurston 2008), 2727.4±1 Ma (Ayer, Ketchum and Trowell 2002),
2724.5±2.1 Ma (Houlé, Baldwin and Thurston 2008) and 2722.6±0.9 Ma (Houlé, Baldwin and Thurston
2008) (see Figure 6.2), resemble the description above and can be correlated to the 2734–2724 Ma volcanic
episode of the Shaw Dome. However, in the Bartlett Dome, there is a significant portion of mafic tholeiitic
metavolcanic rocks that have not been recognized or described in the 2734–2724 Ma episode of the
southern Abitibi greenstone belt (see Figure 6.2). The basal unit, found in Fripp Township, is komatiitic
metavolcanic rocks. These are not present in the Shaw Dome. Several small felsic units have been
sampled throughout this dominantly mafic package and yielded ages of 2728.3±1.6 Ma (Houlé, Baldwin
and Thurston 2008), 2727.9±2.2 Ma (Préfontaine et al. 2010) and 2721.3±1.1 Ma (Kamo 2010).
Interestingly, in the northern Abitibi greenstone belt, near Mattagami, Québec, the Lake Watson Group
(2725 to 2723 Ma) is dominated by tholeiitic mafic and felsic rocks and may represent an equivalent to
this more basaltic portion of the 2734–2724 Ma episode (Mortensen 1993; Goutier, Rhéaume and Davis
2004; Davis et al. 2005). The age of 2722.6±0.9 Ma for the calc-alkalic intermediate to felsic metavolcanic
rocks and the age of 2721.3±1.1 Ma for the dominantly tholeiitic mafic metavolcanic rocks can potentially
be included in the 2723–2720 Ma (Stoughton–Roquemaure) volcanic episode. This episode is dominated
by tholeiitic basalt with localized komatiite and komatiitic basalt as well as minor felsic centres (Ayer et
al. 2002, 2005; Thurston et al. 2008; see Table 6.1).
Overlying the 2734–2724 Ma (Deloro) episode rocks of the Bartlett Dome are younger rocks of the
2710–2704 Ma (Tisdale) episode (see Figure 6.1). The Bartlett Dome is interpreted to be composed of
both Lower Tisdale and Upper Tisdale rocks. The lower section of the Lower Tisdale is less than 2 km in
apparent thickness and was identified in Semple, Hutt and Montrose townships only (see Figure 6.2). This
section is similar to the lower section in the Shaw Dome, although it is significantly less thick. The lower
section of the Lower Tisdale is dominantly composed of calc-alkalic intermediate to felsic metavolcanic
rocks, with ages of 2707.8±1.2 Ma (Ayer, Ketchum and Trowell 2002) and 2706±2 Ma (Kamo 2013),
with minor ultramafic rocks and rare metasedimentary rocks and mafic metavolcanic rocks. The upper
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section of the Lower Tisdale generally directly overlies rocks of the 2734–2724 Ma episode. The base of
the upper section is a thick komatiitic metavolcanic unit overlain by dominantly mafic tholeiitic
metavolcanic rocks. Minor komatiitic metavolcanic flows as well as rare felsic to intermediate metavolcanic
rocks and clastic metasedimentary rocks are found throughout the mafic metavolcanic package. A felsic
metavolcanic unit near the basal komatiitic rocks has an age of 2704±2 Ma (Kamo 2010). The major
difference with the Shaw Dome for this section is the amount of ultramafic volcanism; although present in
the Bartlett Dome, it is more limited than in the Shaw Dome. Felsic to intermediate calc-alkalic
metavolcanic units found only in Cleaver and Douglas townships have a maximum apparent thickness of
approximately 2 km (see Figure 6.2). These units have ages of 2703±1.5 Ma in Douglas Township (Corfu
et al. 1989) and 2702±3 Ma in Cleaver Township (Ayer et al. 2002). The ages fall in the 2704–2695 Ma
volcanic episode (Blake River); however, the Lower Blake River (2704–2701 Ma) is composed of minor
clastic metasedimentary rocks overlain by mafic tholeiitic metavolcanic rocks with minor felsic to
intermediate metavolcanic units (see Table 6.1). Based on the lithologies, it is interpreted that this felsic
to intermediate calc-alkalic package belongs to the Upper Tisdale rather than the Lower Blake River.

Geology of the Halliday Dome
Unlike the Shaw and Bartlett domes, the Halliday Dome is composed of only 1 volcanic episode:
2720–2710 Ma (Kidd–Munro) (see Figure 6.1) and 1 sedimentary episode (Porcupine-type 2690–2682 Ma
or Timiskaming-type 2676–2670 Ma). Thus, based on geochronological results, the Halliday Dome is not
the volcanic equivalent of the Bartlett Dome or the Shaw Dome. The 2720–2710 Ma volcanic episode was
subdivided by Ayer et al. (2005) into the Lower Kidd–Munro (2720–2717 Ma) and the Upper Kidd–Munro
(2716–2710 Ma). More recently, work by Berger et al. (2011) subdivided the 2720–2710 Ma volcanic
episode into 4 “chronostratigraphic ages”: 1) 2720–2717 Ma, 2) 2717–2715 Ma, 3) 2715–2712 Ma and
4) 2712–2710 Ma (Figure 6.4; see Table 6.1). The 2720–2717 Ma chronostratigraphic age is composed of
tholeiitic to transitional mafic metavolcanic rocks, minor intermediate to felsic metavolcanic rocks and
rare komatiitic metavolcanic flows. The 2717–2715 Ma chronostratigraphic age, however, is composed of
mafic tholeiitic metavolcanic rocks with intermediate to felsic tholeiitic to transitional metavolcanic rocks
as well as some komatiitic metavolcanic flows, minor felsic to intermediate calc-alkalic metavolcanic
rocks and argillite. The 2715–2712 Ma chronostratigraphic age is dominated by mafic tholeiitic metavolcanic
rocks with some tholeiitic felsic metavolcanic rocks, rare intermediate transitional metavolcanic rocks,
komatiitic metavolcanic flows and argillite. In addition, accumulations of calc-alkalic andesite and dacite
pyroclastic deposits and flows built a volcanic complex during this period. Finally, the 2712–2710 Ma
chronostratigraphic age is characterized by tholeiitic mafic metavolcanic rocks, transitional to tholeiitic
felsic metavolcanic rocks as well as komatiitic and basaltic komatiite metavolcanic flows (Berger et al. 2011;
see Figure 6.4). Four ages were determined in the Halliday Dome: 2714 to 2718 Ma from an intermediate
tuff breccia (M.A. Hamilton, Jack Satterly Geochronology Laboratory, written communication, 2012),
2714.04±0.09 Ma from a rhyolite flow (Davis 2011), 2714±2.6 Ma from a felsic tuff breccia (Kamo 2014)
and 2710.5±1.6 Ma from a rhyolite flow (Ayer, Ketchum and Trowell 2002). All of these ages can be
included within the 2715–2712 Ma chronostratigraphic age. The large intermediate to felsic package found
in Sothman, Halliday and Midlothian townships may be correlative to the calc-alkalic intermediate rocks
of the interpreted volcanic complex (see Figure 6.4) in Coulson Township with an age of 2714.9±1.5 Ma
(Berger et al. 2011), in Rand Township with an age of 2713±2 Ma (Corfu et al. 1989) and in Dundonald
Township with an age of 2713.9±0.9 Ma (Berger et al. 2011). Also, the mafic metavolcanic tholeiitic unit
found in Semple, Hutt and Montrose townships contains minor felsic metavolcanic rocks some of which
are considered to be F-III rhyolites based on the classification by Lesher et al. (1986). This observation is
consistent with the 2715–2712 Ma stratigraphic age as F-III rhyolites are also found in this stratigraphic
age. However, F-III rhyolites occur in other stratigraphic ages of the 2720–2710 Ma volcanic episode
(Berger et al. 2011). An effort was made to determine the age of some of these F-III rhyolites; however,
no suitable zircons were recovered.
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There is a narrow band of younger metasedimentary rocks and metavolcanic rocks in Sothman and
Halliday townships that increase in thickness in Midlothian and Montrose townships (see Figures 6.1 and
6.2). These rocks can be interpreted to be either part of the Porcupine-type basins (2690–2682 Ma) or
Timiskaming-type basins (2676–2670 Ma). The Porcupine-type basin in the Timmins area has a basal
felsic calc-alkalic pyroclastic metavolcanic unit known as the Krist formation. However, most of the
Porcupine-type basins are composed of wacke turbidites that are laterally extensive at the kilometre-scale
and lie unconformably over the metavolcanic rocks. Locally, conglomerates and iron formation have been
identified (Ayer et al. 2002, 2005; Thurston et al. 2008; see Table 6.1). It is interpreted that these basins
transition into much more extensive basins such as the wacke-dominated Quetico and Pontiac subprovinces
(Thurston et al. 2008). The Timiskaming-type basins (2676–2670 Ma) are generally locally restricted and
are composed of polymictic conglomerates, sandstone and turbidites with minor alkalic to calc-alkalic
metavolcanic rocks that lie unconformably on top of the Porcupine-type basins or the older volcanic rocks
(Ayer et al. 2002, 2005; Thurston et al. 2008; see Table 6.1). Berger (2002) reported banded magnetitehematite iron formation complexly interbedded and structurally interleaved with clastic metasedimentary
rocks in Michaud Township, and metasedimentary and alkalic metavolcanic rocks correlative with the
Timiskaming-type basin rocks in the southeast part of Hislop Township. In general, the rocks from the
Timiskaming-type basins are interpreted to be deposited in subaerial alluvial fans, fluvial and deltaic
environments (Mueller, Donaldson and Doucet 1994; Born 1995). In the northern Abitibi greenstone belt,
the Timiskaming-type basins, mostly located in Québec, are 10 million years older than in the southern
Abitibi greenstone belt and are known as the Opemisca basins (Ayer et al. 2010a, 2010b). Thus, it is
interpreted that the alkalic magmatism and the shallow water sedimentation started earlier in the northern
Abitibi greenstone belt (Thurston et al. 2008).

Figure 6.4. Schematic stratigraphic column of the 2720–2710 Ma volcanic episode (Kidd–Munro) from Berger et al. (2011).
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The metasedimentary rocks in Midlothian and Montrose townships are composed mainly of
polymictic conglomerates with minor sandstones and siltstones. The sandstones are lithic and feldspathic
arenites when interlayered with the conglomerates, but are more commonly feldspathic wacke and lithic
wacke when interlayered with the siltstone. The siltstone and mudstone are laminated and often
carbonaceous. Some primary sedimentary features such as graded beds were observed as well as scours. The
ages determined for these metasedimentary rocks are <2689±6 Ma (Ayer et al. 2002) and 2693.3±1.3 Ma
(Davis 2011) in Halliday Township and <2688.5±1.0 Ma (Ayer, Ketchum and Trowell 2002) in
Midlothian Township, constraining the maximum age of deposition. Although, these ages are more
typical of the Porcupine-type basins (2690–2682 Ma), the facies are more suggestive of the Timiskamingtype basins (2676–2670 Ma) and were interpreted by previous workers as both a Timiskaming-type basin
(Ayer et al. 2002) and Porcupine-type basin (MERQ–OGS 1983).
Furthermore, a distinct lateral variation takes place going west into Halliday, Sothman and possibly
into Nursey townships. The conglomeratic facies becomes less prominent, being replaced first with a
mostly ultramafic-bearing epiclastic unit with minor metasedimentary rocks and ultramafic and
intermediate metavolcanic rocks, and then with a dominantly ultramafic metavolcanic unit with minor
clastic metasedimentary rocks. A sample of a conglomeratic unit intercalated with the ultramafic
metavolcanic rocks in Halliday Township yielded an age of <2693.3±1.3 Ma (Préfontaine and Magnus
2012). Ultramafic rocks have not been identified in the Porcupine-type or the Timiskaming-type basins;
however, they have been recognized in the Pontiac Subprovince. The Pontiac Subprovince consists
primarily of turbidites that are locally interlayered with ultramafic and mafic metavolcanic rocks (Camiré
et al. 1993). Pontiac Subprovince rocks have ages of 2697±4 to 2685±6 Ma (Davis 2002), which are very
similar to the Porcupine-type basins in the southern Abitibi greenstone belt. However, there is still some
debate on the nature of the contact of the ultramafic rocks and the metasedimentary rocks because Camiré
et al. (1993) described the contacts between the 2 rock types as sheared and thus interpreted the ultramafic
metavolcanic rocks to have been structurally emplaced into the Pontiac metasedimentary rocks because of
southward thrusting. More recently, a BSc thesis study (Wray 2014), focussed on the nature of lithologic
contact relationships between the ultramafic rocks and the metasedimentary rocks in Halliday Township
and determined that the contacts were peperitic in nature, suggesting that the komatiitic flows were coeval
with sedimentation. These observations suggest that the duration of ultramafic volcanism continued for a
minimum of 22 million years longer than previously thought.

ECONOMIC POTENTIAL OF THE VOLCANIC AND SEDIMENTARY
EPISODES
From an economic point of view, the most prolific volcanic episodes for nickel-copper-PGE
mineralization are the 2710–2704 Ma (Tisdale) and 2720–2710 Ma (Kidd–Munro) episodes. The 2710–
2704 Ma episode contains 5 past-producing mines and several deposits (Houlé et al. 2010). Four of the 5
past-producing mines are located in the Shaw Dome within the Lower Tisdale. Even though the Lower
Tisdale ultramafic volcanism is volumetrically less abundant in the Bartlett Dome, ultramafic rocks are
still present and thus make a good economical target for nickel-copper-PGE mineralization. The nickelcopper-PGE potential of the Bartlett Dome is proven by the past-producing Texmont Mine in Bartlett
Township. Similarly, the 2720–2710 Ma volcanic episode has 3 past-producing mines as well as several
deposits. The Halliday Dome is now interpreted to be part of the 2720–2710 Ma (Kidd–Munro) episode
rather than the 2710–2704 Ma (Tisdale) episode. However, this reinterpretation does not change the
nickel-copper-PGE potential of the Halliday Dome. Therefore, the Sothman occurrence as well as other
mafic to ultramafic bodies of the Halliday Dome has just as much potential as previously interpreted.
Although less prolific, rare nickel-copper-PGE occurrences are present in the 2734–2724 Ma (Deloro)
volcanic episode (e.g., Bruce Lake occurrence). Thus, the basal ultramafic rocks in Fripp Township have
some potential for this type of mineralization. In addition, the newly recognized ultramafic rocks
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belonging to one of the younger sedimentary basins have never been examined in terms of nickel-copperPGE potential. In places, these younger ultramafic rocks intrude sulphide-rich sedimentary rocks which
could provide a sulphur source for mineralization and, thus, can also have potential for nickel-copperPGE mineralization.
The newly identified 2720–2710 Ma (Kidd–Munro) volcanic episode in the Halliday Dome brings
new potential for volcanogenic massive sulphide mineralization in this area. This volcanic episode is
renowned for not only the world-class Kidd Creek copper-zinc mine, but also several smaller mines (e.g.,
Potter Mine) and deposits. When the 2715–2712 Ma chronostratigraphic age, identified by Berger et al.
(2011), is examined in detail, it is found to host several mineral occurrences including the Chance zinclead deposit, circa 2714.4 to 2712.4 Ma, which is hosted within exhalite associated with rhyolites
(Bleeker, Parrish and Sager-Kinsman 1999). Also, there is widespread, low-grade zinc mineralization
hosted in intermediate, calc-alkalic pyroclastic and flow rocks with an age of 2714.9 Ma. These are part
of the calc-alkalic subunit in the 2720–2710 Ma episode and indicate that these rocks also have potential
to host volcanogenic massive sulphide–style mineralization. These rocks may be analogous to the calcalkalic rocks in the Halliday Dome.

CONCLUSION
The volcanic episodes of the Bartlett Dome are similar to those in the Shaw Dome, although some
differences have been observed:
•

The large mafic and ultramafic metavolcanic package in the 2734–2724 Ma (Deloro) volcanic
episode has not been identified in the Shaw Dome or in the southern Abitibi greenstone belt.

•

Ultramafic volcanism in the 2710–2704 Ma (Tisdale) volcanic episode is less extensive in the
Bartlett Dome.

•

The lower section of the Lower Tisdale is much thicker in the Shaw Dome, but the overall
composition of metavolcanic and metasedimentary rocks is similar in both domes.

•

The Bartlett Dome contains Upper Tisdale rocks that are absent in the Shaw Dome.

In contrast, the Halliday Dome is not coeval with the Bartlett or Shaw domes. It consists of rocks of
the 2720–2710 Ma (Kidd–Munro) volcanic episode. This episode was not previously recognized in this
area. Within the stratigraphy for the 2720–2710 Ma episode, the Halliday Dome is contemporaneous to
the 2712–2715 Ma chronostratigraphic age that is dominated by mafic metavolcanic rocks and a calcalkalic volcanic complex. Finally, coeval ultramafic metavolcanic rocks intercalated with Porcupine-type
or Timiskaming-type metasedimentary rocks have been recognized for the first time in the Abitibi
greenstone belt.
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INTRODUCTION
A four-year PhD study of gold mineralization in the southern Swayze greenstone belt (SGB), located
approximately 40 km west of Shining Tree in northern Ontario, began this past summer. The main goal of
the project is to characterize the different styles of gold mineralization in the southern SGB by determining
the host lithologies, alteration assemblages and types, deformation styles, elemental associations, and the
relative and absolute timing of gold mineralization at representative deposits and prospects.
The SGB represents the southwestern extension of the Abitibi greenstone belt (AGB) (van Breemen,
Heather and Ayer 2006), which is considered to be one of the most “well-endowed”, in terms of mineral
deposits, greenstone belts in the world (Ayer et al. 2005 and references therein). Historically, exploration
efforts and general consensus have together suggested that the SGB is not as richly endowed as the AGB.
This attitude is reflected by the relatively low level of mineral exploration and attention when compared
to the AGB. Regional geological compilation combined with extensive geochronological sampling during
the 1990s (Heather 2001) demonstrated, however, that the SGB has similar lithologies, stratigraphy and
deformation history as that of the AGB. Furthermore, the SGB has major “breaks” or deformation
corridors, which is an important similarity to the AGB. Finally, the discovery (2009–2010) of the Côté
Gold (-copper) deposit (indicated resource of 7.6 million ounces as of February 2012)—a potentially new
deposit type of intrusion-related affinity having a low-grade high-tonnage–type mineralization—
demonstrates the potential for this style of mineralization elsewhere in the SGB (Kontak, Creaser and
Hamilton 2012). Therefore, the geological features and presence of a significant, world-class gold deposit
discovery (i.e., Côté Gold) demonstrates that the SGB may be as prospective for mineralization as the
AGB and offers an opportunity for new insights into Archean gold in a greenstone belt that is presently
underexplored.

GENERAL GEOLOGY
The SGB (Figure 7.1) comprises many different and diverse rock suites similar to those found in the
AGB. The SGB contains intrusive and extrusive rocks of ultramafic to felsic composition and
metasedimentary rocks of both chemical and clastic origin (Heather 2001; van Breemen, Heather and
Ayer 2006). 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
have both been proposed as the possible westward extensions of the Larder–Cadillac deformation zone
(Atkinson et al. 2011; Atkinson 2013). Recent work (Ayer, Ketchum and Trowell 2002) indicates the
presence of alkalic volcanic rocks (2670±2 Ma) in Swayze Township along an east-trending string of gold
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.7-1 to 7-8.
© Queen’s Printer for Ontario, 2014
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Figure 7.1. 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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Table 7.1. Samples from the 4K and Jerome deposits collected during the 2014 field season.
Deposit Name
4K West
4K Northeast
4K South
Jerome
Namex

General Outcrop Location
(UTM, NAD83, Zone 17)
Easting (m)
Northing (m)
377695
5267745
377745
5267740
377745
5267695
407090
5274881
416246
5272322

Sample
Type

Number of
Samples Collected

Channel
Channel
Channel
Drill core
Channel

26
25
16
62
27

Sample Numbers
530857, 530863–530887
530888–530912
530975–530990
530913–530974
530991–531017

occurrences (e.g., Kenty and Rundle deposits; see Figure 7.1). These rocks are contemporary to the
Timiskaming-type basins (2676–2670 Ma) found in the AGB (Thurston et al. 2008), which are dominantly
composed of polymictic conglomerates and minor alkalic metavolcanic rocks. The Timiskaming-type
basins are often spatially associated with gold mineralization (Ayer et al. 2005 and references therein).
This further highlights the similarity between the SGB and the AGB. The Ridout high strain zone, which
extends west-northwest from Highway 144 to the Kapuskasing structural zone, also hosts several gold
occurrences, including the Jerome Mine. The distribution of rocks similar to those of the Timiskaming
assemblage, their relationship to regional faults (e.g., Rundle and Ridout high strain zones), and the
correlation between such rocks and gold mineralization is not currently well understood and will be
studied as part of this project.

RESULTS OF SUMMER FIELD WORK
The main tasks of the 2014 field season were 1) to undertake a preliminary field assessment of all
major gold occurrences reported in the Mineral Deposit Inventory (MDI) database of Ontario (Ontario
Geological Survey 2014); 2) use the core repository facilities in Timmins to examine and re-log historic
SGB drill core that had significant gold values; and 3) to do a detailed study of 2 major occurrences, the
4K and Jerome deposits, that represent different gold mineralizing types in the SGB (see Figure 7.1).
In total, 317 samples were collected during the field season, of which 113 were collected from drill
core and 48 from rock outcrops as part of reconnaissance-scale sampling. The other 156 samples were
collected from detailed deposit-scale areas (Table 7.1) for a variety of follow-up studies. A brief discussion
of observations and results are outlined below.

Preliminary Assessment of Major Gold Occurrences
The study area represents a sizeable region of approximately 4000 km2; therefore, a general
reconnaissance of the region, including access points, regional geology, and any information on historic
gold occurrences, was needed to prioritize areas to be used for a comparative study of the different styles
of gold mineralization identified in the SGB.
Most of the access in the region was provided by the Sultan industrial road (see Figure 7.1) and its
many smaller side roads. Where required, boats, all-terrain vehicles (ATVs) and hiking trails were also
used to provide access to some of the more remote gold occurrences.
The MDI provided a starting point from which information was gathered to plan traverses
throughout the region, and this was initially narrowed in scope based on the level of detail and access to
core from the Timmins core library. Twenty drill holes from 10 different townships containing goldbearing intervals were re-logged and 113 samples were collected in order to further characterize the
different styles of gold mineralization, i.e., lithology, alteration, structure and geochemical signature.
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4K Deposit
The 4K deposit is located in a southern lobe of the SGB (see Figure 7.1) in Shipley Township and is
part of the Biscotasing arm of the SGB. This deposit was discovered by Wallbridge Mining Company
Ltd. (Wallbridge) in 2008 while exploring for base metals and platinum group elements (PGEs). As part
of their exploration program, and based on the presence of geophysical anomalies, the company
mechanically stripped and partially sampled 5 large areas; this work identified anomalous gold values
(Bailey 2008). Based on this previous work, 2 of the stripped outcrops, identified as the Kolme Jarvi
deposit, and the other 3 outcrops, identified as the 4K deposit (4K West, Northeast and South), were
studied in detail. In 2014, the property was optioned to Ashley Gold Mines Limited (current claim holder
to the study area at the time of writing). Access to the property was gained through secondary roads that
branch off of the Sultan Road to the south at kilometre 70. During the latter half of the field season, the
Kolme Jarvi and 4K deposits were gridded and mapped in detail with the focus on the 4K deposit. A total
of 67 samples were collected from channel cuts to characterize the nature and location of the gold
mineralization, the host lithologies, alteration assemblages, structural controls and relative timing of
mineralization. These samples will first be analyzed for their gold and other trace metal contents before
proceeding with more detailed studies.
The 4K and Kolme Jarvi deposits are underlain by a magnetite-chert banded iron formation that has
an apparent thickness of at least 100 m (see Photo 7.1A for general outcrop view). The magnetite beds are
less than 1 to 3 cm thick and they are interlayered with light-grey chert beds 1 to 5 cm thick (Photo 7.1B).
Importantly, some of the thicker siliceous units, which superficially resemble chert beds, could in fact be
quartz veins that have been folded into the banded iron formation, which is significant in the content of
possible epigenetic-type gold mineralization. Recurring every 1 to 3 m within the banded iron formation
are less than 2 to 10 cm thick units composed of garnet and amphibole in a graphite-rich matrix with
some sericite (Photo 7.1C). The northern part of the 4K West and Northeast outcrops contain a finegrained (<1 mm) mafic unit that is up to 10 m thick and the central portion of the 4K Northeast outcrop
contains two 1 to 2 m thick biotite schist units. The contact relationships between the mafic and biotite
schist units and the banded iron formation are difficult to interpret because of the intensity of folding
present in the outcrop. A tonalitic dike cuts through the banded iron formation in the central portion of the
4K Northeast outcrop; the dike is less than 1 to 2 m thick and contains some fine-grained mafic minerals.
The 4K outcrops display excellent structural overprinting relationships between 3 generations of
structures. All units, with the exception of the tonalite(?), have been isoclinally folded and display a
strong bedding-parallel foliation along the limbs, striking west-northwest (≈ 295°) and dipping 60 to 80°
to the northeast. A second generation of open to tight folding has affected all units and displays secondorder parasitic Z-, S- and M-shaped folds on the limbs and hinges of larger first-order folds. The folds
have a subvertical, west-northwest-striking axial plane and trending fold axis plunging 20 to 40° to the
east-southeast. A third generation of open folds are subvertical and have a northeast-striking axial plane
and trending fold axis plunging 70° to the southwest.
Based on the initial outcrop mapping, it would appear that the gold values obtained by Wallbridge
have a spatial relationship with the garnet-amphibole-graphite-sericite unit. Furthermore, the rocks have
been subjected to at least 2, and possibly 3, episodes of ductile deformation. Thus, the timing of the gold
introduction and its chemical signature will be the focus of further work in order to better constrain the
nature of this mineralization.
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Photo 7.1. Outcrop and drill-core photos of the 4K and Jerome deposits. A) Outcrop photo of the 4K West banded iron
formation and associated lithologies. B) Magnetite-chert iron formation seen at the 4K West outcrop. C) Garnet-amphibolegraphite-sericite unit found within magnetite-chert iron formation. D) Drill core from the Jerome deposit showing polymictic
conglomerate. E) Drill core from the Jerome deposit showing altered feldspar-quartz porphyry. F) Drill core from the Jerome
deposit showing a blue quartz vein (black dashed line) and associated textures and alteration. Pen for scale in Photos 7.1D, 7.1E
and 7.1F is 13.5 cm long.
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Jerome Deposit
The Jerome deposit, which is centred on Opeepeesway Lake, is located within the Ridout high strain
zone and lies approximately 20 km along strike east-northeast from the Côté Gold deposit (see Figure 7.1).
Historically, the Jerome Mine produced approximately 60 000 ounces of gold between 1941 and 1943;
in 2011, Augen Gold Corp. (Augen) provided a National Instrument (NI) 43-101–compliant inferred
resource estimate of 1.03 million ounces gold using a 0.3 g/t Au cut-off grade. Gold mineralization is
reported to be hosted within quartz-carbonate veins, vein breccias and related alteration zones within
Timiskaming-like metasedimentary rocks and feldspar ± quartz porphyry intrusive rocks (Burt, Chance
and Burns 2011).
Access to the Jerome property is through the Jerome mine road, which branches north from the
Sultan Road near kilometre 40. The area around the Jerome Mine lacks outcrop; thus, utilization of drill
core (Photos 7.1D, 7.1E and 7.1F) was necessary to characterize the nature and distribution of the gold
mineralization. This latter work was possible because IAMGOLD Corporation, which now controls the
claims, provided access to the drill core from Augen’s 2010 exploration program. Sixty-two samples were
collected from 10 drill holes that were re-logged in order to characterize the nature of the gold
mineralization, the host lithologies, the alteration assemblages and the relative timing of mineralization.
Lack of outcrop at the Jerome site required an alternate outcrop location be selected to assist with
defining the spatial relationship of rock type and the structural elements of the Jerome deposit. The
outcrop selected for mapping, known as the Namex deposit, is situated along strike approximately 9.5 km
east-southeast of the Jerome deposit. The Namex deposit contains similar rock units and alteration
assemblages to those at the Jerome deposit and also is known to contain anomalous gold values (Hess
2008). Only a small part of this outcrop has been mapped to date; therefore, only a few comments can be
made in this report: a more detailed summary will be provided upon completion of the mapping in the
2015 field season. In drill core, 3 units are dominant: 1) polymictic conglomerate, 2) greywacke and
3) feldspar-quartz porphyry. All of these units display moderate to high degrees of strain. The results of
the initial drill-hole logging and outcrop mapping completed to date suggest there is a close spatial
relationship between anomalous gold grades and the presence of blue-white quartz veins that have
alteration haloes; similar conclusions were made based on the work by Augen in 2011 (Burt, Chance and
Burns 2011). Thus far, 27 samples were obtained from channel cuts at the Namex deposit for preliminary
testing of gold grades and associated elements before proceeding with a more extensive and detailed
sampling for geochemistry.

DISCUSSION
The results of an initial study of the gold metallogeny of the SGB indicate a variety of gold
mineralization styles occur and, based on the nature of their occurrence, likely reflect different gold events.
The 3 main deposit types identified, and in part studied to date (types 1 and 2), include the following
1.

The 4K deposit represents a relatively new type of gold mineralization, which occurs in iron
formation and may have implications for the evolution of the belt when compared to other iron
formations previously identified within the SGB. Epigenetic-type, banded iron formation gold
deposits are an important deposit type in the Archean rocks of Ontario (e.g., Musselwhite,
Beardmore–Geraldton) and elsewhere (e.g., Homestake, USA; Meadowbank, Nunavut); thus,
recognition of this style of mineralization in the SGB is significant.

2.

The Jerome deposit represents a known historical deposit that has seen exploration over the past
70 years. Given that this deposit is hosted in Timiskaming-like rocks, is spatially related to a
major deformation zone (i.e., Ridout high strain zone), and is cut by felsic porphyry dike rocks,
it has obvious analogies to gold mineralization in the AGB, in particular, the Kirkland Lake area.
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The Côté Gold deposit, with a globally significant resource of approximately 7.6 million ounces
gold, is an intrusion-related deposit type (circa 2740 Ma) and is not only a new deposit type for
the SGB, but also defines a new metallogenic gold event in both the SGB and the AGB. The
occurrence of large-tonnage, low-grade, intrusion-related gold mineralization is not unknown to
Archean rocks of the Superior Province (e.g., Hammond Reef, Malartic) and, therefore, is
potentially very significant in terms of future exploration in the SGB.

The results of this preliminary reconnaissance and detailed study of the 4K and Jerome deposits
suggest that there are many exploration opportunities within the SGB, in addition to the potential offered
by the Côté Gold deposit, which will change the way future gold exploration is conducted within the
SGB. The SGB may, therefore, offer one of Ontario’s best opportunities to host previously unknown gold
deposits and develop historic deposits utilizing modern mining methods.

FUTURE WORK
Once critical areas in the SGB have been fully identified, interpretation of the evolution of gold
mineralization styles will be achieved through integration of detailed lithological and structural mapping
and drill-core logging, petrographic observations, including data from scanning electron microscopic
analysis and electron probe microanalysis, and lithogeochemical methods such as geochronology, stable
isotopes, fluid inclusions and sulphide mineral chemistry. Current and future work includes the following:
•

precious- and trace-metal assays on select samples performed at the Geoscience Laboratories,
Ontario Geological Survey

•

processing of the structural data and digitization of detailed deposit-scale maps

•

petrographic study of samples using petrographic microscopes, scanning electron microscope
electron dispersive spectrometer and electron probe microanalyzer to characterize lithologies,
alteration assemblages and the timing of structural events

•

selection of samples for U/Pb geochronology to constrain important geological events related to
gold mineralization

•

revisiting the 4K, Kolme Jarvi and Namex deposits for follow-up sampling and additional data
as warranted

•

further reconnaissance of the SGB to visit occurrences that were previously unknown or were
difficult to access

•

detailed characterization, mapping and sampling of the Kenty and Rundle deposits (see
Figure 7.1) with the addition of at least 2 other critical gold occurrences to be determined based
on the processing of reconnaissance data
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INTRODUCTION
The Swayze greenstone belt is the western extension of Abitibi greenstone belt (Heather 2001). The
Ridout deformation zone is a crustal-scale high-strain zone developed in the narrow belt of supracrustal
rocks connecting the 2 greenstone belts (van Breemen, Heather and Ayer 2006; Berger 2011). The
question of whether the Ridout shear zone is the western extension of Larder–Cadillac deformation zone
has significant geological and economic implications. An MSc thesis project in the area around the
deformation zone was started in 2014 to 1) understand the structural evolution of the Ridout deformation
zone and 2) evaluate the relationship between the emplacement of granitoid complexes in the area and the
tectonic evolution of Swayze greenstone belt. In the summer of 2014, a reconnaissance structural analysis
was carried out in Huffman, Chester, Groves and Brunswick townships, with an emphasis on the highly
strained rocks in the greenstone belt. At least 4 generations of structures were identified. Further work is
planned to understand the ages and tectonic significance of the deformation.

GENERAL GEOLOGY
The Swayze greenstone belt is bounded to the east by Kenogamissi batholith, to the west by the
Kapuskasing structural zone, to the north by the Nat River granitoid complex and to the south by the
Ramsey–Algoma granitoid complex (Figure 8.1). Mapping and synthesis by Heather (2001) utilized the
Woman River iron formation as a marker bed and reveals that Swayze greenstone belt contains ultramafic
to felsic metavolcanic rocks with one major banded iron horizon, overlain by metasedimentary rock of the
Denyes Lake formation and Ridout group. These metasedimentary rocks are time equivalent to,
respectively, the Porcupine and Timiskaming metasedimentary rocks in the main Abitibi greenstone belt.
The supracrustal sequence in the Swayze greenstone belt is both lithologically and chronologically
comparable to that of the Abitibi greenstone belt and forms part of an autochthonous stratigraphic
construction rather than a collage of different terranes (Ayer et al. 2002).

STRUCTURAL ANALYSIS
Four generations of structures (G1 to G4) are identified in the study area. The term “generation”
refers to group of structures identified based on overprinting relationship. Note that more than one
generation of structure (G) may be present in one phase of progressive deformation (D) (e.g., Lin 2001).
The nature of G1 structures is unclear. The second generation (G2) structures is characterized by oblique
sinistral shearing with north-side-up component. G2 structures overprint G1 structures by strike-slipdominant dextral shearing. The fourth generation (G4) structures are a result of a brittle reactivation event
and are probably associated with regional north-northwest-trending faults.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.8-1 to 8-5.
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First Generation (G1) Structures
Field evidence for first generation (G1) structures is scarce. In Brunswick and Neville townships,
G1 structures are characterized by a penetrative foliation in intermediate metavolcanic rocks that is folded
by G2 folds (Photo 8.1A). The nature of G1 structures still awaits further investigation.

Second Generation (G2) Structures
Second generation (G2) structures are characterized by oblique sinistral shearing. In Brunswick
Township, G2 structures manifest as sinistral S-C fabrics and asymmetrical dike boudins (Photo 8.1B) in
mafic metavolcanic rocks, as well as metre-scale S-folding of S1 at the boundary between intermediate
and felsic metavolcanic rocks. Associated with the S-folds is east-trending axial planar S2 crenulation
cleavage (see Photo 8.1A). The crenulation shows predominantly S-asymmetry and a low-angle
clockwise relationship with the earlier east-northeast-trending fabric, implying a sinistral sense of shear.
Some S-folds of similar geometry are also present in intermediate metavolcanic rocks at the border
between Chester and Neville townships. In Groves Township, vertical surfaces of Timiskaming-type

Figure 8.1. Simplified geological map of Abitibi greenstone belt and Swayze greenstone belt (modified from Ontario Geological
Survey 1991). Abbreviations: IVLF, Ivanhoe Lake fault; KSZ, Kapuskasing structural zone; LCDZ, Larder–Cadillac
deformation zone; PDDZ, Porcupine–Destor deformation zone; RDZ, Ridout deformation zone; SGB, Swayze greenstone belt.
Abbreviations of township names: B, Brunswick; C, Chester; G, Groves; H, Huffman; N, Neville.
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conglomerates show north-side-up sense of movement manifested by synthetic shear bands in quartz
boudins. In Huffman Township, an asymmetrical quartz boudin in a mafic dike crosscutting the
intermediate metavolcanic rocks shows north-side-up kinematics (Photo 8.1C). Therefore, G2 structures
are probably oblique in nature with both sinistral and north-side-up components.

Third Generation (G3) Structures
Third generation (G3) structures are characterized by dextral shearing with minimal dip-slip
component, and are pervasively identified in high-strain zones or along lithological contacts. In Huffman
Township, high-strain zones at the boundary between intermediate volcanic tuff breccia and
Timiskaming-type metasedimentary rocks show shear bands, asymmetrical quartz boudins (Photo 8.2A)
and Z-asymmetry drag folds. At the southern contact of Timiskaming-type metasedimentary rocks with
felsic metavolcanic rocks, rotated quartz boudins and northeast-trending S3 crenulation cleavages
counterclockwise to earlier east-west fabric both indicate dextral kinematics (Photo 8.2B). Clasts in
Timiskaming-type conglomerates show synthetic shear bands with dextral shearing (Photo 8.2C). In
Chester Township, northeast-trending S3 crenulation cleavage overprints east-trending S2 foliation in
mafic and felsic metavolcanic rocks (Photo 8.2D). In Groves Township, metre-scale Z-shaped
asymmetrical folds in the felsic metavolcanic rocks are interpreted to be drag folds caused by dextral
movement (Photo 8.2E). In Brunswick Township, F3 gentle Z-folds overprint S2, confirming the timing
relationship between the 2 generations of deformation (see Photo 8.1A).

Photo 8.1. Structures of G2 deformation. A) Intermediate metavolcanic rocks in Brunswick Township showing an east-northeasttrending S1 foliation overprinted by clockwise east-trending S2 foliation, compatible with sinistral shear. Note S2 foliation is
gently folded by F3 fold. Horizontal surface. For scale, coin is 2.5 cm in diameter. B) Asymmetrical dike boudins in mafic
volcanic rocks in Brunswick Township indicating sinistral sense of shear. Horizontal surface. C) Asymmetrical quartz boudins
in a mafic dike in Huffman Township indicating north-side-up movement. Vertical surface. For scale, pen is 15.5 cm long.
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Photo 8.2. Structures of G3 deformation, all indicating dextral sense of shear. All surfaces are horizontal except in Photo 8.2E.
A) Asymmetrical quartz boudins in intermediate metavolcanic rocks. B) δ-type asymmetrical quartz boudins in felsic metavolcanic
rocks. A strong S3 crenulation cleavage that counterclockwise overprints S2 foliation is also developed. For scale, compass dial
is 6.5 cm in diameter. C) Synthetic dextral shear bands in the clasts of Timiskaming-type conglomerate. D) Felsic metavolcanic
rocks in Chester Township showing counterclockwise relationship of S3 with respect to S2. E) Felsic metavolcanic rocks in
Groves Township showing Z-shaped drag fold. Surface dips shallowly to the north. Hammer handle points to north; for scale,
hammer is approximately 35 cm long.
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Fourth Generation (G4) Structures
Fourth generation (G4) structures are brittle in nature and lack the development of a new foliation.
They are present as brittle fractures with either sinistral or dextral kinematics and the orientation is
approximately north-south. The fractures affect the volcanic sequence as well as the Kenogamissi
batholith and Chester intrusive complex.

FUTURE WORK
Oriented thin-section samples of deformed rocks will be collected and examined for kinematic
indicators and overprinting relationships on a microscopic scale. Quartz c-axis analyses will be carried
out for certain lithologies when kinematic indicators cannot be found in the field to constrain shear sense
and to approximate temperature condition of deformation. Samples of dikes that show timing
relationships with respect to the deformation will be collected and submitted for geochronological
analysis to constrain the age of deformation. Future field work will test the present results of structural
analysis and help to understand the tectonic significance for each generation of deformation.
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INTRODUCTION
The goal of this bedrock mapping project is to remap the Precambrian geology of Sackville and
Conmee townships, located about 25 km west, and 2 km north of Kakabeka Falls, respectively
(Figure 9.1), at the 1:20 000 scale and to update geoscience data regarding the economic potential of the
townships in light of new mineral discoveries and geophysical surveys completed in the past couple of
decades. Mapping of Conmee Township is not complete and will continue next summer. Sackville
Township is easily accessible via the Boreal Road and the network of adjoining logging roads and trails.
Conmee Township is transected by Highway 11/17 and is accessed through a network of residential and
logging roads. Specific objectives related to mapping these townships were as follows:
•

map the bedrock geology of the townships in light of a belt-wide compilation and geochemistry
by Lodge and Chartrand (2013);

•

update the maps of Conmee Township from Carter (1986a, 1986b) and Sackville Township
from Rogers (1995) based on regional geophysical surveys completed since that time and based
on improved knowledge of regional geodynamic and tectonic processes;

•

map the extension of the felsic metavolcanic lithofacies and hydrothermal alteration associated
with the Calvert–Stares volcanogenic massive sulphide (VMS) prospect in Aldina Township
into Sackville Township; and

•

map syntectonic to posttectonic plutonic rocks in the townships and document their importance
for intrusion-associated gold mineralization. This aspect will support an undergraduate thesis at
Laurentian University by Brigitte Gelinas under the supervision of Dr. Harold Gibson.

This article reports on the second year of field mapping for a multiyear mapping initiative aimed at
systematically remapping the eastern part of the Shebandowan greenstone belt near Thunder Bay. This
project will provide a consistent geological database to judge the economic potential and tectonic settings
of the Shebandowan greenstone belt. It will provide updated geological maps and help create a unified
and consistent geological context for mineral exploration. This objective will be accomplished by a
combination of 1:20 000 scale bedrock mapping in areas of recent mineral exploration and 1:50 000 scale
bedrock mapping peripheral to the main areas of interest. This project will also build upon a recently
completed PhD thesis project supported through the Ontario Geological Survey (OGS)–Laurentian
University Graduate Mapping School Program. The thesis work established a belt-wide trace element and
isotopic chemostratigraphy for the Shebandowan greenstone belt (Lodge and Chartrand 2013).
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.9-1 to 9-17.
© Queen’s Printer for Ontario, 2014
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GENERAL GEOLOGY
The Shebandowan greenstone belt is a relatively easily accessible greenstone belt that extends
150 km west from Thunder Bay to the Quetico Provincial Park and the Ontario–Minnesota international
border. Geochronological studies of the belt (Corfu and Stott 1998; Lodge 2012) 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). The Greenwater assemblage
is most commonly associated with volcanogenic and magmatic base metal mineralization (Farrow 1993;
Corfu and Stott 1998) whereas 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).
Conmee Township is located in the southeastern part of the Shebandowan greenstone belt at the
southern greenstone belt boundary in contact with granitoid rocks in the south. Thick Quaternary glacial
deposits cover the southwestern part of the township resulting in less than 1% outcrop exposure in that
region. In the northern parts of the township, glacial deposits are significantly less and the density of
outcrop is approximately 10%. Previous mapping in Conmee Township by Carter (1986a, 1986b),
described large mafic- and ultramafic-dominated supracrustal assemblages in the southern and western
parts of the area with numerous gabbroic intrusions and iron formations that were interpreted from
airborne geophysical data (Ontario Geological Survey 2003). The southern parts of the township were
described as being dominated by variably deformed felsic to intermediate intrusive rocks. Small intrusions
of alkalic, syenite to monzonite rocks were described in the northern part of the township and have been
associated with gold mineralization (Carter 1994). Metamorphic grade is lower greenschist facies.

Figure 9.1. Location map of Sackville and Conmee townships in relation to Aldina Township (Lodge 2013), Adrian Township
and the Town of Kakabeka Falls. UTM co-ordinates are provided in Zone 16 using NAD83.
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Sackville Township is also located in the southeastern part of the Shebandowan greenstone belt.
Previous mapping completed by Rogers (1995) describes the geology as dominated by the Kekekuab
Lake pluton which underlies the western two thirds of the township while eastern Sackville Township is
dominantly underlain by supracrustal rocks of the Greenwater and Shebandowan assemblages. Much of
the central and southern parts of the township are covered by thick Quaternary glacial deposits resulting
in limited bedrock exposure; however, regional airborne magnetic geophysical data (Ontario Geological
Survey 2003) have helped to define regional geologic contacts.
The current mapping program benefited from increased bedrock exposure via trenching in 1995–
2007 associated with the Tower Mountain gold project (Jobin-Bevans, Cullen and Kelso 2006) and in
1999–2001 associated with the Calvert–Stares volcanogenic massive sulphide (VMS) occurrence
(Bottrill 2003). There has also been more detailed regional airborne magnetic geophysical surveys
conducted over the area (Ontario Geological Survey 2003) that have improved the ability to map and
extend units into regions with little outcrop. The preliminary general geology of Conmee and Sackville
townships is illustrated in Figures 9.2 and 9.3.

Neoarchean Supracrustal Units
Supracrustal rocks comprise about 75% of the lithologies underlying Conmee Township and about
30% of those underlying Sackville Township. Limited U/Pb geochronology is available on these rocks,
but based on regional similarities and correlations with rocks in adjacent townships with known ages, the
rocks are interpreted to be of varying age and belonging to different supracrustal assemblages.

GREENWATER ASSEMBLAGE
Based on lithological similarities to adjacent regions with U/Pb geochronology ages of circa 2720 Ma
(e.g., Shebandowan Mine area: Corfu and Stott 1998), the ultramafic- and mafic- dominated strata in the
eastern and southern parts of Conmee Township likely belong to the Greenwater assemblage.
Supracrustal rocks from this assemblage underlie approximately 45% of the map area.
The Greenwater assemblage is the most extensive supracrustal assemblage in Sackville Township
underlying 25% of the township. The Shebandowan assemblage covers 5% of southeastern Sackville
Township. The Greenwater assemblage in Sackville Township is correlated with similar strata in Aldina
Township that has yielded a U/Pb zircon age of 2719±1.0 Ma for a felsic metavolcanic unit that hosts the
Calvert–Stares VMS prospect (Lodge 2012).

Ultramafic Metavolcanic Rocks
Ultramafic metavolcanic rocks compose about 5% of the supracrustal rocks of the Greenwater
assemblage and are mostly exposed in the western part of Conmee Township. These rocks are mostly
massive to spinifex-textured flows that are variably serpentinized. Some of the mineral exploration
trenches at the Bateman property (see Figure 9.2, MDI #1) have exposed continuous flow stratigraphy
that transitions from spinifex-textured flows, to massive flows, to flow breccia and quenched autobreccia,
suggesting a northward younging of flow strata. These ultramafic units are largely unaltered with the
exception of localized serpentinization and carbonatization. No ultramafic metavolcanic rocks were
observed in Sackville Township.
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Figure 9.2. Simplified geology of Conmee Township. Numbers on the map correspond to Mineral Deposit Inventory (MDI)
occurrences listed in Table 9.1. Inset map displays first derivative airborne magnetic geophysical data (Ontario Geological
Survey 2003). Bounding UTM co-ordinates are provided in Zone 16 using NAD83.
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Mafic Metavolcanic Rocks
Mafic metavolcanic rocks are most dominant in the southwestern part of Conmee Township and
comprise about 30% of the supracrustal units. Most of the mafic metavolcanic rocks are fine grained and
aphyric, locally amygdaloidal, containing up to 10% quartz- and/or carbonate-filled amygdules. Pillowed
and brecciated mafic metavolcanic rocks are relatively uncommon with relatively poor-quality pillowed
structures that are recessively weathered with thin chloritic selvages and lack younging directions.
Brecciated mafic metavolcanic flows are in close spatial association with pillowed mafic metavolcanic
flows and consist of lapilli- to bomb-sized angular to fluidal fragments in a chloritic, fragment-rich
matrix. Subaqueous autobreccia were also observed with glassy, well-preserved jig-saw fit fragmental
textures (Photo 9.1A).
In Conmee Township mafic metavolcanic rocks are weakly altered consisting of local concentrations
of epidote-quartz alteration. Deformation and development of a structural fabric is minimal and most primary
volcanic textures are preserved. In close proximity with map-scale faults and shear zones, mafic metavolcanic
rocks are transformed to strongly lineated amphibolite with local development of mylonitic fabrics.
In Sackville Township, the Greenwater assemblage is primarily composed of massive mafic
metavolcanic rocks. These rocks are typically fine grained, grey-green and aphyric. There are minor local
variations in textures such as the presence of quartz- and/or calcite-filled amygdules, disseminated
sulphide minerals and pillow structures. Younging directions could not be determined from the limited
exposures of pillowed mafic metavolcanic rocks. Pillows are small (<1 m), amoeboid and have
centimetre-scale chloritic selvages. The mafic metavolcanic flows vary from very fine to medium grained
suggesting variably thick lava flows which may also include synvolcanic gabbroic sills. Evidence of
alteration of this unit is rare but where present it includes epidote nodules and veins as well as local
silicification.

Photo 9.1. Photographs of supracrustal rocks from the Greenwater assemblage in Conmee Township. A) Autobrecciated mafic
metavolcanic flow with jig-saw fit glassy fragments in a chlorite-carbonate matrix (UTM 296199E 5377290N). B) Planarbedded banded iron formation with layers of jasper, chert and magnetite (UTM 308172E 5376664N). UTM co-ordinates are
provided in Zone 16 using NAD83.
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Figure 9.3. Simplified geology of Sackville Township. Inset map displays first derivative airborne magnetic geophysical data
(Ontario Geological Survey 2003). Bounding UTM co-ordinates are provided in Zone 16 using NAD83.
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Intermediate Metavolcanic Rocks
Intermediate metavolcanic rocks, interpreted to be part of the Greenwater assemblage, in Conmee
Township are not regionally extensive and mostly interlayered with mafic metavolcanic rocks. Most
intermediate metavolcanic rocks in Conmee Township are associated with the younger, Shebandowan
assemblage (see descriptions below) and are present as large, map-scale units. The intermediate
metavolcanic rocks of the Greenwater assemblage are relatively unaltered, undeformed, pale, aphyric,
massive metavolcanic flows to tuff breccia. These rocks have been submitted for geochemistry to confirm
their intermediate composition and the geochemical data will assist in determining their distribution
within Conmee Township.
The felsic to intermediate metavolcanic rocks in Sackville Township occur as discontinuous lenses
within the widespread mafic metavolcanic unit. The rocks are generally fine grained, felsic to
intermediate, tuff that range from thin to medium bedded (Photo 9.2A) or massive without distinct
bedding. An intermediate tuff breccia is located in the south of Sackville Township with monolithic clasts
containing plagioclase phenocrysts.

Felsic Metavolcanic Rocks
One large unit of quartz-phyric felsic metavolcanic rocks is located in the southeastern part of
Conmee Township. These are the only distinctly felsic metavolcanic rocks in the map area and are
massive, medium-grained flows to finer-grained tuff breccia. No obvious alteration or mineralization was
observed in these rocks. It should also be noted that it is not certain whether this unit belongs to the
Greenwater or Shebandowan assemblage. The lithology is unique in either assemblage and there is no
field evidence to suggest that it may belong to one or the other. The felsic metavolcanic rocks do appear
to be more closely spatially associated with mafic metavolcanic flows of the Greenwater assemblage in
Conmee Township and appears broadly similar to the felsic metavolcanic unit (circa 2720 Ma: Corfu
and Stott 1998) that hosts the Mud Lake zinc occurrence in Oliver and Ware townships to the east.
Intermediate and felsic metavolcanic flows are exposed in 2 trenches adjacent to the Aldina Road and are
in conformable contact with the metasedimentary unit. The thin felsic metavolcanic flow is medium to
dark grey, fine grained and locally contains quartz phenocrysts, whereas the intermediate flow contains
hornblende phenocrysts.

Photo 9.2. Photographs of supracrustal rocks from the Greenwater assemblage in Sackville Township. A) Intermediate tuff with
medium steeply inclined beds (UTM 284014E 5370205N). B) Thin- to medium-bedded wacke with chert rip-up clasts and faint
sulphide staining (UTM 282463E 5368018N). UTM co-ordinates are provided in Zone 16 using NAD83.

9-7

Earth Resources and Geoscience Mapping Section (9)

R.W.D. Lodge et al.

Metasedimentary Rocks
Metasedimentary rocks of the Conmee Township Greenwater assemblage are mostly oxide-facies
iron formation and minor thin units of wacke-argillite, sulphide-facies iron formation, and graphitic
mudstones. Oxide (magnetite)-facies iron formations form laterally extensive and continuous magnetic
geophysical anomalies in the airborne magnetic geophysical data (Ontario Geological Survey 2003).
These rocks are relatively well exposed in the central and northeastern parts of the township and are
commonly planar bedded with centimetre-scale layers of jasper, chert, and magnetite (Photo 9.1B) with
minor deformation and brecciation. Sulphide-facies iron formation contains massive pyrite in a chert
matrix with no other sulphide minerals.
Clastic metasedimentary rocks form a minor component of the Greenwater assemblage and consist
of mudstones, wackes and argillites in thin, discontinuous units that are interlayered with mafic and
ultramafic metavolcanic rocks. In some cases, peperitic textures were observed indicating that the
sediments were unconsolidated when the lava flows were deposited and therefore are approximately the
same age. When there is no such contact relationships observed, without geochronology, it is impossible
to discriminate these metasedimentary units from similar metasedimentary rocks units from the younger
Shebandowan assemblage. These clastic metasedimentary units were found as isolated outcrops or
exposed in trenches at the Bateman property (see Figure 9.2, MDI #1).
Metasedimentary rocks in the Greenwater assemblages within the Sackville Township are rare, and
only found in the trenches near the Aldina Road. This unit consists of interlayered wacke to siltstone that
is massive to medium to thickly bedded and contains many chert beds and a sulphide mineral horizon
(Photo 9.2B). Sedimentary structures include rip-up clasts, possible scours, graded beds and laminations.
The wacke is quartz-rich, matrix supported and contains some intermediate to felsic centimetre-scale
clasts. A rusty sulphide mineral horizon lies conformably within this sedimentary package and appears to
be associated with the chert. A sample of this sulphide mineralized unit was collected for assay to
determine the base and precious metal content. Oxide (magnetite)-facies iron formations in Sackville
Township forms discontinuous bands in association with clastic metasedimentary rocks. These ironstones
were identified in only a few outcrops but are interpreted to be more extensive based on regional
magnetic anomalies (see Figure 9.3, magnetic data inset map).

SHEBANDOWAN ASSEMBLAGE
The metavolcanic and metasedimentary rocks of the Shebandowan assemblage are interpreted to lie
unconformably on top of the Greenwater assemblage in Conmee Township and form distinctly different
units that can be easily recognized in the regional airborne magnetic geophysical data (Ontario Geological
Survey 2003; see Figure 9.2, inset). These supracrustal assemblages underlie approximately 40% of
Conmee Township. An unconformable (nonstructural) contact between mafic metavolcanic rocks and
overlying pebble conglomerate was observed in an outcrop along Highway 11/17. Additional evidence for
an unconformable versus structural contact is the lack of structural fabric in the rock in close proximity to
the unconformity.
A heterolithic breccia from Conmee Township and an andesite tuff breccia from Ware Township to the
east yielded zircon U/Pb ages circa 2690 Ma (Corfu and Stott 1998). The intermediate metavolcanic rocks
surrounding the Tower hornblende syenite (circa 2690 Ma: Corfu and Stott 1998) which is interpreted to be
synvolcanic in origin (Carter 1993). In general, the rocks of the Shebandowan assemblage, particularly in
the central part of the map area, are remarkably undeformed with well-preserved primary textures.
The interpretation of the presence of younger metasedimentary rocks of the Shebandowan
assemblage in Sackville Township is based on detrital zircon geochronology for laterally correlative rocks
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in Adrian Township that contain zircons as young as circa 2680 Ma (Lodge 2013; Corfu and Stott 1998).
If this correlation is correct, these sediments in the extreme south-east corner of Sackville Township
unconformably overlie the Greenwater assemblage although direct evidence for this relationship was not
observed in outcrops.

Intermediate Metavolcanic Rocks
Intermediate metavolcanic rocks in the northeastern half of Conmee Township have long been
considered to be one of the type-localities for the Timiskaming-type units, known locally as the
Shebandowan assemblage (Shegelski 1980; Carter 1993; Corfu and Stott 1998; Lodge et al. 2013). These
intermediate metavolcanic rocks commonly consist of tuff breccia, lapilli tuff, and massive flows and
flow breccias and are characteristically plagioclase- and hornblende-phyric containing up to 30%
phenocrysts. Tuff breccia and lapilli tuff are the most common metavolcanic rocks and are characterized
by millimetre- to centimetre-scale fragments hosted in a lithic ash matrix (Photo 9.3A). The fragments
exhibit a range of textures, but are interpreted to have originated from one magmatic event based on their
uniform composition and phenocryst content. Armored lapilli and lapilli with altered glassy rinds are also
present suggesting that these deposits were proximal to a volcanic vent and have not undergone
significant post-eruption transport. Intermediate metavolcanic flows commonly have well-defined and
remarkably preserved trachytic texture defined by aligned hornblende phenocrysts (Photo 9.3B).

Metasedimentary Rocks
The metasedimentary rocks of the Shebandowan assemblage are predominately heterolithic pebbleto boulder conglomerates with minor amounts of coarse sandstone (lithic arenite). Clasts in these units are
highly variable in composition with volcanic, plutonic and sedimentary provenance. The proportion and
type of clasts in these rocks vary throughout the township suggesting that clast provenance is mostly
locally derived and are interpreted to be deposited in an alluvial-fluvial depositional setting (e.g., Lodge
2013). Some of the conglomerates are remarkably well-preserved and clasts can be removed from the
matrix without much effort. These conglomerates are likely some of the youngest rocks in the belt based
on the presence of syenite clasts that are lithologically similar to the Tower hornblende syenite circa 2690 Ma.

Photo 9.3. Photographs of supracrustal rocks from the Shebandowan assemblage in Conmee Township. A) Well-preserved
intermediate tuff breccia with lithic ash matrix (UTM 304170E 5377863N). B) Massive intermediate flow with strongly
developed trachytic texture defined by aligned hornblende phenocrysts (UTM 300573E 5378072N). UTM co-ordinates are
provided in Zone 16 using NAD83.
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The Shebandowan assemblage underlies a small portion of the southeastern part of Sackville
Township. It contains 2 distinct map units: a northwest-trending clastic metasedimentary unit that extends
from Adrian Township and a parallel volcaniclastic unit located to the south of the clastic unit. The clastic
unit contains thin to medium beds of interlayered siltstone to sandy siltstone. Locally, the siltstone beds
contain more fine-grained argillaceous material or are slightly coarser grained with more quartz-rich sandy
siltstone layers. Bedding is generally vertical to subvertical and east-striking (Photo 9.4A).
The volcaniclastic unit is poorly exposed, exhibits variability and will require subsequent thin
section examination and geochemistry for full characterization. The unit does not appear to have
distinctive beds (although faint layering is detected in some localities) and it contains clasts ranging from
less than 1 to 50%. Clasts are poorly sorted and heterolithic (Photo 9.4B).

Neoarchean Intrusive Units
Calc-alkalic to alkalic felsic intrusive rocks comprise about 5% of the rocks underlying Conmee
Township. Gabbro, pyroxenite and serpentinized peridotite sills and dikes are interlayered with the
supracrustal units in the western part of the township. A sample of hornblende syenite from the Tower
Mountain gold property yielded an U/Pb zircon age of circa 2690 Ma (Corfu and Stott 1998). No samples
of foliated granodiorite rocks in Conmee Township have been previously dated, but similar intrusive suites
found elsewhere in the belt range in age from 2695 to 2750 Ma (Corfu and Stott 1998). In Sackville
Township, gabbro sills and dikes intrude the Greenwater assemblage in the eastern portion of the township
and make up less than 5% of the rocks. The Kekekuab Lake pluton underlies most of the township.

ULTRAMAFIC INTRUSIONS
Dark green, serpentinized ultramafic sills are locally present throughout the gabbroic units in
Conmee Township, but very few are large enough to form mappable units. These rocks are commonly
fine to medium grained and have an equigranular texture. They are variably serpentinized but generally
are still massive and unaltered with serpentine appearing mostly on jointing surfaces. There are also local
polysutured zones with serpentinized polygonal fractures. It is not obvious whether these rocks represent
synvolcanic intrusions associated with komatiites or if they are unrelated, ultramafic cumulate layers
within the gabbroic sills.

Photo 9.4. Photographs of supracrustal rocks from the Shebandowan Assemblage in Sackville Township. A) Siltstone with thin
to medium vertical beds and slight compositional variation (argillaceous-quartz content) shown by dark to light grey colour
(UTM 285363E 5368018N). B) Heterolithic lithic tuff to lapilli tuff breccia showing range of clast sizes and composition
(UTM 284954E 5366216N). UTM co-ordinates are provided in Zone 16 using NAD83.
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GABBRO TO PYROXENITE
Gabbroic sills appear to be commonly interlayered with the supracrustal assemblages in the western
part of the map area. They range in composition from massive, equigranular gabbro to pyroxene-phyric
gabbro to pyroxenite and are likely all petrogenetically related. Cumulate textures are apparent in some
pyroxene-phyric gabbroic rocks and it is likely that the pyroxenite rocks in the region represent cumulate
phases of gabbro. Locally, gabbroic intrusions are autoclastic and/or host xenoliths of mafic metavolcanic
rocks. Similar gabbroic sills interlayered with Greenwater assemblage volcanic rocks elsewhere in the
Shebandowan greenstone belt have yielded U/Pb zircon ages of circa 2720 Ma (Corfu and Stott 1998).
In general, the gabbroic rocks have very limited structural fabric developed.
The gabbro units in Sackville Township are abundant and dispersed throughout the Greenwater
assemblage and are interpreted to represent synvolcanic sills and/or thick metavolcanic flows. The gabbro
is typically medium to coarse grained, equigranular and composed of hornblende and plagioclase with
local quartz and trace amounts of disseminated sulphide minerals (pyrite, chalcopyrite, pyrrhotite).
Locally a porphyritic texture is defined by the presence of hornblende (after pyroxene?) crystals up to
1 cm long. Plagioclase-porphyritic gabbro with large (1 to 3 cm) rounded phenocrysts was recognized in
several outcrops. Gabbro is frequently crosscut by randomly oriented thin felsic veins in close proximity
to the Kekekuab Lake pluton and displays heterogeneous strain on outcrop and regional scales (Photo 9.5C).

Photo 9.5. Photographs of some intrusive rocks in Conmee and Sackville townships. A) Foliated granodiorite (UTM 302661E
5366528N). B) Massive hornblende-phyric syenite from the Tower Mountain property. Note that the syenite contains abundant,
dark magnetite crystals (UTM 303742E 5376959N). C) Gabbro with thin randomly oriented veins crosscutting outcrop
(UTM 282773E 5367902N). D) Quartz monzonite from the Kekekuab Lake pluton showing an elongated mafic enclave
(UTM 283349E 5373859N). UTM co-ordinates are provided in Zone 16 using NAD83.
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FOLIATED TO MASSIVE GRANITOIDS
Foliated granitoid rocks, likely granodiorite in composition, are exposed along the southernmost part
of Conmee Township. These rocks have a weak to moderate foliation defined by alignment of hornblende
and biotite (Photo 9.5A). In addition to foliated granodiorite, coarser grained, weakly foliated tonalitegranodiorite was observed as discontinuous dike in larger outcrop exposures. The proportion of mafic
minerals is variable and ranges in abundance from 2 to 10%.

MASSIVE SYENITE AND DIORITE
The syenitic to dioritic rocks of Conmee Township are of particular importance to this mapping
project because of their association with gold mineralization at the Tower Mountain property in the northcentral part of the map area. This intrusive suite is typically fine to medium grained, contains 5 to 40%
hornblende crystals and phenocrysts (Photo 9.5B), and characteristically contains a significant amount of
magnetite that will strongly attract a magnet. This field technique of identifying the syenitic rocks in this
region is particularly useful when mapping in the pink, altered intermediate metavolcanic rocks
(nonmagnetic) near the margin of the hornblende syenite (magnetic) at the Tower Mountain property.
Syenite is the most common massive intrusion in the region; however, there are more monazite and
diorite phases present around the Tower Mountain property in the north-central part of the map. In
addition, there are some minor fine-grained sills and dikes of magnetic hornblende syenite found
elsewhere in the township that generally are not large enough to be represented as a map scale unit.
The eastern Kekekuab Lake pluton comprises two thirds of Sackville Township and has been
interpreted as posttectonic (Rogers 1995). Work done by Corfu and Stott (1998) on the western extent of
Kekekuab Lake pluton located about 15 km west of Sackville Township shows an U/Pb zircon age of
2683±2 Ma. A geochronology sample was been collected to determine if the eastern extent of the
Kekekuab Lake pluton will yield a similar age. The Kekekuab Lake pluton varies in composition from
monzonite to quartz monzodiorite is generally medium grained and locally contains centimetre-size
euhedral feldspar megacrysts and 0.5 cm size quartz phenocrysts. The volumetric proportion of mafic
minerals ranges from 5 to 70%, but is more characteristically 10 to 25% hornblende ± biotite. A preferred
orientation defined by mineral alignment as well as elongate mafic enclaves (Photo 9.5D) and ultramafic
clots are locally present within the pluton. An exposure of the pluton contact in northern Sackville
Township is characterized by abundant brecciated mafic metavolcanic xenoliths in a matrix of felsic
intrusive rock and the emplacement of numerous felsic dikes into the mafic metavolcanic country rocks.

LAMPROPHYRE DIKES
Lamprophyre dikes of unknown thickness were observed at several locations in Conmee and
Sackville townships, but are not large enough to be a mappable unit. The dikes are not associated with
any particular rock type and were observed in spatial association with both supracrustal assemblages and
intrusive suites in the region. These lamprophyres are dark, contain abundant biotite and biotite
phenocrysts, and rare xenoliths or actinolite nodules and are generally similar to other lamprophyre dikes
found elsewhere in the Shebandowan greenstone belt (Hart 2007; Lodge and Chartrand 2013).

STRUCTURAL GEOLOGY
In general, the degree of deformation is minimal in most parts of Conmee Township. Rocks in the
central and eastern part of the map area are essentially not deformed at all, with the exception of regional
tilting. In the northwestern and southern parts of the map area, there is a moderate to strong foliation
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associated with east-trending belt-scale shear zones. The contacts between granitoids and supracrustal
rocks in the southernmost part of the map area are characterized by a zone of mylonitic mafic schist and
amphibolite that extend for about 100 m beyond the exposed contact. In the northwestern part of the map,
intermediate and mafic metavolcanic rocks have an east-trending foliation associated with the northern
margin of the belt in contact with the Quetico Subprovince.
Faulting and major lithological offsets are not obvious based on field observations alone because of
the scarcity of outcrop. However, the sudden termination and offset of linear magnetic anomalies in the
regional airborne magnetic geophysical data (Ontario Geological Survey 2003) indicate the presence of
several northeast- and north-trending faults. Previous mapping by Carter (1986a, 1986b) noted the
presence of a major northeast-trending structure called the Mokomon fault that was largely based on an
abrupt change in the physiography (topography, lake density, etc.) Carter (1986b, 1986a). However, the
location of this physiographic change, or supposed Mokomon fault, does not correspond to any change in
the regional geophysical data. Therefore, this fault is assumed to not exist and the change in physiography
is probably due to surficial features rather than bedrock structures.
Despite relatively well-preserved primary features, there were very few that indicate the direction of
younging in the strata. Idealized flow stratigraphy and transitions from spinifex texture to massive facies
preserved in some of the komatiites may suggest a local northward younging of the volcanic strata in the
northwest part of the map area. Elsewhere, a preserved unconformity between mafic metavolcanic flows
and overlying pebble conglomerate may also indicate a northward younging of strata in the central part of
the map area. However, there is insufficient evidence to suggest that all of the strata young northward.
Patterns in the regional airborne magnetic geophysical data suggest fold structures in the Greenwater
assemblage (see Figure 9.2, inset), but there is relatively little outcrop in this region and no exposed
younging indicators to verify any folding.
The deformational fabric in Sackville Township was weakly to moderately developed with steeply
inclined foliations trending parallel to the margin of the pluton. The pattern in the airborne magnetic
geophysical data (Ontario Geological Survey 2003) is characterized by linear features trending toward the
pluton and then apparently deflecting to wrap around the pluton margin. In general, bedding foliations
and magnetic fabric are broadly conformable. The felsic to intermediate metavolcanic rocks in northern
Sackville Township dips west between 54 and 74°, and further south, the bedding is dipping 88° to the
northeast. In the Shebandowan assemblage bedding in the clastic unit is most commonly near vertical and
east striking. The most well-developed foliation occurs in the general area of the (eastern) Glenwater
Road.

ECONOMIC GEOLOGY
At the time of previous geological mapping by Carter (1986b, 1986a), the principal region of highest
economic interest was the gold mineralization in brecciated metavolcanic rocks and the syenite intrusion
at the Tower Mountain property. Mineral exploration since that time has continued with more trenching,
diamond drill holes, and property mapping resulting in a NI 43-101 compliant resource of 128 717 ounces
of gold contained in the U-V zone (Jobin-Bevans, Cullen and Kelso 2006). Additional regions that have
received significant exploration since the previous OGS mapping is the Bateman property, with trenching
and sampling as recent as 2008–2011. The Mineral Deposit Inventory (MDI, Ontario Geological Survey
2013) records from the Thunder Bay South resident geologist office are summarized in Table 9.1.
Exploration in Sackville Township has been focussed in the southern part of the township and in the
surrounding Aldina, Marks and Adrian townships (see Figure 9.1). The Calvert–Stares VMS occurrence
is found in sericite-altered felsic metavolcanic rocks just south of Sackville Township (Bottrill 2003;
Lodge and Chartrand 2013). The host strata is within a package of felsic and mafic metavolcanic rocks
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Table 9.1. Main characteristics of mineral showings in Conmee Township from the Mineral Deposit Inventory (Ontario
Geological Survey 2013) and files from the Thunder Bay South Resident Geologist Office.
Occurrence
Bateman property
MDI000000001399
Tower Mountain property
MDI52A05NW00010
Johnson occurrence
MDI52A05NE00010
Kaministikwia occurrence
MDI52A12SE00007
Acorn occurrence
MDI52A05NE00007
Hanna occurrence
MDI52A05NE00012
Younge–Walsh occurrence
MDI52A05NE00009

Map ID Commodities Description
1
Ni, Cu, Au
Nickel-copper mineralization hosted in ultramafic flows. Assays from
Linear Metals Corp. up to 6675 ppm Ni and 319 ppm Cu.
Timiskaming-type conglomerates assayed up to 720 ppb Au.
2
Au
Developed gold prospect with reserves currently owned by Valgold
Ltd. Hosted in hydrothermally altered volcanic and intrusive breccias
adjacent to an alkalic intrusion. Some of the highest grade drill intersections
include 304.0 g/t Au over 3.0 m and 2.58 g/t Au over 55.5 m.
3
Cu, Au
Occurrence of chalcopyrite discovered by M. Johnson in 1983. Little is
known about the nature of the mineralization or host rocks.
4
Fe
Banded iron formation containing hematite, jasper, magnetite, and
siderite. Prospected by Inland Steel Ltd. in 1979. No assay data are
available.
5
Asbestos
Discretionary occurrence of asbestos in serpentinized komatiites
discovered and documented by H. Fabis in 1979.
6
Fe
Banded iron formation containing magnetite. Filed as an occurrence in
1984. Very little information is available.
7
Mo, Cu
Chalcopyrite and molybdenite in quartz veins hosted in a granodiorite
filed as an occurrence in 1979. No assay data were available.
However, the site was visited and mineralization was confirmed during
the current mapping program.

that extend north into Sackville Township. Trenching in 1999–2001 and the current mapping program has
identified intermediate to felsic metavolcanic rocks associated with sulphide mineral-bearing iron
formation and sulphide mineral horizons in metasedimentary rocks that could be extensions of the
mineralized zone at the Calvert–Stares occurrence.

Alteration and Mineralization
The most prolific alteration and mineralization documented in Conmee Township is associated with
gold mineralization present in the Tower Mountain property. Surrounding the south and west margin of
the pluton is a zone of extensive alteration in the intermediate metavolcanic assemblages adjacent to the
pluton and in the brecciated margin of the pluton. According to exploration records, gold has been found
in zones with disseminated pyrite, quartz-tourmaline veining, and in strongly altered intrusive and/or
metavolcanic breccia (Jobin-Bevans, Cullen and Kelso 2006). The lack of structural fabric and faulting in
the area of mineralization and the strong spatial association of mineralization/alteration with the margin of
the pluton strongly suggests that mineralization is genetically associated with the magmatic fluids
released from the syenite during emplacement in a porphyry-like system (Robert 2001). Some alteration
assemblages associated with the margin of this pluton are
•

hematite-epidote-chlorite alteration concentrated along fractures and joints distal from the
pluton and increasingly disseminated proximally to the pluton. Breccia textures are preserved
despite flooding of alteration mineral assemblages and are characterized by variably replaced
matrix and fragments (Photo 9.6A);

•

quartz-tourmaline veining throughout intrusive and volcanic breccia. In some cases,
disseminated pyrite is associated with these veins. Veins are millimetre to centimetre scale in
thickness and typically brittle in nature with jig-saw fit fragments of host rock in dark veins;

•

potassic alteration with disseminated pyrite. This relatively rare assemblage is immediately
adjacent to the pluton and may be altered syenite. The rock is extremely mottled where exposed
and is generally soft and rusty brown due to the abundance of sericite and pyrite.
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Other types of alteration in Conmee Township are associated with komatiite flows at the Bateman
property. At this location peperitic textures and interaction with siliceous argillite appears to have resulted
in the assimilation of silica from the sediments, resulting in the local silicification of the komatiite
(Photo 9.6B). The implications of this assimilation are important for assessing the potential of these
komatiites to host nickel-copper-platinum group element (PGE) mineralization (e.g., Houlé and Lesher
2011) formed via the assimilation of sulphur-bearing sedimentary facies elsewhere in Conmee or adjacent
townships.
No conspicuous large-scale alteration zones were identified in Sackville Township. The mafic
metavolcanic rocks in the Greenwater assemblage contain some epidote alteration formed as irregular
patches within the massive flows and one outcrop showing gradational silicification on an outcrop scale.
Garnet was observed in one outcrop of the clastic unit in the Shebandowan assemblage as small rounded
porphyroblasts uniformly overprinting the clastic texture of the rock. Field observations of mineralization
in Sackville Township consisted of disseminated sulphide minerals (pyrite, chalcopyrite, pyrrhotite) in
mafic metavolcanic rocks and gabbros and disseminated and vein controlled sulphide minerals in the
Shebandowan assemblage siltstone.

Recommendations for Exploration
The syenitic intrusion and its margin in the Tower Mountain property remains the marquee gold
exploration property in Conmee Township based on the mapping results of this project. The south and
western part of the pluton has been reasonably well explored but still warrants additional drilling to
continue to define the extent of the known gold mineralization. There is still potential for other, less
explored regions of the margin of the pluton to host a similar style of mineralization, although it should be
noted that alteration intensity is less extensive along the western and northern margins.
The komatiites and ultramafic intrusions of Conmee Township have demonstrated prospectivity for
nickel-copper-PGE mineralization at the Bateman property with the likely assimilation of silica from
adjacent siliceous argillites. Based on the potential for mineralization observed in the field, and based on
past-producing nickel-copper-PGE mines elsewhere in the Shebandowan greenstone belt (Morton 1982;
Farrow 1993), the ultramafic assemblages of Conmee Township warrant significantly more exploration to
properly assess mineral potential for base and precious metals.

Photo 9.6. Photographs of various alteration textures in Conmee Township. A) Chlorite-epidote-hematite alteration associated
with gold mineralization at the Tower Mountain gold property (UTM 300928E 5377212N). B) Silicification in komatiite noted
by variolite-like texture (UTM 296451E 5377460N). UTM co-ordinates are provided in Zone 16 using NAD83.
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The discovery of gold mineralization in the conglomerate at the Bateman property is a largely
unexplored target anywhere else in the township. Conglomerate units in this region consist of large, mapscale units that are characterized by a diverse clast provenance. These units are extremely well exposed
and would be relatively easy to map in greater detail and sample for anomalous gold.
Quartz vein-hosted copper-gold-molybdenum mineralization at the Younge–Walsh occurrence is
interpreted to be associated with metasomatism during the intrusion of granodiorite that hosts the vein.
While there is limited knowledge of the extent of the vein network and mineralization at the time of
preparing this report, there is sufficient outcrop exposure in the area to accurately map the extent of the
intrusion and prospect its contact region for additional copper-gold-molybdenum quartz vein-hosted
mineralization.
Work done by Lodge (2013) identified several exploration targets in the Greenwater assemblage
which should also have significance for the stratigraphy in Sackville Township. The felsic metavolcanic
rocks associated with the Calvert–Stares occurrence should have additional prospecting and detailed
geologic mapping for zinc-copper-gold mineralization and associated alteration particularly
stratigraphically below iron formation. Additionally the gabbro sills in the Greenwater assemblage can
contain disseminated pyrite and pyrrhotite which may have some potential for magmatic sulphide
mineralization.
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INTRODUCTION
The Central volcanic belt of the Sioux Lookout greenstone belt is a well-preserved, lithologically
complex Archean volcanic terrane that is host to numerous mineral occurrences and past-producing
mines. This mapping study examines a transect through the Central volcanic belt where it is exposed
along the shores of Minnitaki Lake, in Northeast Bay and Troutfish Bay, approximately 12 km southeast
of the town of Sioux Lookout.

REGIONAL GEOLOGY
The Central volcanic belt (CVB) is one of 3 east-northeast–trending belts of metavolcanic rocks that
make up the Sioux Lookout greenstone belt (Figure 10.1). The volcanic belts are separated by narrow
belts of metasedimentary rocks including the Ament Bay conglomerates and Little Vermilion sediments
in the north, and a laterally continuous belt of metagreywacke, called the Minnitaki Lake sediments, in
the southern portion of the belt. The metasedimentary and metavolcanic successions in the Sioux Lookout
greenstone belt are affected by regional metamorphism to greenschist facies. For brevity, the prefix
“metaˮ is hereafter omitted.
The CVB is broadly south facing and is therefore interpreted to overly the Ament Bay conglomerates,
2698±4 Ma, exposed to the north (Davis, Sutcliffe and Trowell 1988). U/Pb geochronology of synvolcanic
intrusive rocks in the CVB yield zircon ages of 2732 to 2734 Ma (Blackburn et al. 1991; Davis, Sutcliffe
and Trowell 1988). The older-over-younger relationship has been interpreted to indicate that the northern
boundary of the CVB is a north-verging thrust fault (Davis, Sutcliffe and Trowell 1988; Blackburn et al.
1991). The deformation zone associated with the fault was recognized by Pettijohn (1934) who termed the
structure the Abram Lake fault.
The contact between the CVB and the Minnitaki Lake sediments to the south has been described
locally as an unconformity (Johnston 1972); however, over most of its length the contact is defined by a
zone of strong fabric development and iron carbonate alteration suggesting that it is coincident with a
fault zone. Furthermore, field relationships in the Pickerel Arm area, west of the study area, suggest that
the contact may locally be folded (Beakhouse 2013).

Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.10-1 to 10-7.
© Queen’s Printer for Ontario, 2014
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PREVIOUS WORK
The published detailed geological map of the study area (Johnston 1972) very accurately displays the
location of fault zones and major lithological boundaries. Johnston (1972) refers to the CVB succession
as the “Minnitaki–Little Vermilion Lakes Metavolcanicsˮ. The unit is described as a highly variable
assemblage of volcanic flows and pyroclastic rocks that range in composition from mafic to felsic with a
notably large proportion of andesitic to dacitic rock occurring in the Troutfish Bay area.
Generally, the belt was found to be dominated by mafic flows in the west, with an increasing
abundance of intermediate composition flows and pyroclastic units toward the east. The eastern portion of
the belt was found to be underlain by mostly felsic volcanic rocks including porphyritic rhyolite and
dacite (Johnston 1972).
Johnston (1972) identified the Northeast Bay stock, a zoned pluton consisting of a core of
trondhjemite to quartz diorite and an outer zone of diorite to syenodiorite. The intrusion was included in
the Northeast Bay plutonic complex defined by Devaney (2000). A suite of dikes and sills was also
identified by Johnston (1972), who classified them as “Late Intrusivesˮ. The dikes range in composition
from gabbro to diorite and quartz diorite; they occur around the perimeter of the Northeast Bay pluton and
along the traces of major fault zones.
Preliminary work by R.O. Page (Page and Clifford 1977; and R.O. Page, unpublished data cited therein)
indicates that the fine-scale internal stratigraphy of the volcanic assemblage is highly complex. These

Figure 10.1. Geology of the Minnitaki Lake area (from Beakhouse et al. 2011). Abbreviations are discussed in the text:
WRS, Winnipeg River Subprovince; NVB, Northern volcanic belt; CVB, Central volcanic belt; MLS, Minnitaki Lake sediments;
SVB, Southern volcanic belt; BLB, Basket Lake batholith; LOBB, Lake of Bays batholith; WF, Wabigoon fault;
GM, Goldlund Mine.
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workers identified a lower bimodal unit of tholeiitic basalt and dacite to rhyolite and an upper unit of calcalkalic basalt and andesite. A number of mappable subunits were defined within the stratigraphy and
estimates of unit thickness and general age relationships were presented (Page and Clifford 1977). The
volcanic succession was characterized as a composite cone facies with a volcanic vent situated in
Northeast Bay based on lateral facies changes defined by clast size variation in fragmental units. The
proposed vent is coincident with the Northeast Bay plutonic complex, leading the workers to propose that
the intrusive rocks represent the synvolcanic magma source for the succession. This interpretation is
consistent with geochronological analysis of Devaney (1999) who reported a preliminary age for the
pluton of 2734 to 2730 Ma.

GEOLOGY
The volcanic succession in the study area contains rocks with a wide variety of textures and
compositions. Interlayered lava flows and pyroclastic deposits range in thickness from a few metres to a
few tens of metres, locally producing complex outcrop-scale relationships. For the purposes of this report
the stratigraphy is simplified to outline the portions of the study area that are predominantly underlain by
1) mafic flows, 2) intermediate flows, 3) felsic flows and 4) fragmental and pyroclastic rocks (see
Figure 10.2A).
Mafic flows are typically dark green, fine grained and massive to pillowed. Pillowed flows are locally
amygdaloidal and/or variolitic. Interflow sediments are rare, but do occur locally as thin cherty horizons.
Intermediate flows are characteristically light grey-green in colour and are commonly plagioclase
porphyritic. Plagioclase phenocrysts are typically euhedral and locally occur as coarse laths; fine-grained
amphibole phenocrysts also occur locally. The flows are typically massive, but well-formed pillows are
observed locally within both fine-grained and coarsely porphyritic portions of the unit. Flows also show
gradation into fragmental units that consist of material with composition and texture akin to the adjacent flows.
Felsic flows are restricted to the eastern portion of the study area where outcrop exposure is
relatively poor. The unit consists of massive to crudely flow-banded fine-grained rocks that are locally
quartz and/or feldspar porphyritic.
Pyroclastic rocks of various types are grouped together in Figure 10.2A. The unit is interpreted to be
intermediate to mafic in composition and is dominated by monomictic, poorly sorted crystal to lapilli tuff.
The unit also includes abundant tuff breccia and agglomerate as well as a minor amount of bedded ash
tuff or volcaniclastic deposits. Fragmental units are generally composed of buff to light green weathering
clasts set in a matrix of green chlorite and fine-grained feldspar.
Primary layering in the volcanic succession is only rarely observed in many portions of the study
area; however, bedded units and well-preserved pillowed flows locally indicate that the stratigraphy lies
at an angle to the trend of the belt and may be repeated by macroscale folding (see Figure 10.2A).
The Northeast Bay plutonic complex is outlined in Figures 10.2A and 10.2B, and includes a round
mafic pluton underlying the western portion of Northeast Bay. The extent of the pluton beneath the lake is
inferred from the total magnetic field map which shows a magnetic high that is coincident with a number
of isolated outcrops of fine-grained gabbro.
Intermediate to felsic dikes, shown on Figure 10.2A, consist of diorite and quartz diorite that are
tentatively grouped together pending geochemical analysis. Field relationships suggest that some
occurrences of diorite may be synvolcanic dikes, whereas others, such as those occurring along the
contact with the Minnitaki Lake sediments may be younger.
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Figure 10.2. A) Preliminary geological map of the Northeast Bay–Troutfish Bay area, Minnitaki Lake. Faults and geological
contacts shown on this map and on B) a hill-shaded image of the first vertical derivative of the total magnetic field. Areas of
high and low relief correspond to magnetic highs and lows, respectively. Abbreviations are discussed in the text: ABC, Ament
Bay conglomerates; MLS, Minnitaki Lake sediments.
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STRUCTURE
The regional structural grain, defined by penetrative fabric development throughout much of the
CVB, is broadly east trending, as defined by the shape of Minnitaki Lake. At the southern end of
Neepawa Island, there is a prominent inflection into a north easterly trend defined by topographical
lineaments in East Bay and a number of prominent linear geophysical features (see Figure 10.2B). The
northeast-trending belt is a wide zone of strong fabric development and it contains a number of discrete
fault zones defined by previous workers as the Ruby Island Fault and the East Bay Fault (Pettijohn 1934;
Johnston 1972).
In the study area, faults are characterized by narrow zones of intense, highly planar phyllonitic fabric
development and iron carbonate alteration. The altered zones are typically no more than a few metres
wide, but within them the rock is completely altered to ankerite-quartz-sericite schist, giving them a
characteristic brick-red colour. The complete replacement of primary mineralogy and fabrics in the fault
zones significantly impedes shear sense determination. The same fabric styles and alteration assemblages
are observed in the fault zones bounding the CVB along Abram and Minnitaki lakes as well as those
faults transecting the belt along the west shore of Northeast Bay (see Figure 10.2A).

MINERALIZATION
A number of historic and active gold prospects are located in the study area. Three of the main
showings—Burnthut Island, Neepawa Island and the Shaft occurrence (see Figure 10.2A)—were
examined in detail during this study.

Burnthut Island
The history of gold exploration on Burnthut Island from 1898 to 1962 is summarized by Johnston
(1972). The area was extensively explored by Triex Resources Ltd. in 1998 (McKay and Nelson 1998).
The main mineralized zone occurs at the highly sheared contact between mafic volcanic flows and an
east-trending quartz porphyry dike. The margin of the dike, where it is exposed at a mine shaft on the
north side of the intrusion, is intensely iron carbonitized and cut by a network of quartz veins. The altered
rock contains abundant pyrite and grab samples containing up to 20 g/t Au are reported from the 1998
sampling (McKay and Nelson 1998).

Neepawa Island
Neepawa Island was most recently explored by Ginguro Exploration Inc. in 2005, focussing on
mapping and sampling several zones of gold mineralization located across the island (Winter 2006).
In the central portion of the island, the TN1 Trench-Complex exposes a northeast-trending conformable
contact between thick-bedded mafic to intermediate crystal-lapilli tuff and a succession of massive to crudely
pillowed mafic flows. The volcanic layering is deformed by a strong east-trending foliation fabric and
several phyllonitic zones of intense shearing and carbonization about 1 m wide. The strata are cut by widely
spaced quartz veins that are typically less than 10 cm wide. The vein sets trend north-south to northeastsouthwest and are crenulated about axial-planes parallel to the main foliation. An additional set of planar,
subhorizontal veinlets are also observed at this locality. Pyrite occurs as euhedral crystals disseminated
throughout much of the mafic flows and is highly concentrated at vein selvages. Samples containing visible
gold were collected from the rubble piles adjacent to trenches. Gold occurs in quartz veinlets up to 2 cm wide
that are hosted in altered rock composed of ankerite, quartz and about 30 to 40% pyrite.
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A second showing in the interior of the island known as the “New Showingˮ, consists of an intensely
iron carbonate altered quartz diorite dike that contains disseminated pyrite and quartz veins. A similar
mineralization style occurs at the Southwest Point showing on the south shore of the island, where altered
medium- to fine-grained diorite hosts quartz veins and pyrite mineralization.

Shaft Occurrence
Exploration activity on the Shaft occurrence dates back to the early 1900s, although no record of the
work exists from that era. The occurrence was rediscovered in 1998, at which time several exposures
were mechanically stripped and sampled. An extensive program of geophysics, surface geochemistry and
diamond drilling was carried out on the property in 2006 (Thein 2006).
Gold mineralization is associated with quartz veining in intensely quartz-carbonate–altered mafic
tuffs, as well as disseminated pyrite occurring in altered diorite to syenite dikes (Thein 2006). The main
occurrence in the shaft area is associated with course euhedral pyrite in a quartz porphyritic diorite that is
intensely iron carbonitized.
The shaft area is characterized by a well-developed pervasive northeast-trending fabric that cuts
primary layering in the tuffs at a high angle. Medium-grained intrusive rocks around the main occurrence
also have well-developed planar and linear fabrics. Narrow zones of intense phyllonitic fabric and
carbonate alteration also occur locally. Overall, the deformation and alteration styles in the Shaft
occurrence area are comparable to the east-trending zones on Neepawa and Burnthut islands.

DISCUSSION
Based on observations of gold showings in the study area, it is clear that there is an important spatial
association of gold with both alteration and/or deformation zones and intermediate to felsic intrusive
rocks. The distribution of dikes along major unit boundaries and fault zones led Johnston (1972) to
classify the rocks as “lateˮ. Although this association is compelling, it does not imply a genetic link
between dike emplacement and mineralization along the fault zones. Field relationships suggest that the
dikes act primarily as mechanical traps, creating permeability that focussed mineralizing fluids.
A geochronological study of the dikes is proposed to investigate their timing and possible relationships to
regional deformation and mineralization.
Common structural styles and alteration assemblages at gold showings in the study area suggest
that mineralization was contemporaneous at a number of locations along a deformation zone with
considerable strike length. Moreover, mineral occurrences are localized in an area where there is a
significant change in orientation of the deformation zone. Throughout the western Wabigoon Subprovince
there is an apparent association between mineralization and major regional inflections or jogs in
deformation zones. The Goldlund Mine, for example, is located near one such inflection (Chorlton 1990).
Geological settings such as the Neepawa Island–East Bay area are considered highly prospective areas.
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INTRODUCTION
The results discussed in this report represent the continuation of a multiyear thematic study addressing
metamorphic patterns in Archean greenstone belts (Duguet and Beakhouse 2012). The initial phases of
this project are focussed on the western Wabigoon Subprovince and complement ongoing or recently
completed detailed mapping and regional synthesis projects. The first phase of the project is designed to
fill a knowledge gap regarding the metamorphism of the western Wabigoon Subprovince. The metamorphic
study carried out in this project will modernize a component of the geological record that has never been
addressed on a regional basis. This paper presents preliminary results on the metamorphic history of the
Sioux Lookout greenstone belt sensu lato. The addition of these data and their interpretation will enhance
the usefulness of both older (much of the area was last mapped in the 1980s and 1990s) and more recent
mapping (Beakhouse 2012, 2013; Meade 2013, this volume). The rationale for the study and the
methodology are discussed in Duguet and Beakhouse (2012). Because they usually provide much better
constraint on the pressure, samples containing low variance metamorphic assemblages (usually garnet
bearing in the area) were processed in priority for thermobarometric work.

GEOLOGICAL SETTING
For a detailed and complete overview of the geological background of the Sioux Lookout greenstone
belt, see Beakhouse (2012, 2013); for more local detailed studies, see Meade (2013, this volume). Only
relevant geological aspects will be developed in this section.
The Sioux Lookout greenstone belt is bounded to the north by the Winnipeg River Subprovince and
to the south by the Basket Lake batholith. The Sioux Lookout greenstone belt is composed of a series of
5 northeast-trending and fault-bounded lithostratigraphic units (Figure 11.1): 3 of these belts are volcanicderived alternating with 2 sediment-dominated belts. These belts display an inverted stratigraphy and
have been interpreted as an out-of-sequence thrust stack (Beakhouse 1989).
Three main generations of structures involving shearing and folding have been described (Chorlton
1991). The first (D1) event is characterized by a regional foliation associated with shallowly dipping shear
zones. Some regional folds are also associated with this event. The D2 event involves local deformation
due to pluton emplacement and associated metamorphism. The D3 event is responsible for regional-scale,
northeast-trending upright folds coeval with sinistral shear zone.
At least 2 generations of synkinematic plutons intruded the supracrustal formations of the Sioux
Lookout greenstone belt. The oldest intrusive rocks are composed of quartz diorite to granodiorite and
occurred during the D2 event (Chorlton 1991). The largest of these is the Sandybeach Lake (or Big Sandy
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.11-1 to 11-7.
© Queen’s Printer for Ontario, 2014
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Lake) stock which has an age of 2695±2 Ma (U/Pb on zircon: Davis 1990). The youngest intrusive rocks
were emplaced circa 2685 Ma and are composed of S-type granites associated with rare-element–rich
pegmatites. The most notable plutonic body of this suite is the Ghost Lake batholith with an age of
2685±2 Ma (U/Pb on monazite: Davis 1990) located on the southwestern corner of the area. The Ghost
Lake batholith was emplaced into metamorphosed sediments (Breaks and Moore 1992). The contact
aureole is asymmetric, with extensive migmatization occurring in the northwestern margin of the pluton
and melt-free contact metamorphism on the southern margin. Within the contact aureole, the successive
isograds are defined by the appearance of index minerals; from south to north, and heading toward the
pluton, 4 metamorphic zones are found: the biotite-chlorite zone, the andalusite zone, the garnet zone and
the sillimanite zone (Breaks and Moore 1992). The presence of andalusite would place the maximum
pressure of emplacement of the Ghost Lake batholith just below the aluminosilicate triple point at
4.4 kilobars and 550°C (Pattison 1992).

PETROGRAPHY
Eleven garnet-bearing samples encompassing altered mafic to intermediate metavolcanic rocks and
metasedimentary rocks were selected for petrographic work and mineral chemistry. Most of these garnetbearing samples are located nearby major intrusions (see Figure 11.1). Six of them are located in the
supracrustal rocks near the Sandybeach Lake stock. Chemical analyses of mineral phases were obtained
using the Ontario Geological Survey Geoscience Laboratories (Cameca SX-100 electron microprobe. The
mineral assemblages are presented in Table 11.1. All these rocks are moderately to strongly retrogressed.

Figure 11.1. Geology of the Minnitaki Lake area (geology from Beakhouse et al. 2011). Abbreviations: BLB, Basket Lake
batholith; CVB, Central volcanic belt; GLB, Ghost Lake batholith; LOBB, Lake of Bays batholith; MLS, Minnitaki Lake
Sediments; NVB, Northern volcanic belt; SBS, Sandybeach Lake stock; SVB, Southern volcanic belt; WF, Wabigoon fault;
WRS, Winnipeg River Subprovince.
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Table 11.1. Location of samples and mineral assemblages.

13GPB880A-A Big Sandy Lake
13GPB880A-B Big Sandy Lake

Easting1 Northing1 Rock Type
(m)
(m)
556889
5551632 Altered intermediate
volcanic rock
547786
5541775 Mafic metavolcanic
rock
532901
5528505 Siliciclastic
metasediment
532451
5523743 Siliciclastic
metasediment
550989
5522521 Siliciclastic
metasediment
549554
5520542 Siliciclastic
metasediment
547674
5523307 Altered intermediate
volcanic rock
545533
5520484 Mafic metavolcanic
rock
545611
5520371 Iron formation
545611
5520371 Iron formation

13GPB884

544963

Sample

Location

12GPB661

Lost Lake

12GPB549

12GPB606

Big Vermilion
Lake
Gullwing
Lake
Ghost Lake

12GPB912

Sandy River

12GPB910

Sandy River

13GPB898B

Big Sandy Lake

13GPB881A

Big Sandy Lake

12GPB613

Big Sandy Lake

5522735

Siliciclastic
metasediment

Parageneses2,3,4
pl+qtz+bt+hbl+grt

Accessory
Phases2
py

Retrogression2

qtz+pl+chl+hbl+grt+cal+bt ilm+mag
qtz+pl+kfs+bt+grt

ilm

chl+mu+cz

qtz+pl+bt+grt+(crd)+mu

ilm

chl+ser

qtz+pl+mu+bt+grt+(crd)

ilm

ser

qtz+pl+mu+bt+(crd)

ilm

mu

qtz+pl+bt+hbl+grt+ep /
qtz+pl+bt+hbl+grt+ep+mu
qtz+pl+hbl+grt+gru

ilm+mag+cal

grt+qtz+gru+bt+pl
hbl+qtz+grt /
hbl+grt+qtz+gru /
qtz+pl+gru+grt
pl+qtz+bt+mu+grt+sill

tur+ilm
mag

ap+ilm

ilm

mu

1

UTM co-ordinates are provided in NAD83, Zone 15.
For mineral abbreviations, see Appendix 11.1.
3
Assemblages separated by “/” refers to compositional layering within the thin section and/or the hand sample.
4
A mineral between parentheses means that this mineral is either relic or completely altered.
2

The metasedimentary rocks are strongly foliated, fine grained and display a porphyroblastic–
lepidoblastic to porphyroblastic–lepidoblastic–granoblastic texture. Mafic to intermediate metavolcanic
rocks are usually less deformed and display a porphyroblastic–granoblastic to a porphyroblastic–
nematoblastic texture.
Deformation–crystallization relationships of garnet porphyroblasts vary greatly from one sample to
another and are mainly the result of the heterogeneous nature of the deformation amongst the samples.
They can be synkinematic with asymmetric recrystallization tails (Photo 11.1A), or euhedral (Photos 11.1B
and 11.1C), or just simply elongated along the main foliation (Photo 11.1D). Totally retrogressed
porphyroblasts of cordierite (or possibly staurolite) are typically synkinematic to the main foliation and
engulf euhedral garnet porphyroblasts (see Photo 11.1B).
Garnet zoning was superficially investigated with only a few microprobe traverses performed, and more
commonly with scattered analyses on the supposed geometric core and the rim of garnet porphyroblasts.
Regardless of the type of rock and except for one sample (13GPB898B), garnet displays little to no chemical
zoning. This observation calls for several remarks. The lack of chemical zoning in garnet at the upper
greenschist to lower-to-middle amphibolite facies can be the consequence of either total rehomogenization
by intracrystalline diffusion or reaction overstepping during prograde metamorphism (Zeh and Holness
2003). Chemical homogenization by intracrystalline diffusion usually involves a high geothermal gradient
during a protracted period and partially or totally erases previous chemical zoning. Considering the
intensity of the metamorphism in the area, it is highly unlikely that this process played a significant role in
the garnet chemical zoning. On the other hand, the reaction-overstepping hypothesis would better correspond
to the metamorphic context of most of these samples (e.g., pluton emplacement). In the case of a rapid and
limited-time thermal input, and because kinetic aspects (diffusion rate of chemical elements in the matrix)
tend to prevail on pure thermodynamic ones, the reaction of mineral appearance may be overstepped by 10
to 100°C. This process usually tends to favour nucleation over growth and thus precludes, in some cases,
the formation of chemical zoning within metamorphic phases.
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THERMOBAROMETRY
Multi-equilibria thermobarometry approach was used with the Average-PT mode of
THERMOCALC v3.33 with the internally consistent thermodynamic database tcds55 (Holland and
Powell 1990, 1998, www.metamorph.geo.uni-mainz.de/thermocalc/index.html [accessed October 11, 2014])
on garnet-bearing supracrustal rocks. The activities of the different endmembers were calculated with the
AX software (Holland 2009). Thermobarometric results are presented in Figure 11.1 and Table 11.2. To
constrain the pressure and temperature metamorphic peak, analyses from garnet rims and matrix minerals
were chosen for thermobarometric calculations.

Photo 11.1. Examples of textural relationships and mineral assemblages in thin sections. A) Plane-polarized light photomicrograph
of sample 12GPB661 showing asymmetric recrystallization tails of biotite-quartz-plagioclase-hornblende around a garnet.
The scale bar at the bottom right is 1.5 mm long. B) Plane-polarized light photomicrograph of sample 13GPB912 showing a
synkinematic cordierite or staurolite porphyroblast engulfing a garnet porphyroblast. The elongated porphyroblast is completely
retrogressed into chlorite and sericite. Both the asymmetry of the recrystallization tails and the relationships of inclusion trails
and the external foliation confirm the synkinematic feature of the pseudomorph porphyroblast. The scale bar at the bottom right is
1.5 mm long. C) Plane-polarized light photomicrograph of sample 12GPB549 showing a garnet porphyroblast associated with
hornblende porphyroblasts in a microcrystalline matrix composed of hornblende, plagioclase, quartz and minor biotite. The
sample displays a weak foliation. The scale bar at the bottom right is 1.5 mm long. D) Plane-polarized light photomicrograph of
sample 13GPB898B showing a garnet porphyroblast. The internal foliation, underlined by inclusions within the garnet, is
parallel to the main foliation. The garnet is ante-tectonic of the boudinage event. Note the boudin neck infilled with quartz.
The scale bar at the bottom right is 1.5 mm long.
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Table 11.2. THERMOCALC Average pressure–temperature (P–T) results for garnet-bearing samples (see Appendix 11.1 for
endmember and mineral abbreviations). The mineral assemblages in the second column are those used for the thermobarometric
calculations.
Sample

Parageneses1

Endmembers1

12GPB661

pl+qtz+bt+hbl+grt

12GPB549

qtz+pl+chl+hbl
+grt+cal+bt

12GPB613

qtz+pl+kfs+bt+grt

12GPB912

qtz+pl+mu+bt+grt

13GPB898B

qtz+pl+bt+hbl+grt
+ep

phl-ann-east-py-gr-alm
-tr-fact-ts-an-q-H2O
phl-ann-east-clin-daphames-py-gr-alm-tr
-fact-ts-an-q-H2O
phl-ann-east-py-gr-alm
-an-ab-san-ab-q-H2O
phl-ann-east-py-gr-alm
-mu-cel-fcel-pa-an-ab
-san-ab-q-H2O
phl-ann-east-py-gr-alm
-tr-fact-ts-gl-cz-an-ab
-q-H2O
py-gr-alm-tr-fact-ts
-gru-an-q-H2O
py-gr-alm-tr-fact-ts
-gru-an-q-H2O
phl-ann-east-py-gr-alm
-mu-cel-fcel-pa-an-ab
-q-H2O-sill

qtz+pl+hbl+grt
+gru
13GPB880A-B hbl+grt+qtz+gru
13GPB881A

13GPB884

pl+qtz+bt+mu+grt
+sill

T2

Std.
P2
Dev. T2
(°C)
(°C)
(kbar)
585
85
5.2

Std.
Corr3 Sigfit4
Dev. P2
(cutoff)
(kbar)
1.16
1.2
0.52
(1.61)
1.62
1.5
0.11
(1.45)

X(H2O)5

a(H2O)5 n6

1

n/a

5

0.7

n/a

8

n/a

0.5

3

0.4

n/a

6

492

15

4.2

692

52

5.4

1.4

–0.10

631

35

4.9

1.1

0.79

589

50

6.0

1.1

0.95

0.72
(1.49)

1

n/a

7

619

65

4.2

0.8

0.28

1

n/a

4

563

78

5.9

2.1

–0.47

1

n/a

3

664

31

5.2

1.2

0.91

0.59
(1.73)
0.39
(1.96)
0.56
(1.49)

1

n/a

7

0.79
(1.96)
0.92
(1.540)

1

For mineral abbreviations, see Appendix 11.1.
T = temperature, P = pressure (in kilobars); the P and T uncertainties (“Std. Dev.” in the table) correspond to 1σ.
3
Corr = the coefficient of correlation.
4
Diagnostic parameter called “Sigfit” being lower than the “cutoff” value given in parentheses for all samples;
it can be considered that the solution found for P–T is consistent with the input data within their uncertainties.
5
XH2O: activity of water (H2O) in a fluid-saturated environment; aH2O: activity of water (H2O) in an undersaturated-fluid environment.
6
n = the number of independent reactions used for calculations.
2

Across the area, thermobarometric calculations yielded temperatures comprised between 490 and
750°C and pressures ranging from 4.2 to 6 kilobars. Because many samples show evidence for retrograde
metamorphism, the calculated pressure in these samples has to be interpreted as a minimum. Standard
deviations range from 30 to 80°C for temperature and from 0.8 to 2 kilobars for pressure. After several
runs of calculations, X(H2O) relative to X(CO2) was adjusted either when carbonates or graphite were
present in the assemblage (i.e., sample 12GPB549) or the diagnosis statistical parameters were dramatically
improved (i.e., sample 12GPB912).
The range of calculated pressure is narrow throughout the Sioux Lookout greenstone belt and likely
reflects the general structural level at which these formations were metamorphosed. On the other hand,
with most of the samples in close proximity to synkinematic plutons, the calculated temperature will only
provide information on local thermal conditions and not on the regional geothermal gradient. This
explains the wide range of the data regarding the temperature.

PRELIMINARY INTERPRETATION
During this exploratory study, no significant pressure variation was apparent across the Sioux Lookout
greenstone belt (see Figure 11.1; see Table 11.2). The calculated temperatures show more widespread
values and are very likely the result of local thermal disturbance due to plutonism. However, this
observation may only be valid for the southern part (Sandybeach Lake and Dryden areas) where most of
the data were collected. The lack of data for the other areas impairs our ability to extend these interpretations
across the entire Sioux Lookout greenstone belt. By 2695 Ma, the supracrustal rocks were already buried
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at 5 to 6 kilobars when the Sandybeach Lake stock intruded them. Somewhat lower pressures (below the
aluminosilicate triple point) associated with the younger Ghost Lake batholith likely reflect a moderate
uplift between 2695 and 2685 Ma.
If proven true, this metamorphic story contrasts with the sequence of events known south of the
Wabigoon fault in the Bending Lake and Raleigh Lake area (Duguet and Beakhouse 2012), which
throughout the area experienced significantly higher pressure (7 to 8 kilobars) with more homogeneous
temperatures (600 to 650°C). Moreover, the supracrustal rocks at Bending Lake and Raleigh Lake
experienced a clear retrograde pressure–temperature path toward higher structural levels (3 to 4 kilobars)
coeval with a younger plutonic event. The question remains whether or not this pattern can be extended to
the north just against the Wabigoon fault itself. This unsolved question has major geodynamical
implications regarding both terrane and terrane boundaries in the area.
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Appendix 11.1. Endmember (from THERMOCALC v3.33: Holland and Powell 1998) and mineral abbreviations (from Kretz 1983)
used in this article.
Abbreviation
ab
alm
ames
an
ann
cel
clin
cz
daph
east
fact
fcel
gl
gr
gru
hbl
mu
pa
phl
py
q
san
sill
tr
ts

Endmember
albite
almandine
amesite
anorthite
annite
celadonite
clinochlore
clinozoisite
daphnite
eastonite
ferro-actinolite
ferroceladonite
glaucophane
grossular
grünerite
hornblende
muscovite
paragonite
phlogopite
pyrope
quartz
sanidine
sillimanite
tremolite
tschermakite

Abbreviation
ap
bt
cal
chl
crd
cz
ep
grt
gru
hbl
ilm
kfs
mag
mu
pl
py
qtz
ser
sill
tur
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Mineral
apatite
biotite
calcite
chlorite
cordierite
clinozoisite
epidote
garnet
grünerite
hornblende
ilmenite
potassium feldspar
magnetite
muscovite
plagioclase
pyrite
quartz
sericite
sillimanite
tourmaline
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INTRODUCTION
This article is an update on the progress of a PhD project studying the four-dimensional crust–mantle
evolution and mineral system distribution of the Marmion terrane (Bjorkman et al. 2013). The purpose of
this project is to investigate the location and nature of internal and external terrane boundaries through
time and space using multiple isotopic studies in zircons complemented by study of variations observed in
supracrustal assemblages.
Nine lithotectonic domains are recognized within the south-central Wabigoon Subprovince, which
represent crustal growth via magmatic additions and possibly accretion (Stone and Davis 2006). Large
portions of postulated terrane boundaries in the study area have been obscured by posttectonic biotite
(-hornblende) granite and sanukitoid intrusions and have not been observed in geophysics or through
geological mapping. Therefore, we will use uranium–lead (U/Pb), lutetium–hafnium (Lu-Hf) and oxygen
isotopes in zircon to define external and possible internal terrane boundaries of the Marmion terrane.
Isotopic boundaries will be compared to variations in metamorphism, structure and stratigraphy across
supracrustal rocks as well as to known mineralization. This will assist in constraining the controls on the
clustering of mineral systems through time, providing a tool for regional exploration targeting in the
western Superior Province.

GEOLOGY OF THE MARMION TERRANE
The Marmion terrane (3.0 to 2.7 Ga) (Henry, Stevenson and Gariepy 1998; Tomlinson et al. 2003,
2004) is dominated by Mesoarchean tonalite–trondhjemite–granodiorite (TTG) and gneissic suites such as
the Marmion intrusive complex (3001 Ma) (Davis and Jackson 1988; Tomlinson et al. 2003), the Dashwa
gneisses (2957 to 2924 Ma) (Stone 2010b; Stone, Kamineni and Jackson 1992; Tomlinson et al. 2001)
and the Eltrut gneisses (2732 to 2689 Ma) (Stone 2010b; Tomlinson et al. 2004). The western Wabigoon
Subprovince–Marmion terrane boundary of Stott (2011) cuts across the southwestern Dashwa gneisses
and through the Eltrut gneisses. Alternate locations for this boundary are indicated on Figure 12.1. Large
Neoarchean granitoids such as the White Otter batholith (2685 Ma) (Stone 2010b) occur in the proposed
contact with the Winnipeg River terrane and the eastern Wabigoon terrane. The southern boundary with
Summary of Field Work and Other Activities 2014,
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the Quetico Basin is bounded by the dextral strike-slip Quetico fault. Mesoarchean to Neoarchean
greenstone belts occur along the north, west and south margins of the Marmion intrusive complex. All
rocks described have undergone greenschist- or amphibolite-facies metamorphism. For brevity, the prefix
“meta-“ will be omitted.

RESULTS OF 2013–2014 ANALYTICAL WORK
Sample preparation for zircon separation, polished thin sections and whole-rock geochemistry was
completed late in 2013 for samples collected during the 2013 field season. Below are presented the
preliminary results of U/Pb geochronology and whole-rock geochemistry.

Geochronology Using Sensitive High-Resolution Ion Microprobe
Zircon separation of samples was conducted by Geotrack International Pty. Ltd. in Australia and by
Apatite to Zircon, Inc. in the United States. During February to July 2014, U/Pb age determinations were
made on 24 magmatic samples from the Marmion terrane (Figure 12.2) using the SHRIMP II (A) at the
John de Laeter Centre of Mass Spectrometry at Curtin University, Perth, Australia. All samples were
imaged in transmitted and reflected light using a polarizing microscope, as well as with cathodoluminescence
using the scanning electron microscope at the Centre for Microscopy, Characterisation and Analysis at the

Figure 12.1. Geological map showing the terrane divisions of the south-central Wabigoon Subprovince (from Stott 2011).
Dashed lines indicate possible alternate locations of the boundary between the western Wabigoon and Marmion terranes.
Red squares outline a) the area of Figure 12.2; and b) study areas 1, 2 and 3, corresponding to the Bending Lake greenstone belt,
the Finlayson greenstone belt, and the Lumby Lake greenstone belt, respectively, and which are described in “Observations of the
2014 Field Season”. Abbreviations for intrusions: DG, Dashwa gneisses; EG, Eltrut gneisses; EIC, Entwine intrusive complex;
MIC, Marmion intrusive complex; WOB, White Otter batholith. Abbreviations for greenstone belts: BLGB, Bending Lake;
FLGB, Finlayson; LDMLGB, Lac des Mille Lacs; LLGB, Lumby Lake; SRGB, Steep Rock. Geology is from Ontario
Geological Survey (2011).
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University of Western Australia. Least-altered, clear and zoned zircons of each population were targeted
for analyses where possible. Analyses interpreted as having undergone recent and/or ancient Pb loss were
excluded from weighted average age determinations. Several samples contained zircons with inherited
cores and metamorphism rims, but there were not enough quality grains to provide a robust inherited-age
determination. Age determinations were precluded for 4 samples that yielded scattered ages because of a
combination of recent and ancient Pb loss, inheritance and metamorphism.
Initial results show that the eastern portion of the Marmion intrusive complex is younger than the
western portion. Samples from the eastern portion contain a high proportion of metamorphic and inherited
zircons, indicating reworking in this area. Zircons obtained from samples in the western Marmion
intrusive complex and Dashwa gneiss in general are less altered.

Whole-Rock Geochemistry
The Ontario Geological Survey Geoscience Laboratories, in Sudbury, Ontario, conducted wholerock geochemical analyses on 210 samples. Comprehensive analysis and interpretation of whole-rock
geochemistry of both crustal and supracrustal rocks in the study area have been undertaken previously by
other workers (Buse, Lewis and Magnus 2009; Fralick, Hollings and King 2008; Goldstein and Francis
2008; Hollings and Wyman 1999; Stone 2007, 2008, 2010a; Tomlinson et al. 2003, 1999; Wyman and
Hollings 1998). The preliminary results are discussed below.
Granitoid rocks were classified into 3 broad suites based on field identification: TTG, granitic and
sanukitoid. Rocks from all crustal suites are metaluminous, with only a few samples from the TTG suite
plotting in the weakly peraluminous field (Figure 12.3A). The TTG and granitic suites can be subdivided
into 3 distinct groups (Figures 12.3B and 12.3C) based on their heavy rare earth element (HREE)
characteristics: i) one group displays flat HREE patterns characteristic of shallow melting or fractionation
not in the presence of garnet, ii) a second suite displays steeper, more fractionated HREE, characteristic

Figure 12.2. Map showing the recent U/Pb SHRIMP magmatic ages (large circles). Terrane boundaries of the south-central
Wabigoon Superterrane from Stott (2011). Small circles represent U/Pb ages compiled from previous workers. Colours
correspond to magmatic age ranges as indicated on the legend. Samples for which SHRIMP ages were determined in 2014 are
shown as large circles outlined in red and labelled with ages (in Ma), except for those with inconclusive results (shown as
unlabelled large circles). Geology is from Ontario Geological Survey (2011), using terrane boundaries from Stott et al. (2010).
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Figure 12.3. Geochemistry plots for tonalite–trondhjemite–granodiorite (TTG), granitic and sanukitoid rocks. A) The plot of aluminum saturation in igneous rocks shows that
all rock suites in the study area are metaluminous with only a few being weakly peraluminous. Extended-element diagrams for B) the TTG suite as well as the C) granitic suite
separate into 3 distinct groups based on HREE patterns: a steep, fractionated and concave-up HREE pattern. Gneissic rocks from the TTG suite were omitted from the diagram
for clarity. D) The sanukitoid suite is generally uniform and shows characteristics typical of sanukitoid suites. Alumina saturation diagram from Barton and Young (2002).
Primitive mantle–normalized extended-element diagrams are from Sun and McDonough (1989).
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Figure 12.4. Geochemistry plots for volcanic rocks. Colour denotes field classification and shape reflects geochemical
classification based on the Jensen cation plot (Jensen 1976). A) Jensen cation plot (total Fe) showing the classification of
volcanic rocks. Rocks identified as felsic volcanic in the field have a large spread on this diagram, whereas komatiite and mafic
volcanic rocks align better with the Jensen cation classification. B) The plot of volcanic rocks on the extended-element diagram
shows that most rocks identified as felsic volcanic rocks share a similar pattern despite plotting, in some cases, within the basalt
field. Primitive mantle–normalized extended-element diagram is from Sun and McDonough (1989).
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of melting at greater depths in the presence of garnet and iii) a third group has a concave-up HREE pattern
with positive zirconium and hafnium anomalies characteristic of melting under very hydrous conditions
or amphibole fractionation. Rocks with a flat HREE pattern are localized (but not exclusively) in the
south-central Marmion terrane within or proximal to the domains outlined by Stone and Davis (2006) as
older than 2.94 Ga. Rocks with fractionated and concave-up HREE patterns typically fall outside of this
region. Nearly all granitoid rocks exhibit pronounced negative niobium and titanium anomalies.
A combination of major and trace elements was used to classify volcanic rocks where alteration
and/or grain size has made petrographic classification unreliable (Figure 12.4). These plots show that rocks
identified in the field as felsic volcanic rocks plot widely across the Jensen cation plot. Rocks classified as
mafic volcanic in the field plot either in the basalt or andesite fields and rocks identified as komatiite in
the field plot in the komatiite field of the Jensen cation plot. On primitive mantle–normalized diagrams,
felsic rocks can be characterized by enriched light rare earth element (LREE) and negative high field
strength element (HFSE) anomalies, whereas mafic volcanic rocks show flat REE patterns. Komatiite
breaks into 2 distinct patterns: a LREE depleted pattern (spinifex-textured komatiite in southern Lumby
Lake greenstone belt) and a fractionated REE pattern (pyroclastic ferropicrite in eastern Steep Rock and
central Lumby Lake greenstone belts). Mafic volcanic rocks tend to be tholeiitic, whereas felsic volcanic
rocks display a calc-alkalic trend with negative niobium and titanium anomalies similar to most TTG
suite rocks in the area.

OBSERVATIONS OF THE 2014 FIELD SEASON
Limited time was spent at several field localities in the summer of 2014. The following describes
observations of 3 areas: southern Bending Lake greenstone belt near the proposed Marmion terrane–
western Wabigoon terrane boundary, western Finlayson greenstone belt, and northern Lumby Lake
greenstone belt.

Bending Lake Greenstone Belt
The Bending Lake greenstone belt (2735–2680 Ma) is within the western Wabigoon terrane (Stone,
Hellebrandt and Lange 2011). The base of the Wapageisi mafic volcanic flows within the belt is possibly
in contact with the composite Marmion–Winnipeg River terrane. An area of the proposed contact between
the Marmion terrane and the western Wabigoon terrane is exposed in rockcuts along Highway 622,
approximately 100 km northwest of Atikokan. Here, the Islet stock intruded between the TTG Eltrut
gneisses and the Wapageisi pillowed mafic volcanic rocks of the Bending Lake greenstone belt (Figure 12.5)
(Stone, Hellebrandt and Lange 2011). Magmatic foliation within the Islet stock is shallowly dipping and
may reflect intrusion as a flat-lying sill. The actual contact between the Islet stock and the Wapageisi
volcanic rocks lies between 2 roadcuts. The Bending Lake greenstone belt records amphibolite-facies
metamorphism.
The Wapageisi volcanic rocks young northward as evidenced by undeformed pillowed flows west
and north of the contact area (e.g., Photo 12.1F). A consistent cleavage striking approximately 100 to 115°
and dipping 50° to the south was noted north of the contact area. There, cleavage appears to approximate
bedding, indicating that the rocks have been overturned. Cleavage intensity increases near the contact, so
that pillows are flattened into the cleavage and selvages appear as a gneissic banding. The cleavage near
the contact has been overprinted by several reverse faults and shears striking approximately 115° and
dipping 40° southwest. The reverse faults have bent the cleavage into a sigmoidal pattern in the vertical
plane, creating a large-scale C-S fabric in places (Photo 12.1A). Reverse movement is supported by drag
of cleavage, fold patterns and clast rotation.
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There are overprinting normal faults striking approximately 115° and dipping 60° south (see
Photos 12.1C and 12.1D). In at least one instance, the normal fault appears to exploit a thin chemical
sedimentary horizon at the bedding contact between mafic volcanic flows and an intermediate igneous
rock (see Photos 12.1C and 12.1D). The fabric of the reverse shearing is bent into the normal fault and
there are local associated folding and boudinaged quartz-carbonate-epidote veins. However, northward of
the normal faults, evidence for reverse movement in folds and clast rotation dominates. In one location,
there appears to be a discrete thrust sheet (Photo 12.1E). Three fracture sets overprint cleavage and faults.
If the contact between the Wapageisi volcanic rocks and the Eltrut gneisses is a terrane boundary (see
Figure 12.1), then it is uniquely preserved without an overprinting strike-slip component. The fabrics
indicate that the Eltrut gneisses, potentially representing part of the Marmion terrane, have been thrust over
the Wapageisi volcanic rocks of the western Wabigoon terrane. This interpretation provides a mechanism
that could explain the unusually high metamorphic paleopressures (up to 6–7 kilobars) recognized in the
Bending Lake area (Duguet and Beakhouse 2012). The subhorizontal compression and significant crustal
thickening attendant with these processes may be a manifestation of large-scale horizontal tectonism.

Finlayson Greenstone Belt
The Finlayson greenstone belt (3003–2930 Ma) comprises mafic volcanic rocks with minor
intercalated felsic volcanic tuffs and clastic and chemical sedimentary units (Fralick, Hollings and King
2008; Fralick and King 1996; Stone et al. 2010). A central clastic sedimentary unit exposed along the
northwest shore of Finlayson Lake yielded a range of ages from laser ablation, with the youngest
determination taken as an upper limit for time of deposition at 2678 Ma (Stone et al. 2010). In the eastern
Finlayson greenstone belt, rocks are metamorphosed to greenschist facies, and early fabrics are strongly
transposed into and overprinted by the northeast fabric of the Marmion fault. However, westward younging

Figure 12.5. Geological map of the southern Bending Lake greenstone belt from Stone, Hellebrandt and Lange (2011). Red
circles represent areas of field observations.
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Photo 12.1. Field photos of the Wapageisi volcanic rocks. All photos taken looking west at roadcuts except Photo 12.1D, which
was taken looking north. Photos 12.1A to 12.1E are within the Wapageisi volcanic rocks near the contact with the Islet stock at
the southernmost field observation area (see Figure 12.5). Photo 12.1F is located to the west on Highway 502 within the Wapageisi
volcanic rocks. A) Reverse shearing (plane of geotool) bending the steeper cleavage (blue curved line) into sigmoidal pattern.
B) Folding in gneissic amphibolite. C) Normal fault overprinting the reverse shearing possibly along S0. Hammer is placed
along the prevalent shallow fracture set. D) Top view of Photo 12.1C with pencil showing slip lineation along the fault surface.
E) Thrust sheet outlined in red. F) Outcrop of undeformed pillowed mafic volcanic flows younging northward.
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is preserved in sedimentary units and pillowed flows (Fralick, Hollings and King 2008; Fralick and King
1996). Field work in 2014 focussed on the western portion of the greenstone belt. Rocks in the western
margin of the greenstone belt are at amphibolite-facies metamorphism. Three silicified and altered felsic
units were sampled for in-situ isotopic work for comparison with the eastern felsic volcanic rocks to test
for the possibility of a central northeast-trending terrane-bounding structure.
The contact between the Dashwa gneiss and the Finlayson greenstone belt is intrusive and steep.
There are rafts of the greenstone caught up in the tonalitic gneiss within 10 to 50 m of the margin. The
tonalitic rocks contain a fabric oriented subparallel to the contact; however, the greenstone xenoliths have
experienced deformation prior to incorporation in the tonalitic gneiss. Deformation in the greenstone belt
intensifies close to the contact with the gneiss, marked by tightly folded strata, which has been refolded
and crenulated (e.g., Photo 12.2.A). No reliable younging direction was obtained in this area.
Interestingly, the main cleavage strikes approximately 320° and dips steeply northeast, which is
approximately perpendicular to the northeast trend of the belt. Open S-fold axes plunge northeast,
whereas the isoclinal fold axes plunge eastward. This indicates an initial north-northeast to southsouthwest compression for the area, creating the tight folding, which is refolded and crenulated by
northeast sinistral shearing. The greenstone is tilted away from the Dashwa pluton concentrically. Late
reverse faults and fractures, striking approximately 200° and dipping west, have associated flat quartz
veining and overprint all other fabrics noted (e.g., Photo 12.2B).

Lumby Lake Greenstone Belt
The Lumby Lake greenstone belt (3016–2716 Ma) (Buse et al. 2010; Tomlinson et al. 2003) is
composed of mafic volcanic rocks with minor thin intercalated felsic volcanic, chemical and clastic
sedimentary and ultramafic units (e.g., Photos 12.2D, 12.2E and 12.2F) (Buse, Lewis and Magnus 2009;
Jackson 1985; Jackson and Chevalier 1985). A combination of pillows and chemical sedimentary beds
provides reliable indicators of younging direction, which is consistently south to southwest in the area
studied (see Figure 12.1, area 3, north-central Lumby Lake greenstone belt).
Work in the Lumby Lake greenstone belt during the 2014 field season focussed north of the central
fault and sediments. One day was spent along the East Cone logging road as far north as Upper Scotch
Lake, providing a cross section of the northwestern portion of the belt. Two days were spent on Gargoyle
Lake in a canoe. There are several parallels in the observations in the Lumby Lake greenstone belt to the
Finlayson greenstone belt. An initial cleavage subparallel to bedding trends 120°. Bedding is isoclinally
folded in places. It appears as though there is local repetition along this pervasive cleavage. A second
cleavage was noted in places striking approximately 90 to 110° and dipping approximately 60° southsouthwest (Photo 12.2C). Later open Z-folds are likely related to dextral strike-slip and an overprinting
spaced cleavage striking north-northeast and steeply dipping. All fabrics are deflected around the late
Norway Lake pluton.
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Photo 12.2. Photos showing structural relationships in the Finlayson (Photos 12.2.A and 12.2B) and Lumby Lake (Photos 12.2C
to 12.2F) greenstone belt. A) Refolded folds; photo taken looking southeast. B) Reverse fault; photo taken looking northwest.
C) Bedding (indicated by purple pencil, oriented 120°)–cleavage (yellow magnet, oriented 90°) relationship. D) Contact of mafic
volcanic and felsic volcanic rocks in northwestern Lumby Lake. Contact strikes 180° and cleavage strikes 15°. E) Pillowed flow
with sulphides in selvages. Photo looking east, blue arrow indicates way up. F) Chemical sedimentary beds, west of the location
of Photo 12.2E, which have become locally folded.
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FUTURE WORK
Field work is ongoing to October 2014. Work will be directed at regional sampling of areas of low
sample density along proposed margins, and targeted structural and stratigraphic observations of key
areas in greenstone belts. Areas to be targeted for structural observations include the eastern margin of the
Wapageisi mafic volcanic rocks along Highway 502, and local areas within central Finlayson and
northern Lumby Lake greenstone belts.
The Ontario Geological Survey Geoscience Laboratories, in Sudbury, Ontario, will conduct wholerock geochemical analyses of all samples collected. Select samples will be prepared for zircon separation
for isotopic work. A total of 100 samples are planned for in-situ U/Pb, Lu-Hf and oxygen isotopic
analyses in zircons. There are 30 samples, collected in 2013, that are already prepared for isotopic
analyses starting in November 2014 and continuing into early 2015. These include i) 15 sanukitoid
samples from across the study area and ii) 15 TTG suite samples from the western Marmion terrane and
the eastern margin of the western Wabigoon terrane. These samples were selected to understand the postorogenic crust–mantle architecture of the area and to determine the location of the boundary of the
Marmion and western Wabigoon terranes, respectively. After geochronological analyses, using the
SHRIMP, have been finished on these samples, oxygen isotope analyses will be done using the
CAMECA 1280 ion probe followed by Lu-Hf laser-ablation analyses.
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INTRODUCTION
The Cobden NTS 31 F/10 map area straddles the Ontario–Quebec provincial border, encompassing
approximately 1088 km2, of which 680 km2 are in Ontario (Figure 13.1). The Cobden map area is
bounded by latitudes 45°30′ to 45°45′N and longitudes 76°30′ to 77°00′W, and encompasses all or parts
of Admaston, Bromley, Horton, Ross, Stafford, Westmeath and Wilberforce townships. Mapping of the
Cobden area began in 2013 (Easton 2013), with an additional 5 weeks of mapping during the 2014 field
season. The only previous mapping of this area consists of 1:100 000 scale mapping from the 1970s
(Lumbers 1982a, 1982b). Despite the limited mapping base for the area, several mineral deposit
inventories of Renfrew County, including the study area, were conducted in the late 1970s (Carter,
Colvine and Meyn 1980; Storey and Vos 1981a, 1981b; Masson and Gordon 1981). All Universal
Transverse Mercator (UTM) co-ordinates given in this article are provided in Zone 18, North American
Datum 1983 (NAD83).

GEOLOGICAL OVERVIEW AND TERRANE SUBDIVISION
As noted in Easton (2013), the Cobden map area is split in two by a previously undocumented northtrending fault, which he termed the Ross fault (see Figure 13.1). The two-thirds of the Cobden area west
of the Ross fault, herein referred as the Bromley subdomain (see Figure 13.1), consists of high
metamorphic grade paragneiss, orthogneiss and marble tectonic breccia, all of which are intruded and
metasomatized by Late Syenite suite rocks (1090 to 1030 Ma). In contrast, the eastern one-third of the
Cobden area, herein referred to as the Ross subdomain (see Figure 13.1), is underlain by calcite and
dolomite marble, which locally preserve relict stratigraphy. The marbles are intruded by the Chenaux
gabbro (1231±2 Ma: Pehrsson, Hanmer and van Breemen 1996), which locally preserves primary
mineralogy. The Late Syenite suite and metasomatic rocks appear to be absent from the eastern one-third
of the Cobden area. Metamorphic grade is estimated to be lower amphibolite facies east of the Ross fault
and upper amphibolite facies west of the fault.
Also present in the eastern one-third of the area, adjacent to the Ottawa River, are several small areas
of highly deformed, mafic and quartzofeldspathic gneiss that have a characteristic magnetic signature
(Figure 13.2), and may be retrograded granulite facies rocks. These areas of gneiss have a sheet-like
geometry and may have been thrust on top of the marbles (see Figure 13.1). These rocks are more
abundant on the Quebec side of the Ottawa River. They cannot be assigned to any terrane or domain in
Ontario and are herein referred to as the Rocher–Fendu subdomain, named after Lac du Roche–Fendu on
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.13-1 to 13-10.
© Queen’s Printer for Ontario, 2014
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the Ottawa River where they are well exposed. Field party personnel verified the presence of cordierite in
several localities in these high-grade gneisses (see Figure 13.1), as reported by Lumbers (1982a).
In addition to the Ross fault, the Cobden area is also cut by several northwest-trending, dominantly
vertical faults related to the Ottawa–Bonnechere graben system, which locally preserve Upper Ordovician
limestones of the Gull River and Bobcaygeon formations on their down-dropped sides (cf. Russell and
Williams 1985).

GEOPHYSICAL DATA
A high-resolution (200 m line-spacing) aeromagnetic and gamma-ray spectrometric survey was flown
for the Ontario Geological Survey over much of Renfrew County, including the Cobden map area, during
October 2013 (see Figure 13.2). The data from this survey were released in June 2014 (Ontario Geological
Survey 2014). Key observations from this data set related to the geology of the Cobden area are as follows.
Easton (2013) interpreted the Ross fault as a near-vertical fault based on the previous low-resolution
(800 m line-spacing) aeromagnetic data (Ontario Geological Survey 1999), but the high-resolution data
indicates that it may dip moderately to the east. Magnetic features present in Bromley subdomain appear
to continue for up to 500 m beneath mapped marbles belonging to the Ross subdomain (see Figure 13.2).
It is not known if this indicates that the Ross fault is a thrust fault, or simply an east-dipping normal fault.

Figure 13.1. Simplified geological map of the Cobden area showing the location of subdomains, major faults and significant
mineral occurrences. Abbreviations: Ag, silver; Au, gold; cord, cordierite; cps, counts per second; dol, dolomite; eTh, equivalent
thorium; K, potassium; ls, limestone, Mg, magnesium; Mo, molybdenum; Pb, lead; REE, rare earth elements; Th, thorium;
U, uranium; Zn, zinc.
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Rocks of the Central Metasedimentary Belt boundary tectonic zone (CMBBTZ) exhibit strong, linear
northwest or north-northwest magnetic trends, for example, on the north side of Muskrat Lake north of
Cobden (see Figure 13.2). These trends correspond to differences in surface geological units as mapped
by Lumbers (1982b), and confirm the observation made by Easton (2013) that rocks of the CMBBTZ
underlie much more of the Bromley subdomain (i.e., occur further south) than previously indicated.
The high-resolution data confirm the highly magnetic character of the Chenaux gabbro (see Figure
13.2). Immediately east of Haley, a prominent, 3 km long, north-northeast–trending magnetic high could
be a subsurface dike or subsurface extension of the Chenaux gabbro beneath marbles exposed on surface.
It is not known if this subsurface magnetic anomaly has any association with the observed hydrothermal
alteration of the dolomite marbles at Haley, as described under “Economic Geology”.
The Cobden area is cut by at least 7 major west-trending mafic dikes that are interpreted to be part of
the Grenville dike swarm, which was emplaced at circa 590 Ma (Kamo, Krogh and Kumarapeli 1995). It is
possible that these dikes may be associated with west-trending faults, although, if that is the case, movement
along those faults would be mostly vertical, as the faults do not appear to laterally offset either Precambrian
or Paleozoic strata. These dikes occur in 3 main corridors, approximately 10 km apart, containing dikes
with strike lengths ranging from 3 to 17 km (see Figure 13.2). One corridor lies in the area of Haley
Station (4 km southwest of Haley), another immediately north of Cobden, and the third is located just
north of the northern boundary of the Cobden NTS map area north of Beachburg. The majority of these

Figure 13.2. Map showing the second vertical derivative (2-VD) of the magnetic field for the Cobden area of Ontario, with key
features indicated. See text for details. Magnetic data from Ontario Geological Survey (2014).
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dikes occur beneath Paleozoic limestones, and have limited surface expression, although one of the dikes
located east of Haley Station is overlain by a linear series of swamps. The dikes appear to cross the Ross
fault without offset. The relationship between the dikes and the Rocher–Fendu subdomain is unclear, in
part because of the higher magnetic character of that subdomain. In some instances, it appears that the
dikes end at the subdomain boundary, but, in other instances, it appears that the dikes continue into the
subdomain. Lumbers (1982b) mapped Grenville dikes within Rocher–Fendu subdomain, suggesting that
the dikes did intrude the subdomain.
Paleozoic strata in the Cobden area are generally sufficiently thick (>>100 m) to subdue the
magnetic character of the underlying Precambrian strata; this is particularly evident in first vertical
derivative (1-VD) of the magnetic field. The only area where the Paleozoic strata may be thin (<100 m)
occurs north of Beachburg.
The high-resolution gamma-ray spectrometric data (Ontario Geological Survey 2014) defines the
same airborne gamma-ray spectrometric highs for uranium and thorium as those indicated by the data of
Carson et al. (2004a, 2004b). Areas of active farming and/or areas underlain by Leda clay within the
Cobden area are characterized by potassium and equivalent thorium (eTh) highs in the high-resolution
gamma-ray spectrometric data. These anthropogenic anomalies limit the use of the gamma-ray
spectrometric data to distinguish rock units over most of the Cobden area.
A subdued aeromagnetic signature coincides with an area of low potassium and low eTh in a 7 km2
area in southeastern Ross subdomain (see Figure 13.1) bounded by Castleford, Eady, Mullins and River
roads. The reason for this anomaly is not readily apparent, but it could indicate an area underlain by
Paleozoic limestone.

ECONOMIC GEOLOGY
Industrial Minerals
Preliminary geochemical data from calcite and dolomite marbles of the Ross subdomain indicates
that they are characterized by the presence of rare earth element patterns with negative cerium anomalies
(Figure 13.3). Negative cerium anomalies in limestones are interpreted as indicating deposition in a
marine environment with a minimal input of continental clastic debris (cf. Easton 1995). The only
marbles not showing this signature are the dolomite and tremolite marbles found adjacent to the former
magnesium metal plant at Haley (Dominion Magnesium Ltd., later Chromasco Ltd., later Timminico Ltd.,
MDI31F10SW00002). These magnesium-rich, and commonly silica-rich, marbles are characterized
instead by very low total rare earth element (REE) contents, and concave patterns where lanthanum,
cerium, praseodymium, ytterbium and lutetium are high, and samarium, europium, gadolinium and
terbium are low (see Figure 13.3). This unusual pattern is interpreted to be the result of post-depositional
alteration of the original carbonate rock in a high-fluid flow regime, which likely introduced silica into
the system and which also removed elements such as zinc and some of the rare earth elements. Whether
or not this hydrothermal alteration is related to a nearby subsurface aeromagnetic anomaly related to the
Chenaux gabbro (see “Geophysical Data”) remains to be determined.
Thus, the marbles that served as feedstock for magnesium metal production may be unique.
Exploration for similar magnesium feedstock needs to focus not only on the presence of dolomite
marbles, but also on the REE geochemistry of those dolomite marbles. Additional sampling of the
marbles in Ross subdomain was conducted during the 2014 season in order to both expand the available
data set and to support a BSc (Honours) thesis on strontium isotopes in the marbles that is being
conducted at Carleton University by J. Forrester under the supervision of Professor N. Witting.
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Base Metal Mineralization
The potential for mafic and quartzofeldspathic rocks present in the Rocher–Fendu subdomain in
Ontario to host volcanogenic massive sulphide (VMS) mineralization has previously gone unrecognized.
In part, this was because it was not appreciated how similar these rocks are to the host rocks of the former
New Calumet zinc-lead-silver-gold mine located immediately across the Ottawa River on Grand Calumet
Island, Quebec (cf. Moorhouse 1941; Sangster 1967; Williams 1992) (see Figure 13.1). At the former
New Calumet Mine, dolomite and calcite marbles (Ross subdomain) occur in the deeper footwall of the
deposit, and are structurally overlain by mafic gneisses with arc-tholeiite geochemical affinities and
biotite-sillimanite quartzofeldspathic gneisses (Williams 1992). The deposit itself is hosted in a package
of mafic and quartzofeldspathic gneisses, with the mafic gneisses having an arc basalt-boninite geochemical
affinity (Williams 1992). Also present at the mine are migmatitic gneisses containing orthoamphibole,
garnet, cordierite and gahnite, and which host gold mineralization emplaced during a late-stage greenschistfacies metamorphic event (Williams 1990). The rock types, as well as the metallic mineralogy of the
deposit (sphalerite, galena, pyrrhotite) are all consistent with the former New Calumet Mine being the
product of a volcanogenic massive sulphide (VMS) mineralization system.
On the Ontario side of the Ottawa River, 2 areas within the Rocher–Fendu subdomain warrant
exploration for similar mineralization. The first occurs in the vicinity of Killoran Bay. Garnet-cordierite–
bearing quartzofeldspathic gneisses are abundant on the north side of Killoran Bay and on islands offshore,
and occur immediately above the contact with Ross subdomain marbles. In addition, on the south side of
Killoran Bay, a gossan zone, with a minimum width of 5 m, occurs in mafic gneiss located immediately
above the contact with Ross subdomain marbles (UTM 367475E 5055695N). Cordierite-bearing gneisses
are present structurally above the gossan zone. Assay samples from the gossan zone are pending, and the

Figure 13.3. Representative rare earth element (REE) analyses of calcite and dolomite marbles from the area east of the Ross
fault, including samples from the former Haley magnesium metal plant. The negative cerium (Ce) anomalies in 3 of the 4
samples are indicative of deposition in seawater (cf. Easton 1995). Normalizing factors used are from Sun and McDonough
(1989). All analyses from the Geoscience Laboratories, Ontario Geological Survey, Sudbury.
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chemical affinity of the host mafic gneiss is being determined. However, samples of similar mafic gneiss
collected in 2013 along Kerr Line, 1.9 km to the west, have an arc-tholeiite geochemical signature. The
second area occurs adjacent to the Ottawa River at Le Tombereau, just east of Norman Rapids, where
Lumbers (1982a, p.21) reported a rusty schist unit in contact with cordierite-bearing quartzofeldspathic
gneiss.

Radioactive Mineralization
As discussed in Easton (2013), very few airborne gamma-ray spectrometric highs for uranium and
thorium are present in the Cobden area, and all are located in Bromley subdomain (Carson et al. 2004a,
2004b). During the 2014 field season, field party personnel visited both the Vaughan and Forester Falls
occurrences (Masson and Gordon 1981, p.126-128: MDI31F10NW00039 and MDI31F10NW00050,
respectively), which are both located on an abandoned Canadian National Railways (CNR) right-of-way.
The Vaughan occurrence is hosted in a Late Syenite suite syenite to quartz syenite intrusion and, although
pegmatitic calcite-diopside-fluorite-apatite veins cut the syenite near the occurrence, the radioactive
mineralization does not appear to be directly related to the veins. At the Vaughan occurrence, 3 separate
scintillometer assay measurements gave readings of 271 to 281 ppm U and 1116 to 1432 ppm Th (UTM
361075E 5062404N), similar to values reported in Masson and Gordon (1981, p.128). The Forester Falls
occurrence is located in a small pegmatite vein, and appears to contain limited radioactivity (12 ppm U,
60 ppm Th, UTM 362228E 5059841N).
More significant uranium mineralization was found hosted in rusty-weathering semi-pelitic and
calcareous gneisses approximately 250 m north of the Forester Falls occurrence along the same CNR
right-of-way. This occurrence does not seem to have been previously reported, and occurs at the southern
limit of a 1.4 km long airborne gamma-ray spectrometric anomaly present in both the Carson et al.
(2004a, 2004b) and Ontario Geological Survey (2014) surveys. At this new locality (UTM 362158E
5059911N), readings of over 65 000 total counts per second were obtained, the highest readings ever
recorded by the author. A scintillometer assay measurement of 927 ppm U and 2717 ppm Th was obtained
from rock at this site, with adjacent soils yielding values of 571 to 711 ppm U and 1787 to 2291 ppm Th.
It should be noted that these scintillometer readings are estimates of the uranium and thorium contents in
these rocks, and should be confirmed by conventional chemical analysis.
The host rock for this mineralization could not be determined, because of the aforementioned rusty
weathering and the hazards associated with obtaining rock samples at this extremely radioactive site.
Farther north (500 m; UTM 361837E 5060357N), a quartz syenite vein gave a scintillometer assay
measurement of 166 ppm U and 270 ppm Th. Accordingly, it is possible that the airborne gamma-ray
spectrometric anomaly in this area may be the result of radioactive mineralization in a variety of host
rocks rather than being restricted to a single rock type.
Both the 65 000 counts per second occurrence, and another occurrence 5.5 km to the north on Grants
Settlement Road described in Easton (2013) (UTM 361075E 5066294N), occur in Bromley subdomain
immediately adjacent to the Ross fault (see Figure 13.1). The occurrence described in Easton (2013) is
marginal to the Sullivan Island carbonatite complex, although it occurs in a syenite pegmatite vein cutting
CMBBTZ rocks. Given their proximity and alignment along the Ross fault, it is possible that there may
be some degree of structural control on the location of these 2 extremely thorium-rich occurrences (2717
and 1809 ppm Th, respectively).
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Table 13.1. Rare earth element (REE) data for selected carbonate, syenite and mineral separates from Late Syenite suite rocks in
the Cobden area. All analyses from the Geoscience Laboratories, Ontario Geological Survey, Sudbury.
Sample

Total REE
Y
Rock Type
(in ppm) (in ppm) or Mineral

Easting
Zone 18

Northing Comment
NAD83

Syenite
13RME-0068

1512

22

Syenite

352019

5048726

13RME-0072

1457

58

Syenite

350711

5050016

13RME-0259

2095

222

Syenite

353928

5053929

13RME-0404
Marble
13RME-0216
13RME-0255
13RME-0262
Minerals
13RME-0139

750

52

Syenite

350967

5052930

Medium-grained red syenite,
reported as 1044 ppm total REE
in Easton (2013)
Medium-grained red syenite,
reported as 1062 ppm total REE
in Easton (2013)
Fine-grained, scapolitized syenite,
Highway 17 just south of Cobden
Medium-grained syenite, Cobden road

216
638
689

32
59
43

Calcite marble
Calcite marble
Calcite marble

353916
357859
357541

5053575
5048933
5049284

Matrix, marble breccia
Matrix, marble breccia, Highway 17
Matrix, marble breccia, Highway 17

1569

161

Calcite

354459

5050976

13RME-0140

1647

154

Calcite

354470

5050932

13RME-0141

2280

80

Apatite

354470

5050932

From vein cutting varitextured and
varigrained syenite,
host syenite 381 ppm total REE
From vein cutting varitextured and
varigrained syenite
From vein cutting varitextured and
varigrained syenite

Rare Earth Element Mineralization
Easton (2013) suggested that both the pink-orange metasomatic marbles and the syenites of the Late
Syenite suite may potentially host rare earth element (REE) mineralization in the Cobden area. This
suggestion has been confirmed by geochemistry conducted on a variety of rock units located in Bromley
subdomain. High REE contents (from 750 to 2095 ppm total REE) were found in several syenite phases,
as summarized in Table 13.1. In addition, high REE contents (from 569 to 689 ppm total REE) have been
found in non-apatite–bearing portions of the pink-orange calcite marble that forms the matrix to
metasomatic marble breccia in Bromley subdomain (see Table 13.1). Mineral separates of both calcite
and apatite from late calcite-diopside-apatite veins associated with the Late Syenite suite also have
yielded high total REE contents (see Table 13.1). Interestingly, there does not appear to be any correlation
between yttrium and total REE content in the Bromley subdomain samples (see Table 13.1), even though
such a correlation was noted by Easton and Clarke (2013) in marbles in the Brudenell map area
immediately to the southwest of the Cobden area. All of the samples reported in Table 13.1 were
collected during the course of characterizing the geochemistry of typical Late Syenite suite rocks, rather
than by any selective sampling protocol. However, in general, it appears that more uniform, mediumgrained syenite phases (Photo 13.1A) are more likely to host REE mineralization than the varitextured
and varigrained syenites (Photo 13.1B) that are most common in the Cobden area.

FUTURE WORK
Two quartzite units, both containing 74 weight % SiO2, were sampled for detrital zircon
geochronology: the first quartzite is in Bromley subdomain (UTM 361321E 5044592N) and the second is
13 km to the east in Ross subdomain (UTM 373839E 5042734N). The purpose of this work is to compare
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the depositional history and provenance of the clastic sedimentary rocks from the 2 subdomains. The
main intermediate gneiss unit in the Rocher–Fendu subdomain was also sampled for geochronology, in
part because of the limited information currently available from this subdomain, but also because of its
possible economic significance. A deformed quartz syenite near Cobden was sampled for geochronology
in order to determine its age relationship to other syenite intrusions in Bromley subdomain.

Photo 13.1. A) Fine- to medium-grained syenite of the Bromley subdomain, which is more likely to host rare earth element
mineralization. Sample 13RME-0072 (see Table 13.1). UTM 350711E 5050016N. B) Varitextured and varigrained syenite
typical of the Bromley subdomain, which is less likely to host rare earth element mineralization. UTM 353735E 5054135N.
Hammer handle is 33 cm long.
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INTRODUCTION
The Black Donald Lake area covers approximately 272 km2 and is bounded by 45°7′30″N to
45°15′N latitude and 77°00′W to 76°45′W longitude. It includes most of North Canonto Township and
small parts of Blithfield and Matawatchan townships (NTS Sheet 31 F2/NW).
Approximately 12 weeks of the 2014 field season were spent conducting mapping and sampling in
the Black Donald Lake area, which is located immediately south of the Mud Lake area mapped in 2013
(Duguet, Dubé-Bourgeois and Ma 2013).
The previous mapping in the Black Donald Lake area consists mainly of 1:100 000 scale regional
mapping from the 1970s (Lumbers 1982a, 1982b); however, more detailed mapping on smaller areas was
performed in the early 1980s, namely, a 1:15 840 scale map centred on Norcan Lake was produced as part
of the MSc thesis of Karboski (1980), and a 1:17 000 scale compilation map was made using data
collected during the field school run by the Department of Earth Sciences at Carleton University (Dodd
1991). This map covers mostly the area around Black Donald Lake and Calabogie Lake. The area directly
to the south of the Black Donald Lake area was subjected to more up-to-date mapping and analytical
work by Easton (2006a, 2006b).
This article focusses on the stratigraphy and structural geology of the Black Donald Lake area and
their linkages with adjacent map areas. The last section of the article deals with the mineral potential of
the Black Donald Lake area, which includes graphite and radioactive mineralization.

GENERAL GEOLOGY
The Black Donald Lake area includes both the Black Donald domain to the west and the Mazinaw
domain to the east (Figure 14.1). The boundary between these 2 domains is, in this area, quite complex
and its detailed location and evolution was not fully resolved at the time of writing. Previous authors have
pointed out this structural complexity (Karboski 1980; Easton 2006b), which results from the conjunction
of multiple collinear folding and shearing events, which, in some cases, are characterized by opposite
structural vergences. This results in an irregular domain boundary. The multiple collinear folding and
shearing events shaped the current distribution of rock units in the Black Donald and Mazinaw domains,
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.14-1 to 14-12.
© Queen’s Printer for Ontario, 2014
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Figure 14.1. Simplified geological and structural map of the Black Donald Lake area. The folds axes in the legend refer to the last folding event and are based on foliation dip
reversal. See text for discussion regarding variation along strike of thrust fault dip directions. Abbreviations: Gr, graphite; MDI, location of mineral occurrence from the
Mineral Deposit Inventory (Ontario Geological Survey 2014a); Mo, molybdenum; REE, rare earth elements; Th, thorium; U, uranium; WMSZ, western Madawaska shear zone.
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resulting in a succession of northeast-trending regional upright folds (see Figure 14.1). Whereas the
supracrustal rocks in the Mazinaw domain in the Admaston–Horton area to the northeast are carbonate
dominated (Easton, Duguet and Magnus 2011), in the Black Donald Lake area, they are characterized by
an alternation of more volcanic-dominated units and metaplutonic belts that are exposed by a series of
synforms and domal structures (see Figure 14.1). An example of these metaplutonic belts is located in the
southeastern part of the map area and is composed mostly of an Elzevir suite migmatitic tonalite (see
Figure 14.1). The Black Donald domain displays a similar pattern, but with a far more abundant
supracrustal component (see Figure 14.1).
The general northeast lithological and structural trend is notably truncated in the eastern part of the
map area by a north-trending shear zone (see Figure 14.1), which can be followed northward over tens of
kilometres up to the Cobden area (Ross fault of Easton 2013). For the sake of discussion, this shear zone
has been provisionally named the western Madawaska shear zone (WMSZ). The nature of this shear zone
will be discussed in “Structural Geology”.

Supracrustal Rocks
In the Black Donald Lake area, the Mazinaw domain is mostly composed of metaplutonic rocks.
Nonetheless, mappable units of supracrustal rocks are also present. The most extended and continuous
unit of supracrustal rocks is located in the eastern part of the map area and is transected by the
Madawaska River (see Figure 14.1). This unit is intruded by the Elbow anorthosite (Lumbers 1982b) and
is composed mainly of interlayered mafic gneiss and amphibolite, which correspond to the paraamphibolite unit of Karboski (1980). They are slightly migmatitic and their tonalitic leucosomes display a
patchy or, more rarely, a net structure. Garnet is ubiquitous in both the amphibolite and the mafic gneiss.
The amphibolites are strongly foliated, dark blue grey to black, fine grained and nemato-porphyroblastic.
The mafic gneisses are melanocratic to mesocratic, fine to medium grained, and porphyro-granoblastic
(Photo 14.1A). The mafic gneisses could be mafic sills emplaced into the fine-grained amphibolite
sequence. Alternatively, at the outcrop scale, some of these mafic gneisses are clearly more intermediate
in composition and locally display a gradual transition into amphibolite. To the east, the intermediate
component becomes dominant, and the intermediate gneisses become interlayered with garnet-bearing
felsic gneiss. Some of these felsic rocks are intrusive veins and sills, and they could be leucosomes
injected from a nearby migmatite unit. This type of relationship was previously described in the Hungry
Lake area in the calc-alkalic volcanic sequence of the Kashwakamak Formation (Duguet, Gordon and
Easton 2010). On the other hand, these felsic rocks do not show the magnetic signature that is usually
associated with the rocks of the Kashwakamak Formation. Pending the results of geochemical analyses,
this unit of intermediate and felsic gneiss, along with the amphibolites, has been provisionally assigned to
the Kashwakamak Formation.
Another continuous unit of felsic to intermediate gneiss with subordinate amphibolite is present on
the northern boundary on the antiformal structure occupied by a migmatitic tonalite in the southeastern
corner of the map area (see Figure 14.1). All of the rocks in this unit of felsic to intermediate gneiss are
magnetic. It is also heavily intruded by monzogranite veins and sills, which are petrographically similar to
those of the Methuen intrusive suite. This belt is separated from the amphibolite-dominated belt, which is
non-magnetic, by a unit of calcite marble.
Other amphibolites and mafic gneisses are present in the map area. Their extrusive or intrusive
nature could not be precisely established. The main reason is that these units are not as continuous or as
thick as indicated by the mapping of Karboski (1980). Rather, they are discontinuous pods or slivers
located either along the boundaries of the metaplutonic units mostly composed of Methuen suite granites,
or within them. They likely constitute remnants of overlying units assimilated during pluton emplacement.
The subsequent intense deformation and metamorphism contributed even more to the dismemberment of
these units, especially on the margins of the metaplutonic units.
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Photo 14.1. Rock units in the Black Donald Lake area. A) Alternation between well-layered, medium-grained, mesocratic mafic
to intermediate rocks and fine-grained amphibolite (top and bottom of the picture). Some tonalitic sills and younger coarsegrained granite veins intrude this unit. This sequence is interpreted as being originally volcanic, with an alternation of andesitic
and basaltic flows, and has been assigned provisionally to the Kashwakamak Formation (Mazinaw domain; UTM 3583409E
5006209N). The pen is 14 cm long. B) Calcite marble of the Black Donald domain intruded by mafic sills and subsequently
crosscut by a younger dike (UTM 341487E 5006231N). The vertical section is approximately 4 m high. C) Layers of calcite
marble interlayered with calcareous metagreywacke. Here, the metagreywacke represents 90% of the outcrop (Centennial Lake
Road, Black Donald domain; UTM 343151E 5005725N). The pen is 14 cm long. D) Medium-layered calc-silicate rocks
composed of equal proportions of calcareous quartzofeldspathic gneiss layers and calcareous metasiltstone. Note the recessive
weathering of the metasiltstone layers. (Black Donald domain; UTM 343996E 5000530N). The hammer is 45 cm long.
E) Picture of an exposure of the Elbow anorthosite on the shore of the Madawaska River. Note the elongation of the
hornblendite pods parallel to the northeast-trending stretching lineation (Mazinaw domain; UTM 358668E 5009665N). The
hammer is 45 cm long. F) Methuen suite gneissic monzogranite with veins and sills of coarse-grained to pegmatitic monzo- to
syenogranite. The veins and sills are stretched and boudinaged parallel to the foliation. It is likely that a significant proportion of
these veins are from in-situ melting of the Methuen suite granite (Mazinaw domain; UTM 356316E 5005959N). The pen is
14 cm long.
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Carbonate rocks (marbles) in the Mazinaw domain were classically interpreted as being the youngest
rocks of the Grenville Supergroup. This relationship appears to be valid for the Black Donald Lake area.
They are mainly medium- to coarse-grained, white to grey calcite marble. Locally, thin bands of felsic
gneiss occur interlayered with the marble, for example, at UTM 341449E 5003455N. The regularity of
the alternation of these bands of felsic gneiss and marble suggests strongly that the felsic gneiss could be
metamorphosed siliciclastic sedimentary rocks that were originally interbedded with the carbonate rocks.
Within the Black Donald domain, the stratigraphic succession established in the Mud Lake area
immediately to the north (Duguet, Dubé-Bourgeois and Ma 2013) has been refined. Further study has
shown that the lowermost unit of pelitic to psammitic stromatic metatexite is overlain by a texturally and
compositionally heterogeneous calc-silicate package with minor calcite marble. The uppermost unit
consists of calcite marble with minor intercalated calc-silicate rocks and amphibolite, with the latter
interpreted as synvolcanic sills (Photo 14.1B). Within the map area, stromatic metatexite and calc-silicate
rocks are exposed in 2 continuous bands. The first band is exposed on the north shore of Black Donald
Lake, whereas the second band strikes northeast south of Black Donald Lake. These 2 bands belong to the
same sequence and are repeated because of folding. The stromatic metatexite unit decreases in abundance
going along strike to the southeast.
Despite the strong deformation, the contact between the 2 lowermost units seems to be transitional,
with both rock types interlayered in the transition zone between the two. Similarly, the calc-silicate rocks
might also gradually change upward into the uppermost calcite and dolomite marble unit. The
interlayering of the 2 lowermost units can be observed at the outcrop scale at 2 locations. The first is
located on Ferguson Lake Road (in the Mud Lake area, UTM 355956E 5016445N). At this section, the
bottom of the outcrop is occupied by garnet and sillimanite-bearing metatexite. Similar metatexite occurs
as rare thin layers in the overlying calcareous metasandstone. At the same outcrop, thin and scarce layers
of medium-grained calcite marble are interlayered with the calc-silicate rocks (Photo 14.1C). This last
feature is also observed on the Centennial Lake Road (Renfrew County Road 65, UTM 343151E
5005725N).

Plutonic Rocks
The Mazinaw domain has a complex and protracted plutonic history spanning over 230 my.
A complete synopsis and description of the intrusive suites of the Mazinaw domain is given in Easton
(2006b). The oldest known plutonic rock is the Killer Creek suite, which was defined and described by
Easton (1992) south of the map area near Mazinaw Lake. The Killer Creek suite is composed mostly of
gabbro and leucogabbro with abundant anorthosite and hornblendite. No geochronological data are available
from the suite, but field relationships indicate that mafic intrusive rocks of this suite were emplaced prior
to 1270 Ma, as they are cut by the Elzevir tonalite (circa 1270 Ma). In the Black Donald Lake area, the
Elbow anorthosite (see Figure 14.1) could be a possible Killer Creek suite intrusive rock. Despite intense
deformation, locally preserved relict igneous texture identifies the intrusive origin of this anorthosite. The
Elbow anorthosite is exposed along the Madawaska River shoreline and is composed mostly of
leucogabbro and anorthosite (Photo 14.1E). It intrudes a package of amphibolite and mafic gneiss that has
been provisionally assigned to the Kashwakamak Formation. Nonetheless, a younger age for the Elbow
anorthosite (e.g., circa 1223 Ma: Lavant intrusive suite) cannot be excluded. Proposed geochronological
work will aid in the assignment of the Elbow anorthosite to one plutonic suite or the other.
The Elzevir intrusive suite (1270 to 1250 Ma) is represented by a northeast-trending batholith
exposed in the southeastern corner of the map area in the core of an antiform structure (see Figure 14.1).
No age is available on this unit, but this body is the continuation to the north of an Elzevir suite pluton
present in the Cloyne–Plevna–Ompah area (Easton 2006a), and may be similar in age to the Northbrook
pluton (U/Pb zircon, 1250 +10/–15 Ma: Corfu and Easton 1995). Within the Black Donald Lake area, the
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Elzevir intrusive suite is compositionally and texturally homogeneous and is composed of a bluish-grey,
white weathering, medium-grained tonalite. This tonalite underwent extensive partial melting that is
coeval with 1, and possibly 2, major deformation events. Quartzofeldspathic leucosomes are parallel to
the main foliation in the rock, and are usually coarser grained and more quartz rich than the tonalitic host.
Locally, the residuum (melanosome) is enriched in mafic minerals that give the rock a more melanocratic
appearance than the tonalite. The pluton locally contains enclaves of the country rocks into which it was
emplaced. The enclaves are quite lithologically diverse and encompass most of the supracrustal rock seen
adjacent to the intrusion.
The most abundant plutonic rock within the Black Donald Lake area belongs to the Methuen suite.
Plutons of this suite trend northeast and occur along strike with the Abinger Granite located to the south
and outside the map area. A U/Pb zircon age of 1240±5 Ma for the Abinger Granite was determined by
Corfu and Easton (1995). The tholeiitic chemistry (akin to an F3 rhyolite: Lesher et al. 1986) and field
relationships led Easton (2006b) to interpret the Methuen suite as the expression of a rifted-arc event,
with the arc being represented by the tonalites of the Elzevir intrusive suite. The Methuen suite rocks
consist mainly of a pink, medium-grained, strongly foliated, and locally magnetite-rich monzogranite.
In addition to the map-scale plutons, the older rock units in the map area are intruded by numerous
monzogranitic sills that display the same petrological and structural features as the larger intrusions.
Both these gneissic monzogranite sills and the bigger intrusions contain a high density of veins and pods
of similar composition, but are much coarser grained than the larger plutons, frequently becoming
pegmatitic in size (Photo 14.1F). These pods and veins are parallel with the gneissosity of the Methuen
suite bodies, but are commonly boudinaged and sheared along the main fabric. These relationships
suggest that these monzogranitic pods and veins were generated in situ by partial melting of the Methuen
suite monzogranites and, thus, constitute real leucosomes. This hypothesis is strengthened by the overlap
between many uranium and thorium gamma-ray spectrometric anomalies (Ontario Geological Survey
2014b, 2014c, 2014d, 2014e) and the Methuen suite granites.
In the Black Donald domain within the map area, metaplutonic rocks are less abundant, and have a
limited range in composition and age when compared with the Mazinaw domain. The largest intrusion is
exposed on the northern shore of the Madawaska River and intrudes both metatexite and marble of the
Black Donald domain (see Figure 14.1). This intrusion was named the Black Donald trondhjemite
(Lumbers 1982a, 1982b). Because of petrographic similarities with tonalitic rocks with an age of
circa 1210 Ma in the Horton–Admaston area (Duguet, Magnus and Ratcliffe 2012), the Black Donald
tonalite is provisionally assigned to this package of younger tonalitic intrusive rocks. Strongly deformed
tonalite and diorite intrusions are also exposed in the northwestern corner of the Black Donald Lake area,
and are along strike with the Mud Lake and the Kennelly plutons, both of which are exposed further north
in the Mud Lake area (Duguet, Dubé-Bourgeois and Ma 2013). Preliminary geochronology results gave
an estimate of the crystallization age for the Kennelly diorite at circa 1132 Ma (Kamo 2014). These
plutonic rocks have been found sporadically to the southeast, but only diorite sills are present.

STRUCTURAL GEOLOGY
Polyphase deformation has long been recognized in the Black Donald Lake area (Karboski 1980).
Mapping during the 2014 field season confirmed that at least 2 major folding events (Karboski 1980)
affected both the Mazinaw and Black Donald domains. The first folding event is characterized by
northwest-directed recumbent folds, likely coeval with the development of the regional foliation. This
event is refolded by a second event characterized by northeast-trending upright isoclinal to slightly open
folds and locally showing a southeastern vergence (Photo 14.2A). As already noted by Karboski (1980),
most of these polyphase folded structures display a double plunge, either to the northeast on their
northeastern periclinal termination or to the southwest on their southwestern periclinal closures. When
depicted on a map, this feature is more apparent in the Mazinaw domain than the Black Donald domain
14-6

Earth Resources and Geoscience Mapping Section (14)

M. Duguet et al.

Photo 14.2. Structures and kinematics of the Black Donald Lake map area. A) Southeast-directed folds outlined by the calcsilicate rock layer (darker) within calcite marble. These folds could be either overturned F1 folds or F2 folds (Centennial Lake
Road, Black Donald domain; UTM 337308E 5004755N). The section is approximately 7 to 8 m high. B) Recumbent F1 folds
refolded by F2 northwest-directed fold. (Mazinaw domain, shoreline of Norcan Lake; UTM 353425E 5003196N). The visible
cliff is approximately 5 to 6 m high. Many pegmatite intrusions crosscut both sets of structures. C) Strongly deformed anorthosite
showing 2 sets of foliations. The S2 foliation wraps around boudins that contain an internal foliation interpreted as S1. (Elbow
anorthosite, Mazinaw domain, Madawaska River shoreline; UTM 359103E 5009839N). The hammer is 45 cm long. D) Two
generations of structures in an Elzevir suite migmatitic tonalite. A shallowly dipping S2 foliation is coeval with the folding of S1.
(Mazinaw domain; UTM 358390E 5000961N). The hammer is 45 cm long. E) Leucosomes injected into calcareous metagreywackes.
Shear criteria such as sigma-type potassium feldspar and asymmetric boudinage give a top-to-the-southwest shear sense (near
vertical surface looking down). (Mud Lake area, Ferguson Lake Road, Black Donald domain; UTM 355956E 5016445N). The
pen is 14 cm long. F) Leucosomes injected into stromatic metatexite and located on the inverted flank of a fold structure. Shear
criteria such as sigma-type potassium feldspar and asymmetric boudinage give a sinistral shear sense (horizontal surface looking
up). (Mud Lake area, Ferguson Lake Road, Black Donald domain; UTM 355917E 5016694N). The pen is 14 cm long.
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(see Figure 14.1). Overprinting relationships between these 2 events are rare at the outcrop scale, but
convincing evidence was found along the eastern shore of Norcan Lake where F1 recumbent folds are
reworked by F2 folds (Photo 14.2B). At map scale, and despite the strong overprinting, 2 major recumbent
folds are immediately identifiable. The first fold cuts across Norcan Lake (see Figure 14.1). This structure
is likely a northeast-trending F1 synform in which the core is occupied by calcite marble overlying
amphibolite and Methuen suite granite. A second major recumbent structure is located in the eastern part
of the map area. It is likely a F1 recumbent antiform subsequently refolded by a F2 upright antiform–
synform pair (see Figure 14.1). The core of the F1 fold is occupied by amphibolite and mafic gneiss of the
Mazinaw domain and the Elbow anorthosite. This F1 structure is bounded by 2 shear zones. The westerly
shear zone, named the western Madawaska shear zone (WMSZ), trends north and constitutes the southern
termination of a major structure that continues north to the Cobden area (Easton 2013). This shear zone
branches off to the south into a northeast-trending shear zone that cuts across the entire map area (see
Figure 14.1). Evidence along the Madawaska River show that the WMSZ underwent at least 2 major
deformation events associated with 2 sets of mylonitic foliation (Photo 14.2C). Such clear overprinting
relationships between 2 foliations were found in another location in the Elzevir intrusive suite pluton in
the southeastern part of the map area. A S1 migmatitic foliation is folded by a northeast-trending foliation
shallowly dipping to the southeast (Photo 14.2D). Texturally, these 2 sets of foliations are indistinguishable
since they are coeval with the partial melting of the tonalite. The context in which this polyphase
deformation in this tonalite was created is still under investigation since this context could differ
significantly from that established for the WMSZ.
The main north-striking foliation in the WMSZ bears a composite stretching and mineral lineation
shallowly plunging to the northeast. The lineation trajectories along this shear zone are the same as those
found along the other northeast-trending shear zones in the area, which suggests that the WMSZ and the
northeast-trending shear zones may have been active at the same time. These lineation azimuths also
involve a significant amount of strike-parallel displacement along to the WMSZ. Within the Black Donald
Lake area, shear criteria along the WMSZ are rare and inconclusive. This comes partly from the nature of
the rocks (amphibolites and anorthosite), which are not good marker units. However, as stated in the
previous paragraph, the WMSZ displays an obvious polyphase history and it is likely that at least one of
the events associated with the northeast-plunging lineation was a top-to-the-southwest thrusting event
(“top” is used here in its structural sense, not stratigraphic).
Within the Black Donald domain, because of multiple collinear deformation episodes, relationships
between folding and shearing are not straightforward. The Black Donald domain underwent a top-to-thesouthwest shearing event parallel to the general strike of the belt (Duguet, Dubé-Bourgeois and Ma 2013).
Observations during the 2014 field season confirm that this top-to-the-southwest shearing event clearly
predates at least one folding event. At the outcrop scale, shear criteria observed on injected leucosomes on
the normal flank of the folds give a consistent shear sense to the southwest (Photo 14.2E). On inverted
flanks, the shear sense observed on the same injected leucosomes gave an opposite top-to-the-northeast
shear sense (Photo 14.2F). The folding event reworking this shearing episode shows all the characteristics
of the previously described F2 folding. On the other hand, relationships between shearing events and the
F1 event are far more difficult to establish. Geochronology performed on a garnet-bearing injected
leucosome from the Mud Lake area gave an age of 1169±3 Ma (U/Pb zircon, isotope dilution thermal
ionization mass spectrometry (ID-TIMS): Kamo 2014). The significance of this age is difficult to interpret
because of possible mixing and inheritance, and it could be as old as 1210 Ma. The age of 1169 Ma is
currently interpreted as a minimum age of crystallization. If this interpretation is correct, these
geochronological data place this event at the early stage of the Shawinigan orogeny and before the top-tothe-northwest thrusting event previously described in the Admaston area that occurred at circa 1135±3 Ma
(Duguet, Dubé-Bourgeois and Ma 2013). This sequence of events, does however, contradict the
hypothesis presented in Duguet, Dubé-Bourgeois and Ma (2013) where the dextral shearing postdated the
early top-to-the-northwest thrusting.
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Domain Boundary
The boundary between the Black Donald and the Mazinaw domains has been classically drawn at the
limit of the disappearance of the larger Methuen suite plutons (e.g., Easton 2006a, 2006b). This is a
recurrent pattern seen from the Horton–Admaston area in the north to the Black Donald domain in the
south. On the other hand, if the rocks of the Mazinaw domain were thrust westward atop the Black
Donald domain, as suggested for the wider Admaston–Horton–Mud Lake area, then this pattern is
reversed in the Black Donald Lake area. There, we see a progressive rotation from northwest-directed
structures in the northeast- to southeast-directed structures in the southwest (see Figure 14.1). This pattern
is likely the result of the protracted and polyphase deformation history that all the rock units in the area
experienced. Within the Black Donald Lake area, it is difficult to assess the primary relationships between
the 2 domains. Two simple hypotheses remain to be tested:
•

The Black Donald domain is the overlying unit with respect to the Mazinaw domain, be it from
original stratigraphic relationships, or by thrusting onto the Mazinaw domain, or both. In this
scenario, younger tectonometamorphic events caused the exhumation of the Mazinaw domain,
and its subsequent overthrusting upon the frontal units of the Black Donald domain.

•

The Mazinaw domain was originally overthrust to the northwest upon the Black Donald
domain. In this configuration, the Mazinaw domain is considered as a real allochthonous unit
(hanging wall) coming from the east, and the Black Donald domain as a para-autochthonous
unit (footwall). In the southwestern Black Donald area, younger folding events overturned the
original thrust to the southeast relative to the original northwest-directed vergence.

This short discussion on domain boundaries would be incomplete without addressing briefly the
possible regional significance of the WMSZ (named Ross fault in the Cobden area; Easton 2013). As a
major structure greater than 50 km in length, obviously it had a significant impact on the tectonic history
of the Mazinaw domain. It is worth noting that Flinton Group rocks described in the Horton area are
exposed in the hanging wall of this structural discontinuity (Duguet, Magnus and Ratcliffe 2014a, 2014b).
As established in this article, the WMSZ is a polyphase structure with a different history in the Cobden
and Admaston–Horton areas compared to the Black Donald area. In the Admaston–Horton area, the main
event is characterized by sinistral top-to-the-northeast shearing. This tectonic episode has not been
recognized in the Mud Lake area (Duguet, Dubé-Bourgeois and Ma 2013) and has not been found to date
in the Black Donald Lake area. In the Black Donald Lake area, the dominant shearing event is a top-tothe-southwest event. The youngest rocks of the Mazinaw domain, the Flinton Group (maximum age of
deposition 1130 Ma: Duguet, Magnus and Ratcliffe 2014b), are widely affected by the sinistral top-to-thenortheast shearing. It is very likely that this event is related to the Ottawan orogeny, whereas the top-tothe-southwest shearing does not seem to be younger than circa 1169 Ma (Shawinigan orogeny). The
relationships of the WMSZ with the established domain boundaries are also highly complex. The WMSZ
does not always match the supposed domain boundaries. The WMSZ crosscuts rock units in the Mazinaw
domain in the Admaston–Horton area and in the southern Black Donald Lake area, but, in the southern
Mud Lake area, it juxtaposes rocks units of the Mazinaw domain on the east with those of the Black
Donald domain on the west. However, this complexity may only be superficial because Mazinaw domain
rock units in the footwall of the WMSZ in the Admaston and Mud Lake areas could be interpreted as
thrust slices of Mazinaw domain rocks beneath the thrust plane. Using recently acquired aeromagnetic
data (total field, first and second vertical derivative: Ontario Geological Survey 2014f-k), the WMSZ is
coincident with a conspicuous linear magnetic high that extends from the Cobden area south to the Black
Donald Lake area. This geophysical lineament is only locally interrupted or blurred by more complex
geology, most notably in the Admaston area. In the Cobden area, the WMSZ also coincides with the
boundary between a Bouguer gravity high east of the fault (Easton 2013). A similar relationship is seen
again in the Admaston–Horton, the Mud Lake and the Black Donald Lake areas. In summary, the WMSZ
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displays many of the features that we can expect to find associated with a domain and/or terrane
boundary. To fully understand its regional significance, additional work is warranted.

MINERAL POTENTIAL
Graphite
Active and ongoing exploration for graphite is occurring in the Black Donald Lake area (cf. Sangster
et al. 2013). This exploration focusses on the marble belts in the area, which are located just north of the
historic Black Donald graphite mine that was flooded during the creation of Black Donald Lake and
Centennial Lake (cf. Storey and Vos 1981, p.55-58). During mapping, graphite veins were found within
rusty felsic gneiss cropping out along the northern shore of Black Donald Lake (UTM 349717E
5011935N).

Radioactive Mineralization
As previously stated, there is a spatial relationship between Methuen suite granitic rocks and some of
the anomalies (highs) for uranium, thorium and/or potassium that are present in the airborne gamma-ray
spectrometric data for the area (Ontario Geological Survey 2014b, 2014c, 2014d, 2014e). These
anomalies (mostly for thorium and potassium) are restricted to the Mazinaw domain, and are typically
associated with areas of granite pegmatite. Locally, the density of pegmatite veins and pods is high
enough that they can be considered to be small plutonic bodies.
There are 3 main hypotheses to explain the origin of late granite pegmatite intrusions in the Central
Metasedimentary Belt:
1.

derivation from syn- to late-tectonic granites that are not exposed on surface (e.g., Fowler and
Doig 1983)

2.

in-situ partial melting during peak metamorphism (e.g., Masson and Gordon 1981; Ford 1982;
Goad 1990)

3.

partial melting at depth in association with granulite-facies metamorphism in the Central Gneiss
Belt and subsequent intrusion to mid-crustal levels (e.g., Lentz 1996).

Based on field evidence, the authors favour the second hypothesis for the formation of pegmatite
veins in the Black Donald Lake area. This contrasts with what was observed for the Hungry Lake area
35 km to the south-southwest (Duguet, Gordon and Easton 2010) where hypothesis 2 was not considered
as a viable mechanism because of the scarcity of Methuen suite granites in that area.
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INTRODUCTION
The geology of the Precambrian basement beneath the Paleozoic strata of eastern Ontario was poorly
known because of low-resolution aeromagnetic coverage (800 m line spacing) and limited diamond
drilling that penetrated through to basement. To improve our knowledge of this area, in late 2013,
34 724 line-kilometres of aeromagnetic data were collected at 400 m line spacing over a 12 515 km2 area
of eastern Ontario east of longitude 76°30′30″W to the Quebec border (Figure 15.1). These data were
recently released as Geophysical Data Set 1075 (Ontario Geological Survey 2014a) as well as a series of
hard-copy maps (Ontario Geological Survey 2014b-u), as indicated in Figure 15.1. This article summarizes
both the results of the survey and the preliminary interpretation of the underlying basement geology,
based on tracing known surface geology beneath the Paleozoic strata, which are assumed to be magnetically
transparent. Once interpretation is complete, a 1:100 000 scale compilation map showing the Precambrian
geology of both the surface and subsurface of eastern Ontario will be published.

Geological Setting of Eastern Ontario
Eastern Ontario is underlain by Mesoproterozoic metasedimentary and metaplutonic rocks of the
Central Metasedimentary Belt of the Grenville Province. Two main lithotectonic subdivisions of the
Central Metasedimentary Belt are present in eastern Ontario, with Highway 7 approximately coincident
with roughly paralleling the boundary between the 2 subdivisions. To the south and southeast are
medium-pressure granulite-facies rocks of the Frontenac terrane, whereas to the north and northeast are
upper greenschist to lower amphibolite-facies rocks of the Sharbot Lake domain. They are separated by
the Maberly shear zone that formed at circa 1160 Ma.
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
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 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 and, subsequently, at least in
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.15-1 to 15-7.
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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.
Several mafic dike swarms are present within the survey area, mostly within Frontenac terrane, and
include the Frontenac (or Kingston) dike swarm (emplaced at 1160 Ma, U/Pb: Davidson et al. 2009), the
Rideau dike swarm (594 Ma, U/Pb: Buchan et al. 2011), the Grenville dike swarm (590 Ma, U/Pb: Kamo,
Krogh and Kumarapeli 1995) and the Brockville dike swarm (circa 420 Ma, K/Ar: Park and Irving 1972).

GEOPHYSICAL DATA
Figure 15.2 illustrates some of the key features identified during the preliminary phases of geological
interpretation of the aeromagnetic survey of eastern Ontario. These features are described in the following
sections. Note that the highly urbanized areas around the cities of Ottawa and Cornwall were excluded
from the survey because of the concentration of man-made magnetic features and for safety reasons.

Magnetic Character of Major Rock Units
Marbles in both Frontenac terrane and Sharbot Lake domain are characterized by low magnetic
susceptibility, as are the more extensive areas of metasandstone (quartzite) present within Frontenac
terrane (see Figure 15.2). Most of the granulite-facies metasedimentary gneisses of Frontenac terrane
have moderate to high magnetic susceptibility. The metasedimentary gneisses can be distinguished from

Figure 15.1. Map of eastern Ontario showing the area covered by the aeromagnetic survey (Ontario Geological Survey 2014a)
and the hard-copy geophysical maps released in June 2014 (Ontario Geological Survey 2014b-u).
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other units with high magnetic susceptibility by their relatively narrow width and their curvilinear trends,
which locally give the appearance of being bent or folded (see Figure 15.2). Plutons of both the Frontenac
and Kensington–Skootamatta suite are characterized by moderate to high magnetic susceptibility,
regardless of bulk rock composition, and cannot be distinguished easily from one another on the basis of
magnetic data. These plutons can exhibit ovoid to semicircular shapes of generally uniform magnetic
character, such as the 3 closely spaced Kensington–Skootamatta suite plutons located north of Westport
(see Figure 15.2), or they can have more elongate shapes with alternating bands of magnetic highs and
lows, with the Christie Lake pluton (Frontenac suite) being a typical example (see Figure 15.2).
Mafic dikes appear as thin linear aeromagnetic highs, and are assigned to a particular dike swarm
based on their orientation. Dikes of the Frontenac (Kingston) dike swarm trend north to northwest, and
are found mainly in the western part of the survey area near Kingston. Dikes of the Grenville dike swarm
trend west-northwest, and are commonly subparallel to coincident with faults of the Ottawa–Bonnechere
graben. Dikes of the Rideau and Brockville dike swarms both trend northeast, subparallel to faults along
the St. Lawrence River and, consequently, in the absence of surface exposure, cannot be separated from
one another magnetically.

Figure 15.2. Map showing the first vertical derivative (1-VD) of the magnetic field for eastern Ontario, with key features
indicated. See text for details. Magnetic data from Ontario Geological Survey (2014a).
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First-Order Observations
The Paleozoic cover in the western two-thirds of the survey area, roughly all of the area from
approximately 75°18′W to the western limit of the survey (~76°30′30″W) is relatively thin, that is, less
than 400 m thick given the strength of the observed magnetic signal from the basement rocks (see
Figure 15.2). Generally only the lowermost part of the Paleozoic section in eastern Ontario is exposed in
the western two-thirds of the survey area, representing deposition during the Cambrian to the lowermost
Upper Ordovician.
In contrast, the Paleozoic cover in the eastern one-third of the survey area, east of approximately
75°18′W and north of east-trending Gloucester fault (see Figure 15.2), is considerably thicker, that is,
more than 800 m thick. This greater thickness has the effect of smoothing the magnetic signal from the
basement rocks, making the resulting anomalies more diffuse and/or less intense (see Figure 15.2). This
change in thickness is corroborated by a few diamond-drill holes that indicate depth to basement of
between 800 to 900 m in the area near the town of Russell (Williams, Rae and Wolf 1985a; Williams
1991). As well, the upper part of the Paleozoic section, consisting of the uppermost units of the Upper
Ordovician, is exposed north of the Gloucester fault (Williams, Rae and Wolf 1985a; Williams 1991).
The estimated maximum thickness of the complete Paleozoic section in eastern Ontario is less than
1260 m, based on data from Williams (1991). As a consequence of this increased thickness, interpretation
of the basement geology is less reliable in the eastern one-third of the survey area, although a possible
Monteregian (Mesozoic) intrusion (see Figure 15.2) and a basement horst (see Figure 15.2) occur near the
Quebec border north of Cornwall.
A north-northeast trending structure extending from Morrisburg to the Quebec border (see Figure
15.2) may represent a major change in the basement geology, perhaps marking the change from Frontenac
terrane granulite-facies rocks to the west, to middle to upper amphibolite-facies marbles and plutonic
rocks of the Adirondack Lowlands to the east.
The Maberly shear zone itself is not readily apparent in the magnetic data; however, a 10 to 20 km
zone in Frontenac terrane immediately south of the known trace of the Maberly shear zone is characterized
by strong linear magnetic trends (see Figure 15.2). This linear zone is interpreted as an area of high strain
present in the hanging wall of the Maberly shear zone.
Basement rocks are exposed in the Carp Ridge, which is an approximately 8 km wide horst developed
between the Hazeldean fault on the south and an unnamed fault to the north (see Figure 15.2). Existing
maps suggest that the boundary between the Frontenac terrane and the Sharbot Lake domain crops out
near the centre of the Carp Ridge (e.g., Ontario Geological Survey 1991); however, if present there, the
boundary is not well defined magnetically (see Figure 15.2). In fact, field observations made during the
2014 field season by one of the authors (RME) suggest that the boundary may lie up to 12 km farther east
than previously indicated (cf. Ontario Geological Survey 1991). Additional work will be needed to better
locate the northernmost trace of this major lithotectonic boundary in Ontario.
The magnetic character of the Precambrian basement on the north side of the Carp Ridge is totally
different than any other part of the survey area, and consists of a pattern of closely spaced, alternating,
linear magnetic highs and lows (see Figure 15.2). A similar pattern was observed in magnetic data from
both Ontario and Quebec in the Cobden area immediately to the west-northwest (Easton, this volume,
Article 13). Easton (this volume, Article 13) assigned the rocks exhibiting this magnetic pattern to a new
subdomain, the Rocher–Fendu subdomain, which consists of high-grade mafic to intermediate gneiss
present as thrust sheets sitting atop lower grade marbles.
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Surprisingly, few faults and lineaments identified in the basement (e.g., Williams, Rae and Wolf
1985a, 1985b; Williams, Wolf and Carson 1985a, 1985b) propagate into the overlying Paleozoic strata.
Furthermore, many mapped faults in the Paleozoic, for example those shown on the 1:1 000 000
scale geology map of southern Ontario (Ontario Geological Survey 1991), are not obviously present in the
basement magnetic pattern. This does not mean that these faults do not exist; it only indicates that they
apparently have limited or no effect on the Precambrian rocks. Also, west- to northwest-trending faults
near Ottawa strike at a high angle to ductile shear zones present in the basement suggesting that, in this
area, the development of the faults in the Paleozoic did not reactivate older structures in the basement.

Second-Order Observations
Several large dikes, possibly related to either the Grenville or Rideau dike swarm, are present
beneath the Paleozoic north of Gananoque (see Figure 15.2).

Implications for Mineral Exploration
The thinness of the Paleozoic cover over the western two-thirds of the survey area means that
mineral types exposed on surface should be present, and relatively accessible, throughout much of the
survey area. Conditions are especially favourable for finding contact-related mineralization given the
sharp magnetic contrast between the plutons and their host rocks.
Metallic mineral exploration over the eastern one-third of the survey area is impractical given the
much greater thickness of the Paleozoic cover. This area does, however, have potential for hydrocarbon
exploration.
The possible Monteregian (Mesozoic) intrusion near St. Anne de Prescott is potentially accessible, as
it occurs in the centre of a horst, and there are a few exposures of Precambrian rock on the north side of
the intrusion. In addition, a diamond-drill hole through the Paleozoic on the east flank of the intrusion
intersected the Precambrian basement at a depth of 9.1 m (Williams, Rae and Wolf 1985b).
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scale 1:50 000.
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——— 2014p. Airborne magnetic survey, shaded colour image of the first vertical derivative of the residual
magnetic field and Keating coefficients, eastern Ontario area; Ontario Geological Survey, Map 82 628,
scale 1:50 000.
——— 2014q. Airborne magnetic survey, shaded colour image of the first vertical derivative of the residual
magnetic field and Keating coefficients, eastern Ontario area; Ontario Geological Survey, Map 82 629,
scale 1:50 000.
——— 2014r. Airborne magnetic survey, shaded colour image of the first vertical derivative of the residual
magnetic field and Keating coefficients, eastern Ontario area; Ontario Geological Survey, Map 82 630,
scale 1:50 000.
——— 2014s. Airborne magnetic survey, shaded colour image of the first vertical derivative of the residual
magnetic field and Keating coefficients, eastern Ontario area; Ontario Geological Survey, Map 82 631,
scale 1:50 000.
——— 2014t. Airborne magnetic survey, shaded colour image of the first vertical derivative of the residual
magnetic field and Keating coefficients, eastern Ontario area; Ontario Geological Survey, Map 82 632,
scale 1:50 000.
——— 2014u. Airborne magnetic survey, shaded colour image of the first vertical derivative of the residual
magnetic field and Keating coefficients, eastern Ontario area; Ontario Geological Survey, Map 82 633,
scale 1:50 000.
Park, J.K. and Irving, E. 1972. Magnetism of dikes of the Frontenac Axis; Canadian Journal of Earth Sciences, v.9,
p.763-765.
Williams, D.A. 1991. Paleozoic geology of the Ottawa–St. Lawrence Lowland, southern Ontario; Ontario
Geological Survey, Open File Report 5770, 292p.
Williams, D.A., Rae, A.M. and Wolf, R.R. 1985a. Paleozoic geology of the Russell–Thurso area, southern Ontario;
Ontario Geological Survey, Preliminary Map P.2717, scale 1:50 000.
——— 1985b. Paleozoic geology of the Alexandria–Vaudreuil area, southern Ontario; Ontario Geological Survey,
Preliminary Map P.2719, scale 1:50 000.
Williams, D.A., Wolf, R.R. and Carson, D.M. 1985a. Paleozoic geology of the Cornwall–Huntingdon area, southern
Ontario; Ontario Geological Survey, Preliminary Map P.2720, scale 1:50 000.
——— 1985b. Paleozoic geology of the Winchester area, southern Ontario; Ontario Geological Survey, Preliminary
Map P.2721, scale 1:50 000.
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Belt, Grenville Province
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Earth Resources and Geoscience Mapping Section, Ontario Geological Survey

INTRODUCTION
Approximately 4 weeks of the 2014 field season were spent mapping bedrock in the Nepewassi
domain of the Central Gneiss Belt of the Grenville Province (Figure 16.1) in conjunction with field
supervision of a MSc thesis project by S.R. Van de Kerckhove (Van de Kerckhove, this volume). The
mapping described herein was focussed on the regional geological relationships and mineral potential of
an approximately 1350 km2 area located between Highway 69 and Lake Nipissing (see Figure 16.1),
which includes all 3 major lithotectonic subdivisions of the Nepewassi domain. In contrast, the thesis study
focussed on an approximately 250 km2 area centred on the West Arm of Lake Nipissing (see Figure 16.1)
and is located entirely within the Southern subdomain of Nepewassi domain (Van de Kerckhove, this
volume). All Universal Transverse Mercator (UTM) co-ordinates given in this article are provided in
Zone 17, North American Datum 1983 (NAD83).

GEOLOGICAL OVERVIEW
Nepewassi Domain
The Nepewassi domain (Easton 1992) was discriminated from its neighbours on the basis of
structural trends as well as rock types. The area underlain by the Nepewassi domain, shown in Figure
16.1, was mapped by Lumbers (1971, 1974, 1975) at 1:126 720 scale. The Nepewassi domain is underlain
by compositionally heterogeneous migmatitic gneisses which have a polycyclic history. Plutonic rocks in
the domain form 2 suites which are less deformed than their typically migmatitic host rocks (Lumbers
1975): an older, granite-monzogranite suite circa 1700 Ma that includes the migmatitic West Bay and the
Sturgeon Falls batholiths, and a younger, non-migmatitic suite, circa 1450 to 1420 Ma, that includes the
Cosby pluton. Near Alban, the Cosby pluton intruded a thick sequence of quartzite, known as the French
River quartzite (cf. Lumbers 1975). Leucogabbro to anorthosite of the St. Charles and Mercer intrusions
cut the West Bay batholith, and were emplaced at circa 1225 Ma (Prevec 1992, 1993, 2004) (Table 16.1).
Limited geochronological data are available from the Nepewassi domain, as summarized in
Table 16.1. Tonalite-trondhjemite gneisses exposed between Hagar and Warren yielded U/Pb zircon ages
of 2678 to 2683 Ma, with titanite indicating that regional metamorphism of these same gneisses occurred
between 996 and 975 Ma (Chen, Krogh and Lumbers 1989). Along the western boundary between the
Nepewassi domain and the Grenville Front tectonic zone, a layered gneiss unit, the French River
“paragneiss”, yielded a zircon population with an age of 1744±11 Ma (Krogh 1989). The homogeneous
nature of the zircon population (Krogh 1989) suggests that the French River “paragneiss” is not a typical
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.16-1 to 16-12.
© Queen’s Printer for Ontario, 2014
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clastic metasedimentary rock, but rather that it may have been derived from metamorphosed volcanic
and/or volcaniclastic rocks. Alternatively, it may be a highly strained orthogneiss, or both. In contrast,
the French River quartzite contained only Archean zircons, with monazite giving a metamorphic age of
1062±15 Ma (Krogh 1989).
The age of the major plutonic units in Nepewassi domain is poorly known. The age of the West Bay
batholith has not been determined, although the texturally similar, migmatitic, French River granite gave
a robust Rb/Sr age as well as a U/Pb zircon age of circa 1700 Ma (Krogh and Davis 1969, 1972). The
French River granite is located along the western boundary between the Nepewassi domain and the
Grenville Front tectonic zone and intruded the French River “paragneiss”. A U/Pb zircon age of circa
1420 Ma has been reported from the Cosby pluton (Lumbers 1975, p.98), but neither the details on the
age determination nor the location of the sample are available.

Subdivision of Nepewassi Domain
Culshaw, Van de Kerckhove and Jamieson (2013) recognized 2 subdomains within the Nepewassi
domain: a Northern subdomain dominated by grey gneisses representing a deformed and metamorphosed
Archean tonalite–trondhjemite–granite complex, and a Southern subdomain dominated by migmatitic
granitic (sensu lato) rocks of the West Bay batholith. Mapping during the 2014 field season has confirmed
this subdivision, but has also led to the suggestion that a third subdomain, the Cosby subdomain, is present

Figure 16.1. Geology of the northern Central Gneiss Belt of the Grenville Province and the Grenville Front region in Ontario.
Locations of mapping areas described in this article and in Van de Kerckhove (this volume) are indicated by dashed-line boxes.
Abbreviations: C, Cosby pluton; SF, Sturgeon Falls batholith; WB, West Bay batholith; and WC, Wanapitei complex. Figure
modified from Easton (1992, p.755).
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Table 16.1. Summary of geochronological data for Killarney area magmatic rocks, the Wanapitei complex and the Nepewassi domain.
Age (in Ma) Unit

Comment

Killarney Area Magmatic Rocks
1749+12/–8
Biotite granodiorite North of Chief Lake granite
1747±3
Granodiorite
Eden Lake complex
1744±29
Granodiorite
Eden Lake complex
1704±13

Granitic dike

1596±39

Granitic dike

1746+16/–6

Granodiorite

Cuts fabric and shear zone in
Huronian Supergroup rocks
near McFarlane Lake
Cuts fabrics in Eden Lake
complex
Cutler batholith

1742±1.4
1464±2
1467±18

Granite
Granite
Granite

Killarney granite
Chief Lake granite
Chief Lake granite

1429
1447
1464

Pegmatite dike
Pegmatite dike
Pegmatite dike

South of GF, Chief Lake area
South of GF, Chief Lake area
South of GF, Chief Lake area

Wanapitei Complex
1746+12/–6
Quartz monzonite
dike
1707±17
Quartz monzonite
dike
1746+6/–5,
Hornblende
996
metanorite
1735±3

Wanapitei complex,
cuts metagabbro
Wanapitei complex,
cuts metagabbro
Wanapitei complex,
lower intercept age of
metamorphism
Garnet metagabbro Wanapitei complex

1694±7,
1640±10

Garnetiferous
mafic dike

Method

Source

U/Pb TIMS zircon
U/Pb TIMS monazite
U/Pb LA-ICP–MS
zircon
U/Pb LA-ICP–MS
zircon

Davidson and van Bremen (1994)
Sullivan and Davidson (1993)
Raharimahefa, Lafrance and
Tinkham (2014)
Raharimahefa, Lafrance and
Tinkham (2014)

U/Pb LA-ICP–MS
zircon
U/Pb TIMS zircon

Raharimahefa, Lafrance and
Tinkham (2014)
Davidson, van Breemen and
Sullivan (1992)
van Breemen and Davidson (1988)
Davidson and van Bremen (1994)
Raharimahefa, Lafrance and
Tinkham (2014)
Krogh (1994)
Krogh (1994)
Krogh (1994)

U/Pb TIMS zircon
U/Pb TIMS zircon
U/Pb LA-ICP–MS
zircon
U/Pb TIMS zircon
U/Pb TIMS titanite
U/Pb TIMS monazite
U/Pb TIMS zircon
U/Pb LA-ICP–MS
zircon
U/Pb TIMS zircon

Davidson, p.39 in Easton,
Davidson and Murphy (1999)
Rousell et al. (2012)
Prevec (1995, 1992)

U/Pb LA-ICP–MS
zircon
U/Pb LA-ICP–MS
zircon

Rousell et al. (2012)

Nepewassi Domain
1744±11
French River
“paragneiss”

U/Pb TIMS zircon

Krogh (1989)

circa 1700,
1689±16

U/Pb TIMS zircon,
Rb/Sr whole rock

Krogh and Davis (1969, 1972)

U/Pb TIMS zircon

Lumbers (1975)

U/Pb TIMS monazite

Krogh (1989)

U/Pb TIMS zircon

Prevec (2004, 1992)

U/Pb SHRIMP zircon

Prevec (2004, 1993)

U/Pb TIMS zircon

Chen, Krogh and Lumbers (1995)

U/Pb TIMS zircon,
lower intercept

Chen, Krogh and Lumbers (1995)

1420
1062±15
1245±48
1244±100
2678 to
2683
975 to
996

Wanapitei complex,
cuts other units, 2 populations

GFTZ near western boundary of
Cosby subdomain, 2 sample
sites, single population
French River
GFTZ near western boundary of
“granite”
Cosby subdomain, migmatitic,
cuts French River “paragneiss”
Cosby pluton
Cosby subdomain,
no location given
French River
Cosby subdomain, quartzite
quartzite
only had Archean zircons
Mercer anorthosite Southern subdomain,
1222±2 Ma in Prevec (1992)
St. Charles
Southern subdomain,
anorthosite
1206±36 Ma in Prevec (1993)
Tonalite,
Northern subdomain,
granodiorite
range from 6 sample sites
Tonalite,
Northern subdomain,
granodiorite
age of metamorphism,
range from 6 sample sites

Rousell et al. (2012)

Abbreviations: GF, Grenville Front; GFTZ, Grenville Front tectonic zone; LA-ICP–MS, laser ablation inductively coupled
plasma mass spectrometry; SHRIMP, sensitive high-resolution ion microprobe; TIMS, thermal ionization mass spectrometry.

16-3

Earth Resources and Geoscience Mapping Section (16)

R.M. Easton

to the southwest of the Southern subdomain of Culshaw, Van de Kerckhove and Jamieson (2013). The
Cosby subdomain contains older gneiss of unknown affinity, extensive areas underlain by West Bay
batholith-type migmatitic orthogneiss (e.g., the Pine Cove pluton of Lumbers (1975)) and the French
River quartzite unit exposed east of Alban, all of which are intruded by the Cosby pluton emplaced circa
1420 Ma. A northwest-trending fault parallel to the Wolseley River (Lumbers 1975) approximates the
boundary between the Southern subdomain and the Cosby subdomain.
Some workers (e.g., Tyler 2013) have suggested that the Cosby subdomain is part of the Britt
domain, possibly because of the presence of the Cosby pluton, but they do not provide any details as to
why they modified the Nepewassi domain boundary from that originally defined by Easton (1992). Based
on mapping during the 2014 field season, the original southwest boundary of Nepewassi domain of Easton
(1992) shown in Figure 16.1 still seems reasonable. Geological features linking the Cosby subdomain to the
Nepewassi domain are 1) the presence of quartzite units and West Bay-type migmatitic granitoid
gneisses; and 2) the fact that all of the rocks of Nepewassi domain, including the Cosby subdomain,
contain Paleoproterozoic (>2200 Ma) and/or Archean neodymium-model ages (Dickin 1998).
Furthermore, plutons of circa 1420 Ma occur in several domains within the Central Gneiss Belt and are
not exclusive to Britt domain (cf. Carr et al. 2000).

Geological Observations
NORTHERN SUBDOMAIN
Two ages of granodiorite may be present within the Northern subdomain. The older phase is more
deformed and texturally heterogeneous, and consists of thin- to medium-layered tonalite to granodiorite
gneisses studied by Chen, Krogh and Lumbers (1995). The younger phase is texturally and compositionally
more homogeneous and contains fewer mafic layers or mafic inclusions. It forms elongate bodies as
shown by Lumbers (1974: Map 2271, unit 7).

SOUTHERN SUBDOMAIN
Much of the Southern subdomain is underlain by migmatitic monzonite to quartz monzonite gneiss
of the West Bay batholith (Photo 16.1A). Van de Kerckhove (this volume) suggests that the West Bay
batholith consists of at least 2 separate intrusions: an eastern body and a western body. As described by
Van de Kerckhove (this volume), the western body is less migmatitic and has a lower mafic mineral
content than the eastern body, and is more closely associated with mafic and dioritic host rocks and
crosscutting mafic and dioritic dikes. Geochemical and petrographic studies are underway to compare the
eastern and western bodies of the West Bay batholith.
Associated with the West Bay batholith are several granodiorite and diorite orthogneiss units, which
appear to be slightly older than the West Bay batholith, but younger than the typical layered gneissic
rocks that are host to the West Bay batholith. These orthogneisses are well exposed along Highway 535,
particularly between the West Arm and St. Charles. An example of a granodioritic and a dioritic
orthogneiss is shown in Photo 16.1B. In the photograph, an unusually textured, 10 m wide diorite dike
crosscuts the fabric present in a weakly migmatitic gneissic granodiorite. The diorite dike in Photo 16.1B
is metamorphosed, and contains garnet (not visible in photograph) now retrograded. One possible
interpretation of the texture present in the dike shown in Photo 16.1B is that it represents mingling of
2 compositionally different magmatic phases during the emplacement of the dike. Elsewhere along
Highway 535, possible magma-mingling textures were also observed in the western body of the West Bay
batholith (UTM 543723E 5129375N).
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Photo 16.1. A) Moderately strained West Bay batholith, eastern body. Note abundance of granitic leucosome typical of the unit.
Highway 64 south of the community of Lavigne; UTM 563450E 5129340N. Hammer handle is 50 cm long. B) Light grey
granodiorite gneiss (above hammer head) intruded by texturally heterogeneous diorite dike that shows textures suggestive of
magma mingling. Highway 535 north of the West Arm; UTM 543719E 5125170N. Hammer handle is 33 cm long.
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The affinity of diorite bodies shown by Lumbers (1974: Map 2271, unit 14) is varied. Some bodies
are leucogabbros that may be similar in age and affinity to the St. Charles intrusion (e.g., UTM 549982E
5128912N). Others are simply more homogeneous areas of the migmatitic diorite gneisses that are host to
the West Bay batholith (e.g., UTM 543861E 5114509N). Others may represent younger intrusions, such
as a 1400 by 800 m body south of the West Arm that is well exposed along Highway 535. The core of this
body partly preserves igneous textures even though it is migmatitic at its margins.
Intrusive units likely younger than West Bay batholith, apart from the St. Charles and Mercer
intrusions, were observed on Highway 64 east of Monetville. The first is a fine- to medium-grained, nonmigmatitic, gneissic magnetite monzogranite that is well exposed in several roadcuts; a typical example
can be observed at UTM 552415E 5112394N. The second is a single exposure of an intrusion breccia,
consisting of an older, igneous-textured, but metamorphosed, gabbro that is cut by a fine-grained
monzogranite (Photo 16.2A). It is not known if the granite forming the intrusion breccia is the same as the
magnetite monzogranite exposed only 900 m to the east, nor if the gabbro is older than, or is related to,
the St. Charles or Mercer intrusions. Geochemical analyses in progress should aid in determining the
affinity of both rock types constituting the intrusion breccia.
Metamorphosed mafic dikes, typically garnet bearing, that cut the host gneisses in the Northern and
Southern subdomains as well as the West Bay batholith, can be divided into 2 types on the basis of in situ
gamma-ray spectrometer measurements (Table 16.2). The more common type (see Table 16.2, type 1) has
a moderate potassium, and negligible uranium and thorium, content. The other type (see Table 16.2, type 2)
is possibly alkalic, with much higher potassium, uranium and thorium contents. Geochemical analyses of
both types are in progress.
Host rocks to the West Bay batholith and other orthogneiss units in the Southern domain consist of
2 main types. 1) Thin- to medium-layered, migmatitic, dioritic, granodioritic and mafic gneiss, locally
containing layers of rusty paragneiss, the latter possibly derived from metawacke. These gneisses could
be Archean. 2) A variety of migmatitic rocks, many of dioritic to granodioritic composition, which
locally contain horizons of thin- to medium-layered quartzite and/or associated garnet-bearing
metasedimentary gneisses. Relationships between the obvious metasedimentary rocks and the migmatitic
gneisses are unclear, even in large outcrop exposures. It is not known if the quartzite horizons in the
Southern subdomain are related to, or are distinct from, the French River quartzite present in the Cosby
subdomain. Detrital zircon work being conducted as part of Van de Kerckhove’s thesis study may help to
address this question. The age and protolith of the migmatitic dioritic to granodioritic gneisses is unknown.

COSBY SUBDOMAIN
The Pine Cove pluton is migmatitic and texturally similar to the West Bay batholith, but overall is
richer in mafic minerals (15–25 volume %) than the West Bay batholith. The Cosby pluton consists of
monzonite to quartz monzonite. It is heterogeneously deformed, with some parts of the body being
massive and displaying relict igneous textures, whereas other portions are more deformed, locally to the
point of being an augen-gneiss. Variation from massive to augen-texture can occur within an individual
outcrop on the scale of less than a metre. There is no systematic variation in deformation from margin to
core of the Cosby pluton. South and east of Noelville, the Cosby pluton was observed in discordant
contact with West Bay-like migmatitic monzonite gneiss. This relationship indicates that the migmatitic
fabric in the migmatitic monzonite gneisses in the Cosby subdomain occurred prior to emplacement of the
Cosby pluton at circa 1420 Ma, as noted by Lumbers (1975).
Host rocks to both the Pine Cove and Cosby plutons consist of thin- to medium-layered, migmatitic,
dioritic, granodioritic and mafic gneiss. The age of these host rocks is not known, but they do not look
like any of the known or suspected Archean gneisses present in the Northern and Southern subdomains.
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Photo 16.2. A) Intrusion breccia on Highway 64 east of Monetville. Older coarse-grained metagabbro is cut by younger,
fine- to medium-grained gneissic granite. Similar intrusion breccias have been reported from the Wanapitei complex in the
Grenville Front tectonic zone near Sudbury. UTM 551350E 5112389N. Scale card near centre of photograph is 9 cm long.
B) Dark, fine-grained unmetamorphosed intermediate alkalic dike (upper) in sharp contact with older Archean gneiss (lower).
The dike exhibits a fine-grained chill margin at the contact. Highway 64 south of Verner; UTM 567706E 5137437N. Exposed
part of the knife is 6 cm long.
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Table 16.2. Gamma-ray spectrometer data from map units in the Nepewassi domain. All data were collected by the author.
Unit

K2O
(wt %)
5.2
4.9
6.5
5.2
5.8
4.3

U
(ppm)
2.2
1.7
4.5
2.4
4.4
2.2

Th
(ppm)
4.5
2.2
8.6
8.9
9.6
5.3

Number of
Readings
116
32
7
1
1
12

Mafic dike type 1

1.3

0

0.4

15

Mafic dike type 2

3.0

2.6

4.0

3

Alkalic dike

2.3

4.8

5.7

1

Alkalic dike

4.7

5.2

12.9

1

West Bay batholith
Cosby pluton
Sturgeon Falls batholith
French River granite
Pine Cove pluton
Magnetite granite

Comment
Median
Median
Median

Median, younger than West Bay batholith
Median, dikes in Northern and Southern
subdomains and West Bay batholith
Median, dikes in Southern subdomain and
West Bay batholith
Neoproterozoic dike, Highway 64,
Northern subdomain (see Photo 16.2B)
Neoproterozoic dike, Highway 64,
Southern subdomain

Abbreviations: ppm = parts per million, wt % = weight percent.
Notes: multiply U by 1.1793 for U3O8.
All K, U and Th data were recorded using an Exploranium™ GR-135G MiniSpec gamma-ray spectrometer, serial number 4885,
calibrated on February 22, 2006, using an NaI crystal and software version 501GEO. The instrument was stabilized daily, and
data were recorded using the assay mode with a dead-time adjusted 5-minute count time. Quoted accuracy is 0.1% K, 0.4 ppm U,
and 0.7 ppm Th for a sample with 2% K, 2 ppm U and 8 ppm Th.

DISCUSSION
Northwest-Trending Structures
Three, possibly 4, major northwest-trending structures are present within the study area, 2 of which
serve as subdomain boundaries. From south to north, these are 1) a fault parallel to the Wolseley River
that approximates the Cosby–Southern subdomains boundary. This boundary also approximates a change
in the first vertical derivative of the gravity field (higher in the Southern subdomain, lower in the Cosby
subdomain). 2) A lineament located in the Southern subdomain that follows the Amateewakea River
through Deer Bay. This lineament is characterized by a linear aeromagnetic high on its north side, and it
may represent a high-strain zone based on features observed in outcrops exposed on Highway 535 where
it crosses this lineament. Geological trends shown by Lumbers (1974) also appear to be affected by this
lineament. 3) A deformation zone along Macpherson Creek through the Northwest Bay of Lake Nipissing.
This is the St. Charles–Lavigne shear zone of Culshaw, Van de Kerckhove and Jamieson (2013) and is
the boundary between the Northern and Southern subdomains of Nepewassi domain. 4) A lineament with
a moderate magnetic high on its north side is present parallel to Highway 17 between Hagar and Verner.
West Bay batholith-type granitic rocks appear to be absent north of this lineament. An abundance of drift
cover along the Highway 17 corridor makes it difficult to assess the character of this lineament.
A key question is whether or not these northwest-trending structures had a significant preGrenvillian history. Resolving this question is important in determining mineral potential within
Nepewassi domain, as pre-Grenvillian structural inheritance would enhance the potential for the presence
of Southern and Superior provinces-style mineralization within the Nepewassi domain. For example, was
some of the subdomain structure of the Nepewassi domain already established by circa 1235 Ma and only
enhanced during the Grenville orogeny, or is the subdomain structure entirely a result of Grenvillian
deformation?
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In this regard, it might be significant that northwest-trending structures are common in the Southern
and Superior provinces west of Sudbury, and commonly served as the locus for emplacement of Sudbury
swarm olivine gabbro dikes at circa 1235 Ma (Krogh et al. 1987). Thus, it may be no coincidence that the
St. Charles intrusion of similar age also has a northwest orientation. Although Sudbury swarm dikes have
been identified throughout the Grenville Front tectonic zone west and north of Nepewassi domain, Sudbury
swarm dikes have yet to be confirmed with the Nepewassi domain itself. This could simply be the result
of the effects of higher metamorphic grade within the Nepewassi domain making field identification of
Sudbury swarm dikes more difficult. Alternatively, it could reflect an original paucity of dikes in this
area, much as Sudbury swarm dikes are rare in the vicinity of Elliot Lake, even though they are abundant
to the west and east of Elliot Lake. The results of geochemical analyses on mafic dikes that are younger
than either the West Bay batholith or the Cosby pluton should determine whether or not Sudbury swarm
dikes are present in the study area.

West-Trending Structures
Despite the proximity to the west shore of Lake Nipissing, which is located in a graben that it is part of
the Ottawa–Bonnechere graben system, very few west-trending post-Grenville structures were noted during
mapping. Some small (<1 m wide) unmetamorphosed intermediate dikes were observed on Highway 64
(Photo 16.2B): these correspond to the monchiquite dikes (olivine + clinopyroxene + biotite ± analcime
± feldspathoid mineral) of Lumbers (1975), and have an alkalic composition (see Table 16.2). The age of
these dikes is unknown, but they may be the same age as alkalic complexes of circa 590 Ma that are present
as islands in Lake Nipissing (cf. Lumbers 1971). Few Grenville swarm diabase dikes (circa 590 Ma: Kamo,
Krogh and Kumarapeli 1995) were identified within the study area.

Are Killarney Magmatic Belt Rocks Present in the Nepewassi Domain?
It is possible that many of the granodioritic and dioritic orthogneisses present in the Nepewassi
domain, as well as the West Bay batholith, and the Sturgeon Falls and Pine Cove plutons, may be similar
in age and origin to the plutonic and volcanic rocks present in the Killarney Magmatic Belt (circa 1740 Ma),
which is located due west of the Nepewassi domain (see Figure 16.1). The reasons for making this
suggestion are outlined below.
The Killarney Magmatic Belt includes rocks of granodiorite, diorite and granite composition
(cf. van Breemen and Davidson 1988), emplaced between 1749 and 1742 Ma (see Table 16.1).
Granodiorite and diorite intrusions are slightly older than the granitic intrusions (see Table 16.1). West of
the Grenville Front, volcanic rocks are present with the intrusive rocks, and are interpreted as coeval with
caldera development during Killarney magmatism (van Breemen and Davidson 1988). The Chief Lake
granite (circa 1465 Ma), as well as granite pegmatite dikes of similar age, cut the older intrusive rocks of
the Killarney Magmatic Belt (see Table 16.1).
In the French River area near the town of Alban, geochronology suggests that both the French River
“paragneiss” and the French River granite are coeval with Killarney magmatism (see Table 16.1). Although
the age of the granodiorite and diorite orthogneiss units and the West Bay batholith have yet to be
determined, relative age relationships described herein indicate that they are at least older than the Cosby
pluton of circa 1420 Ma.
The granodiorite and diorite orthogneiss units present in the Southern subdomain are
compositionally similar to the intrusive rocks of the Killarney Magmatic Belt, and show similar relative
age relationships, with the intermediate rocks being slightly older than the more felsic rocks. Geochemical
analyses in progress should be able to test whether or not these rocks are potentially correlative with those
present in the Killarney area.
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The Wanapitei complex, located in the Grenville Front tectonic zone, contains gabbroic and noritic
rocks cut by younger monzonite dikes, locally forming intrusion breccias, and is the same age as the
intrusive rocks of the Killarney Magmatic Belt (see Table 16.1), which occur on strike to the southwest
(see Figure 16.1). Both the gabbroic and monzonitic rocks are cut by mafic dikes, now metamorphosed
and bearing garnet (Prevec 1995; Rousell et al. 2012). Magma-mingling textures are common in parts of
the Wanapitei complex (Easton, Davidson and Murphy 1999).
The presence of magma-mingling textures in both the granodiorite and diorite orthogneiss units and
in the western body of the West Bay batholith may indicate that both units may have had a similar
magmatic history to that present within the Wanapitei complex, and possibly similar age relationships
(see Table 16.1).
Geophysically, the Southern subdomain has a similar Bouguer gravity expression as the Killarney
Magmatic Belt. Isotopically, rocks of the Killarney Magmatic Belt and the Southern subdomain,
including the West Bay batholith, have similar neodymium-model ages (>2200 Ma: Dickin 1998).
Although speculative, the suggestion that the Nepewassi domain contains large areas of intrusions
potentially similar in age to the Killarney Magmatic Belt is ultimately testable using geochemistry and
geochronology. Even if demonstrated to be valid, it is likely that there are differences between the rocks
exposed in the Killarney Magmatic Belt and those in the Nepewassi domain. The rocks in the Nepewassi
domain likely represent a cross-section through a deeper crustal level than that present near Killarney, and
likely includes more basement rocks than are exposed in the Killarney area.

MINERAL POTENTIAL
Building Stone
Several potential building stone prospects have been identified in rocks of the Cosby pluton as well
as the eastern body of the West Bay batholith (Lacey 1989). An abandoned aggregate quarry on the
northern edge of Mashkinonje Provincial Park (UTM 553735E 5123625N) is hosted in rocks of the
West Bay batholith. This quarry is not listed in the Ontario Mineral Deposit Inventory (Ontario
Geological Survey 2014). A test quarry is present in the St. Charles anorthosite on the east side of
Casimir Road south of the St. Charles area (MDI4108SW00005, UTM 545295E 51333593N). The
anorthosite is locally very coarse grained at this locality, but varies from medium-grey to white depending
on the degree of metamorphic recrystallization. The colour and textural heterogeneity present at this
locality may have been one reason why this locality was never developed further.

Metallic Mineralization
Plutonic rocks of the Killarney Magmatic Belt have been investigated from iron oxide-copper-gold
mineralization (IOCG). If Killarney magmatism occurred within the Nepewassi domain, then it is
possible that IOCG-type mineralization could be present in the Nepewassi domain, although most likely it
would be in the deeper crustal levels of the mineralization system.
Mafic rocks of the Wanapitei complex have been investigated for nickel-copper-platinum group
element (PGE) mineralization by the mineral exploration industry. If Killarney magmatism is present in
Nepewassi domain, then the potential exists for similar mineralization within the Nepewassi domain.
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Radioactive Mineralization
The Nepewassi domain is covered by low-resolution airborne gamma-ray spectrometric data
(Geological Survey of Canada 1978a, 1978b); however, no significant anomalies for uranium are present
within the study area. Areas of elevated potassium and/or thorium are coincident with areas of extensive
farmlands and, thus, may be anthropogenic in origin. This interpretation is supported by the generally low
values for uranium and thorium in the area as determined by over 380 in-situ gamma-ray spectrometer
measurements collected by the author from all the major rock units in the study area. Both the West Bay
batholith and the Cosby pluton have similar potassium, uranium and thorium contents (see Table 16.2),
consistent with their similar bulk-rock compositions (monzonite to quartz monzonite) and the absence of
any noticeable expression on the airborne gamma-ray survey of the area.
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INTRODUCTION
This report presents the preliminary results of a 3 month geological mapping project of the West
Arm area in the Nepewassi domain within the Central Gneiss Belt of the Grenville Province (Orogen).
The mapping is part of an MSc thesis project by S.R. Van de Kerckhove supported by the Ontario
Geological Survey (OGS) as part of a collaborative bedrock mapping project with Dalhousie University.

Project Objectives
The main focus of this thesis study is to investigate the role of inheritance in orogens as they
propagate into the foreland, particularly large, hot, long-duration orogens, such as the Grenville Orogen.
This study will also supplement the ongoing research of the tectonic history of the Grenville Orogen in
Ontario by supervisors Dr. Rebecca Jamieson and Dr. Nicholas Culshaw, as well as by the Ontario
Geological Survey. The Nepewassi domain of the Grenville Orogen is an ideal location to study
inheritance in orogens because it is an exposed portion of the mid-crustal levels of a large continent–
continent collisional orogen. The Nepewassi domain is distinct from surrounding domains in terms of
geology, isotopic signature and deformational history (Easton 1992; Dickin 1998a) and contains Archean
U/Pb ages (Chen, Krogh and Lumbers 1995); thus, it must have remnant pre-Grenvillian features.
To achieve these objectives, the following tasks must be achieved: a) create a bedrock map from the
data gathered during the 2014 field season that will provide information about any pre-Grenvillian
features preserved in the Nepewassi domain, as well as comparing the geometry and age of structural and
metamorphic features from Nepewassi domain with similar features of known age outside of the
Nepewassi domain; b) determine the tectonic setting of Nepewassi domain rocks prior to the Grenville
Orogeny; and c) determine the timing of high-grade metamorphism within Nepewassi domain in order to
indicate which pre-Grenvillian orogenic events, if any, have affected the Nepewassi domain.

Project Location
The project location was originally defined as an approximately 1400 km2 area west of Lake
Nipissing, bounded to the north by Highway 17, to the south by the French River, and extending about
2 km west of Highway 535 (Figure 17.1) (Culshaw, Van de Kerckhove and Jamieson 2013).
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.17-1 to 17-7.
© Queen’s Printer for Ontario, 2014
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Figure 17.1. 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 U/Pb geochronology locations, with ages in Ma. Ages in the Northern subdomain are
from Chen, Lumbers and Krogh (1995); ages in the Southern subdomain are from Prevec (1993).
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Following initial reconnaissance during the 2014 field season, the focus of the mapping school
project was limited to an approximately 250 km2 area bounded to the north by Lavigne, to the east by
Highway 64, to the south by Monetville on Highway 64 and to the west by Highway 535 (see Figure 17.1).
This area of detailed study will be referred to below as the study area. This area was chosen because of
the known presence of metasedimentary rocks, the presence of map-scale polyphase folding, and the fact
that much of the area is Crown land. In addition, much of the area can be accessed by water via the West
Arm of Lake Nipissing and through Warren Bay and Shanty Bay (see Figure 17.1).
Mapping in 2014 builds upon data gathered during reconnaissance mapping in the area from 2013
(Culshaw, Van de Kerckhove and Jamieson 2013). The Nepewassi domain has been largely unstudied
since 1:126 720 scale mapping in the 1970s (Lumbers 1974, 1975), apart from specialized studies by
Dickin (1998a, 1998b) and Prevec (1992, 2004). More recently, an undergraduate study in the Nepewassi
domain by Tyler (2013) of Dalhousie University documented fold interference patterns, with the first
phase of folding displaying gently inclined, north-northeast–trending fold axis. The second phase of
folding displays an east-southeast, shallowly plunging trend. Reconnaissance mapping in 2013 divided
Nepewassi domain into 2 distinct subdomains (Northern and Southern), separated by a deformation zone
characterized by near-vertical, northwest-trending straight gneiss passing through St. Charles, Lavigne
and continuing into Lake Nipissing (see Figure 17.1) (Culshaw, Van de Kerckhove and Jamieson 2013).
This deformation zone is referred to as the St. Charles–Lavigne straight zone (SCLSZ).

GEOLOGICAL SETTING
In the Northern subdomain, a grey gneiss complex (unit 6a, Lumbers 1974) consists of centimetre- to
metre-scale layering of leucocratic grey biotite-hornblende tonalite, a darker hornblende-biotite tonalite
and subordinate pink leucogranite, along with less common centimetre- to decimetre-scale amphibolite
bands, and pegmatitic veins and layers (Culshaw, Van de Kerckhove and Jamieson 2013). Geochronology
shows this grey gneiss complex to be an Archean tonalite-trondhjemite-granodiorite (TTG) suite (Chen,
Krogh and Lumbers 1995). Lumbers (1974) described a paragneiss country rock to the Archean TTG
suite; however, this paragneiss unit was not observed during this study. The TTG suite in the Northern
subdomain is intruded by quartz monzonite of the Sturgeon Falls batholith. Folds in the Northern
subdomain are commonly upright, plunge shallowly east-southeast and are open (Culshaw, Van de
Kerckhove and Jamieson 2013). Also present are decimetre- to metre-scale recumbent folds that occur
north of the St. Charles–Lavigne straight zone.
A significant part of the Southern subdomain, particularly near Lake Nipissing, consists of the
West Bay batholith. This batholith intruded a heterogeneous gneiss complex that differs significantly in
composition, scale of layering and structural state from that in the Northern subdomain, even though
Lumbers (1974) places them in the same map unit (unit 6a, Lumbers 1974). The gneiss complex in the
Southern subdomain is composed of compositionally and texturally distinct gneiss units that vary on a
scale of tens of metres (Culshaw, Van de Kerckhove and Jamieson 2013). As mentioned previously, fold
interference patterns have been documented in the Southern subdomain, but not in the Northern
subdomain.
The St. Charles–Lavigne straight zone (SCLSZ) includes rock units from both aforementioned
subdomains. It is characterized by a steep north-northeast dip, which is parallel to the dip of the
overturned axial planes in the second phase folds, suggesting a relationship between the two.
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PRELIMINARY RESULTS
Rock Types
The mapped West Bay batholith appears in at least 2, and possibly 3, different forms within the study
area (unit 12d of Lumbers 1974). These forms may represent different phases of the same intrusion, or
different intrusions altogether; however, they will be referred to as phases of the West Bay batholith for
the remainder of this article. One phase occurs in the west half of the study area, the other in the east half,
and there may be a third phase in the northwest corner. Exposure is poor in the latter area, hence the
uncertainty as to whether or not a third phase is indeed present. The eastern phase of the West Bay
batholith is almost always migmatitic, but, in the few localities where it is not migmatitic, it displays
remnants of a coarse-grained igneous texture, with about 20 volume % mafic minerals and low quartz
content, typically between 5 and 10 volume %. In contrast, the phase of the West Bay batholith present in
the west half of the study area is rarely migmatitic, has a lower mafic content overall, and has an
apparently higher quartz content. Furthermore, the western phase is commonly spatially associated with
metamorphosed mafic rocks that are typically leucosome rich and which range in composition from
gabbroic to biotite-rich diorite. The mafic rocks within the western phase of the West Bay batholith occur
as bodies or inclusions, usually elongate, which range from 20 cm to 10 m in length. Most commonly, the
mafic bodies are concordant to foliation and are leucosome rich; however, some bodies are discordant to
foliation and void of leucosomes. The discordant bodies are interpreted as metadiabase intrusions. Larger,
map-scale gabbroic and dioritic intrusions (unit 14a, Lumbers 1974) also occur in the north and west part
of the study area, and it is possible that the smaller bodies described above could be related to these larger
mafic intrusions. Most of these larger mafic intrusions and/or bodies (unit 14a, Lumbers 1974) are
broadly dioritic in composition, with between 35 to 50 volume % biotite and/or amphibole. One body
located north of Musky Bay has a much higher plagioclase content, and may be more closely related to
leucogabbroic units exposed immediately to the north of the study area, such as the St. Charles
anorthosite intrusion (Lumbers 1974).
The eastern phase of the West Bay batholith is not commonly associated with mafic intrusions and/or
bodies, apart from for a few near-vertical, leucosome-poor, fine-grained, garnet amphibolite dikes that
crosscut gneissosity in the country rock host at a low angle. The garnet aggregates in the amphibolite
dikes in the Southern subdomain are notably elongated along the foliation; however, this texture is not
present in compositionally similar dikes in the Northern subdomain. The gneiss complex within the
Southern subdomain (unit 6a, Lumbers 1974) described previously will likely be subdivided into several
smaller units. Most prominent is a light-grey gneiss with a low mafic mineral content and no indication of
relict igneous textures. This unit always contains mafic layers, slivers or lenses that are highly elongated
but concordant to foliation; and which range from a few centimetres to a few metres in length. The origin
of these bodies is unknown. Other potential map units that occur within the currently mapped gneiss
complex (unit 6a, Lumbers 1974) include a pelitic to semi-pelitic unit, a metasandstone (quartzite) unit,
and 2 distinct garnet-biotite-plagioclase units, one without, and one with, relict igneous textures. These
metasupracrustal units are spatially associated with one another, and form a belt approximately coincident
with Shanty Bay that can be traced north toward the West Arm. There is also a less common pink,
migmatitic, quartz monzonite unit that occurs in thin (<1 m) layers, which may or may not be related to
the West Bay batholith. Smaller, mafic to ultramafic plutonic units, different from those previously
mentioned, were also observed within the study area.

Structure
The dominant structure seen in the map area is a shallowly east-dipping gneissosity that is flattened,
straight layered, and has relatively uniform layer thickness. Many of the gneisses contain evidence of high
strain. High strain is indicated by the presence of semiconcordant pegmatite veins with pinch-and-swell
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structure, very elongate mafic slivers or lenses, penetrative L-S fabrics, and intrafolial minor isoclinal
folds. This high strain may have formed from westward-directed thrusting, which would explain the
differences observed in the West Bay batholith between the eastern and western parts of the study area.
Alternatively, the study area could lie within a large kilometre-scale asymmetric, west-verging fold,
similar to the first phase of folding as described in the southern subdomain by Tyler (2013). In this case,
the high strain zone would represent the shallowly dipping lower limb of this large-scale fold. Within and
coplanar with the high strain gneisses, there are also a series of shallow, east-dipping mylonite zones. The
mylonites must have formed later than most of the other deformational events present in the area because,
to be preserved, the mylonites must have formed at a higher crustal level, or else they would have
recrystallized to a coarser grain-size during regional metamorphism. This indicates that there was a period
of uplift and/or erosion after the formation of the high strain zone in the area, but before the formation of
the mylonites.

FUTURE WORK
Structural, lithological and metamorphic data collected during the 2013 and 2014 field seasons,
supplemented with interpretation of geophysical data and air photo imagery, will be used to create a
1:20 000 scale geologic map of the study area. Thin sections will be examined under a petrographic
microscope, as the mineral assemblages and microstructural features present will provide insight on the
lithology, metamorphic grade and tectonic history of the rocks. In addition, geochemical data from a
variety of rock units within the study area, and the broader map area (see Easton, Article 16, this volume)
will be used to distinguish and/or define geological units and to provide information on petrogenesis. In
particular, there will be an emphasis of the various phases of the West Bay batholith (unit 12d, Lumbers
1974) to determine if the differences noted in the field are primary or related to subsequent metamorphic
events. Similarly, geochemical data from various diorite bodies (unit 14, Lumbers 1974) may aid in
subdividing these rocks.
Provenance of the metasedimentary rocks will be determined in order to provide insight into their
depositional setting. This will be done by examining the detrital zircon population in a bulk sample of
quartzite using laser ablation inductively coupled plasma mass spectroscopy. If sufficiently large zircons
are present, any metamorphic rims present will be analyzed using the same method to determine the age
of the metamorphic event(s) that affected the quartzite.
The goal is to compare the detrital zircon population of the sampled Nepewassi quartzite unit with
the French River quartzite in the Cosby domain (Krogh 1989), as well as rock units outside of the
Nepewassi domain, in both adjacent Grenvillian domains and the foreland. If the provenance of the
Nepewassi quartzite is similar to other known metasedimentary units, then it can be inferred that the
Nepewassi quartzite came from the same source. If the depositional setting of the correlative unit is
known, and is in proximity to the Nepewassi quartzite, then it can be assumed that they were deposited in
the same, or a similar basin. This is a crucial step in determining the tectonic setting of the supracrustal
rocks in the Nepewassi domain prior to the Grenville Orogeny.
In addition, metamorphic monazite grains will be analyzed to determine their age using the electron
probe microanalysis method (Cherniak et al. 2004). This method uses a scanning electron microprobe
with wavelength-dispersive spectroscopy. Samples for study will be chosen based on the presence and
size of monazite grains, particularly those present in metamorphic leucosomes, as they will aid in
constraining the timing of metamorphism. Ideally, both the cores and rims of any zoned monazite grains
can be analyzed separately, thereby distinguishing multiple phases of metamorphism. If any zoned
monazite grains prove to be detrital, then the rims of the zoned grains will still provide a metamorphic
age, even though the age from the core may exhibit inheritance.
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Determining the age of metamorphism of various units in Nepewassi domain will directly achieve
the objective of identifying which pre-Grenvillian events affected the Nepewassi domain. Potential
orogenic events that may have affected the Nepewassi domain include the Penokean Orogeny (1.89–1.83 Ga),
the Yavapai Orogeny (1.75–1.70 Ga), the Killarnean magmatic event (1.74 and 1.45 Ga), the Mazatzal
and/or Labradorian Orogeny (1.65–1.60 Ga), and the Pinwarian Orogeny (1.52–1.45 Ga) (cf. Hynes and
Rivers 2010; Craddock et al. 2013). Given that the error for ages determined by the electron probe
microanalysis method is typically between 5 and 70 Ma (Pyle et al. 2005), this method is sufficiently
precise to differentiate between the various orogenic events listed above.
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18. Summary of Geophysical
Projects and Activities
D.R.B. Rainsford1 and S. Biswas1
1

Earth Resources and Geoscience Mapping Section, Ontario Geological Survey

INTRODUCTION
The number of geophysical projects, both in terms of new data acquired, data purchased,
publications and support provided to the various Ontario Geological Survey (OGS) program areas
significantly increased during 2013 and 2014. The geophysical capacity of the OGS was augmented by
the welcome addition of Saurav Biswas.

SUPPORT FOR THE BEDROCK GEOLOGY MAPPING PROGRAM
Regional-scale geophysical data were compiled, prior to the start of the field season, to create GIScompatible images in support of OGS bedrock mapping projects. The images, comprising aeromagnetic,
electromagnetic, gamma-ray spectrometer and gravity data (as applicable) were drawn from OGS
geophysical data sets and data obtained from the Geological Survey of Canada (GSC). In addition, the
results from the timely completion of the Eastern Ontario and Renfrew airborne geophysical surveys (see
“Acquisition of New Airborne Geophysical Data”) were applied to the Black Donald, Cobden and
Precambrian Basement Compilation projects.
The compiled geophysical products and existing geological maps were reviewed with the project
geologists in order to get a better understanding of the geology and to identify areas that require particular
attention in the field. The geophysical data were further discussed after the field season and prior to the
acceptance of the newly created geological maps for publication; a final review was made to ensure
consistency between the geophysical information and geologically inferred features.
Geophysical support was provided for the following projects:
•
•
•
•
•
•
•
•
•
•

Attwood Lake bedrock geology mapping project
Black Donald Lake area bedrock geology mapping project
Cobden Township bedrock geology mapping project
Lang–McVicar Lakes bedrock geology mapping project
McFaulds Lake region bedrock geology mapping and compilation
Minnitaki (Northeast Bay) area bedrock geology mapping project
Northeast Wawa greenstone belt bedrock geology mapping project
Precambrian Basement Compilation of the Grenville Province in Eastern Ontario
Shebandowan area (Conmee and Sackville townships) bedrock geology mapping project
Southern Swayze area bedrock geology mapping project

Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.18-1 to 18-7.
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SUPPORT FOR THE GROUNDWATER PROGRAM
A ground gravity survey consisting of 6828 stations was carried out in the Niagara peninsula area to
help detect buried bedrock valleys that might host significant groundwater resources. The work, which
was conducted along 61 road traverses, was performed by Abitibi Geophysics. The survey results were
published in June 2014 (Ontario Geological Survey 2014a). After separation of the residual gravity signal
by removal of the regional gradient, the axes (thalwegs) of buried valleys were interpreted from the
centres of Bouguer gravity “lows” evident in the profile data. In some cases the thalwegs were easily
identified by pronounced minima in the gravity data (e.g., the St. David’s Gorge buried valley). In other
areas such as the broad, buried Erigan channel, the gravity signature is less well developed. In addition,
strongly developed gravity anomalies were observed to coincide with magnetic features. Where this
association was observed, it is likely that the gravity is expressing density changes within the
Precambrian basement rocks.
Seismic reflection data were acquired along 3 road traverses in the south Simcoe County area under
a collaborative agreement with the Geological Survey of Canada (GSC), part of the Earth Sciences Sector
(ESS) of Natural Resources Canada (NRCan). This collaborative work supports a three-dimensional
(3-D) mapping project of Quaternary deposits in the southern part of the County of Simcoe initiated by
the ERGMS in 2010. The work, performed using the GSCs “landstreamer” system, was carried out in
order to obtain detailed information on the surficial sediment stratigraphy and bedrock interface. The
seismic data complements the continuously cored boreholes that were recently completed by the ERGMS
in the region. Further details are presented in Bajc et al. (this volume, Article 33).

ACQUISITION OF NEW REGIONAL AIRBORNE GEOPHYSICAL DATA
Two adjacent surveys in the Renfrew and Ottawa areas (Figure 18.1) were flown between September
and December 2013. The Renfrew survey, which was flown at 200 m line spacing for a total of
33 975 line-kilometres, acquired horizontal magnetic gradiometer and gamma-ray spectrometer data. The
Eastern Ontario survey, located in the Ottawa region, was flown at 400 m line spacing and acquired a
total of 34 724 line-kilometres of horizontal magnetic gradiometer data. Both surveys were flown by
Goldak Airborne Surveys. The objective of the Renfrew area survey was to provide high-resolution
geophysical data in support of the Grenville Province bedrock mapping programs in the area. The Eastern
Ontario survey was flown to
•

assist in a better understanding of the structural controls in the bedrock geology on the location
of groundwater reserves in Eastern Ontario and how the groundwater is controlled by bedrock
structure;

•

provide data that will be used by the City of Ottawa, conservation authorities across Eastern
Ontario, consultants, other government ministries, universities and other stakeholder groups
who are working in the region to better understand regional groundwater aquifers;

•

help better understand the basement rocks of the Grenville Province in the area by helping to
extrapolate the geology from the exposed western part of the survey through to the eastern part
where the basement is buried below Paleozoic sedimentary rocks. The results of the Renfrew and
Eastern Ontario surveys were published in June 2014 (Ontario Geological Survey 2014b, 2014c).

A helicopter-borne combined aeromagnetic and electromagnetic survey was flown in the Nestor
Falls area in northwestern Ontario (see Figure 18.1). The objective of the survey was to provide state of
the art geophysical data in an economically prospective greenstone belt. The results of the survey will
also be used to assist future OGS bedrock mapping projects in the area. The survey was performed by
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Geotech Ltd. using Geotech’s Versatile Time Domain Electromagnetic (VTEM) system. A total of
10 271 line-kilometres were flown at a line spacing of 200 m. The survey was carried out between
October and December 2013 and was published in September 2014 (Ontario Geological Survey 2014d).

Figure 18.1. Location of geophysical surveys published and in progress (survey abbreviations: AM, airborne magnetic; AGRS,
airborne gamma-ray spectrometric; TDEM, time-domain electromagnetic).
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A combined horizontal magnetic gradiometer and gamma-ray spectrometer survey of approximately
158 000 line-kilometres is currently underway in the Thunder Bay area in northwestern Ontario (see
Figure 18.1). The survey is designed to provide high-resolution airborne geophysical data over
Proterozoic rocks in the immediate Thunder Bay region and a large part of the Quetico Subprovince
metasedimentary rocks to the east of Thunder Bay. The data acquired by this survey are expected to be a
marked improvement in both resolution and sensitivity with respect to the existing Ontario-wide airborne
data. Owing to the size of the area and the necessity of completion before the ground is snow-covered, the
survey is being flown by 2 contractors (CGG Canada Services Ltd. and Goldak Airborne Surveys) using
3 fixed-wing aircraft. The results of this work are expected to be published in the summer of 2015.
In advance of geological mapping, an approximately 16 000 line-kilometre helicopter-borne
combined aeromagnetic and electromagnetic survey is in progress in the Kabinakagami Lake area of
northern Ontario (see Figure 18.1). The survey was contracted to Geotech Ltd., using a VTEM®Plus
system, and is being flown over the Kabinakagami Lake greenstone belt at 200 m flight-line spacing. The
survey will supersede the pre-existing, smaller Oba–Kapuskasing area survey (Ontario Geological Survey
2003) flown in 1986 using an Aerodat frequency domain electromagnetic (EM) system. In addition to
more extensive coverage, the Kabinakagami Lake survey is expected to yield higher resolution and a
greater depth of penetration than the earlier survey. These survey results are expected to be published in
the summer of 2015.

PURCHASED DATA
As a result of Requests for Data (RFD) issued by the Ministry of Northern Development and Mines,
the data from 4 proprietary airborne geophysical surveys were purchased in 2014 (Table 18.1).
Purchasing surveys from industry clients represents a cost-effective means of acquiring airborne
geophysical data relative to the cost of flying new surveys. It also enables companies, which have already
obtained full value from these surveys, to offer them for sale and reinvest the proceeds into exploration
projects. These purchased surveys will be reprocessed to MNDM specified formats and standards, and
published so as to be made widely available for use.
The previously purchased data from 2 areas (Latchford area and Burchell Lake), comprising data
from 9 survey blocks that were obtained from 5 companies, were released after reprocessing in December
2013 and September 2014 (Ontario Geological Survey 2013, 2014e).
Table 18.1. Summary of airborne geophysical surveys purchased in 2014.
Survey Area
Matachewan–Timmins area
Gullrock Lake
Red Lake area
Dog Lake–East Nipigon

Area Line-kilometres Magnetic System
(km2)
297
4818
Single-sensor
132.7
1452
Single-sensor
86.1
867
Single-sensor
3769.5
16357
Horizontal gradiometer
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EM System
VTEM
VTEM
VTEM

Line Spacing
(m)
50-100
100
100
100, 200, 400

Year
Flown
2004
2008
2007
2010
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GEOPHYSICAL DATA RELEASES FOR 2014
Six geophysical data publications were released during 2014. Tables 18.1, 18.2 and 18.3 list the data
sets and Figure 18.1 shows the locations of the geophysical surveys that have been published and are in
progress.
The data sets comprise the results of the Niagara ground gravity, Renfrew, Eastern Ontario, Nestor
Falls, Latchford and Burchell Lake surveys.
Table 18.2. Summary of ground geophysical data released by the Ontario Geological Survey in 2014. Note: GDS, Geophysical
Data Set.
Publication ID
GDS 1073

Survey Name
Niagara area

Year of Survey Survey Type
2013
Ground gravity

Data Points
6828

Table 18.3. Summary of airborne geophysical data released by the Ontario Geological Survey in 2014.
Publication ID
GDS 1074
GDS 1075
GDS 1076
GDS 1241
GDS 1242

Survey Name
Year of Survey
Renfrew area
2013
Eastern Ontario area
2013
Nestor Falls area
2014
Burchell Lake
2003–2005
Latchford area
2006

Survey Type
Line-kilometres
Airborne magnetic and gamma-ray spectrometric
33 975
Airborne magnetic
34 690
Airborne magnetic and electromagnetic
10 271
Airborne magnetic and electromagnetic
3268
Airborne magnetic and electromagnetic
6708

OTHER ACTIVITIES
Geophysical images, compatible with GIS applications, were compiled for 3 areas (Figure 18.2) in
support of the geoscience atlases being prepared by the Resident Geologist Program’s northeast regional
land use geologists (Atkinson et al. 2014) for all communities engaged in Far North community-based
land-use planning in the Far North Land Use Strategy. The communities in these areas include
Wawakapewin, Kasabonika Lake, Poplar Hill, Deer Lake, Webequie, Attawapiskat, Constance Lake, and
Marten Falls. The images included 2 sets (coarse and detailed) of residual magnetic field, the first vertical
derivative of residual magnetic field, Bouguer gravity and the first vertical derivative of the Bouguer
gravity. The coarse images were derived from Ontario-wide regional data. The detailed images were
compiled from higher resolution surveys acquired by the OGS.
Processing and compilation of magnetic susceptibility data collected by geological mapping crews in
the 2013 field season is underway. These data will be added to the existing database most recently
published in 2013 (Muir 2013).
The OGS online data warehouse—GeologyOntario (www.ontario.ca/geology)—continues to provide
free downloads of the OGS geophysical data sets as well as other OGS geoscience publications. Hardcopy (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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Geoscience data collected by the OGS can also 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). In addition to data discovery through the geophysical indexes (www.mndm.gov.on.ca/en/minesand-minerals/applications/ogsearth/geophysical), embedded links allow the users to download geophysical
maps and data from GeologyOntario.

Figure 18.2. Black and grey outlines show the areas in Ontario where geophysical data are being provided for the geoscience
atlases in the Far North in support of community-based land use planning. The Far North boundary is shown as a thin black line.
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INTRODUCTION
During the summer of 2014, field work for an aggregate resources inventory was undertaken in the
County of Renfrew in southeastern Ontario (Figure 19.1). This information is required for infrastructure
development and renewal, general construction applications and land-use planning purposes. Field work
focussed on updating and confirming data collected during 2 previous field investigations. The primary
objectives of this summer’s work were to 1) visit licenced pits and quarries to update face heights and
material available; and 2) assess the relevancy of previous aggregate mapping and assessment. The end
product will be the delineation of aggregate deposits within the study area and an assessment of the
quality and quantity of sand and gravel and bedrock-derived aggregate resources.
Approximately 310 field observations, 150 pit and quarry investigations, 8550 material gradation
and aggregate test results, 6600 other data points (e.g., water well, boreholes), along with previous data
collected, will be used to assess the aggregate resources of the County of Renfrew.

PREVIOUS WORK
Previous work on the inventory of aggregate resource in the County of Renfrew was completed in 1986
(Ministry of Natural Resources 1986). This report does not follow the “traditional” Aggregate Resources
Inventory Paper format, but includes relevant data and has been consulted for the current study.
Prior attempts to update the aforementioned report were undertaken on 2 separate occasions.
Field work was completed by G.A. Gorrell of Gorrell Resource Investigations in 1998 and 1999, and by
A.S. Marich of the Ontario Geological Survey in 2008 (Marich 2008). Data and observations collected
during these investigations have been included in the current study. In particular, unpublished surficial
mapping completed by G.A. Gorrell has been used exclusively in those regions of the County of Renfrew,
where no surficial mapping has been completed by the Ontario Geological Survey.

SURFICIAL GEOLOGY AND PHYSIOGRAPHY
Since the previous work, our knowledge of the surficial geology and physiography in the study area
has remained unchanged. The study area lies within 4 physiographic regions, each with their own unique
set of characteristics. As defined by Chapman and Putnam (1984) these regions are 1) the Algonquin
Highlands, 2) the Muskrat Lake ridges, 3) the Petawawa sand plain, and 4) the Ottawa Valley clay plains
(Figure 19.2). The regions can be broadly differentiated based on their bedrock geology (i.e., Precambrian
versus Paleozoic) and the type of overlying glacial deposits.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.19-1 to 19-9.
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Figure 19.1. Location of the County of Renfrew aggregate resources inventory project area.
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Figure 19.2. Physiographic regions of the County of Renfrew (after Chapman and Putnam 2007).
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The largest physiographic region of the study area is the Algonquin Highlands (see Figure 19.2).
This region is characterized by knolls of Precambrian bedrock of the Grenville Province overlain by a
varied, but typically thin, veneer of glacial sediments (Chapman and Putnam 1984). Relief is varied,
with exposed bedrock knobs and ridges, along with infilled valleys and depressions, being common.
An exception to this style of terrain is in the areas of Round Lake and Golden Lake where glacial sand
and gravel hills with associated outwash sand plains predominant (Chapman and Putnam 1984).
The remaining regions are located in low-lying areas in the eastern portion of the study area along
the Ottawa River. This low-lying area, referred to as the Ottawa–St. Lawrence Lowland, is part of the
larger, Ottawa–Bonnechere Graben system (Kay 1942). The graben formed as a result of a number of
crustal extension and shortening events since the Precambrian (Williams 1991). Numerous faults crosscut
this region and enhance topographic relief. The southern margin of this graben is defined by a scarp that
separates highlands of Precambrian bedrock from the low-lying Precambrian and Paleozoic bedrock fault
blocks of the graben. Within the graben, faults commonly define the boundaries between Precambrian and
Paleozoic bedrock.
These low-lying regions were also inundated by the Champlain Sea as the ice margin retreated from
the area 10 000 to 13 000 years before present. The area was isostatically depressed and the retreating ice
margin in the lower St. Lawrence allowed marine waters to invade the region. Low-lying areas were
infilled with thick successions of predominantly sand, silt and clay. The result was a significant decrease
in the amount of relief in these regions, and the subduing of many bedrock and previously deposited
glacial features (Fulton and Richard 1987).
The Petawawa sand plain physiographic region extends from Deep River south to the city of
Petawawa. This plain was constructed as large volumes of glacial meltwater flowed from the retreating
ice sheet to the north and carried large volumes of sediment into the region. The precursors to the
Petawawa, Barrow, Indian and Ottawa rivers channelled this meltwater, and drained into the Champlain
Sea, forming a large delta (Chapman and Putnam 1984).
The Muskrat Lake ridges physiographic region consists of ridges of uplifted fault blocks of
Precambrian bedrock that are tilted shallowly to the east-northeast. The Muskrat Lake ridges region is
typically covered by thin drift and is forested. These ridges trend southeast from the city of Pembroke to
the town of Renfrew. Muskrat Lake, the namesake for this region, borders the southwest portion of the
region, abutting one of the ridges. Other lakes, smaller in size, abut other ridges in this region (Chapman
and Putnam 1984).
The Ottawa Valley clay plain is part of the Ottawa–Bonnechere Graben that has been infilled by a
thick succession of marine clay and silt. In the study area, this region is delineated by fault-controlled
uplands of bedrock. On the Quebec side, the uplands rise sharply (Chapman and Putnam 1984), whereas,
on the Ontario side, there is some variability; some scarps are present, whereas other areas rise more
gradually to the uplands. Within this region, other faults have resulted in bedrock protruding above the
clay plain. The physiographic region discussed above, the Muskrat Lake ridges, is an example of these
regions of bedrock “islands” (Chapman and Putnam 1984).

SAND AND GRAVEL RESOURCES
Those sand and gravel resources deposited during the Late Wisconsinan remain the primary source
of aggregate in the study area. These resources are primarily contained within the ice-contact and outwash
deposits scattered throughout the study area. The previous work completed by G.A. Gorrell subdivided
these deposits further, largely based on amount of gravel present. The current investigation substantiated
much of these subdivisions and they will be integrated with the most up-to-date Quaternary mapping
where applicable.
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BEDROCK GEOLOGY
As previously discussed, the study area is largely underlain by Precambrian bedrock of the Grenville
Province (Figure 19.3). Regional mapping of the Precambrian bedrock in the study area has been
completed by Lumbers (1976, 1982a, 1982b, 1982c). The Grenville Province is a complex orogenic belt
and can be broadly divided into the Central Gneiss Belt (CGB) and the Central Metasedimentary Belt
(CMB) (cf. Easton 1992). The Central Metasedimentary Belt Boundary Zone (CMBBZ) lies along the
contact of the two (see Figure 19.3).
More detailed mapping has been completed recently in parts of the study area (e.g., Duguet, Magnus
and Ratcliffe 2014a, 2014b). This work was aided by newly acquired geophysical data (Ontario
Geological Survey 2014) that provide insights into the structural controls that contribute to the large
degree of variation in the bedrock in the eastern portion of the study area (Easton, this volume, Article
13). New insights will be beneficial from an industrial mineral standpoint as there is evidence that
structural controls divide high metamorphic grade impure marbles from those of lower metamorphic
grade and higher quality (Easton 2013; Easton, this volume, Article 13).
All remaining areas of the study area are underlain by a succession of relatively flat-lying, Paleozoic
strata consisting of sandstone, limestone, dolostone and shale (see Figure 19.3). These bedrock areas are
fault bounded and mostly fault-bounded outliers surrounded by Precambrian bedrock. Only the Paleozoic
bedrock in the southeast corner of the study area, around Arnprior, is part of the Ottawa–St. Lawrence
Lowland that is underlain by thicker Paleozoic succession (i.e., not outliers). The recently obtained
geophysical data (Ontario Geological Survey 2014) provides additional insight into fault locations and
relative thicknesses of the Paleozoic outliers (Easton, this volume, Article 13). Defining the location of
these faults is important as the location of faults is not consistent among the available maps.
The lithostratigraphic nomenclature of the Paleozoic bedrock used will follow that of Williams
(1991) and Armstrong and Dodge (2007). The nomenclature varies slightly from that used by others
working in eastern Ontario (e.g., Bernstein 1992; Dix and Al Rodhan 2006; Salad Hersi and Dix 1997,
1999; Salad Hersi, Lavoie and Nowlan 2003; Sanford and Arnott 2010). In stratigraphic order, from
oldest to youngest, the formations present in the study area are as follows: Oxford, Rockcliffe, Shadow
Lake, Gull River, Bobcaygeon, Verulam, Lindsay and Billings formations. Of these, only the Shadow
Lake Formation is present only in the subsurface. All other formations are exposed in surface outcrops or
pavements.

BEDROCK RESOURCES
Precambrian
A number of quarries in the study area have been developed in Precambrian bedrock and are capable
of producing high-quality aggregate products. In the Central Gneiss Belt, extraction is largely confined to
the large expanses of metamorphosed intrusive rocks that characterize the region. Primarily granite,
monzonite or syenite rocks are used to produce aggregate products in this region. It is of note that
Rogers (1985) reports that some granitic rocks can react with Portland cement resulting in premature
deterioration of the concrete form. In the Central Metasedimentary Belt, extraction is more varied, with
most occurring from metamorphosed mafic intrusions or from dolomitic marbles. Marbles in the study
area also have potential as an industrial mineral, dependent on mineral purity (e.g., past production of
magnesium metal at Haley).
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Figure 19.3. General bedrock geology of the County of Renfrew (modified from Armstrong and Dodge 2007).
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Because the Precambrian bedrock in the study area is quite varied over relatively short distances,
sites being proposed for quarry development should undergo detailed testing prior to extraction to ensure
suitable quantities of high-quality aggregate are available. The study area contains Precambrian rock that
is massive, hard and durable, suitable for a variety of aggregate applications; however, highly weathered,
brittle and friable Precambrian rock unsuitable for aggregate applications also occurs in the area.

Paleozoic
To date, the Bobcaygeon and Gull River formations are currently the only formations being extracted
for aggregate purposes. They are able to produce a variety of aggregate products; however, certain beds
are known to be alkali reactive with Portland cement (Rogers 1985). These formations crop out within
fault blocks and are covered by relatively thin drift in a number of areas and are a significant resource for
the study area.
The Oxford Formation is well known for its ability to produce a full range of aggregate products,
including high-quality products, with limited quality concerns. This formation is present in the study area
in areas bounded by faults; however, the small size of these fault-delineated sections, along with limited
surface exposure, result in this formation having low potential for aggregate production in the study area.
The Lindsay Formation is being used in the production of some aggregate products in areas adjacent
to the study area (Lee 2013). The higher shale content of this formation limits the number of aggregate
products it can produce. In addition, since exposures of this formation are rare, it is not a significant
resource for the county.
The Verulam Formation is generally unsuitable for the production of aggregate products because of
its high shale content. Elsewhere in Ontario, the formation is used for the production of Portland cement
(Derry Michener Booth and Wahl and Ontario Geological Survey 1989). The suitability of the formation
in the study area for the production of cement is unknown. This, combined with the fact that exposures of
the formation are rare, leads to the conclusion that it is not a significant resource for the county.

NEXT STEPS
The information gathered from this field investigation will be combined with that collected by the 2
previous field investigations and will be released in an Aggregate Resources Inventory Paper (ARIP). The
report will include aggregate test results and detailed information on the geology of the sand and gravel
and the bedrock resources in the study area. Accompanying maps will delineate and rate potential
aggregate resources available for future use.
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INTRODUCTION
The District of Parry Sound occupies 932 280 ha on the eastern shore of Georgian Bay in central
Ontario (Statistics Canada 2011). It is bounded to the south and east by the District Municipality of
Muskoka, to the east and northeast by the District of Nipissing, and to the north and northwest by the
District of Sudbury (Figure 20.1). There is a previously published Aggregate Resources Inventory Paper
for the western part of the district (Ontario Geological Survey 1989), so this study is limited to the central
and eastern portion of the District of Parry Sound (the map area is 776 778 ha).
Over 935 field station observations, 229 gradation locations and 5161 other data points (e.g., waterwell records, geotechnical boreholes and other drill holes) will be used to delineate and evaluate the
quantity and quality of the aggregate resources of the study area.

SURFICIAL GEOLOGY
The distribution of surficial materials in the central and eastern part of the District of Parry Sound,
including the sand and gravel deposits, are primarily the result of glacial activity that took place in the
Late Wisconsinan (Barnett 1992). This period lasted from approximately 23 000 to 10 000 years before
present (BP). The direction of ice movement in the study area is generally recorded by both erosional
features (striae, roches moutonnées, crescentric scars) and depositional forms (drumlins). The glacial ice
advanced across the study area in a generally south to southwesterly direction, although a south to
southeasterly ice flow is recorded near the Algonquin Highlands area along the eastern boundary of the
study area (range 146 to 222°; Kor 1988, 1991). Ice-flow directions along the Georgian Bay shoreline in
the western part of Parry Sound vary from 172 to 237° (Kor 1986, 1987). Variations in the ice-flow
direction are attributed to local bedrock structures and the presence of the Algonquin Dome.
Overburden cover within the study area is typically 1 to 3 m, although local thicknesses can exceed
tens of metres. In some instances, the thickness of the overburden can vary significantly over relatively
short distances. Generally, the thickest overburden cover is located along the Highway 11 corridor where
extensive ice-contact, subaqueous fan, outwash and glaciolacustrine deposits fill a broad, linear, north- to
northeast-trending bedrock depression.
As the ice advanced across the study area, debris from the underlying soil and hard, erosion-resistant
bedrock accumulated within and beneath the ice. The debris—a mixture of stones, sand, silt and clay—
was deposited over large portions of the map area as a thin veneer of till. Although the till exhibits a
variety of textures, structures and colours, it is interpreted to represent a single glacial event (Kor 1991).
The till forms a thin, discontinuous, patchy veneer, generally less than 1 m thick near Georgian Bay; the
till thickens eastward where it becomes an almost continuous overburden cover near the Algonquin
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.20-1 to 20-6.
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Highlands. Mappable till units rarely exceed 3 m in thickness and seldom mask the entire character of the
underlying bedrock topography (isolated bedrock outcrops protrude through the till and these areas are
often mapped as a bedrock–drift complex).
Two till facies are recognized in the study area and are separated on the basis of slight differences in
the degree of compaction, clast content and structure. Till facies 1 is a compact, clast-poor (<10%) silty
sand till that is equivalent to facies A as described and documented by Ford and Geddes (1986) in the
Algonquin Park area. The more common till is a loose, clast-rich (up to about 30%), coarse-grained sand
till, equivalent to facies B of Ford and Geddes (1986). The till matrix is described as a sand to silty sand
with little clay (76% sand, 22% silt). The matrix clay content is usually less than 3% in both facies (Ford
and Geddes 1986). Clasts are angular to subangular and generally reflect the local bedrock lithology.
The colour of both till facies varies from medium grey to light brown on fresh surfaces and a deep brown
colour on weathered surfaces. Heavy mineral analyses on both till facies indicate a predominance of
garnet with hornblende, epidote, pyroxene and ilmenite also present, reflecting the high metamorphic
grade of the Grenville Province (Kor 1991). Both till facies are carbonate poor with an average of 2.3%
and a maximum of 3.5% (Ford and Geddes 1986). The till commonly has centimetre-thick lenses or
stringers of stratified fine sand. It is believed that the till was deposited under stagnating glacial ice and
represents subglacial basal meltout, although supraglacial and lodgement tills are present in the study area
(Kor 1991). Because of the excess fines and abundant oversized clasts, the till is usually not well suited
for aggregate use. It may, however, be used as a source of fill.
As the glacial ice began to melt and the ice margin receded northward, sediment-laden meltwaters
flowing within and beneath the ice deposited sand and gravel deposits in shallow bedrock basins as

Figure 20.1. Location of the study area.
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esker–kame complexes and along structurally controlled bedrock valleys. The deposits can generally be
described as texturally variable, stratified complexes of sand, gravel and boulders sometimes interbedded
with till and fine-grained glaciolacustrine sediments. Planar bedding, ripple cross-laminations and crossbedding was observed, as well as faulting, tilting, slump structures and dewatering features.
Eskers, kettles and other ice-contact deposit features occur predominantly in the Algonquin Highlands
area, occupying narrow, linear, bedrock valleys. Ice-contact stratified drift deposits occur less frequently
as isolated deposits throughout the remaining part of the report area. Although limited in lateral extent,
they are important local sources of aggregate material.
As the ice continued to melt and recede north-northeastward, large volumes of meltwater formed a
series of glacial lakes throughout Ontario. In the study area, glacial Lake Algonquin inundated and
covered most of the map area. Some rock knobs had a high enough elevation to form islands within
glacial Lake Algonquin. Where meltwater channels flowing beneath the ice entered into the glacial lake,
deltaic and subaqueous fan deposits were formed. These subaqueous fan deposits typically occur in
bedrock depressions throughout the study area and are especially concentrated along the Highway 11
corridor (Kor 1991). Several fans may have coalesced to form large, near-continuous, flat-topped ridges.
The upper portion of these subaqueous fans typically consist of laminated sand, silt and fine gravel draped
over a fan-shaped core of poorly sorted, crudely bedded sand, coarse gravel and cobbles (a fining-upward
sequence). Coarser granular material may be present at depth.
Many of these subaqueous fan deposits were subsequently reworked or buried by glaciolacustrine
plain deposits formed in glacial Lake Algonquin. Therefore, it is not unusual to observe 1 to 2 m of
massive to poorly laminated, horizontally bedded, glaciolacustrine fine sand, silt or clay overlying these
fan deposits. These fine-grained sediments were deposited synchronously or shortly after the formation of
these subaqueous fans.
In the deeper, quieter waters of glacial Lake Algonquin, fine-grained sediments were deposited and
commonly appear as rhythmites of silt and clay. Areas where glacial Lake Algonquin was shallower
resulted in the deposition of silty sand, fine sand and sand. These deposits commonly floor bedrock
valleys, and form undulating plain deposits from about 177 m above sea level (asl) near Georgian Bay to
about 366 m asl along the Algonquin Highlands. Some of these deposits have been mapped as high as
427 m asl, but are believed to represent areas of local ponding rather than being part of the glacial Lake
Algonquin basin (Kor 1991).
Glaciofluvial outwash deposits are distributed throughout the study area. The deposits are primarily
horizontally stratified, medium- to coarse-grained sand and minor gravel deposits, located in bedrock
valleys in the eastern upland area with a few scattered deposits in the western lowland areas. The surface
expression is generally flat although the surface may be pitted with kettles, which were caused by the
melting of buried, stagnant ice blocks. The outwash deposits, formed by meltwater streams flowing from
the retreating ice margin into glacial Lake Algonquin in aerial to subaerial conditions, are commonly
located in bedrock valleys or depressions along the present-day river systems and the Highway 11 corridor.
These outwash deposits have been a traditional source of aggregate in the District of Parry Sound.
Within the study area are a series of glaciolacustrine deltaic deposits, which are similar in genesis to
subaqueous fans, but tend to be transitional from a glaciofluvial to fluvial depositional environment (topset
beds), to a shore or nearshore lacustrine environment on the delta slope (foreset beds), to a deep water
lacustrine depositional environment (bottomset beds). One of the major distinguishing features between
the 2 types of deposits is that subaqueous fans will have a fining-upward sequence, whereas delta deposits
show a coarsening-upward sequence. Deltaic deposits can be a significant source of aggregate material.
More detailed accounts of the glacial history and surficial geology of the area are provided by Barnett
(1983), Ford and Geddes (1986), Harrison (1971), Kor (1986, 1987, 1988, 1991) and Bajc (1994, 1996).
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BEDROCK GEOLOGY AND RESOURCE POTENTIAL
The study area is underlain by rocks of the Central Gneiss Belt of the Grenville Province. The
Central Gneiss Belt is bounded to the north by the Grenville Front Tectonic Zone and to the south by the
Central Metasedimentary Belt Boundary Zone, which is the leading edge of the Central Metasedimentary
Belt (Easton 1992). Both of these boundary zones are located outside the study area.
The Grenville Province is thought to have been the site of mountain-building activity during the
Mesoproterozoic Era, resulting from continental collision(s). Metamorphic conditions recorded by many
rocks in this region suggest that they were subjected to conditions of heat and pressure typically found
deep within the Earth’s crust (>20 km), and some may have been metamorphosed more than once (i.e.,
they are polycyclic) (Anovitz and Essene 1990; Wodicka, Ketchum and Jamieson 2000).
The Central Gneiss Belt contains a complex assemblage of gneissic and migmatitic rocks of plutonic
and supracrustal origin. The Central Gneiss Belt has been divided into a number of lithotectonic terranes,
some of which have been subdivided further into domains and subdomains: each distinguished by rock
type, internal structure, metamorphic grade, geologic history and locally by geophysical signature (Easton
1992). The domains and subdomains are generally bounded by long, narrow zones of highly flattened,
sheared, stretched and disrupted gneisses that appear to represent zones of ductile deformation, formed
during a period of crustal compression as one domain was thrust over another in a generally northwesterly
direction (Easton 1992). A complex assemblage of variably deformed metasedimentary rocks and
metavolcanic and intrusive plutonic bodies, ranging from upper amphibolite- to granulite-facies
metamorphic grade, is found in each of these domains and subdomains (Culshaw, Davidson and Nadeau
1983). The high grade of metamorphism and high degree of deformation typically makes it difficult to
identify the original rock type or protolith.
The Central Gneiss Belt consists of rocks of 3 main ages. North of the French River and, therefore,
located outside the study area, is the Nipissing Terrane: reworked Archean and Paleoproterozoic gneisses
intruded by Mesoproterozoic (1700 to 1350 Ma) plutonic rocks, predominantly granitic and monzonitic
rocks (Easton 1992). The study area is underlain by the Algonquin and Parry Sound terranes. The
Algonquin Terrane, and the Tomiko Terrane which is located outside the study area, formed circa 1800
to 1600 Ma, and is characterized by felsic to intermediate gneisses and migmatites (Easton 1992).
Late-stage plutonic activity in the Algonquin Terrane occurred between 1500 and 1400 Ma. The
Algonquin Terrane is regionally extensive and subdivided into 12 lithostratigraphic domains. The
Algonquin Terrane comprises polycyclic gneissic rocks that were intruded by monocyclic granitic plutons
(Easton 1988, 1992).
The Parry Sound Terrane consists primarily of intermediate to mafic gneisses extracted from the
mantle at circa 1450 to 1350 Ma (Easton 1992). These rocks have been intruded locally by younger felsic
to mafic plutonic rocks that show less deformation than the host rocks. There are also subordinate marble,
quartzite and pelitic rocks within the terrane. Three domains—Seguin, Moon River and Parry Sound
domains—have been identified within the Parry Sound Terrane.
Greater detail on the bedrock geology of the area is provided by Davidson and Morgan (1981),
Davidson, Culshaw and Nadeau (1982), Culshaw, Davidson and Nadeau (1983), Davidson (1984, 1986),
Davidson and Grant (1986), Bright (1988), Easton (1988, 1992), McRoberts (1991), McRoberts and
Tremblay (1991), Carr et al. (2000) and Culshaw et al. (2004).
Precambrian bedrock may exhibit wide variations with respect to aggregate quality over relatively
short distances. Highly weathered, brittle and friable Precambrian bedrock, which is unacceptable for
aggregate use, may occur in the report area. Consequently, any site proposed for quarry development
should be tested in detail before extraction occurs. There are also areas underlain by more massive, hard
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and durable rock, which appears suitable for a variety of aggregate applications. However, some of the
massive, coarse-grained felsic igneous rocks and gneisses with high mica, feldspar and quartz content
may have bonding problems because the smooth cleavage and fracture surfaces of these minerals hinder
the adhesion of asphalt and cement mixes. This problem may be circumvented by weathering the rocks
for a period of time in stockpiles or by adding chemicals (anti-stripping agents) that erode the smooth
surfaces and allow better adhesion. Rogers (1985) reports that some granitic rocks can react slowly with
alkalis from Portland cement resulting in premature concrete deterioration.
In spite of the lithologic variability and complexity, field observations and other recent data indicate
that the bedrock in the study area is capable of producing large quantities of low-specification mineral
aggregate for granular base and subbase uses. Many of the operating quarries in the study area produce
low-quality crushed stone products mainly for non-commercial customers. In addition, high-quality
aggregate products can also be produced locally, in particular, from less-deformed felsic or mafic plutons
that are more consistent in composition than the surrounding rocks (Culshaw et al. 2004). More Precambrian
rock sources are being approved for use as skid-resistant asphalt aggregate. These observations suggest
that site-specific investigations and laboratory testing are key factors in locating rocks suitable for asphalt
aggregates and for ensuring consistent high quality. The Ministry of Transportation has an effective, rigid
testing process that needs to be followed should a quarry operator want to be approved for the production
of asphalt aggregate material. Staff at the North Bay office of the Ministry of Transportation can be of
assistance in this regard.
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INTRODUCTION
An opportunity to complete aggregate quality testing on cores from 3 previously drilled holes from
west-central Manitoulin Island was presented to OGS staff in January 2014. The drill core included 3
formations, in descending order (youngest to oldest): the Gasport, Fossil Hill and St. Edmund formations.
This was an opportunity to collect additional aggregate quality data on these formations and to build a
relationship with the Sheshegwaning First Nation community, who are the owners of the drill core. Figure
21.1 shows the location of the drill holes, located just east of Silver Lake and southeast of the community.
The opportunity to test this core is important because the aggregate industry contributes to a
$37 billion per annum construction industry that employs 292 000 Ontarians (Ministry of Natural
Resources 2009). It is also important because competing land use interests in southern Ontario are making
it difficult to licence new aggregate properties, thereby restricting supply at a time when demand may be
increasing significantly (infrastructure renewal projects and mass transit investment in the Greater
Toronto Area and the Greater Golden Horseshoe Area). In addition, an active aggregate operation is
located to the west of the study area, with aggregate material being shipped through the Great Lakes.
Tables 21.1 to 21.3 are the drill-core logs for drill holes 1 to 3. The drill holes intersect an average
of 7.52 m of Gasport Formation, which is quarried extensively by the aggregate industry throughout
south-central and southwestern Ontario. An average of 18.76 m of Fossil Hill Formation and 4.20 m of
St. Edmund Formation was also intersected by the drill holes. The lower contact of the St. Edmund
Formation was not exposed in the drill cores, in part because drilling for all holes was set for a specific
depth. This was also not unexpected because the St. Edmund Formation is known to be thicker in this part
of Manitoulin Island (39.31 m: Rowell and Brunton 2012).

FORMATION DESCRIPTIONS
The formations will be described in descending order (youngest to oldest) to match the drill-core
logs presented in Tables 21.1 to 21.3. The Gasport Formation of the Lockport Group is often referred to
as the lower part of the unsubdivided Amabel Formation (Brunton 2009; Brunton and Brintnell 2011),
which the aggregate industry readily recognizes as a source of premium-quality, high-specification
aggregate. The formation can generally be described as a cream to tan to light grey; bluish mottled; fineto microcrystalline, thin- to medium-bedded, crinoidal-rich dolostone. There are a few minor shaly
partings, but these are rare.
The upper part of the Gasport Formation has been described as rhynchonellid brachiopod-bryozoan
bearing, microbial-crinoidal–dominated, dark bluish-grey beds that have a tendency to form large-scale
reef mounds. In some areas, these reef mounds form multiple stacked cycles that can vary in thickness
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.21-1 to 21-6.
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Figure 21.1. Location of drill holes on Manitoulin Island (Universal Transverse Mercator (UTM) co-ordinates provided using
North American Datum 1983 (NAD83) in Zone 17).
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Table 21.1. Drill-core log for drill hole #1.
Stratigraphic Description
Top of Hole: Gasport Fm.
Gasport Fm.
Gasport Fm.–Fossil Hill Fm. contact
Fossil Hill Fm.
Fossil Hill Fm.–St. Edmund Fm. contact
St. Edmund Fm.
*End of Hole (EOH): St. Edmund Fm.

Depth (m)
0.00

Formation Thickness (m)
8.07

8.07
18.80
26.87
3.61
30.48

Note: St. Edmund Formation continues beyond end of hole.
Table 21.2. Drill-core log for drill hole #2.
Stratigraphic Description
Top of Hole: Gasport Fm.
Gasport Fm.
Gasport Fm.–Fossil Hill Fm. contact
Fossil Hill Fm.
Fossil Hill Fm.–St. Edmund Fm. contact
St. Edmund Fm.
*End of Hole (EOH): St. Edmund Fm.

Depth (m)
0.00

Formation Thickness (m)
7.34

7.34
18.65
25.99
4.49
30.48

Note: St. Edmund Formation continues beyond end of hole.
Table 21.3. Drill-core log for drill hole #3.
Stratigraphic Description
Top of Hole: Gasport Fm.
Gasport Fm.
Gasport Fm.–Fossil Hill Fm. contact
Fossil Hill Fm.
Fossil Hill Fm.–St. Edmund Fm. contact
St. Edmund Fm.
*End of Hole (EOH): St. Edmund Fm.

Depth (m)
0.00

Formation Thickness (m)
7.15

7.15
18.83
25.98
4.50
30.48

Note: St. Edmund Formation continues beyond end of hole.

from 25 to 70 m (Brunton 2009). In other areas of the formation, stacked crinoidal, brachiopod, bryozoan
skeletons form shoals with minor to no reef mound development. The lower part of the Gasport
Formation has been described as a horizontal- to cross-bedded, crinoidal grainstone to packstone
succession with small microbial-crinoidal reef mound lithofacies (Brunton 2009). The contact with the
underlying Fossil Hill Formation is disconformable, sharp and irregular. The microbial-crinoidal–
dominated dolostone is underlain by a very fossiliferous, cherty dolostone.
The Fossil Hill Formation of the Clinton Group can generally be described as a cherty, thin- to
medium-bedded, light brown to greyish-brown, very fine- to coarse-crystalline, fossiliferous dolostone
(Wolf 2006). The formation can be subdivided into an upper, middle and lower part based on fossil
content and lithofacies. The upper part of the formation is very fossiliferous with brachiopod beds of
Pentameroides, abundant megafauna of tabulate corals, and calcified and silicified sponges. The middle
unit is a poorly fossiliferous, lime mudstone to wackestone that often resembles the underlying
St. Edmund Formation. The lower unit is a brachiopod-rich succession of large pentamerid brachiopods

21-3

Earth Resources and Geoscience Mapping Section (21)

D.J. Rowell

Table 21.4. Details of samples collected.
Drill-Hole Number
Sample Number

Formation

Core Depth
(m)

Total Interval
(m)

Drill Hole #1
14DJR-0001
14DJR-0002
14DJR-0003

Gasport Fm.
Fossil Hill Fm.
Fossil Hill Fm.–St. Edmund Fm.

0 – 8.07
8.07 – 19.81
19.81 – 30.48

8.07
11.74
10.67

Drill Hole #2
14DJR-0004
14DJR-0005
14DJR-0006

Gasport Fm.
Fossil Hill Fm.
Fossil Hill Fm.–St. Edmund Fm.

0 – 7.34
7.34 – 19.81
19.81 – 30.48

7.34
12.47
10.67

Drill Hole #3
14DJR-0007
14DJR-0008

Fossil Hill Fm.
Fossil Hill Fm.–St. Edmund Fm.

7.15 – 19.81
19.81 – 30.48

12.66
10.67

(Wolf 2006; Brintnell et al. 2009). Most beds contain some chert; either a white, soft, chalk-like variety or
a light grey to black, hard flint-like variety. Many of the fossils have been replaced by chert (Wolf 2006).
Brintnell et al. (2009) have suggested that there may be as many as 4 disconformities within the Fossil
Hill Formation. The lower contact with the underlying St. Edmund Formation has been described as
disconformable and sharp. The cherty, very fossiliferous dolostone of the lower part of the Fossil Hill
Formation overlies the sparsely fossiliferous dolostones of the St. Edmund Formation. A thin green shale
bed is also present that sometimes cannot be detected by down-hole geophysical instruments; however,
the contact is quite noticeable in drill core. The shale bed may produce a small gamma-ray spike
(Brintnell et al. 2009).
Brintnell et al. (2009) and Wolf (2006) identify 2 dolostone facies within the St. Edmund Formation.
The first is defined as a pale- to medium-grey, microcrystalline, sparsely fossiliferous thin-bedded
dolostone (5 to 10 cm beds). Individual beds may contain fine laminae. This facies weathers white or
cream. The second facies is a medium brown, fine- to medium-crystalline, medium-bedded, sparsely
fossiliferous dolostone (10 to 25 cm beds). The second facies weathers from light brown to tan. The
microcrystalline facies appears to be more prevalent in the upper part of the formation. Wolf (2006)
reports the odd occurrence of vuggy texture with the vugs lined with either dolomite or quartz crystals.
Wolf (2006) also reported almost pure limestone beds. Rhythmites, sparse green shaly partings, and ripup clasts have also been observed and logged. Conodonts have been isolated from St. Edmund samples.
The lower St. Edmund Formation contains a correlative coral-rich transgressive bed and a diagnostic
intraformational conglomerate (Brintnell et al. 2009). A Diplocraterion marker bed is also common in the
lower part of the formation. These lower formation structural elements were not observed within the drill
core because the drill holes ended too high in the stratigraphic sequence.

AGGREGATE SAMPLING
The drill core was cut longitudinally, washed, cleaned and divided into samples (as detailed in
Table 21.4) in order to provide sufficient material for proper aggregate testing (half the core was consumed
for aggregate tests). For drill holes 1 and 2, the Gasport Formation was isolated providing 8.07 and 7.34 m,
respectively, of core material for aggregate testing. The second sample for each drill hole isolated the
Fossil Hill Formation. The third sample for each drill hole was a combination of Fossil Hill and
St. Edmund formations (see Tables 21.1 to 21.3). This sampling procedure was needed to provide enough
sample material for aggregate quality testing. Ideally, the third sample in each hole would not consist of
the 2 formations. The sampling was also chosen to try to represent a bench or lift of approximately 10 m
should quarry development occur.
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Table 21.5. Coarse-aggregate quality test results for Gasport, Fossil Hill and St. Edmund formation samples from drill holes #1,
#2 and #3 (see Table 21.4 for drill hole and sample numbers).
Petrographic Number
Granular Asphalt
MgSO4
Formation and
Soundness
and
and
Sample Number
16 mm
Concrete
(%)
Generally acceptable values:
<125–140 <12–15%

Los Angeles Unconfined
Micro-Deval Abrasion and Freeze– Absorption
Thaw
Abrasion
Capacity
Impact Test
(% Loss)
(% Loss)
(% Loss)
(%)
<14–17%
<35%
<6%
<2%

Bulk
Relative
Density
>2.5

Gasport Fm.
14DJR-0001
14DJR-0004

–
–

103.0
105.0

2.6
0.9

7.8
8.1

–
–

6.4
4.6

0.340
0.430

2.823
2.804

Fossil Hill Fm.
14DJR-0002
14DJR-0005
14DJR-0007

–
–
–

147.0
142.0
161.0

3.9
3.8
5.2

12.0
12.6
12.6

–
–
–

13.0
10.0
11.1

1.970
1.760
1.750

2.640
2.654
2.663

Fossil Hill Fm.–St. Edmund Fm.
14DJR-0003
14DJR-0006
14DJR-0008

–
–
–

132.0
138.0
126.0

2.7
4.7
4.3

10.8
10.4
10.9

–
–
–

7.6
7.5
9.4

1.460
1.790
2.030

2.681
2.659
2.635

AGGREGATE QUALITY TEST RESULTS
The aggregate quality test results, presented in Table 21.5, clearly indicate the high quality of the
Gasport Formation. The samples met or exceeded specification in all testing except for one freeze–thaw
value associated with sample 14DJR-0001. Even this value is close to specification. With proper mixing
or beneficiation, this test result may not be of significance.
The Fossil Hill Formation consistently failed to meet specifications for Petrographic Number and
freeze–thaw test. The presence of soft, white chalky chert greatly influenced these results. Ingham and
Dunikowska-Koniuszy (1965) reviewed the distribution, character and basic properties of chert in
southwestern Ontario, including their use in asphalt and concrete. Chert particles and clasts have a higher
porosity than other rock type clasts resulting in higher absorption. Ingham and Dunikowska-Koniuszy
(1965) also concluded that chert failed the asphalt stripping tests and, therefore, should not be used in
asphalt products. Chert clasts had greater breakage in freeze–thaw testing and are highly reactive for
alkali-reactivity (an alkali–silica reaction); therefore, they should be avoided in the production of
concrete. Fortunately, the middle portion of the Fossil Hill Formation has a lower percentage of chalky
chert and may be able to produce some aggregate products. Specific testing of this portion of the Fossil
Hill Formation would need to be completed. Select quarrying operations (avoiding the upper and lower
portion of the formation) may be a suitable beneficiation process.
Rowell and Brunton (2012) indicated that the St. Edmund Formation was suitable for the manufacture
of high-specification bedrock-derived aggregate. It is anticipated that if a greater stratigraphic section of
only this formation had been tested, the results would be similar to the 2012 study. Once again, quarry
development could be paramount in the production of good-quality aggregate material from the
St. Edmund Formation.
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SUMMARY
An opportunity to test 3 previously drilled drill cores for aggregate quality testing from west-central
Manitoulin Island was presented to the OGS in January 2014.
1.

The results confirm the quality of the Gasport Formation for the production of high-specification,
bedrock-derived aggregate products.

2.

The Fossil Hill Formation failed to meet specification (particularly Petrographic Number and
freeze–thaw test results), for high-quality aggregate products. The failure reflects the presence
of chalky chert in the upper and lower portion of the formation. The middle portion of the Fossil
Hill Formation may meet specification, but further testing on this isolated portion of the
formation would be required.

3.

It is anticipated that if a full stratigraphic sample of the St. Edmund Formation had been tested
that the formation would have met or exceeded the requirements for high-specification,
bedrock-derived aggregate products (Rowell and Brunton 2012).

4.

Quarry development, blending and other beneficiation processes would be important with
regard to development opportunities.

It is always highly recommended that where extraction and development are being
contemplated, that extensive testing be conducted to verify aggregate quality and quantity.
Site-specific investigations provide greater detail on the nature of the local deposit.
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INTRODUCTION
Previous aggregate quality test results for the Guelph Formation confirm an interesting dilemma that
representatives of the aggregate industry have been struggling with for some time. Some areas of the
Guelph Formation (both geographic and stratigraphic areas) test extremely well for the manufacture of
high-specification bedrock-derived aggregate products, with some aggregate test results better than the
premium aggregate-producing formations in southern Ontario (e.g., Gasport Formation). In other areas,
aggregate from the Guelph Formation fails miserably and is not capable of being manufactured to even
low-specification bedrock-derived aggregate products (Rowell 2012a). It has been suggested by Ministry
of Transportation staff that reefal or biohermal zones within the Guelph Formation are areas of failure and
poor aggregate performance, whereas inter-reefal areas are more competent and quite capable of meeting
high-specification bedrock-derived aggregate.
In response to the variability of the aggregate quality test results, the Ontario Geological Survey
(OGS) undertook a two-year study to complete additional aggregate testing to provide the aggregate
industry with information on where the Guelph Formation may be competent enough to meet highspecification bedrock-derived aggregate products. It is also expected that this study will provide a
possible answer to the question of why the test results vary so greatly.
This project is now into the second, and final, year of study. This article provides aggregate quality
test results from the fall of 2013, testing that occurred after the last update in November 2013 (Rowell
2013). The final report should be completed by the spring of 2015.

STUDY AREA
The Guelph Formation is located at or near surface in a slightly northwest-trending band, west of the
brow of the Niagara Escarpment in south-central to southwestern Ontario (the outcrop–subcrop belt is
outlined in Figure 22.1). Outcrops are numerous and more prominent in the counties of Bruce, Grey and
Wellington; the Regional Municipality of Waterloo; and the City of Hamilton. Thick Quaternary
sediments overlie the Guelph Formation in the Niagara Peninsula and in the County of Dufferin, resulting
in few outcrops to examine and necessitating a greater reliance on drill core.
Because of the south-southwest regional dip of Paleozoic strata in southwestern Ontario, the Guelph
Formation is located deeper in the subsurface farther away from the brow of the Niagara Escarpment,
buried under younger rock formations. For example, at the Bruce Nuclear site along Lake Huron, an
average of 23.4 m of Guelph Formation was intersected at approximately 337.6 m below surface (Raven
et al. 2009). At Ingersoll, 84 m of Guelph Formation was intersected at 182 m below the Beachville
quarry floor (Feenstra 1996). Feenstra (1996) may have included portions of the Eramosa and Goat Island
formations as part of the Guelph Formation in his drill core logs.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.22-1 to 22-5.
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Figure 22.1. Location of the 2013 aggregate test sites. Inset map shows the location of the Guelph Formation outcrop–subcrop
belt in south-central and southwestern Ontario.
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The sedimentologic, stratigraphic and diagenetic features of the Guelph Formation and the revision
to the Early Silurian stratigraphy of the Niagara Escarpment area are part of 2 recent OGS projects;
Project Unit 02-015 (Brunton, Dekeyser and Coniglio 2005) and Project Unit 08-004 (Brunton 2009;
Brunton et al. 2010; Brunton and Brintnell 2011). The geochemical and aggregate quality test results will
be correlated to the revised Silurian stratigraphy as outlined by Brunton (2009), Brunton and Brintnell
(2011) and Brintnell (2012).

AGGREGATE QUALITY TEST RESULTS FROM THE FALL OF 2013
The Guelph Formation can generally be described as a medium- to thin-bedded, cream to buff to tan
to tan-brown to brown, fine- to medium-crystalline, moderately to very fossiliferous, saccharoidal
dolostone (Johnson et al. 1992; Armstrong and Carter 2010). There are a number of biohermal and reef
structures with a porous, coarse texture and numerous fossil fragments. Fossils include corals,
stromatoporoids, brachiopods, bryozoans, gastropods, megalodonts (Megalomus canadensis) and crinoids
(Johnson et al. 1992; Brintnell 2012). Beds are sometimes massive and lenticular.
Brunton (2009), Brunton and Brintnell (2011) and Brintnell (2012) have taken this general
description of the Guelph Formation and completed a more comprehensive study on the formation. As a
result, Brunton (2009), Brunton and Brintnell (2011) and Brintnell (2012) have suggested that the Guelph
Formation should be divided into a lower and upper member: the Wellington and Hanlon members,
respectively.
The Wellington Member can generally be described as a carbonate-rich, reefal mound-bearing and
more open marine grainstone- to wackestone-dominated dolostone unit. Three facies have been identified
within this lower member (Brunton 2009; Brunton and Brintnell 2011; Brintnell 2012) and are generally
described, in ascending order, as
•

Facies 1 – a stromatoporoid-algal-skeletal dominated packstone to wackestone

•

Facies 2 – a coral-stromatoporoid-skeletal dominated floatstone

•

Facies 3 – a skeletal-algal wackestone to mudstone

The depositional model that has been suggested for the Wellington Member involves an initial
transgression of the “Guelph” Sea creating shallow marine conditions. Low diversity biota, dominated by
stromatoporoids and algae, facilitated the accumulation and bonding of muddy sediments (Brunton and
Brintnell 2011). Fauna growth was stunted during this time period because of stresses imposed by
hypersaline and eutrophic conditions. Small-scale transgressive pulses facilitated the development of
stromatoporoid-microbial mounds. Periodic subareal exposure occurred in the western part of the basin
(Brintnell 2012).
A disconformity represents the lower contact of the Guelph Formation with the underlying Eramosa
Formation. The Guelph Formation may also directly overlie reefal Gasport Formation where these reefs
are generally greater than 60 m thick. There is no evidence to suggest that in these circumstances that the
Goat Island or Eramosa formations were deposited and eroded prior to Guelph Formation deposition
(Brintnell 2012).
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Table 22.1. Coarse-aggregate quality test results for fall 2013 Guelph Formation samples.

Sample Number

Sample
Depth and
Interval
(m)

Generally acceptable values:

Petrographic
Number
MgSO4
Asphalt and Soundness
Concrete
(%)
<125–140
<12–15%

Micro-Deval
Abrasion
(% Loss)
<14–17%

Unconfined
Bulk Accelerated
Freeze–
Absorption Relative Mortar Bar
Thaw
Capacity
Density (14 days)
(% Loss)
(%)
(% Loss)
<6%
<2%
>2.5
<0.150%

BH-13

18.85–21.90

107.0

1.5

10.9

5.4

0.940

2.715

0.018

BH-16

75.70–78.75

125.0

1.7

13.0

5.6

2.390

2.601

0.019

BH-27

43.10–46.15

124.0

2.8

13.5

5.2

2.290

2.595

0.021

BH-43

32.15–35.20

108.0

1.5

12.1

3.7

2.200

2.613

0.020

Note: Test results that fail to meet specification are underlined.

The Hanlon Member represents an upper mid-shelf, open marine, lagoonal facies that changes
through time to become a more restricted marine microbial-bearing sabkha facies that displays varying
degrees of exposure and paleokarst (Brunton 2009; Brunton and Brintnell 2011). The upper member
consists of 5 facies as described by Brintnell (2012):
•

Facies 4 – a gastropod-bryozoan-algal dominated wackestone to mudstone

•

Facies 5 – a gastropod-megalodont-algal dominated wackestone to mudstone

•

Facies 6 – a pisolitic-gastropod dominated wackestone to mudstone

•

Facies 7 – a microbial-laminated dominated mudstone

•

Facies 8 – a brecciated microbial laminate and/or mudstone facies

The depositional model that has been suggested for the Hanlon Member involves the regression of
the “Guelph” Sea, creating hypersaline (40 to 50% salinity), oxygen-restricted, nutrient-rich, lagoonal
conditions. Gastropods, megalodonts, algae and soft-bodied organisms dominated the muddy saline
waters. As the sea level continued to fall, a coastal sabkha flat environment developed. The ramp area was
blanketed by microbialite in highly saline waters (70% salinity). Subareal conditions created erosive
surfaces, and the upper contact between the Guelph Formation and overlying Salina Group represents a
significant erosional surface (disconformity), which was subject to karstification (Brunton 2009; Brunton
and Brintnell 2011; Brintnell 2012). The drop in sea level promoted an increase in evaporation, extreme
salinity and periodic semi-arid type climatic conditions, conducive to the deposition of halite, gypsum and
anhydrite (Salina Group).
Guelph Formation samples from 4 Quaternary boreholes, which also include the first 10 feet
(3.048 m) of bedrock, were submitted for aggregate quality testing in the fall of 2013. Borehole-bedrock
samples BH-13 and BH-16 are from the lower Wellington Member of the Guelph Formation, whereas
borehole-bedrock samples BH-27 and BH-43 are from the upper Hanlon Member.
Table 22.1 presents the results of the aggregate quality tests. Test results that fail to meet
specification are indicated in the table (underlined values). Generally, the results of these tests are
encouraging for these particular locations of the Guelph Formation. These results will be incorporated
into the final report for this project.

NEXT STEPS
During the fall and winter of 2014–2015, more drill core from the Niagara Peninsula will be
examined and subjected to both geochemical analysis (industrial mineral use) and aggregate quality
testing (aggregate use). These test results will be combined with previous testing, with the intention of
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publishing a map and report on the Guelph Formation similar to the recently released update on shale
resources of southern Ontario (Rowell 2012b, 2012c). The resulting publication will assist land-use
planners as they strive to protect mineral resources through the Provincial Policy Statement (PPS), under
the authority of the Planning Act; and industry representatives looking for locations to develop and
extract the Guelph Formation for aggregate and industrial mineral uses.
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INTRODUCTION
Field activities continued as part of the ongoing Far North Terrain Mapping Project which was
initiated in 2008 and consists of remote predictive mapping and field checking to produce surficial
geology maps at a scale of 1:100 000 that can be used for land-use planning, drift exploration,
infrastructure development, aggregate resource studies and ecological land classification studies. This
year, the project focussed on the Moose River Basin region in response to a request from the Land and
Resources Department of the Mushkegowuk Tribal Council for basic geoscience information regarding
aggregate potential for possible future infrastructure development.
Reconnaissance-level observations of an area encompassing roughly 78 274 km² that includes a
block of 13 previously released 1:100 000 scale Quaternary geology maps centred on Moosonee (Barnett
and Yeung 2009) and 12 adjoining maps to the west and north were completed during a three-week,
helicopter-supported field season (Figure 23.1). The objectives of the field work were three fold:
firstly, to collect basic terrain and vegetation information in combination with near-surface materials
identification to support the production of the Quaternary geology maps; secondly, to obtain an improved
understanding of the Quaternary geology and history of the James Bay Lowland through the study of river
sections exposed along deeply incised valleys following the courses of major rivers draining the region;
and finally, to evaluate the aggregate resource potential of the James Bay Lowland by characterizing and
sampling the sand and gravel deposits present, most of which occur in raised shorelines of the Tyrrell Sea.
Details regarding the methodology followed for the production of the remote predictive Quaternary
geology maps can be found in the numerous Summary of Field Work articles written by P.J. Barnett and
others involved in the program (e.g., Barnett and Yeung 2009, 2010). The methodology involves the
analysis of remotely sensed imagery, the Ontario Radar Digital Surface Model (DSM) and its derivatives.
Relationships between vegetation, landform and sediments gained from previous field observations (e.g.,
McDonald 1969; Skinner 1973; Barnett and Yeung 2009, 2010; Barnett et al. 2013) in the James Bay
Lowland area have been applied to create meaningful objects depicting different surficial units in objectbased image analysis software (Trimble eCognition™ 8). With the relative low relief in the James Bay
Lowland area, the different types of vegetation provide a key signature in classifying the objects into
different surficial units.
Field activities were completed between July 27 and August 15 and were based out of Hearst, Fort
Albany and Moosonee. Helicopter support was provided by Ministry of Natural Resources and Forestry
(MNRF) aviation services. Approximately 300 sites, identified and prioritized in advance of the field
season by inspection of the published and draft Quaternary geology maps, elevation model data and
SPOT and Google Earth™ mapping service imagery, were field checked during the three-week field
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.23-1 to 23-9.
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season. Field sites consisted of geomorphic features easily recognizable on the aforementioned imagery
and maps and included beach ridges and bars associated with the Tyrrell Sea, esker ridges, iceberg keel
marks, palsas, karst features, streamlined landforms, landslides and large river and creek bank exposures.
Field checking of areas either previously logged (primarily areas along the southern margin of the study
area) or burned was also undertaken to assist with materials identification, as the vegetation, landform and
sediment relationship is disconnected in the remotely sensed data. Approximately 200 of the 300 identified
sites were visited on the ground (Figure 23.2) and the remaining sites were viewed from the air and
documented with georeferenced photographs. At each of the landing sites, observations were made of the
dominant vegetation type, slope, drainage and landform as well as a detailed description of the materials
present. Bulk samples of sand and gravel were collected at selected sites for aggregate testing. Till
samples were collected for matrix particle size analysis, carbonate content and heavy mineral analysis to
characterize till composition. Organic-rich sediments were collected for radiocarbon dating and
paleoecological analysis. More than 1500 waypoints were collected from the air (i.e., without landing)
and attributed with material type. Examples of these “mappable” units include the observation of
boulders, sand and gravel or till along riverbanks and lakeshores and outcrops of Precambrian or
Paleozoic bedrock.

OBSERVATIONS
The study area lies almost exclusively within the James Bay Lowland and consists of a low-relief,
poorly drained plain deeply incised by northeast-flowing rivers and their tributaries. The Precambrian
shield fringes the southern margin of the study area and is characterized as a bedrock upland with

Figure 23.1. Status of remote predictive mapping in the Far North of Ontario. Current study area indicated by hatched pattern.

23-2

Earth Resources and Geoscience Mapping Section (23)

A.F. Bajc et al.

Quaternary deposits ranging from thin, discontinuous veneers to extensive, fluted ground moraine.
Paleozoic and Mesozoic rocks of the Moose River basin underlie the remaining portions of the study area
and outcrop primarily along deeply incised river valleys. The Silurian and Devonian rocks, which
underlie a majority of the study area and consist primarily of carbonate and muddy terrigenous units with
lesser evaporites (Johnson et al. 1992), strongly influence the composition of the overlying Quaternary
units, producing carbonate-rich, silty tills and glaciomarine deposits. In fact, the abundant carbonate
content of the marine deposits has resulted in the excellent preservation of marine molluscs associated
with the Tyrrell Sea. Jurassic-aged clays (some being kaolinitic) silica sands and lignite of the Mattagami
Formation occur along the southeastern edge of the Moose River Basin and outcrop sporadically along
the Mattagami, Missinaibi and Abitibi rivers and their tributaries (Johnson et al. 1992).

Figure 23.2. Map showing the location of ground observation sites within the James Bay Lowland superimposed on the digital
surface model. The 2014 field season observations are shown in green.
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The surface sediments within the study area consist almost exclusively of postglacial peat and muck
with thicknesses commonly exceeding 1 to 2 m. Vast expanses of variably vegetated spruce bogs and
fens, some containing open circular and string-like water bodies, are interrupted only locally by better
drained, more densely vegetated areas that lie along the fringes of deeply incised river valleys as well as
over glaciomarine beach and/or bar complexes that formed along the southern fringes of the Tyrrell Sea.
Fluted ground moraine and bedrock uplands along the southern, topographically higher, margin of the
study area also display denser and more mature tree growth.
Knowledge of the sediment stratigraphy underlying the vast peatlands was gained primarily by
observations of widely spaced river and creek exposures. A complex record of Late Quaternary sediments
has been previously documented within the James Bay Lowland as part of a series of regional and more
focussed studies spanning the last half century. These include the works of McDonald (1968), Skinner
(1973), Nguyen et al. (2012), Barnett and Yeung (2012), Barnett et al. (2013) and Nguyen et al. (2013).
The observations reported here provide insights into areas previously not visited by the aforementioned
researchers and are at a reconnaissance level of detail. Further research is warranted within this region
should a more complete understanding of late Quaternary history be desirable.
Based on observations made both from the air and on the ground, it would appear that most of the
Quaternary sequence exposed along river valleys consists primarily of glacial till (up to 2 to 3 distinct
layers), in places separated by deposits of generally, fine-textured stratified sediment. Variable
thicknesses of sandy to clayey marine and alluvial deposits laid down in marginal and shallow marine
settings of the Tyrrell Sea as well as on floodplains of rivers grading to the sea, respectively, often cap the
sediment sequence. Sandy and gravelly beach and nearshore deposits of the Tyrrell Sea are restricted to
narrow beach ridges, longshore bars and recurved spits that were constructed or nucleated from slightly
higher areas of till and bedrock that provided a sediment source for their development. Alternatively,
some of these features may have developed in areas of high sediment input as can be seen today near the
mouths of rivers entering the sea. Bluff sections generally ranging between 20 and 30 m in height were
commonly observed along some of the major rivers and their tributaries, most notably the Albany River,
and most appear to be floored in till and, on the rare occasion, by Paleozoic bedrock. Discussions of the
Paleozoic and Mesozoic stratigraphy of the study area are contained in a companion article (see
Armstrong, this volume).
The tills observed in shallow test pits and augers as well as in deeply incised river banks are
generally silt- to sand-dominated with variable stone content and minor clay. Examples of stacked till
sequences with marked differences in colour and slight variations in grain size properties have been
observed at several sites (Photo 23.1). Without further study, it is difficult to determine the stratigraphic
significance of these occurrences. A stone-poor, silty, surface till occurs along the southwest corner of the
study area and is associated with a west-southwest zone of fluted ground moraine. This till overlies older,
south-trending eskers whose surface expressions begin along the southwestern margin of the study area
(along Highway 663 and Fushimi Road) and extend southward towards Highway 11. The fine gravel
component of both the eskers and the silt till are dominated by Paleozoic carbonate and dark grey,
Proterozoic greywacke clasts that are likely derived from the Belcher Islands in eastern Hudson Bay
(Prest et al. 2000).
Further to the north, this zone of west-southwest-oriented fluted terrain abuts against or is
overprinted by a distinct southwest-aligned fluted till plain. The age relationship between these 2 sets of
fluted terrain is not clear (Nguyen et al. 2013). The surface till within this northern zone of fluted till
appears to be slightly coarser, exhibiting a pebbly, sandy silt texture. Similarly textured tills have been
traced northward, beneath peat and marine deposits, towards the James Bay coast. At several locations
within the study area, sandy silt till is underlain by organic-bearing sands, silts and clays with a maximum
observed thickness of 7 to 8 m (Photo 23.2). These organic sediments are tentatively correlated with the
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Missinaibi Formation which has been documented in the Moose River basin to the east (Terasmae and
Hughes 1960; McDonald 1968; Skinner 1973) and is the subject of current research at a number of sites
in the Kenogami River watershed in the southwest (Barnett et al. 2013). Rhythmically laminated silts and
clays overlie the organic sediments at one location and were found under till at a few other sites without
organic remains. These deposits record the blockage of north-flowing rivers by ice advancing out of
James Bay and the establishment of a large proglacial water body into which the “varves” were deposited.
Stone-poor, sandy silt to silt till, in places containing striated, flatiron-shaped boulders indicating
southwestward-flowing ice, was observed to underlie these stratified deposits at a few locations. The
similar character between this older till and those that occur higher up in the sequence further complicates
stratigraphic studies within the region especially at sites where the intervening nonglacial deposits are
absent.

Photo 23.1. Stacked sequence of multiple till units overlying red mudstones and dolostones of the Kenogami River Formation.
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Deposits of sand and gravel occurring either beneath or interbedded with glacial till were
infrequently observed within the study area and are generally not considered to be an important source of
aggregate because of their restricted thickness, location adjacent to rivers and, in some cases, prohibitive
cover of dense till. The location and areal extent of these subsurface units is not known at this time. The
maximum observed thickness of sub-till sand and gravel was approximately 7 to 8 m. Thicknesses in the
range of 1 to 2 m are more common. Further work is required to fully evaluate this potential resource.
Postglacial deposits associated with the Tyrrell Sea form a near continuous veneer over much of the
study area below an elevation of approximately 145 m asl (Skinner 1973). The highest elevation at which
marine shells were observed in beach deposits visited as part of this study is 149 m asl (derived from
DSM). A fairly consistent sequence of postglacial deposits caps the sedimentary sequence across much of
the study area. A distinctive horizon consisting of horizontally interbedded, sometimes deformed, red,
grey and buff-brown silt, clay and gritty, pebbly silty diamicton with intraclasts and rip-ups of silt and
clay often occurs at the base of the marine sequence and directly overlies the uppermost till unit. This unit
has been previously recognized in the James Bay Lowland by Skinner (1973) and interpreted by Roy et
al. (2011) as a drainage layer deposited within the basin during or shortly after the sudden collapse of the
Hudson ice dome and the drainage and/or overflow of glacial Lake Ojibway into the Tyrrell Sea. These
distinctive red beds, which are interpreted as a marker timeline across the region, have been observed as
far north as the present coast of James Bay. The source of the red pigment may be the red beds of the
Kenogami River Formation whose present day outcrop and subcrop pattern is widely distributed along the
western margin of the study area as well as along the James Bay coast between Attawapiskat and
Moosonee. The sudden inflow of glacial Lake Ojibway into Hudson Bay would have resulted in increased
erosion of the landscape, including outcrops of red-coloured Paleozoic bedrock, and the dispersal of this
red pigment over a broad region within the James Bay Lowland.

Photo 23.2. Section along the Albany River exposing Tyrrell Sea deposits (at the top) overlying Late Wisconsinan Till (steep
middle unit) then well-bedded, organic-rich deposits of silt, sand and peat (wet part of section near base) likely belonging to the
Missinaibi Formation. Section is approximately 28 m high.
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Overlying the red beds, one often encounters up to several metres of grey to black, laminated sands,
silts and clays, often containing articulated marine bivalves and fine organic matter, giving the sediment a
strong odour of decaying vegetation. Wood fragments have been recovered from this unit in a few places
and will be submitted for radiocarbon dating. The sediments were likely deposited in a productive,
offshore marginal marine setting. Horizontally bedded and planar cross-bedded pebbly sands and gravels
containing marine bivalve and gastropod shells and rare detrital wood unconformably overlie this unit.
This facies seldom exceeds 1 m in thickness and probably represents a regressive sequence resulting from
isostatic uplift of the basin and the delivery of coarser textured sediments to the depositional site by
nearshore processes. Thicker and more extensive littoral deposits occur locally and are described in more
detail in the next paragraph. The sedimentary sequence between these beach complexes is often capped
by up to 4 to 5 m of well-laminated sands and silts, often containing lenses of pebbly sand. The lenses are
generally less than 1 to 2 m wide and 10 to 20 cm thick. Marine molluscs are infrequently observed
within this unit and are interpreted to be reworked from underlying strata. The unit is interpreted to be a
floodplain deposit laid down in a coastal plain/deltaic environment with minor marine influence.
Collectively, the 3 facies associations overlying the red bed unit are susceptible to landsliding as
described by Barnett and Yeung (2010). Deposits of peat and muck occur as a near continuous veneer
over these alluvial deposits and form the fens and bogs that dominate the lowland landscape.
Beach and/or bar and spit complexes associated with the Tyrrell Sea collectively occupy less than
2.6% of the study area and can reach lengths of up to 30 km although lengths of 5 km or less are far more
common. Widths range from less than a few hundred metres to over 2 km in the case of the larger beach
and/or bar complexes. The maximum height observed in the field for any of the constructive features was
approximately 6 m with 1 to 2 m being the norm. High-resolution digital terrain models (DTM) or bare
earth surface models for the lowlands are desirable for a full assessment of aggregate volumes present
above the water table. The maximum observed thickness of beach deposits in river sections was
approximately 4 m. Compositionally, the beach and/or bar deposits consist of well-bedded and sorted
pebble gravel to sand. In a few locations, coarse boulder lags were encountered at surface. It was difficult
to determine the nature of the underlying materials at these locations although till is suspected to be
present in the shallow subsurface. The pebble fractions of the beach deposits are lithologically similar to
the underlying tills and bedrock from which they are derived (i.e., they are dominated by limestone,
dolostone and dark grey Proterozoic greywacke). Fossil marine molluscs are frequently encountered
within the deposits and attest to their marine origin. In low-profile beach ridges, the water table was often
encountered within 1 to 2 m of ground surface. This may factor into possible extraction plans for the future.

AGGREGATE ASSESSMENT OF SURFICIAL MATERIALS
Previous work on assessing the aggregate potential of sand and gravel and bedrock resources in the
study area focussed on those resources located in close proximity to communities (e.g., Ontario
Geological Survey 1991, 1996). A goal of this project, in conjunction with that completed by Armstrong
(this volume), was to assess the sand and gravel and bedrock resources across the entire study area.
Assessing the potential sand and gravel resources in the study area consists of 1) delineation of
potential deposits based on landform classification; 2) approximation of deposit thickness; and 3) an
assessment of the material for aggregate applications. The remote predictive Quaternary mapping
previously discussed in this article and detailed 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. During the field
investigation, a few buried sand and gravel resources were encountered at river sections. Data were
collected from these localities, though the delineation of the lateral extent of these buried resources is not
currently feasible. At each ridge, the height of the feature above the surrounding bog was approximated.
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Hand-dug test holes or hand-augers were completed to obtain relevant data, including percent gravel,
maximum particle size and predominant stone lithologies. Bulk samples of approximately 10 to 30 kg
were collected at 36 sites for aggregate specific testing. All samples will have a particle size analysis
completed on them. Those samples that meet the gradational requirements for Granular A or Granular B
will be tested further to assess their basic aggregate quality, namely, Micro-Deval, freeze–thaw,
absorption and bulk relative density.

NEXT STEPS
Work on a series of twelve 1:100 000 scale surficial geology maps is currently in progress for
publication. The observations made in the field in 2014 will guide the predictive models used for map
generation. Results of the aggregate testing will be released separately as a digital publication
(Miscellaneous Release—Data (MRD)).

ACKNOWLEDGMENTS
The authors would like to extend their thanks to Ministry of Natural Resources and Forestry (MNRF)
pilots Bill Spiers, Bruce Winn and Dan Kennedy for their professional services. Derek Armstrong (OGS),
Ben Leeuwestein (MNRF), Rick Olar (MNRF) and Kevin Mulcair (MNRF) provided logistical support for
which we are grateful. The Fort Albany, Kashechewan, Moose Cree and Attawapiskat First Nations as well
as the Mushkegowuk Council Land and Resources Department are thanked for their overall support of this
project. Review comments provided by G. Gao and J. Parker are appreciated and improved the article.

REFERENCES
Barnett, P.J., Finkelstein, S.A. and Yeung, K.H. 2013. Field studies in support of remote predictive mapping in the
far north of Ontario; in Summary of Field Work and Other Activities 2013, Ontario Geological Survey, Open
File Report 6290, p.29-1 to 29-6.
Barnett, P.J. and Yeung, K.H. 2009. Far North Terrain Mapping Project; in Summary of Field Work and Other
Activities 2009, Ontario Geological Survey, Open File Report 6240, p.17-1 to 17-5.
——— 2010. Far North Terrain Mapping Project—Fort Severn; in Summary of Field Work and Other Activities
2010, Ontario Geological Survey, Open File Report 6260, p.25-1 to 25-6.
——— 2012. Field investigations for remote predictive terrain mapping in the Far North of Ontario; in Summary of
Field Work and Other Activities 2012, Ontario Geological Survey, Open File Report 6280, p.24-1 to 24-5.
Johnson, M.D., Armstrong, D.K., Sanford, B.V. Telford, P.G. and Rutka, M.A. 1992. Paleozoic and Mesozoic
geology of Ontario; in Geology of Ontario, Ontario Geological Survey, Special Volume 4, Part 2, p.907-1010.
McDonald, B.C. 1968. Glacial and interglacial stratigraphy, Hudson Bay Lowland; in Earth Science Symposium on
Hudson Bay, Geological Survey of Canada, Paper 68-53, p.78-99.
Nguyen, M.K., Hicock, S.R. and Barnett, P.J. 2012. Quaternary stratigraphy of the Ridge River area in support of
Far North Terrain Mapping; in Summary of Field Work and Other Activities 2012, Ontario Geological Survey,
Open File Report 6280, p.25-1 to 25-3.
——— 2013. Quaternary glaciation and stratigraphy of the Ridge River area, northern Ontario; abstract in Canadian
Quaternary Association (CANQUA)–Canadian Geomorphology Research Group (CGRG) Conference 2013,
Edmonton, Alberta, Program and Abstracts, p.183.

23-8

Earth Resources and Geoscience Mapping Section (23)

A.F. Bajc et al.

Ontario Geological Survey 1991. Aggregate resources inventory of the Moosonee area; Ontario Geological Survey,
Open File Report 5811, 52p.
——— 1996. Aggregate resource inventory of the Fort Albany, Kashechewan and Attawapiskat areas, northeastern
Ontario; Ontario Geological Survey, Aggregate Resources Inventory Paper 160, 56p.
Prest, V.K., Donaldson, J.A. and Mooers, H.D. 2000. The omar story: The role of omars in assessing glacial history
of west-central North America; Géographie physique et Quaternaire, v.54, p.257-270.
Roy, M., Dell’Oste, F., Veillette, J.J., de Vernal, A., Hélie, J.-F. and Parent, M. 2011. Insights on the events
surrounding the final drainage of Lake Ojibway based on James Bay stratigraphic sequences; Quaternary
Science Reviews, v.30, p.682-692.
Skinner, R.G. 1973. Quaternary stratigraphy of the Moose River Basin, Ontario; Geological Survey of Canada,
Bulletin 225, 77p.
Terasmae, J. and Hughes, O.L. 1960. A palynological and geological study of Pleistocene deposits in the James Bay
Lowlands, Ontario; Geological Survey of Canada, Bulletin 62, 15p.

23-9

24. Project Unit 11-028. Surficial
Geology Mapping and Till Sampling in
the Chapleau Area, Northern Ontario:
A Progress Report
C. Gao1, A. Wywrot2 and D. Zhu3
1

Earth Resources and Geoscience Mapping Section, Ontario Geological Survey, Sudbury, Ontario P3E 6B5
Department of Geology, Lakehead University, Thunder Bay, Ontario P7B 5E1
3
Department of Earth Sciences, University of Ottawa, Ottawa, Ontario K1N 6N5
2

INTRODUCTION
Following upon the previous work in the Chapleau area in northern Ontario (Gao 2011a, 2013b),
surficial geology mapping and till sampling continued in this area during the summer of 2014. Previous
modern alluvium sampling in this area suggests some potential for kimberlite (diamond), volcanogenic
massive sulphide (VMS), gold and carbonatite-hosted rare earth element mineralization in this region
(Ontario Geological Survey 2001a, 2001b). However, the lack of detailed Quaternary geological
information regarding the type and distribution of surficial materials, ice-flow directions and glacial
history hampers a thorough interpretation of existing data.
The study area is located within the northeast-trending Kapuskasing Structural Zone, covering three
1:50 000 scale National Topographic System (NTS) map sheet areas (41 O/11, 14 and 42 B/3). The
bedrock consists primarily of Precambrian gneissic and granitic rocks with lesser mafic to ultramafic
intrusive and metavolcanic rocks in the northern and eastern portions of the study area, respectively
(Ontario Geological Survey 2011) (Figure 24.1). Several carbonatite–alkalic intrusions are present in this
area, which may have potential for rare earth element mineralization. Gold mineralization was reported
from gneissic metasedimentary rocks in this region (Murahwi, Gowans and Martin 2012). Probe Mines
Limited has since explored this deposit, which is located on its Borden Lake property north of Borden Lake.

QUATERNARY GEOLOGY
The study area consists of Precambrian bedrock with till (bedrock–drift complex) in the north and
thick glaciofluvial sand and gravel deposits in end moraine, and outwash and subaqueous plains in the
south (Figure 24.2). Glaciolacustrine sand is extensive, and covers both the bedrock hills and lowland
glaciofluvial plains. Numerous eskers have been mapped, which traverse mostly parallel to the regional
ice-flow directions to the south-southwest.
Much of the bedrock in the northern area is capped by a veneer of till ranging from less than 1 m to
over 4 m in thickness. The till is sandy and bouldery, consisting in general of slightly silty, fine- to
medium-textured sand mixed with moderate to large amounts of pebbly to bouldery clasts. Slight to
strong compaction and fissility were usually observed in the till. Locally derived gneissic and granitic
rock fragments dominate the clast lithology of the till. Limestone clasts are present, but rare.
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Ontario Geological Survey, Open File Report 6300, p.24-1 to 24-7.
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Figure 24.1. Map of the Chapleau study area shows generalized bedrock geology and location of sample sites. The road
network is shown in red and the uncoloured areas are lakes. Solid black lines in the inset map indicate faults of the Kapuskasing
Structural Zone. Bedrock geology from Ontario Geological Survey (2011).
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Rounded pebble-sized rock fragments from Proterozoic Omarolluk Formation (omars), although rare, are
consistently present in the till and glaciofluvial gravels. The omar gravel clasts may have a direct source
area in southern Hudson Bay (Prest et al. 2000). Another source area, although indirect, is the James Bay
Lowland, where such gravel clasts are abundant in the till, glaciofluvial and fluvial deposits (Gao 2011b,
2013c), which could have been entrained and redistributed by glaciers farther to the south. In either case,
their presence in the Chapleau region indicates long-distance glacial transport. The till has been exploited
for building and maintaining some of the municipal gravel roads because of its coarse nature and limited
content of silt and clay.
The till typically occurs in till plains and hummocky ground moraine which are areas where a mosaic
of till mounds and ridges exists with low but distinct local relief. These moraines have a flat topography
and are usually fluted. The associated till tends to be sandy with moderate amounts of gravel clasts. The
hummocky ground moraines are numerous in the study area, with till mounds and ridges a few metres to
tens of metres high, occurring between and on the top of Precambrian bedrock hills. The till in the
moraines contains characteristically oversized boulders up to 5 m across and shows, in general, strong
compactness and fissility in the matrix, indicating a subglacial origin although most of such material may
have accumulated through the melting of the glacier ice known as meltout till. Evidence for a meltout till
genesis includes sand lenses and stringers resulting from meltwater sorting and spots in the till
successions where relatively less compact material occurs (Benn and Evans 2010). As a whole, the till is
texturally and lithologically similar to the Matheson Till of the Cochrane region to the northeast (Hughes
1965; Gao 2013a). Based on this similarity, the till in the Chapleau area is tentatively correlated with the
Matheson Till deposited during the height of the Late Wisconsinan.
The till matrix, in general, is noncalcareous and it does not react to 10% HCl solution. However,
locally, calcareous till exists in the ground moraines, and reacts strongly to 10% HCl in the matrix. It is
similar in clast lithology and texture with the noncalcareous till. Because of the lack of well-exposed
sections, these 2 types of till were not well examined for the presence of any erosion or disconformity
between them, a clue that may be used to define the lithostratigraphic units. The stratigraphical
significance of the calcareous till thus remains unknown. The calcareous till may be localized material in
the glacial system, for example, as the basal parts of a subglacial till or englacial clusters of calcareous till
material somehow not fully diluted by the glacial ice. It is relevant to mention that silty till clasts
(noncalcareous) were found in the sandy and bouldery till, suggesting the possible presence of an earlier
silt-rich till in the region or the adjacent area to the north.
The regional ice-flow direction is approximately 190°. However, at one locality, this direction
crosscuts an array of east-west–aligned striae preserved on a fine-grained, flat-lying gabbro bedrock
outcrop (Gao 2013b). The striae themselves do not provide clues for either an earlier westward or
eastward ice flow. However, a westward ice-flow direction is probable because such an ice flow has been
reported for the adjacent Sultan area to the east (Bernier 1998).
The sandy and bouldery till is overlain by glaciofluvial sand and gravel deposits in eskers, moraines,
outwash and subaqueous fans and plains. Numerous south-southwest-trending eskers traverse the study
area, and segments of some major roads are built on them because of the high relief and abundance of
sand and gravel material they provide. The sand and gravel deposits in the southern part of the study area
contain many large kettle lakes, some of which (e.g., McLennan Lake) can exceed 30 m in depth
(D. Lynn, local resident, personal communication, 2013). The largest sand and gravel deposit is the one
associated with an east-trending moraine system. This moraine system has a steep ice-contact slope to the
north and an extensive, gently sloping glacial meltwater plain or ramp to the south (see Figure 24.2). The
ramp has a flat topography and is often referred to by locals as the “Sultan Sand Belt”. Highway 667 and
part of Highway 129 traverse along this ramp. The moraine, known as the Chapleau II moraine
(Boissonneau 1968), and is a result of prolonged ice stagnation in this area. Today, this moraine ridge
serves as the drainage divide between rivers flowing south to the Great Lakes and north to Hudson Bay.
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Figure 24.2. Preliminary Quaternary geology map for the southern parts of the study area, NTS sheets 41 O/14 and 41 O/11,
showing the major surficial deposits. Black arrows indicate the regional ice-flow directions and grey lines indicate roads.
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Extensive glaciolacustrine sand occurs in the study area, covering hills and infilling lowlands (see
Figure 24.2). Small pebble clasts to isolated cobbles and boulders of ice-rafted origin are present in the
sand. The lakes were likely proglacial, formed in front of the retreating ice sheet during the last
deglaciation. The elevation of the glaciolacustrine sand reaches at least 460 m above sea level (asl), which
is comparable to the level of Lake Ojibway to the east and northeast (Veillette 1994; Gao 2013a). This
suggests that the proglacial lakes in the Chapleau area were part of the Lake Ojibway and Lake Agassiz
system that covered much of northern Ontario during the early Holocene. However, this connection
cannot be established without detailed geochronology. The sand is barren of organic debris for
radiocarbon dating. Shoreface sand samples were taken at 3 sites at the elevation of 440 m asl and will be
submitted for optically stimulated luminescence (OSL) dating.
In contrast to the extensive glaciolacustrine sand, glaciolacustrine silt and clay are sparse across the
study area. Only at 2 sites was limited glaciolacustrine mud recorded: one on a hill top and the other in a
depression between till ridges. The former forms a hard clay sheet capping the hill and the latter contains
abundant small ice-rafted granules and pebbles. The rarity of fine-grained glaciolacustrine material
indicates that the proglacial lakes were shallow, probably mostly within the depth of wave base, no deeper
than a few tens of metres. The sandy and bouldery till might also have had some controls on the sandy
facies of the glaciolacustrine deposits by providing abundant sand material to the lakes.
Parabolic aeolian dunes of fine sand, with a relief of a metre to a few metres, occur on the former
glaciolacustrine sandy plains, forming many small dune fields up to a few kilometres across. They likely
developed under dry conditions during the Early Holocene when the ground lacked dense vegetation
cover following the retreat of the ice sheet. The dunes are now completely stabilized by the forest.
The postglacial deposits consist mainly of peat in fens and bogs and along river floodplains. The peat
deposits have a thickness no greater than 3 m. They are water saturated and not significantly compacted,
have a fibrous texture, and contain partially decomposed to undecomposed wood fragments. The low
degree of humification suggests limited use for the fuel industry, but the deposits may have some
potential for horticultural use.

TILL SAMPLES AND INDICATOR MINERALS
This year, 78 till samples were collected in the field for indicator minerals. This brings the total
number of samples collected to 244 during a three-year field work period (Gao 2011a, 2013b). Data from
the samples collected in 2011 and 2013 show a background value of less than 5 gold grains per 10 kg of
till matrix material (<7 mm grain size) in the study area. This means that samples containing more than
10 gold grains may be significantly anomalous and further work is needed to assess the potential
mineralization in the up-ice direction. The 2 samples collected just down ice of the Probe Mines
discovery rock outcrop that contained 2 g/t gold on the Borden Lake property have 19 and 20 gold grain
counts (Figure 24.3). There are a couple of other sites on that property where the till samples show
elevated numbers of gold grains (see Figure 24.3). The gold grains (14) from site 13-CG-520 near
Highway 101 are likely derived from the nearby area adjacent to or north of the highway. Further
sampling in this area is recommended to assess the significance of this anomaly.

PROJECT STATUS
The till samples obtained this year will be processed for indicator minerals including gold, kimberlite
(diamond) and base metals, as well as for geochemical analysis of the fine-grained silt and clay fraction
(<63 μm). These results will be combined and released together with the data collected in 2011 and 2013.
Data is being compiled for 3 Quaternary geology maps of the area, to be released sometime in the future.
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Figure 24.3. Gold grain data on the Probe Mines’ Borden Lake property, plotted on a black and white air photograph (from the
Ontario Ministry of Natural Resources and Forestry) taken in 1984.
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INTRODUCTION
This report summarizes field work completed during the summer of 2014, the second of 2 field
seasons of mapping in the Lindsay and Peterborough areas of southern Ontario. The 2014 study area is
located within the Regional Municipality of Peterborough; the city of Peterborough is located in the
south-central portion of the area.
Previous mapping in the area by Gravenor (1957) was completed at a scale of 1:126 720. Higher
resolution mapping is required in this area to provide baseline geological information for land-use
planning, as well as groundwater and source water protection studies. The aim of the current study is
to update the Quaternary geology of the area by identifying and delineating the various Quaternary
geological units, and determining the genesis of the landforms and sediments. Two 1:50 000 scale maps
for the Lindsay (NTS 31 D/7) and Peterborough (NTS 31 D/8) areas will be completed.
Field work focussed on the examination of natural and man-made exposures (e.g., roadcuts, pit
excavations and roadside ditches) as well as soil probe and hand-auger cores. In addition, 44 till samples
were collected and will be submitted for grain size analyses. These samples will provide additional data in
determining whether or not there are multiple facies of the till observed within the study area. Pebble
counts for lithologic determinations will also be made from the till samples.

BEDROCK GEOLOGY
The bedrock geology of the Peterborough area consists of Ordovician limestone and shale of the Gull
River, Bobcaygeon, Verulam and Lindsay formations. The unconformable contact between granites of the
Central Metasedimentary Belt of the Grenville Province and the Bobcaygeon Formation was observed
within the north-central portion of the study area east of Katchewanooka Lake (Photo 25.1). The Paleozoic
sequence dips gently southward toward Lake Ontario, and the bedrock surface is irregular, with gentle
undulations and well-confined valleys currently occupied by the area encompassed by Pigeon Lake,
Chemong Lake, Katchewanooka Lake and Clear Lake (Gao et al. 2006). The bedrock formations are
described in order, from oldest to youngest, in the following section.
The Gull River Formation occupies a small portion of the northeast corner of the study area
(Figure 25.1). It consists of variably fossiliferous, very fine-grained, light grey to brown limestone with
argillaceous to silty dolostone beds more prevalent toward the base of the formation.

Summary of Field Work and Other Activities 2014,
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The Bobcaygeon Formation occupies a northwest to southeast band in the northeast corner of the
study area between Buckhorn Lake and the community of Dummer (see Figure 25.1). It is a light greybrown to blue-grey to grey-brown, fine- to coarse-textured fossiliferous limestone. Thin shale interbeds
and partings increase in content upward through the formation; crinoidal grainstones and nodular texture
are more common in the lower sequence. Several outcrops of the Bobcaygeon Formation were identified
within the study area.
The Verulam Formation is located in the central portion, and underlies more than half of the study
area (see Figure 25.1). It consists of grey, interbedded, bioclastic to very fine-grained limestone and greygreen calcareous shale. The formation crops out to the north and east of the city of Peterborough.
The Lindsay Formation occupies a small section of the southwest corner of the study area and is a
fine- to coarse-grained, fossiliferous and argillaceous limestone that is commonly nodular. No outcrops of
the Lindsay Formation were observed within the study area.
Bedrock outcrops were scattered throughout the study area, but are most commonly located along the
north edge of the map area or along valleys. The bedrock surface is commonly highly weathered and
fractured; at all observed outcrops, no glacial striae were preserved within the Peterborough map area.

Photo 25.1. Unconformable contact between granites of the Central Metasedimentary Belt of the Grenville Province (bottom
half of the photograph) and overlying limestone of the Ordovician Bobcaygeon Formation (upper half of the photograph). The
pick axe, shown for scale, is approximately 1 m long.
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Figure 25.1. Simplified bedrock geology of the study area (modified from Armstrong and Carter 2010). Geology overlain on a shaded-relief [hillshade] image of the
interpolated bedrock surface (modified from Gao et al. 2006).
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QUATERNARY GEOLOGY
The landscape of the Peterborough area was shaped during the last glaciation beginning approximately
20 000 to 25 000 years ago. A range of glacial landforms and associated sedimentary deposits have been
identified within the study area (Figure 25.2). Glacial ice originating from the north to northeast extended
south of the current study area and occupied the area for a sustained period of time, during which the
various landforms developed. The final stages of deglaciation saw the development of the Schomberg
ponds, a series of ice-marginal ponds bordered to the south by the Oak Ridges Moraine, which developed
as the retreating ice mass stagnated and melted in place (Gravenor 1957).
Sediment thickness within the study area varies from slightly less than 1 m in the north to
approximately 250 m in the southwest and southeast corners of the study area (Gao et al. 2006). These
thicker sediments occur within high irregular hills in the southeast and southwest corners of the study
area. Drift is also thin near Lang and Warsaw (see Figure 25.2) where bedrock is exposed at several
locations.
The dominant sediment type identified within the study area is till. Newmarket Till occupies much of
the area, whereas the Dummer Till is confined the northeast corner. Newmarket Till is commonly a silty,
fine-textured sand diamicton with an estimated 10 to 15% grits to pebble gravel. Large boulders up to 5 m
in diameter have also been observed. Local limestone dominates the clast lithologies, although shieldderived lithologies are also noted. Clasts within the till are commonly subangular and are bullet shaped,
faceted and sometimes striated. This till occurs in broad, flat to undulating ground moraine, drumlins and
streamlined landforms, as well as small linear ridges. A possible fine-textured facies of Newmarket Till
was identified at the base of deep roadcuts through drumlins. Here, the till is very compact, and the matrix
appears to be much finer, with fewer clasts than that described above. Grain size and carbonate analyses
will be used to differentiate between the 2 facies. In addition, a unit of very poorly sorted sand and gravel
was observed in association with Newmarket Till. This unit is commonly located near the crest of
drumlins and overlies the till. The sand and gravel unit exhibits most of the characteristics of the till,
although the matrix appears to lack the very fine-textured fraction and is generally much looser than
typical Newmarket Till. The fine-textured fraction of the sediment may have been washed away by
meltwater during deglaciation while the ice mass stagnated and melted away.
Newmarket Till is commonly found within drumlins of the Peterborough drumlin field. The drumlin
field occupies approximately two-thirds of the study area. The drumlins vary in morphology from east to
west. Along the western edge of the study area, the drumlins appear to be asymmetrical mounds that have
a slight elongation along the axis parallel to ice flow (northeast to southwest). Between Chemong Lake
and Katchewanooka Lake, the drumlins become highly irregular, and are shorter and narrower than those
to the west, with the long axes oriented north-northeast. East of Katchewanooka Lake, the drumlin
morphology becomes that of the classic streamlined form (e.g., Photo 25.2). Here, the drumlins are linear,
very straight and elongated. Some of the drumlins in this area also appear to be superimposed or overprinted
on one another and, in one example, a drumlin appears to have 3 tails (Figure 25.3B, see “d×3”). This may
be a conglomeration of 3 drumlins. The orientation of the drumlins in this part of the field is mildly
arcuate trending northeast in the west to north-northeastward in the east.
Dummer Till is a silty, medium- to coarse-textured sand till with an estimated 30 to 40% grits to
cobble gravel and boulder gravel. Clasts within this till are predominantly limestone with occasional to
rare shield clasts; the clasts are commonly subangular to angular. In some cases, when the till was sitting
directly upon bedrock, it was difficult to differentiate between Dummer Till and the underlying highly
weathered bedrock surface. The Dummer Till is most commonly found within irregular hummocks in the
northeast corner of the study area near the community of Dummer. Linear ridges, oriented northwestsoutheast, also identified within the area of Dummer Till (e.g., Figure 25.3C), may be recessional or
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terminal moraines. Dummer Till is locally derived, and was likely deposited close to where the sediment
became entrained in the ice. The high percentage of clasts of local lithologies and their angularity suggest
a short transport distance. The hummocks within which the till is found also suggest a stagnating ice mass
was involved in deposition of the Dummer Till.
In addition to till, large portions of the study area are covered by fine-textured glaciolacustrine deposits.
Gravenor (1957) attributed the laminated silts and sands to the Schomberg ponds. These sediments
occupy pockets of land in the southern half of the study area, particularly in swales between the higher
relief drumlins and hummocks. In places, glaciolacustrine sand deposits drape the lower slopes of the
drumlins; in other places, there is evidence of fine-textured sediments having been winnowed from till by
wave action. The glaciolacustrine sediments have resulted in broad, flat-lying areas that are extensively
used for farming. The areas of lower lying glaciolacustrine sediments are commonly occupied by
wetlands, with peat thicknesses commonly greater than 5 m in the centres of the wetlands.
Glaciofluvial and ice-contact stratified deposits are also present within the study area. Eskers are the
most dramatic features composed of these sediments and there are several located within the map area.
The Norwood esker, located south of Highway 7 at the eastern edge of the study area, is the most
prominent esker (Figure 25.3D). Additional esker systems include one located north of Lakefield
continuing to the southwest through Bridgenorth, one near Warsaw, as well as one just northeast of the
city of Peterborough. The esker systems trend southwest and are parallel or subparallel to Pigeon,
Chemong, Katchewanooka and Clear lakes within the study area.
Meltwater erosional features are also present throughout the study area. Several tunnel valleys have
been identified. The most dominant of these is located at the eastern edge of the study area where a tunnel
valley intersects the Norwood esker (see Figure 25.3D). A second tunnel valley begins at Warsaw and
extends southward to Rice Lake. Additional valleys are currently occupied by the northeast-southwest
trending Pigeon, Chemong, Katchewanooka and Clear lakes. The tunnel valleys within the current study
area correspond to those previously identified by the Geological Survey of Canada (Sharpe, Russell and
Pugin 2013).

Photo 25.2. Example of a classically shaped drumlin within the Peterborough drumlin field. In this instance, ice flow was
northeast to southwest (from approximately right to left in photo). Note barn for scale.
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Figure 25.3. Shaded-relief [hillshade] digital elevation model (DEM) images showing A) irregular hills; B) well-developed
drumlins of the Peterborough drumlin field (d×3, a multi-tailed drumlin); C) an area of Dummer moraine (h, hummocks;
mr, moraine ridge); and D) the Norwood esker (e) and a tunnel valley (tv). Locations are shown in bottom figure. Digital
elevation model data from Ministry of Natural Resources (2012).
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INTRODUCTION
The Clean Water Act (2006) was introduced to ensure safe potable drinking water resources for
Ontario residents. The current study is one of several three-dimensional (3-D) mapping projects
undertaken by the Ontario Geological Survey (OGS) over the past 12 years. These studies aim to improve
knowledge of regional groundwater systems by mapping bedrock topography, Quaternary sediment
stratigraphy and evaluating the groundwater resource potential, including the risk of contamination and
potential surface water–groundwater interactions (Bajc, Burt and Rainsford 2011). The data from these
investigations ultimately assist in policy development with regards to land-use planning, nutrient
management as well as surface and groundwater extraction.
The central portion of the County of Simcoe (herein referred to as “central Simcoe County”) was
chosen for investigation because of increasing and projected future demand on the existing groundwater
supply due to increasing population (Ministry of Public Infrastructure Renewal 2006) and to fill in the
gap in 3-D mapping between the Oro Moraine (Burt and Dodge 2011) and southern Simcoe County (Bajc
and Rainsford 2010, 2011; Bajc, Rainsford and Mulligan 2012) 3-D study areas (Figure 26.1). The central
Simcoe County area is also situated in an area of geologic significance as it overlies the Laurentian
buried-bedrock valley (Figure 26.2), which is infilled with thick successions of Quaternary deposits that
may host significant regional and local aquifers (Sharpe et al. 2002; Burt and Dodge 2011; Bajc,
Rainsford and Mulligan 2012). It may also contain an important record of Quaternary geology that will
assist in improving understanding of the evolution of regional paleoenvironments.
The first phase of this project was a surficial sediment reconnaissance investigation carried out
during the summer of 2014. The aim of the summer field work was to develop a better understanding of
the late glacial history of the area by assessing the character and geometry of sediment–landform
associations that comprise the shallow subsurface stratigraphy.

LOCATION AND POPULATION
The central Simcoe County study area is situated in southern Ontario and occupies an area of
1400 km2, bounded by Georgian Bay to the north, the Simcoe County boundary with Dufferin County to
the west, the municipal boundary between Clearview and Adjala–Tosorontio and Highway 90 to the
south, and the western boundary of the Barrie–Oro 3-D mapping study area to the east (see Figure 26.1).
The study area has a population of greater than 115 500 people (Statistics Canada 2011) and covers all or
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.26-1 to 26-19.
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parts of the municipalities of Clearview, Collingwood, Essa, Midland, Penetanguishene, Springwater,
Tay, Tiny and Wasaga (see Figure 26.1). The majority of the population is concentrated in the towns of
Midland, Penetanguishene, Collingwood and Wasaga Beach, as well as the communities of Elmvale,
Stayner, Port McNicoll and Creemore. Land use is largely agricultural, with corn, soy, potatoes, wheat
and raising livestock being important (County of Simcoe 2012). Surface water drainage is carried by the
Nottawasaga River and its tributaries, the Mad and Pine rivers as well as the Pretty and Batteaux rivers
and other smaller creeks. The Wye River and numerous other small creeks including Black, Ash,

Figure 26.1. Geography of study area (red outline). Simcoe County shown in light grey, Dufferin and Grey counties shown in
dark grey. Lower tier municipalities outlined in brown and labelled in large bold font. Smaller communities mentioned in text
labelled in regular font. Selected county roads and provincial highways labelled for reference. Inset map in upper left shows
location of study area in southern Ontario and locations of Barrie–Oro (B-O) and southern Simcoe County (SS) 3-D mapping areas.
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Sturgeon and Copeland creeks drain the northern part of the study area into Georgian Bay. Excluding
Georgian Bay, few lakes are found within the area. Marl Lake, Orr Lake, Mud Lake, Farlain Lake and
Little Lake form the largest surface water bodies, although the area contains many small ponds and
several provincially significant wetlands including the Minesing Wetlands, and the Marl Lake, Tiny and
Wye marshes.

GEOLOGIC SETTING
Previous surficial mapping in the area at 1:50 000 scale was completed by Burwasser and Boyd
(1974: Collingwood, Nottawasaga, Barrie West, Orr Lake areas), and Bajc (1994: Christian Island and
Penetanguishene areas). Workers have also completed investigations in the area as part of more regionalscale studies (Deane 1950; Chapman and Putnam 1984), and the OGS has recently undertaken 3-D
mapping projects in the Barrie–Oro area (Burt and Dodge 2011) and in southern Simcoe County (Bajc,
Rainsford and Mulligan 2012).

Figure 26.2. Bedrock geology of study area (solid black outline). A) Shaded relief and topography (from Gao et al. 2006).
B) Paleozoic geology overlain on shaded-relief image (geology from Armstrong and Carter 2010). Approximate margin of the
Laurentian buried-bedrock valley shown with dashed line.
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The central Simcoe County study area lies to the south of the Precambrian–Paleozoic unconformity
that separates the Central Gneiss Belt of the Grenville Province to the north from the overlying Paleozoic
carbonate and clastic rocks to the south (see Figure 26.2; Gao et al. 2006). The unconformity stretches
from beneath Severn Sound in Georgian Bay east-southeastward across central Ontario and is commonly
marked by a sharp cuesta comprised of a succession of Ordovician limestones, up to 12 m high, which is
interrupted by a series of re-entrant valleys oriented south to south-southwest (Figure 26.2A). The entire
study area is underlain by Paleozoic strata, except in a few places on the Penetanguishene peninsula,
where inliers of Precambrian Grenville metamorphic rock were intersected in a borehole (Figure 26.2B;
Bajc 1994; Armstrong and Dodge 2007).
The most prominent bedrock feature in the study area is the Niagara Escarpment, which forms a
large north-trending cuesta (up to 300 m high) that borders the western edge of the study area and
stretches from Manitoulin Island into western New York State. This feature forms the most prominent
physiographic region within the study area and the highest surface elevations in southern Ontario,
reaching 547 m above sea level (asl) (Figure 26.3). To the east of the escarpment, a broad low on the
bedrock surface, named the Laurentian Valley (or Laurentian Trough), extends south-southeastward from

Figure 26.3. A) Topography and B) physiography (modified from Chapman and Putnam 2007) of the study area (black outline);
both are overlain on digital elevation model (DEM) image (from Ministry of Natural Resources 2012). Locations of other figures
labelled and shown with dashed black lines.
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Georgian Bay (see Figure 26.2). Bedrock valleys beneath the study area have been interpreted as the
remnants of preglacial drainage systems connecting Georgian Bay and Lake Ontario (Spencer 1890;
Eyles et al. 1985) or as troughs from glacial and subglacial meltwater erosion during Pleistocene
glaciations (Gao 2011). The form and geometry of the buried-bedrock valleys within the region are still
poorly defined because of a lack of wells and boreholes that intersect the bedrock surface.
Glacial deposits are sparse and relatively thin to the north of the Paleozoic unconformity, but thicken
rapidly toward the south, possibly exceeding 195 m in thickness in parts of the study area where they infill
and overlie bedrock valleys (Gao et al. 2006). The thickest sediment successions are found beneath the
Simcoe uplands (Figure 26.3B) whereas significant parts of the stratigraphy have been removed within the
Simcoe lowlands resulting in reduced thicknesses of glacial drift (see Figure 26.3B). Quaternary sediment
was deposited during multiple cycles of ice advance and retreat during the Wisconsin (and possibly
Illinoian) Episode(s) (Bajc 1994; Burt and Dodge 2011; Bajc, Rainsford and Mulligan 2012). Ice advances
are recorded by variably textured tills at multiple stratigraphic intervals, whereas ice retreat is characterized
by glaciofluvial, glaciolacustrine, eolian and alluvial deposits as well as surface weathering intervals.
The oldest till identified at the surface within the region is a grey, dense, silty, carbonate-rich till,
recording a possible early Wisconsin or Illinoian ice advance (Bajc 1994). Organic-bearing alluvial
deposits overlie the upper surface of this till in boreholes drilled within the study area, and potentially
correlative deposits in southern Simcoe County and to the west, near Clarksburg, record a nonglacial
interval with low regional Great Lakes water levels during the middle Wisconsinan (Warner, Morgan and
Karrow 1988; Bajc 1994; Bajc and Mulligan 2013). Above the alluvial deposits are successions of
rhythmically laminated glaciolacustrine silt and clay with lesser fine- to coarse-grained sand. Increasing
thicknesses of sand are observed upsection. These deposits record a dramatic rise in regional base levels
throughout central Ontario prior to the Late Wisconsinan ice advance (Warner, Morgan and Karrow 1988;
Bajc and Mulligan 2013).
A brown to grey, moderately to highly consolidated sandy subglacial till (Newmarket Till) overlies
the glaciolacustrine succession and records the main phase of ice advance during the Late Wisconsinan
(Bajc 1994). This till forms the surface unit of upland areas within the region, locally blanketed with
glaciofluvial or ice-contact deposits (Burwasser, unpublished report [no date]; Chapman and Putnam
1984; Bajc 1994). Along the eastern shore of Nottawasaga Bay, a fine-grained, stone-poor, massive to
crudely stratified, fine-grained till (Allenwood Till) forms a streamlined till plain, with surface fluting
oriented to the east-southeast (Burwasser, unpublished report [no date]). This till has been interpreted to
represent a late-glacial readvance of ice from within the Georgian Bay basin south to the Edenvale
moraine. Within low-lying parts of the study area, the Newmarket and Allenwood tills are blanketed by
varying thicknesses of deglacial and postglacial (glacio)lacustrine, alluvial and eolian deposits. These
sediments, combined with an exceptional record of past shoreline indicators, record dramatic changes in
regional base levels in the Lake Huron basin as ice withdrew from the region. Large coastal dune fields
record the reworking of shoreline sediments by prevailing winds as water levels fell (Martini 1975;
Johnston 1999).

RESULTS
Paleozoic Geology
Early Ordovician fine-grained limestone and interbedded shale of the Gull River Formation crops out
along the bedrock cuesta in the north of the study area, near Port McNicoll. Ordovician limestone and
shale (Bobcaygeon and Verulam formations) underlie the central parts of the study area. Lindsay
Formation limestone crops out in a flat bevelled plain along the shores of Georgian Bay in the Collingwood
area. A succession of Upper Ordovician shale and limestones (Georgian Bay and Queenston formations;
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Armstrong and Carter 2010) and Lower Silurian sandstone, shale, limestone and dolostone (Clinton and
Cataract groups and Gasport Formation; Brunton 2009; Brunton and Brintnell 2011) crops out along the
face of the Niagara Escarpment. A large outlier of Queenston Formation shale occurs at the mouth of the
Mad River valley north of Creemore (see Figure 26.2). Another outlier exists to the south of Creemore,
where the Gasport Formation and Clinton–Cataract groups are separated from the main face of the
escarpment by a large channel feature (see Figure 26.2). Measurements of joint and preferred fracture
orientations in the area are consistent with the trends of the valleys and form of outliers.

Quaternary Geology and Physiography
The central Simcoe County study area consists of 3 prominent physiographic regions: the Niagara
Escarpment (includes the Horseshoe moraines), the Simcoe uplands and the Simcoe lowlands (Chapman
and Putnam 1984). Analysis of the sediment–landform relationships within the study area has shown that
each physiographic region is composed of one or more groups of genetically related landsystems.
A “landsystem” is a geographic area composed of groups of landforms and sediments formed or
deposited in a suite of similar environments (Evans 2011). Landsystems may exist in one or more
physiographic regions and may cross boundaries between physiographic regions. The landsystems
analysis approach consists of detailed study of the spatial relationships between compositional and
morphologic characteristics of surface sediments and landforms (Evans 2011). This provides an enhanced
framework for the examination of spatiotemporal changes in Quaternary depositional environments, and
may ultimately assist in the characterization of the 3-D geometry of geologic units (Anderson 1989;
Evans, Lemmen and Rea 1999; Benn and Lukas 2006; Mulligan 2013).

NIAGARA ESCARPMENT
Bedrock Escarpment
The bedrock escarpment landsystem consists of lithified clastic and carbonate rocks of Silurian to
Ordovician age (Brunton and Brintnell 2011). Thick-bedded dolostone of the Guelph and Gasport
formations form the cap rock to the feature; a succession of interbedded limestones, sandstones and shale
form the face (Clinton and Cataract groups) and basal units (Queenston and Georgian Bay formations) of
the escarpment. Undercutting of the softer, lower units helps provide the steep topography throughout the
landsystem. Within the study area, the morphology of the bedrock escarpment varies from a single face,
to multiple steps, and is commonly dissected by large channels running both parallel and perpendicular to
the face. These morphologic variations are plainly visible in the field and on digital elevation models
(DEM) (Figures 26.3 and 26.4). The steps mark lithological boundaries and differential erosion of the
bedrock formations and typically occur at the Manitoulin and Gasport formations. Accumulations of sand
and gravel, up to 8 m thick, are observed along the crests of steps in the escarpment and infilling channel
systems cut into bedrock from west of Duntroon south through Lavender (Figure 26.4A). The bedrock
surface near the face of the escarpment is commonly fractured and exhibits strong (karstic?) weathering.
Where it is better preserved (roadcuts and quarries), the upper surface is marked with subparallel linear
striae and gouges (Figure 26.4C). In some locations, silicified fossils in the limestone beds were more
resistant to erosion and form the cores of well-developed, linear streamlined (crag-and-tail) forms up to
3 mm high and 5 to 15 cm long (see Figure 26.4C). Crosscutting parallel striae were observed in a few
locations and typically show southwestward (220 to 235°) sets crosscutting south-southwestward (195 to
210°) sets.
The bedrock escarpment was largely in place prior to the Late Quaternary. Parallel striations and
small linear flutings on the surfaces of benches along the face of the escarpment suggest the feature has
been modified by the last glacial advances from the north and northeast (Straw 1968). The occurrence of
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crosscutting striae sets suggests multiple distinct phases of ice advance from more northerly, followed by
easterly orientations. Large channels cut into the face of the bedrock escarpment attest to large quantities
of meltwater erosion during the last glacial and deglacial period (Straw 1968; Kor and Cowell 1998). The
alignment of joints with the long axes of re-entrant valleys and outliers suggests a (preglacial) structural
control to the orientation of the valleys (Eyles et al. 1997).

Figure 26.4. A) Digital elevation model (DEM) of the southern part of the Niagara Escarpment region (see Figure 26.3B) (DEM
data from Ministry of Natural Resources 2012). Bedrock escarpment (BE), hummocky ridges (HR) and V-shaped valleys (VV)
landsystems are identified. Components of landsystems identified with lowercase letters: bc = channels cut into bedrock;
ch = channels between hummocky ridges; h = hummocky valley topography; l = lows between hummocky ridges; s = stepped
bedrock escarpment; t = terraced valley topography. Locations of photos in Figures 26.4C and 26.4D marked with white circles.
B) Photograph of Niagara Escarpment near Duntroon, looking northwest. Black arrows show distinct steps in the bedrock face.
C) Striated dolostone of the Gasport Formation. Silicified fossils form resistant cores that initiated ice-flow separation and
streamlining (view looking toward ice-flow direction). D) Photograph showing characteristic hummocky topography in ridges
above the Niagara Escarpment. Pond occupying the closed depression in the centre of the photo is approximately 10 m across.
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V-Shaped Valleys and Fills
A series of east-northeast- to north-northeast-trending valleys cut into the main face of the bedrock
escarpment. In most areas, they have an apparent V-shaped cross-sectional profile, commonly marked
with hummocky topography along the upper flanks and well-developed lateral terraces along the lower
flanks of the valley walls (see Figure 26.4A). Sediment exposures within areas of hummocky topography
typically reveal variably textured diamicton units or interbedded and deformed, very fine- to fine-grained
sand and interbedded silt and gravel with clasts up to 1.5 m diameter. Diamictons range from silty and
stone poor to sandy and cobble rich with brown, grey, light grey, to reddish matrix colouration. Toward
the lower, central parts of V-shaped valleys, a series of well-developed terraces are commonly observed
and are composed primarily of sand and gravel deposits. Paleocurrent directional indictors within
sediments exposed in terraces are consistently northeast, toward the mouths of the valleys.
Much of the older sediments within V-shaped valleys in the study have likely been removed by ice
and meltwater during the Late Wisconsin glaciation. The observed valley infill within the study area is
dominantly early deglacial ice-marginal deposits creating hummocky topography through the gradual
melt out of buried ice blocks. Diamictons were deposited at the ice margin as stacked debris flows
forming moraines; sandy deposits were deposited in localized ice-dammed lakes when the mouths of
valleys were blocked by the retreating ice front (Burwasser, unpublished report [no date]; Chapman and
Putnam 1984). Terracing of the sediments lower in the valley records further recession of the ice front and
successive drainage of the ice-dammed lakes within the valleys. Preserved Middle Wisconsinan sediments
within re-entrant valleys to the northwest (Warner, Morgan and Karrow 1988) and to the south (Bajc and
Mulligan 2013) indicate the valleys were cut prior to the Late Wisconsinan ice advances.

Hummocky Ridges
Hummocky ridges are observed above and below the crest of the Niagara Escarpment (see
Figure 26.4A). Ridges vary from long, sinuous and continuous forms over long (15 km) distances, or may
appear in short, broken segments (<2 km). The orientation of the ridges generally follows the trend of the
bedrock escarpment and crest of V-shaped valleys. Above the escarpment, distinct ridges are separated by
relatively flat, low areas with sand and silt at surface. In places, these low areas are connected through a
network of broad channel features trending to the south and southwest. Large, flat lobate features
composed primarily of sand with minor gravel extend from the ridges into the intervening lows in some
locations. Ridges are composed of variably textured diamictons with interbedded sand, gravel and lesser
silt. Diamictons display similar facies to those observed along the upper flanks of V-shaped valleys, except
ridges above the crest of the escarpment are more commonly composed of coarser grained and clast-rich
facies compared to those observed in the valleys and in ridges below the crest of the bedrock escarpment.
Large (1 to 2 m) subangular to angular boulders of limestone and dolostone are commonly observed at the
surface of hummocky ridges above the escarpment. The largest single ridge lies at the base of the
escarpment where the Niagara Escarpment region meets the Simcoe lowlands south and west of Stayner
(see Figure 26.1). This larger form displays a gently undulating, but heavily dissected topography, and
appears to be a composite form of 2 semi-distinct ridges. Large, amphitheatre-shaped erosional forms, up
to 1 km in diameter, reveal sand underlying stone-poor diamicton within the core of this feature.
Hummocky ridges are interpreted as early deglacial terminal or recessional moraines recording
minor readvances or stillstands of the retreating ice sheet. Their orientations suggest the bedrock
escarpment played a key role in controlling late-stage ice flow throughout the region. Large blocks of
dolostone record erosion of the cap rock of the escarpment. The moraines above the crest of the
escarpment are coarser and more clast rich because ice was more erosive as it flowed into the steep walls
of the escarpment. Additionally, meltwaters were able to drain relatively freely to the southwest, whereas
they would have created ice-dammed lakes along the shale-rich face of the escarpment. The abundance of
sand and gravel interbeds, as well as sandy lobate features interpreted as large outwash fans, suggests
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abundant meltwater activity during moraine formation. Colour banding within the diamicton beds likely
reflects erosion of distinct bedrock units and deformation of the ice mass as it flowed over the bedrock
escarpment, leading to large amounts of englacial debris. Low areas and channels in between ridges
record the evolving drainage network as meltwaters were ponded between the ice front and the moraines
in the glacier forefield. Meltwater would fill a basin until it achieved outflow, then downcut the outlet,
allowing meltwater to progress southwestward.

SIMCOE UPLANDS
Streamlined Terrain
Surface sediment within streamlined terrain in upland areas is composed of sandy to silty sand
diamicton. Facies vary from being sandy, stone poor and moderately compacted to silty-sand, clast and
boulder rich, and highly consolidated. The diamicton typically has a structureless brown to grey matrix
that often displays well-developed fissility and is commonly fractured. Fractures and fissile planes within
the diamicton are often stained orange. Clast content within the diamicton is commonly between 5 and
15%, and a distinct trend of rapidly decreasing concentrations of Precambrian clast lithologies is observed
from north to south. In some areas, a poorly developed, subhorizontal A-axis clast fabric is observed, with
faceted and striated clasts oriented 190 to 205°. Individual streamlined ridge forms are up to 1 km long,
200 m wide and 20 m high, with subparallel long axes between 190 and 200° (Figure 26.5). In a few
locations along the rims of streamlined upland terrain, sediments underlying the sandy surface diamicton
are observed. A highly consolidated, grey, gritty silt- to sandy-silt diamicton is observed at the base of
observed sections. This is overlain by thin deposits of sand, silt and gravel that pass upward into
laminated silt and clayey silt with minor fine-grained sand. The uppermost unit underlying the surface
diamicton beneath uplands is a thick succession of sand, gravel and interbedded silt. Fine- to coarsegrained pebbly sand and gravel are planar bedded to rippled or trough cross-bedded, with paleocurrent
indicators suggesting flow toward the south-southwest.
The sand-rich diamict on the surface of streamlined uplands is interpreted as subglacial till (Benn
and Evans 1996; Evans et al. 2006). The physical characteristics, directional indicators and stratigraphic
positions are consistent with previous descriptions of Newmarket Till (Gwyn 1972; Burwasser,
unpublished report [no date]; Bajc 1994; Sharpe et al. 2002; Mulligan 2013). Streamlined forms are
interpreted as drumlins and, combined with striae on clasts and the southward decrease of Precambrian
clast lithologies, record ice flow from the north (Burwasser, unpublished report [no date]). Orange-stained
fractures through the till suggest recent groundwater flow through the unit. The lower stratigraphy
appears to record an earlier (possibly Early Wisconsinan or Illinoian?) ice advance, followed by
glaciolacustrine environments (Warner, Morgan and Karrow 1988; Bajc 1994).

Transverse Ridges and Sand and Gravel Valleys
On some uplands in the north, sinuous transverse ridges are overprinted onto streamlined terrain.
They are often observed in groups of up to 3 subparallel ridges, are commonly segmented and
discontinuous, and generally show low relief (<5 m) above the local topography (Figure 26.5B). Few
good vertical exposures are available through these features. In the north, west of Penetanguishene (see
Figure 26.5B), they are composed of sandy diamicton units with abundant sand and gravelly interbeds.
Near Waverley (Figure 26.5C), 3 parallel ridges are observed within a large swale on an upland. Here,
the ridges are composed almost exclusively of sand overlying the sand-rich surficial diamicton. In areas
where transverse ridges are observed on the surface of uplands, channels cut into the swales between
drumlins and are partially infilled with sand and gravel, which form flat to slightly hummocky features
within, or on the outer flanks, of the upland. Where the sands and gravels meet the adjacent lowlands,
large arcuate ridges are commonly observed.
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Transverse ridges are interpreted as minor moraine features formed during deglaciation. The
channels and abundance of sand and gravel deposits record meltwater draining the ice front during
moraine formation. As ice would have been blocking adjacent lowlands to the east and west, meltwater
would have been forced over the uplands in order to reach low-lying ground inundated by a proglacial
lake forming shorelines (and large spit features (Figures 26.5C and 26.6B)) on the southern flank.

Figure 26.5. A) Digital elevation model (DEM) of streamlined upland terrain bounded by steep wavecut scarps northwest of
Penetanguishene. Main Lake Algonquin (MLA) shoreline shown in yellow. Numerous post-Algonquin shorelines and beaches
are present below the MLA water plane, but are not shown for clarity. Black arrows denote possible meltwater pathways.
Dashed black line shows margins of delta or fan feature preserved along the western flank of the upland. B) Digital elevation
model of streamlined upland terrain bounded by steep wavecut scarps west of Penetanguishene. Main Lake Algonquin (MLA)
shoreline shown in yellow. Black arrows denote meltwater pathways; a series of transverse ridges (TR, dashed lines) are
overprinted onto streamlined forms. Abundant small erosional amphitheatres (EA) are observed on eastern side of upland.
C) Transverse ridges (TR) occupying low on an upland area. Main Lake Algonquin shoreline shown in yellow. Erosional
amphitheatres (EA) are observed along northern and eastern margins. Note different colour scale in each figure. Digital
elevation model data from Ministry of Natural Resources (2012).
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Figure 26.6. A) Streamlined, fluted terrain above the Nipissing bluff southwest of the Tiny Marsh basin. Linear flutings are observed at lower elevations in the west, and
curvilinear forms (dashed black line) occupy higher elevations in the central parts of the image. Light vertical line crossing the figure (indicated with an arrow) represents a grid
processing error, not a natural feature. B) Photograph of finely rhythmically laminated and colour-banded glaciolacustrine sediments exposed in a roadcut near the Wye River
east of Wyevale. Clasts are typically concentrated in thin debris-rich beds (indicated with an arrow); knife is 30 cm long. C) Streamlined upland (SU) terrain bounded by the
main Lake Algonquin bluff and flanked by multiple, lower post-Algonquin shorelines (both shown in yellow). Several arcuate ridges (AR) (shown as dashed black lines),
interpreted as spits, extend from the base of the uplands toward the northeast; clustered ridges (dunes) are superimposed onto the spit at the northwestern corner. D) Digital
elevation model of lowlands showing multiple, large low-lying basins (LLB) that would have been closed during drainage of glacial Lake Algonquin. Labelled basins are the
Minesing basin (MB), the Phelpston Basin (PB), Tiny Marsh basin (TB) and the Wasaga Basin (WB). E) Digital elevation model of clustered shore-parallel (plr) and parabolic
(pbr) ridges (CR, clustered ridge) along the eastern shore of Nottawasaga Bay. Post-Algonquin shorelines shown in solid and dashed yellow lines; Nipissing shore bluff
indicated by black arrow. Note the superposition of parabolic ridges draping over the prominent Nipissing bluff. F) Photograph of a 4 m deep house excavation exposing the
internal composition of parabolic ridges showing steeply dipping beds of well-sorted fine-grained sand beds dipping to the southeast. Location shown in Figure 26.6D. Digital
elevation model data from Ministry of Natural Resources (2012).
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Erosional Amphitheatres
Along the outer margins of streamlined uplands, large irregular or amphitheatre-shaped hollows are
observed (see Figure 26.5B). They have steep headwalls and often have flat to undulating or dissected
floors, commonly at similar elevations to the adjacent surface of the Simcoe lowlands. These forms range
from 50 to 800 m in diameter and may be up to 40 m high. At the lower margins of the erosional forms,
where they meet the lowlands, ridges commonly extend out into flat sand plains. Sand-rich diamicton
forms the cap unit in the headwalls and is underlain by thick successions of sand and pebbly sand resting
on silt and clay rhythmites or silt-rich diamict at the base of the forms (see “Streamlined Terrain”). These
forms are also observed within the hummocky ridges in the Niagara Escarpment region.
Erosional amphitheatres record groundwater piping from the flanks of the uplands (Barnett 1997;
Bajc and Rainsford 2010). The sandy deposits underlying the Newmarket Till capping upland areas
would have been easily eroded as groundwater escaped, undercutting the till, leading to collapse and
growth of the form. The flat bases at the same level as adjacent sand plains suggest they formed largely
during the same time period that the sand and clay plains of the lowlands were developing.

SIMCOE LOWLANDS
Streamlined Terrain and Low-Relief Ridges
Streamlined terrain within the lowlands region is distinguishable from streamlined upland terrain by
several factors. The forms have much lower relief (usually <4 m high), are more tightly spaced, and long
axis orientations of the flutings are normal to those on upland areas. Streamlined terrain in the lowlands
also shows a greater variance of long-axis trends, changing from 135° south of Wasaga Beach, to 100°
southwest of Wyevale (Figures 26.1 and 26.6A). Just north of Allenwood, the terrain loses its distinct
linear character and displays a grooved, curvilinear pattern (see Figure 26.6A). The full extent of
streamlined terrain in the lowlands is unclear due to blanketing and erosion from deglacial and postglacial
lake processes. Sediment types within the streamlined terrain vary considerably. The flutes are typically
composed of massive diamicton(s), but show rapid lateral and vertical changes in matrix grain size, clast
content and colour, particularly within the curvilinear forms near Allenwood. Reddish to dark brown
gritty clayey silt diamicton is common near the surface south of Wasaga Beach and near Allenwood.
Vertical exposures through the flutings are rare, but along the Nottawasaga River, in roadcuts along some
of the larger forms, and in the Nipissing shore bluff that forms the western boundary of the landsystem,
a grey to brown grey, highly consolidated, gritty to pebbly sandy silt to silty sand diamicton underlies the
fine-grained surface diamicton. The contact is commonly transitional or interbedded. In one section, along
the Nipissing bluff, south of Balm Beach (see Figure 26.1), the 2 diamictons are separated by greater than
15 m of glaciolacustrine sand and silt.
Streamlined terrain in the lowlands is interpreted as subglacial flutings recording ice flow from the
west-northwest. The typically finer grained nature of the surface diamicton suggests a relation to
proglacial lake deposits, which has led to previous interpretations of a late-stage readvance of ice over
ponded glaciolacustrine deposits (Burwasser, unpublished report [no date]). However, the observed
transitional change from sandy diamicton (Newmarket Till?) into the finer grained diamicton throughout
the Wasaga Beach area may suggest that only a change in ice-flow directions occurred, possibly without
an intervening ice retreat phase. Future drilling will assist in establishing the relationship between
surficial diamicton units in the lowlands. Insufficient data complicate the interpretation of the curvilinear
forms near Allenwood.
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Low-Relief Plains
The majority of the lowland areas are occupied by flat-lying to undulating sand and clay plains.
These areas generally show coarse-grained sediments (fine- to coarse-grained sand or gravel) at high
elevations and near their margins and finer grained material (clay, silt and very fine-grained sand) toward
the lower elevations near the centres of the plains. The plains are commonly rimmed by steep scarps (see
Figures 26.5 and 26.6). The most continuous and well-developed scarps mark the boundary between the
lowlands and uplands physiographic regions. This continuous line of scarps increases in elevation to the
northeast. Below these, several other sets of semicontinuous scarps are observed, and are exceptionally
well preserved along the Penetanguishene peninsula (Figure 26.6C). Gullies along the sides of slopes
within the lowlands commonly terminate above the base of the modern slopes. Sediment exposures
through the sand and clay plains reveal rhythmically laminated silts and clays in low-lying areas (see
Figure 26.6B). Clasts and thin debris bands decrease in concentration and rhythmites generally thin
upward. Interbeds of very fine-grained sand increase in abundance and thicken upsection. These deposits
are well exposed along the Wye River east of Wyevale (Figures 26.1 and 26.6B) and the clay-rich beds
within the succession are commonly red to pinkish brown. Higher up in the succession and at higher
elevations in the plains, planar bedded, asymmetrical and symmetrical rippled and trough cross-bedded
sands overlie the fine-grained deposits or diamicton units and/or tills. In the Collingwood and Stayner
areas, sand-rich (Newmarket) till is most commonly found at surface. The till has a very flat surface
expression and is rarely blanketed with more than 1 m of silt or sand, except along the base of scarps cut
into the till or arcuate ridges near the margins of the plains.
The continuous scarps surrounding the sand and clay plains record wave erosion in deglacial water
bodies. Warping of the shoreline elevations toward the north is consistent with measurements of the main
Lake Algonquin shoreline (Deane 1950; Chapman and Putnam 1984; Mulligan 2013). Lower scarps
record lowering water levels during incremental lake drainage. Well-sorted beds of silt, clay, sand and
gravel in the lowland plains record sediment deposition in subaqueous environments. The oldest deposits
are fine grained, recording quiet water settings, but the debris bands and clasts likely record the transport
of ice-rafted material, possibly by icebergs calved off a retreating ice margin. Sand interbeds record
traction currents that likely redeposited sediments from higher elevations during storm events.

Arcuate Ridges or Platforms
Broad ridges or platforms of sand and gravel are commonly observed around the margins of lowland
areas, lying adjacent to the well-developed scarps that rim the majority of upland areas (Figure 26.6C).
They are either parallel or tangential to the margins with uplands and often curve toward the east. The
ridges rise above the local topography in the lowlands by 5 to 15 m and are commonly heavily exploited
for aggregate resources throughout the study area. Pit exposures commonly reveal laterally continuous
beds of planar, rippled, or trough cross-bedded, fine- to coarse-grained sand and gravel. A highly
consolidated, sand-rich diamicton with striated clasts oriented 190 to 210° (Newmarket Till?) is observed
beneath the sand and gravel deposits at some locations.
Arcuate ridges record nearshore sediment transport in glacial Lake Algonquin. They form in areas
where there was high sediment supply from extensive wave-washing of till at the base of uplands,
glaciofluvial sediments deposited by meltwater streams descending from uplands or from sands carried to
the margins of the lake from groundwater seepage within erosional amphitheatres. Longshore currents
transported sediment along the flanks of the uplands and bar and spit growth nucleated along submerged
ridges of Newmarket Till. The common deflection of the bars to the east supports a northwesterly
paleowind direction. Along the western edge of the Huron lake basin, in lower Michigan, paleowinds
from the east-southeast are reported for main Lake Algonquin time (Krist and Schaetzl 2001).
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Low-Lying Basins
Several low-lying basins are observed throughout the lowland region and have closed topographic
expressions except where modern rivers have cut valleys connecting them to surrounding lowlands. The
best examples are at the Minesing basin, the Nottawasaga River basin south of Wasaga Beach, Phelpston,
Tiny marsh, and the Wye Marsh (Figure 26.6D). These areas are poorly drained and surface deposits
within the central parts of the basins consist of fine-grained silt and clay, marl or peat. Silty marls within
the Minesing and Nottawasaga River basins contain abundant mollusc shells. The rims of the basins are
commonly marked by fine- to coarse-grained pebbly sand up to 1.5 m thick.
Low-lying basins formed by the same processes as the remainder of the sand and clay plains;
however, they are distinguished by their closed topography. During the early phases of lake drainage,
these would have been the deepest parts of the deglacial lakes that inundated the area. Further drop in
water levels would have closed the basins entirely, until gradual downcutting of the outlet allowed
hydraulic connection to surrounding areas. A description of the water level fluctuations for the Minesing
basin is given by Fitzgerald (1982). The poor drainage initiated the deposition of marl and peat
throughout these areas.

Clustered Ridges
Clusters of ridges composed of very fine- to medium-grained sand are observed throughout the study
area. They are most commonly found near the margins of flat sand and clay plains and arcuate ridges. In
several locations, they overlie and cross the scarps marking the boundaries between physiographic regions
and other landsystems. A landward transition from low-relief, shore-parallel ridges into clustered, steep,
parabolic ridges is commonly observed (Figure 26.6E). Sediment exposures through the ridges typically
reveal very fine- to fine-grained sand deposited in steeply dipping (<20°) beds (Figure 26.6F). Clusters of
ridges are most common along the southern and eastern shores of Nottawasaga Bay, but less welldeveloped features are observed on the sand plain west of Angus, on the margin of the upland east of
Phelpston, on the sand plains north of Wyevale and west of Penetanguishene, and above the large scarp
on the northern tip of the Penetanguishene peninsula.
Ridge clusters are dune fields recording sediment reworking by winds following drops in lake levels
during the deglacial and postglacial period. Falling lake levels exposed sandy, unvegetated offshore areas
that were highly susceptible to eolian reworking. The steeply dipping beds of very well-sorted sand record
avalanching of grains down the back slope of the dunes. Dunes in the Wasaga Beach area (3000 to 2500
radiocarbon years before present (BP): Martini and Hoffman 1976) are likely several thousand years
younger than those observed west and south of Angus, which would have formed following the early
drainage phases of main Lake Algonquin (circa 10 400 radiocarbon years BP). Dunes developed on the
Lake Algonquin sand and clay plains are less well developed, but appear to suggest a north-northwesterly
paleowind direction, whereas the well-developed dunes on the Nipissing sand plain record paleowinds
from the west-northwest.

PALEOENVIRONMENTAL EVOLUTION
The characteristics and distribution of surficial landsystems in the central Simcoe County study area
record a series of changing subglacial, ice-marginal, glaciofluvial, glaciolacustrine, and postglacial
lacustrine and eolian environments. The development of each landsystem within the study area is briefly
summarized.
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The bedrock escarpment was largely in place prior to Quaternary glaciations. Joints and preferred
fracture orientations measured during the field program suggest regional tectonics played a role in
controlling the orientation of some of the re-entrant valley features. The advance and retreat of glaciers
during the last glacial episodes has modified the form of the escarpment through subglacial erosion by ice
and meltwater (Straw 1968; Kor and Cowell 1998; Eyles 2012) as well as proglacial meltwater systems
draining retreating ice sheets during the deglacial period (Burwasser, unpublished report [no date]; Bajc
and Rainsford 2010; Mulligan 2013). Parallel striae and small flutings on the bedrock surface record
direct glacial abrasion. Crosscutting striae sets suggest early ice flow to the south-southwest, followed by
late-stage ice flowing to the west-southwest. Deep channels cut into bedrock at high elevations help to
establish ice-marginal positions during deglaciation and will be a focus of following studies.
Streamlined upland terrain forms part of a broader regional network of uplands stretching from the
study area south and east of the Oak Ridges Moraine to the Peterborough areas, respectively (Chapman
and Putnam 1984; Marich, this volume). They began forming by the deposition of till above older till and
glaciolacustrine deposits during the early phases of the Late Wisconsinan ice advance. Ice advanced from
the north and northeast, and was fronted by aerially extensive proglacial lakes that covered much of
central Ontario during the Middle Wisconsinan. During deglaciation, minor stillstands of the retreating
ice margin produced a series of recessional moraines overprinted onto the drumlinized till plain.
Extensive glaciofluvial deposits are observed in these areas and would have contributed significant finegrained material into Lake Algonquin. Valleys separating streamlined uplands represent significant,
localized sediment removal prior to or during the advance of ice into the region. The valleys have been
interpreted as tunnel valleys, recording catastrophic release(s) of subglacial meltwater (Barnett 1990;
Sharpe et al. 2002), or as overdeepened glacial troughs from streaming ice (Straw 1968). Newmarket Till
is commonly present at the base of valley-fill successions within lowlands in the study area and in many
locations further south, but it is absent in many other areas, apparently replaced by localized coarsegrained glaciofluvial sediments (Sharpe et al. 2002; Bajc and Rainsford 2011; Bajc, Rainsford and
Mulligan 2012; Mulligan 2013). It is likely that both direct glacial erosion and drainage of subglacial
meltwater combined to generate the valleys within the region.
Hummocky ridges were deposited as moraines during minor readvances or stillstands of the ice
margin flowing from the Lake Simcoe and Georgian Bay basins during the early deglacial period. These
ridges are correlative with the Singhampton, Gibraltor and Banks moraines (Chapman and Putnam 1984).
The position of the moraines led to blockage or diversion of the paths of meltwater within V-shaped
valleys in the area. Channels breaching ridges and connecting low areas extend to the south and southwest
into the Caledon and Guelph meltwater systems draining into ancestral lakes in the Erie basin.
V-shaped valleys and coarse-grained fills formed by fluvial erosion from meltwater systems draining
retreating ice margins and high ground in the southwest of the study area. These valleys largely predate
Late Wisconsinan ice advances and impart strong controls on late-stage ice-flow directions. The fluvial
systems at the base of the modern valleys dissected moraines that formed during the early deglacial. The
best-developed terraces grade down to the level of the flat-lying Simcoe lowlands. Overall, lateral terraces
are fewer in number and less well developed than along valleys observed to the south (Bajc and Rainsford
2010; Mulligan 2013).

Streamlined terrain and low-relief ridges (Edenvale moraine; Chapman and Putnam 1984) within the
Simcoe lowlands region likely formed contemporaneously with the large moraine feature west of Stayner
(see Figure 26.3; Burwasser, unpublished report [no date]; Chapman and Putnam 1984). The subparallel
orientation of the moraines with the modern Georgian Bay shoreline, combined with the orientation of
surface fluting (100 to 120°), suggests that these features record ice advance from within the Georgian
Bay basin. Presently, it is unclear whether a period of ice withdrawal preceded the development of
streamlined terrain within the lowlands. An ice-marginal position in the Edenvale area could have provided
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the northern shoreline for glacial Lake Schomberg (300 m asl), an age equivalent of early Lake Algonquin
(Eschman and Karrow 1985). Ice retreat back into the Georgian Bay basin would have facilitated drainage
of glacial Lake Schomberg and the establishment of Lake Algonquin.
Erosional amphitheatres along the flanks of the uplands likely began forming during the establishment
of main Lake Algonquin. Low base levels would have promoted enhanced groundwater flow gradients
and the fine-grained sand packages beneath the Newmarket Till capping the uplands would have been
easily excavated, promoting the formation of the large amphitheatres. Sands eroded from beneath
Newmarket Till on uplands helped provide the sediment supply to bars and spits forming near the shores
of Lake Algonquin.
Flat sand and clay plains, arcuate ridges and low-lying basins formed within subenvironments of
changing deglacial and postglacial lakes. Sands and silt were deposited into foreshore and calmer basinal
areas, respectively; arcuate ridges were deposited as shallow offshore bars, spits or beach ridges; and
sediment infilling low-lying basins were deposited in the deepest parts of the lake bodies; some of these
basins would have been closed off during regional low stands of water levels (Fitzgerald 1982). The
distinct levels of continuous, well-developed scarps and bluffs surrounding the basin, particularly along
the flanks of the streamlined uplands, provide one of the best-preserved records of water-level changes
and crustal warping since deglaciation.
Clusters of parabolic ridges record eolian dune development from the remobilization of nearshore
sediments by wind following declines in regional water levels (regression following main Lake Algonquin
and the Nipissing phase of the upper Great Lakes). Superposition of clusters of dunes on top of nearshore
deposits and the prominent shore bluff are consistent with previous interpretations of dune development
for the area (see Martini (1975) and Johnston (1999) for detailed descriptions). Slight changes in the
orientation of parabolic dunes between the Algonquin plain and the Nipissing plain may indicate
changing paleowind directions between circa 10 500 and 4000 radiocarbon years BP.

CONCLUSIONS
The identification of the component landsystems of physiographic regions identified by Chapman
and Putnam (1984) within the study area helps to more clearly elucidate the relative timing of major
events during, and following, the last glacial episode. Developing an improved understanding of these
environmental changes and establishing a closer link between glacial processes and landform shape and
composition will help to better constrain the 3-D geometry of regional stratigraphic units. Future drilling
will help to address many of the questions identified during the surficial mapping investigation.

NEXT STEPS
A ground gravity survey will be conducted during the fall of 2014 in order to assist in the delineation
of buried-bedrock valleys (Rainsford and Biswas, this volume). Upcoming field seasons will involve the
drilling of deep boreholes from the ground surface down to bedrock. Drilling targets will be identified and
prioritized through analysis of the regional gravity data set, OGS bedrock topography model (Gao et al.
2006), and the Ministry of the Environment and Climate Change water-well database. Boreholes will help
to identify the trends of bedrock valleys, characterize the hydrogeologic units and provide primary data to
assist in understanding past environmental changes in central Ontario. Laboratory analyses of till samples
(grain size, heavy mineral composition and carbonate content) will help to establish the provenance and
hydrogeologic properties of till units identified from the surficial mapping. Organic material identified
during the surface mapping program will be analyzed for radiocarbon age determinations and will assist
in establishing the timing of events within the region.
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INTRODUCTION
Field work for a high-density lake sediment and water geochemical survey of the Nakina–Marshall
Lake area, in northwestern Ontario, was carried out between June 5 and August 14, 2014. This survey
area fills the gap between the existing high-density lake geochemistry coverage to the east (Nakina–
Longlac area; Dyer 2000), west (Armstrong–Lake Nipigon area; Dyer 2000) and south (Greenstone area;
Dyer 2011; Dyer and Burke 2012).
This field season, a total of 1567 water samples and 2970 lake sediment samples were collected over
an area of approximately 4000 km2. Figure 27.1 illustrates the sampling coverage of the Nakina–Marshall
Lake study area. The 2970 sediment samples comprise 1504 shallow samples (0 to 15 cm sediment depth)
and 1466 deep samples (>20 cm sediment depth). The sampling coverage corresponds to an average
density of 1 sample site per 2.5 km2. Complete coverage was obtained over the areas represented by
National Topographic System (NTS) map sheets 42 L/2, 3, 5 and 6.
Approximately 75% of the survey area was previously sampled at a much lower density during the
late 1970s and early 1980s for the National Geochemical Reconnaissance (NGR) lake sediment program,
which was carried out jointly by the Geological Survey of Canada (GSC) and the Ontario Geological
Survey (OGS) (Hornbrook et al. 1990). The results from this new OGS survey will provide updated highresolution geochemical data for both mineral exploration and environmental baseline purposes.

BEDROCK GEOLOGY
The study area contains Archean rocks of the Wabigoon Subprovince of the Superior Province
(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
granitoid rocks. Younger Proterozoic Nipigon diabase sills (Sutcliffe 1991) of the Southern Province are
located at the western extremity of the study area. Two regional bedrock compilation maps covering the
area have been completed at a scale of 1:250 000 (Johns, McIlraith and Stott 2003; Stott et al. 2002).

PHYSIOGRAPHY AND QUATERNARY GEOLOGY
The project area lies within uplands of the James 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 due to the predominance of glaciofluvial and glaciolacustrine deposits. In contrast,
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.27-1 to 27-5.
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the topography of the northwestern half of the study area is more rugged and bedrock controlled, because
of the extent of volcanic and granitoid bedrock exposed. Relief across the study area rarely exceeds 60 m.
No detailed Quaternary mapping coverage exists for the survey area; however, detailed investigation
of the Beardmore–Geraldton area (immediately south of the Nakina–Marshall Lake 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, which were published in 1983 (Cooper 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 associated with areas of low topography and 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 1983b; Thorleifson and Kristjansson 1993).

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 multiparameter 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.
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 OGSdesigned platform on the float and utilized to record accurate sample site depth measurements.

SAMPLE PREPARATION AND ANALYTICAL METHODS
Lake sediment samples were placed in breathable fabric bags and allowed to partially air dry prior to
shipment to Sudbury. Final drying was done in ovens at a temperature of less than 40°C prior to partial
pulverization in a ceramic ring and puck pulverizer and sieving 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 a nonselective, relatively strong near-total extractant. Quality control will be monitored
through the use of certified and internal reference materials and sample pulp duplicates. Loss-on-ignition
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(LOI) is determined at 500°C using an automated gravimetric technique. The deep (>20 cm) sediment
samples will undergo further analysis for arsenic, gold and rare earth elements (REE) by instrumental
neutron activation analysis (INAA).
The water samples were passed through 0.45 µm syringe filters and acidified with 1% ultrapure nitric
acid within 6 hours of collection. The analysis of water samples will include direct aspiration ICP–MS to
determine approximately 50 elements. The quality of the analyses is monitored through the use of sample
duplicates, CANMET certified reference standard SLRS-5 and distilled water blanks.
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INTRODUCTION
Field work involving helicopter supported lake, stream and glacial till sampling was conducted in the
McFaulds Lake (“Ring of Fire”) area in Ontario’s Far North over a 14 day period during the summer of
2014. The objective of this latest campaign was three-fold: 1) infill lake sediment and water sampling to
augment the medium-density sampling which was completed in 2013 (Dyer and Handley 2013); 2) define
the lateral extent of the postulated (Dyer and Handley 2013) chromium (chromite) down-ice glacial
dispersal plume through stream sediment and till sampling; and 3) continue to build the baseline surficial
geochemical database (including water and sediment samples specifically collected for hexavalent
chromium (Cr(VI)) analysis) over, down ice and down drainage from the chromite deposit(s), including
their extended footprint on the landscape arising from glacial down-ice dispersal.
The 2014 field operations were carried out from Pym Island outpost camp, operated by Hearst Air
Ltd., located approximately 65 km south of McFaulds Lake. Lake sediment (both deep and shallow
sediment) and water samples, for metals analysis, were collected from 59 sites. At 36 of these lake sites,
an additional shallow sediment sample and water sample was collected and preserved specifically for
Cr(VI) analysis. Stream sediment and water samples, also for metals analysis, were collected from a total
of 15 sites. Till samples were collected from a total of 25 sites and where available, samples of humus and
“B” horizon soil were also obtained. Finally, shallow groundwater samples were obtained from 3 sites
destined for both metals and Cr(VI) analysis. Figure 28.1 illustrates the sampling coverage completed in
2014 over the “Ring of Fire” deposit area and shows the sampling strategy extending down-ice from the
chromite deposit to the south-southeast.

GEOLOGY
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 in 2013 (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).
Summary of Field Work and Other Activities 2014,
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Current bedrock mapping and/or compilation for the survey area shows that the Archean bedrock is
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 has been focussed on the Butler Lake and Muketei River supracrustal
packages, as defined by Metsaranta and Houlé (2012). Within the Muketei River supracrustal package,

Figure 28.1. 2014 sampling coverage over the “Ring of Fireˮ deposit area extends down-ice from the chromite deposit to the
south-southeast (geology from Barnett, Yeung and McCallum 2013a). Universal Transverse Mercator (UTM) co-ordinates are
provided in Zone 16 (NAD83).
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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).

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 (>15 cm) sediment samples were
obtained at each sampling site. The expectation that the shallow sample would represent sedimentation
during the past 100 years (approximately) and, therefore, perhaps reflect some airborne anthropogenic
component, is based on experience from southern Boreal forest lakes, where an average sedimentation
rate of approximately 1.5 cm per decade has been documented (e.g., Hunt 2003; Dickman and Fortescue
1991). Therefore, assuming an undisturbed stratigraphic record, the deep sediment sample would
represent sedimentation older than 100 years and, therefore, reflect natural geochemical inputs that may
be traced to local geology and landscape. Most of the stream sediment samples were also collected with
the OGS gravity corer.
Lake and stream water samples were collected from a depth of between 0.5 and 1.0 m using a
weighted intake hose connected to a diaphragm pump inside the helicopter. Water-quality parameters,
including pH, conductivity and dissolved oxygen, were measured at each lake site using a flow cell
attached to a multiparameter probe. Lake or stream water was pumped and allowed to purge the sampling
system prior to the collection of a water sample and the recording of water-quality parameters. Water
samples were kept cool after collection and processed (filtered and acidified) 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 (approximately 6°C) until they were delivered within
7 days to the Ministry of Environment laboratory in Toronto.
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.
Till sampling was carried with the support of a helicopter along 3 lines (“fences”) oriented roughly
perpendicular to the last glacial ice advance direction. Along the Attawapiskat River, samples were
relatively easily obtained on river cuts where till sections up to 20 m high are exposed. Between the
chromite deposit area and the Attawapiskat River, till samples were obtained from hand dug pits. At each
site, C-horizon material was sieved through a 5 mm screen to remove larger stones, resulting in a 14 to
15 kg bulk sample. Approximately 30 to 40 pebbles from each till sample were collected for later
examination and identification. If present, humus and “B” horizon soil samples were also collected.
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Shallow groundwater samples were collected using piezometers, polypropylene hose and Teflon foot
valves. Each piezometer was driven 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.

SAMPLE PREPARATION AND ANALYTICAL METHODS
Lake sediment samples (both lake and stream) for geochemical analysis were collected in breathable
fabric bags and then placed into resealable plastic 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 (>15 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, stream 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 samples 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. A separate aliquot from a portion of the lake water samples were acidified to 1% pure
hydrochloric acid within 6 hours of collection for a dedicated mercury (Hg) analysis. 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 more than 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. Three 15 mL aliquots were extracted from each of the lake and groundwater samples. Each
of these aliquots was treated differently prior to analysis. The treatment method was three-fold: 1) the first
aliquot was left unpreserved; 2) second aliquot was preserved with NH4OH (ammonium hydroxide) and;
3) third aliquot was spiked with Cr(III) and Cr(VI) as per the methodology outlined in Method EPA6800
(Environmental Protection Agency 2011).
Lake sediment samples destined for Cr(VI) analysis were collected in 250 mL amber glass jars. All
samples were kept refrigerated until they were delivered to the Ministry of Environment in Toronto
within 7 days of collection.

ACKNOWLEDGMENTS
Special thanks to Eagle Feather Aviation and Helicopters Canada, specifically to pilots Phil Glave
and Ian Simmons. Thanks are also extended to Hearst Air Ltd. and Norm Baxter (“Dude”) for their great
service and hospitality at the Pym Island outpost camp.

28-4

Earth Resources and Geoscience Mapping Section (28)

R.D. Dyer and L.A. Handley

REFERENCES
Barnett, P.J., Yeung, K.H. and McCallum, J.D. 2013a. Surficial geology of the Lansdowne House area northwest,
northern Ontario; Ontario Geological Survey, Preliminary Map P.3696, scale 1:100 000.
——— 2013b. Surficial geology of the Lansdowne House area northeast, northern Ontario; Ontario Geological
Survey, Preliminary Map P.3697, scale 1:100 000.
——— 2013c. Surficial geology of the Lansdowne House area southeast, northern Ontario; Ontario Geological
Survey, Preliminary Map P.3710, scale 1:100 000.
Dickman, M. and Fortescue, J. 1991. The role of lake deacidification as inferred from sediment core diatom
stratigraphies; AMBIO—A Journal of the Human Environment, v.20, no.3-4, p.129-135.
Dyer, R.D. and Handley, L.A. 2013. McFaulds Lake (“Ring of Fire”) area high-density lake sediment and water
survey, Far North, Ontario; in Summary of Field Work and Other Activities 2013, Ontario Geological Survey,
Open File Report 6290, p.31-1 to 32-17.
Environmental Protection Agency 2011. SW-846 Interim Final Update V. Method 6800 Revision 1. Elemental and
Molecular Speciated Isotope Dilution Mass Spectrometry, December 2011, 68p.
Gao, C. 2013. Till sampling for indicator minerals in the McFaulds Lake (“Ring of Fire”) area, Far North Ontario;
in Summary of Field Work and Other Activities 2013, Ontario Geological Survey, Open File Report 6290,
p.26-1 to 26-6.
Golder Associates Ltd. 2010. Technical report and resource estimate, McFaulds Lake project James Bay Lowlands,
Report Number 10-1117-0001, for Noront Resources Ltd. by Golder Associates Ltd.; NI 43-101 Technical
Report, filed April 23, 2010 with SEDAR®, see SEDAR Home Page, 241p.
Hunt, C. 2003. Metal concentrations and algal microfossil diversity in pre-industrial (pre-1880) sediment of lakes
located on the Sudbury Igneous Complex in Sudbury, Ontario; unpublished MSc thesis, Laurentian University,
Sudbury, Ontario, 124p.
Metsaranta, R.T. and Houlé, M.G. 2012. Progress on the McFaulds Lake (“Ring of Fire”) regional compilation and
bedrock mapping project; in Summary of Field Work and Other Activities 2012, Ontario Geological Survey,
Open File Report 6280, p.43-1 to 43-9.
——— 2013. An update of the high-magnesium ultramafic to mafic systems subproject under the Targeted
Geoscience Initiative 4; in Summary of Field Work and Other Activities 2013, Ontario Geological Survey,
Open File Report 6290, p.49-1 to 49-7.
Mungall, J.E., Harvey, J.D., Balch, S.J, Atkinson, J. and Hamilton, M.A. 2010. Eagle’s Nest: A magmatic Ni-sulfide
deposit in the James Bay Lowlands, Ontario, Canada; in The challenge of finding new mineral resources:
global metallogeny, innovative exploration, and new discoveries, Volume II: Zinc-lead, nickel-copper-PGE,
and uranium, Society of Economic Geologists, Special Publication 15, p.539-557.
Ontario Geological Survey 1991. Bedrock geology of Ontario, northern sheet; Ontario Geological Survey,
Map 2541, scale 1:1 000 000.
Rainsford, D.R.B., Houlé, M.G., Metsaranta, R.T., Keating, P. and Pilkington, M. 2011. An overview of the
McFaulds Lake airborne gravity gradiometer and magnetic survey, northwestern Ontario; in Summary of Field
Work and Other Activities 2011, Ontario Geological Survey, Open File Report 6270, p.39-1 to 39-8.
Ratcliffe, L.M. and Armstrong, D.K. 2013. The Hudson Platform Project: 2013 field work and drill-core
correlations, western Moose River Basin; in Summary of Field Work and Other Activities 2013, Ontario
Geological Survey, Open File Report 6290, p.36-1 to 36-19.
Stott, G.M. and Josey, S.D. 2009. Regional geology and mineral deposits of northern Ontario, north of latitude
49°30′; Ontario Geological Survey, Miscellaneous Release—Data 265.
28-5

29. Project Unit 14-016. Temporal
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Phosphorus in Stream Sediment,
Water and Soil, Niagara Peninsula
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1

Department of Geography, Trent University, Peterborough, Ontario K9J 7B8

INTRODUCTION
The Ontario Geological Survey (OGS), in co-operation with the Ministry of Agriculture and Food
and Ministry of Rural Affairs (OMAFRA), conducted a stream water and sediment sampling survey
covering the region known as the Niagara Peninsula in 2014 to better understand and characterize
sediment and water geochemical conditions, with special interest in phosphorus (P). This study also
complements the ongoing Southern Ontario Stream Sediment project, in collaboration with the Ministry
of Environment (MOE), conducted throughout southern Ontario that began during the winter of 2008–2009
(Baker et al. 2009; Dyer, Fletcher and Reiner 2010; Dyer and Burke 2012; Burke 2013).
From Southern Ontario Stream Sediment project data collected to date, mildly anomalous patterns of
total phosphorus concentrations in sediment were observed in several areas along the Niagara Peninsula,
including the Twenty Mile Creek and the Welland River watersheds. The Niagara Peninsula Conservation
Authority has been studying the surface water quality of the major watersheds of the area since the 1990s.
Recent published reports on water quality (Diamond 2011; Niagara Peninsula Conservation Authority
2010, 2014) indicate concerns over elevated phosphorus concentrations in surface waters especially in the
Welland River.
Of interest to this study is the relationship of sediment phosphorus to underlying glacial deposits
and/or bedrock, land use, sediment particle size and water geochemical variables. The components of
interest are total phosphorus and phosphorus fractionation in stream sediments, and total and bioavailable
phosphorus in stream waters. These components, as well as others, will be studied in relation to sediment
and water chemical and physical properties with the aim of determining the degree to which geological
landscape contributes to, and/or influences, transport and fate of nutrients in the selected watersheds.
The Niagara Peninsula is host to a number of geologically unique factors that influence surface water
and groundwater quality for municipalities, rural communities and ecosystems. Management of water
quality and its potential environmental and socio-economic impacts requires sound geologic and
geochemical knowledge, especially with respect to issues such as ecosystem and groundwater quality
management. With this in mind, this project was initiated to investigate previously observed geochemical
patterns from other studies focussing exclusively on water or sediment.

Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.29-1 to 29-7.
© Queen’s Printer for Ontario, 2014
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PROJECT AREA
The study area encompasses over 4200 km2 of the Niagara Peninsula (bounded by Lake Ontario to
the north, the Niagara River to the east and Lake Erie to the south) extending west to Caledonia
(Figure 29.1). Included within the project area are the Regional Municipality of Niagara (Town of
Grimsby, Town of Lincoln, City of St. Catharines, Town of Niagara-on-the-Lake, Township of West
Lincoln, Town of Pelham, City of Thorold, City of Niagara Falls, City of Welland, Township of Wainfleet,
City of Port Colborne and Town of Fort Erie), Haldimand–Norfolk Regional Municipality (Township of
Canborough, Townships of Seneca and Oneida) and the Hamilton–Wentworth Regional Municipality
(City of Hamilton, towns of Ancaster, Dundas and Stoney Creek). The Niagara Peninsula area is covered
by National Topographic System (NTS) map sheets 30 L/13 (Dunnville), 30 L/14 (Welland), the western
part of 30 L/15 (Fort Erie), 30 M/3 (Niagara-on-the-Lake) and 30 M/4 (Grimsby–Hamilton).

GEOLOGICAL CONDITIONS
Along the Niagara Escarpment, the bedrock is dominantly limestone and dolostone with interbedded
shale, sandstone and chert units (Armstrong and Dodge 2007; Gao et al. 2006; Johnson et al. 1992).
Where bedrock geology has a significant influence on stream geochemistry is in the northern area near
Lake Ontario and near Thorold. In areas where the Niagara Escarpment strata are exposed, dissolution of
minerals from the limestone and shale units dominate the geochemical signature in stream sediment.
The soft, iron-carbonate–rich Ordovician Queenston Shale crops out along the base of the Escarpment
(Ontario Geological Survey 1991) and throughout many watersheds discharging to Lake Ontario.
Overlying the Ordovician strata are the more resistant Silurian and Devonian dolostones.
The bedrock of the study area, similar to most of southern Ontario, is covered by deposits of glacial
materials (Figure 29.2) including glaciolacustrine clay, glaciofluvial sand and gravel and various types
and generations of till (Barnett 1992; Ontario Geological Survey 2000) with a dominant southwest iceflow direction. In addition, glaciolacustrine deposits associated with a succession of proglacial lakes
began developing near Lake Erie and Lake Ontario as the Laurentide Ice Sheet receded (Barnett 1992).
Each of these units is interbedded with glaciofluvial spillway deposits and glaciolacustrine clay and beach
sand of varying ages deposited as the ice sheet advanced and retreated. The watersheds of interest to this
study are located mainly within the Haldimand clay plain and Halton till plain, both of which are south of
the Niagara Escarpment and northwest of the Onondaga Escarpment (Feenstra 1972).

FIELD WORK
Sample site selection criteria, based on geological setting, were established to encompass the widest
range for data collection, specifically each Quaternary or Paleozoic formation of each major watershed of
the Niagara Peninsula. Sample locations were chosen with preference to 1) the Ontario Ministry of the
Environment Provincial Water Quality Monitoring Network sites and/or the Niagara Peninsula
Conservation Authority surface water quality monitoring sites; and 2) sites sampled as part of the
Southern Ontario Stream Sediment survey that returned high values of phosphorus and sites with
phosphorus values over analytical detection limit.
In late May, 40 sites in 13 different watersheds were sampled for sediment and water. A second
sampling period occurred in mid-August, during which 34 of the 40 original sites were resampled for both
sediment and water. At each site, and in each sampling period, 5 water samples and 2 sediment samples
were collected. During the first sampling round, while vegetation growth was at a minimum, 2 samples of
stream bank sediment were collected. All sampling occurred during daylight hours during dry periods
(i.e., not after rain events).
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Figure 29.1. Location of study area and sample locations (abbreviation: RM, Regional Municipality).
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Figure 29.2. Sample locations and watersheds within the study area. Quaternary geology (geology from Ontario Geological Survey 2000) is overlain on digital elevation model
(DEM) image (data from Ministry of Natural Resources 2012).
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SAMPLING METHODOLOGY
Sampling waters involved obtaining readings for temperature, conductivity, pH, dissolved oxygen
and turbidity in the field using a YSI 6600 multiparameter water analyzer. The YSI sonde was held in the
channel where flow and depth were greatest until readings were stable, after which, data were manually
recorded and logged to a digital data logger. After this was completed, a water sample was collected using
a Van Dorn horizontal beta 3.2 L water sampler. Subsamples were taken from this and filtered with
45 µm membrane filters attached to syringes into 5 separate 60 mL high-density polyethylene (HDPE)
bottles. All samples were preserved as necessary (see “Sample Analyses”). At sites where a water sample
was to be collected, it was the first operation carried out followed by water-quality readings with the YSI
analyzer. Sediment would then be collected upstream from the location of the water sample and YSI
readings.
Sediment samples were taken at least 15 m upstream from any road or railway bridge or farther than
75 m downstream. Only the top 1 to 3 cm of stream sediment (alluvial) material was collected and less if
there were noticeable colour and/or texture changes with depth. The preferred sample medium was claysilt rich material, but, if it was necessary because of the fluvial conditions, coarser material was collected.
To ensure a representative sample from each site, material was collected from a minimum of 3 locations
per site, typically from relatively quiescent catchment (pool) areas. The material was worked through a
4 mm sieve in the field, homogenized and excess water slowly decanted before placing the sediment in
the 500 mL and 250 mL bottles. Every precaution was taken to avoid any contamination from equipment,
handling or dust from the road. Upon collection, both the 250 mL and 500 mL samples were kept chilled
by being stored upright in a small fridge. Within a day, most of the remaining standing water was
decanted from the jars and kept cool until being shipped to the Agriculture and Food Laboratory (“AFL”)
in Guelph and Geoscience Laboratories (“Geo Labs”) in Sudbury for storage and analysis.
During the first sampling round, where eroding banks were exposed, bank sediment samples were
collected. Material was taken from a minimum of 3 areas at a depth (normal to the bank) of 5 to 15 cm.
Where there was a noticeable change in texture or material, composite samples, reflecting the relative
abundance of each type of material, were collected.

SAMPLE ANALYSES
Sample analyses of both sediment and water will be split between the Geoscience Laboratories in
Sudbury and the Agriculture and Food Laboratory in Guelph, as well as an aliquot for dissolved organic
carbon (DOC)–dissolved inorganic carbon (DIC) determination analysis at the SGS Laboratories in
Lakefield. At the Geoscience Laboratories, work will include sediment preparation, particle-size analysis
(PSA), loss-on-ignition (LOI), and trace metal and major element analyses in both sediments and waters.
Major anions (nutrients) in water will be determined by ion chromatography. Two water samples and a
sediment sample were submitted to the Agriculture and Food Laboratory for analysis of reactive
phosphate, nitrate/nitrite, total Kjeldahl phosphorus (TKP) and nitrates in waters, and for analysis of
phosphorus fractionation and total organic carbon (TOC) in sediments. The data received to date are
undergoing quality-control review prior to statistical and graphical analysis.
Two of the water samples for analysis of nutrients (reactive-P, nitrates) and 1 sample for DOC/DIC
analysis did not require preservation other than chilling to less than 4°C. Of the other 2 water samples, the
sample for TKP analysis required acidification to a pH of less than 2 with sulphuric acid, and the sample
for analysis by inductively coupled plasma (ICP) spectroscopy was acidified with nitric acid. All samples
were kept cool immediately after collection.
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One 500 mL sediment sample was collected at each site for inorganic chemical analysis and another
250 mL sediment sample for analysis of phosphorus fractionation and TOC. The sediment samples will
be dried, pulverized and split by Geoscience Laboratories into 2 aliquots for different analyses. The first
aliquot will undergo analysis using a Microtrac S3500 particle-size analyzer to determine sample texture
characteristics. The second aliquot will be pulverized and undergo aqua regia digestion prior to ICP
analysis for a suite of trace metals and major elements including phosphorus. A portion of the pulverized
aliquot will also undergo a two-step loss-on-ignition (LOI) procedure to determine percent organic and
volatile matter.
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Geology of the Moose River Basin,
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D.K. Armstrong1
1
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INTRODUCTION
Field work in support of the Hudson Platform Paleozoic mapping project continued in 2014, mainly
focussing on Devonian strata of the Moose River Basin. This project has been underway since 2010 and
has previously focussed on Silurian and Ordovician strata along the margins of the Moose and Hudson
Bay basins (e.g., Armstrong 2011; Ratcliffe and Armstrong 2013).
In addition to supporting the ongoing Hudson Platform project, field work this year targeted potential
sources of bedrock aggregate. This was undertaken in response to a request from the Land and Resources
Section of Mushkegowuk Tribal Council for geoscience data to help assess the potential development of
an all-season road to the coastal communities of James Bay. The Ontario Geological Survey (OGS) also
undertook a companion project in 2014 to evaluate potential aggregate sources from surficial materials in
this region (Bajc, Lee and Yeung, this volume).

FIELD WORK
Field work in 2014 was helicopter supported and based out of Hearst, Fort Albany and Moosonee.
Targeted outcrop locations were based on previous mapping by Sanford, Norris and Bostock (1968) and
Sanford and Norris (1975). Reconnaissance-scale mapping also identified additional outcrops. Water levels in
the rivers were relatively low during field work, so many of the previously mapped outcrops were accessible.
Altogether, 34 outcrops and 1 diamond-drill core were examined and sampled. These field station
and drill-hole locations are plotted in Figure 30.1 and listed in Table 30.1 with their locations and basic
stratigraphic information. The outcrops are located on the Albany, Kenogami, Kabinakagami, Cheepay,
Stooping, Attawapiskat, Ekwan, Moose, Kwetabohigan, Abitibi, Mattagami and Coal rivers, and on the
James Bay coast (see Figure 30.1). A water-filled quarry, just south of Moosonee, was also examined and
sampled. The diamond-drill core was logged and sampled where it was stored, at an inactive mineral
exploration camp located approximately 7 km north of the Ekwan River. It was drilled in 2012 by
Fancamp Exploration Ltd. as part of their “Desolation Lake” project. Fancamp provided copies of their
core logs and photographs for this and other cores that were drilled as part of that project.
Over 400 samples of outcrop and core were obtained for reference purposes and for lithologic,
biostratigraphic, chemostratigraphic and geochemical analysis. Nine samples were obtained for aggregate
testing (sample sites indicated in Table 30.1).
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.30-1 to 30-10.
© Queen’s Printer for Ontario, 2014
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Figure 30.1. Locations of field mapping stations (outcrops and core) examined in 2014, plotted on the bedrock geology of the
James Bay Lowland (Ontario Geological Survey 2011). Inset map shows the Hudson Platform with its tectonic elements (from
Zhang 2010). Specific locations of stations are provided in Table 30.1.
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Table 30.1. Location and basic stratigraphic information for 2014 field mapping stations (outcrops and drill core). Sites sampled
for aggregate testing are indicated with an asterisk (*). Height is measured from the base of the outcrop; for outcrops with
significant dip, height is true stratigraphic height. Height value listed for 14DKA010 (drill core DL12-05) refers to the total
vertical thickness of Paleozoic bedrock intersected.
Station ID

General Location

Latitude
(°N)
51.10180
51.18669
51.30101
51.24752
51.15268
51.45911
51.29130
50.02663

Longitude
(°W)
-84.48215
-84.40842
-83.93237
-83.51288
-83.51152
-85.17733
-84.99157
-84.02151

UTM
Easting
676278
681106
295591
324625
324358
626625
640040
713325

UTM
Northing
5664161
5673778
5687383
5680351
5669802
5702457
5684135
5545843

14DKA001#
14DKA002#
14DKA003*
14DKA004
14DKA005*
14DKA006#
14DKA007#
14DKA008#

Kenogami and Albany River
Albany River
Albany River
Cheepay River
Cheepay River
Albany River
Albany River
Kabinakagami River

14DKA009*
14DKA010

52.13335
53.57236

-81.89592
-83.34344

438678
344831

5776248
5938498

14DKA011
14DKA012
14DKA013
14DKA014
14DKA015
14DKA016
14DKA017*
14DKA018
14DKA019*
14DKA020
14DKA021
14DKA022*
14DKA023
14DKA024

Stooping River
Fancamp Exploration core
DL-12-05
Albany River
Albany River
Albany River
Albany River
Albany River
Ekwan River
Attawapiskat River
Attawapiskat River
Attawapiskat River
James Bay shore
James Bay shore
Kwetabohigan River
Kwetabohigan River
Abitibi River

52.20066
52.23591
52.25498
52.21562
52.22617
53.46883
52.90608
52.85419
52.94146
51.78569
51.29297
51.31791
51.28133
50.24241

-81.90645
-81.77970
-81.70361
-81.78050
-81.69775
-83.03077
-82.68932
-83.76632
-83.16231
-80.65448
-80.11710
-81.43078
-81.28258
-81.66553

438051
446755
451972
446677
452341
365203
386388
313746
354700
523833
561561
469980
480291
452544

5783744
5787564
5789631
5785307
5786423
5926345
5863159
5859636
5867947
5737259
5682775
5685267
5681149
5565795

14DKA025*
14DKA026

Mattagami River
Abitibi River

50.40677
50.36248

-81.81183
-81.58877

442311
458123

5584173
5579099

14DKA027
14DKA028*

Moose River
Moose River

50.77673
50.81818

-81.38978
-81.29783

472518
479020

5625069
5629648

50.82387
50.86660
50.88755
51.22049
51.06134
50.10926

-81.29852
-81.23137
-81.18165
-80.70290
-80.89154
-83.06687

478974
483718
487223
520749
507601
352215

5630281
5635016
5637336
5674387
5656652
5552825

Kenogami River Fm
Kenogami River Fm
Stooping River Fm
Kwataboahegan Fm
Kwataboahegan Fm
Ekwan River Fm
Kenogami River Fm
Ekwan River Fm,
Kenogami River Fm,
and younger clay
unit
Stooping River Fm
Ekwan River Fm to
Precambrian
Stooping River Fm
Stooping River Fm
Kenogami River Fm
Stooping River Fm
Kenogami River Fm
Attawapiskat Fm
Attawapiskat Fm
Attawapiskat Fm
Attawapiskat Fm
Stooping River Fm
Kwataboahegan Fm?
Kwataboahegan Fm
Kwataboahegan Fm
Kwataboahegan Fm,
Stooping River Fm
and dike
Kwataboahegan Fm
Long Rapids Fm and
dike
Williams Island Fm
Murray Island Fm,
Moose River Fm
Murray Island Fm
Murray Island Fm
Moose River Fm
Kwataboahegan Fm
Kwataboahegan Fm
Kenogami River Fm

50.05488

-84.07849

709122

5548822

Kenogami River Fm

14DKA029
14DKA030
14DKA031
14DKA032
14DKA033
14DKA034

Moose River
Moose River
Moose River
Moosonee quarry
Abitibi River
Coal River (tributary to
Missinaibi River)
13DKA032#* Kabinakagami River

Stratigraphy

Height
(m)
7.2
4.3
2.9
1.5
5.5
3.3
18.0
12.0

1.7
245.0
3.0
1.2
0.2
1.8
1.2
10.0
1.9
8.0
8.0
0.2
0.2
0.2
0.2
10.0
10.0
2.0
2.0
7.5
4.9
1.2
3.8
2.0
2.3
10.0
1.0

Universal Transverse Mercator (UTM) co-ordinates in metres, using North American Datum 1983 (NAD83), Zone 17 (stations in
Zone 16 are indicated with #). Core location includes company name and drill-hole number. Fm = Formation.
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STRATIGRAPHIC OVERVIEW
The Hudson Platform contains mainly shallow marine carbonate rocks, evaporites and minor
siliciclastics ranging from Late Ordovician to Late Devonian in age. Tectonic elements making up the
platform include, from north to south, the Foxe, Hudson Bay, and Moose River sedimentary basins and
the Cape Henrietta Maria Arch, separating the latter 2 basins (see Figure 30.1 inset map). Mesozoic
marine sediments occur in the middle of the Hudson Bay Basin and continental siliciclastic sediments of
Jurassic and Cretaceous age occur in the southern Moose River Basin. A stratigraphic column for the
Moose River Basin is presented in Figure 30.2.
Late Ordovician to Early Silurian carbonate rocks that crop out along the margin of the platform in
northern Ontario were the subject of previous work on this project (e.g., Armstrong et al. 2013; Ratcliffe
and Armstrong 2013). Field work in 2014 focussed on the Devonian strata of the Moose River Basin, the
southern tectonic element of the Hudson Platform. Overviews of the Devonian stratigraphy of this region
are presented by Sanford and Norris (1975), Stoakes (1978), Telford (1988) and Norris (1993).

2014 PRELIMINARY RESULTS
Field observations and preliminary findings are presented in stratigraphic order, from oldest to
youngest units encountered this field season.
Outcrops of fossiliferous limestone and dolostone of the Lower Silurian Ekwan River Formation
were examined on the upper Albany and Kabinakagami rivers. On the upper Albany River, at station
14DKA006 (see Table 30.1), approximately 3.3 m of a very fossiliferous (e.g., corals, stromatoporoids,
cephalopods and crinoids) biostromal limestone is exposed. Similar outcrops of this lithofacies occur to
the south on the Little Current and Drowning rivers (Ratcliffe and Armstrong 2013).
On the Kabinakagami River, at Limestone Rapids (14DKA008), approximately 8 m of tabular
bedded, moderately fossiliferous, cherty dolostones represent a low-energy environment of the Ekwan
River Formation. This outcrop is discussed more fully below.
Abundant, large biohermal (reefal) limestone outcrops of the Lower Silurian Attawapiskat Formation
are well known from the type area of this formation, along the Attawapiskat River (e.g., Suchy and Stearn
1993). Three of these outcrops (14DKA017, -018 and -019) were examined and sampled as part of the
2014 field work. Two were sampled for aggregate testing. These outcrops all contained massive bedded
reef cores containing corals, stromatoporoids, crinoids, cephalopods and other fossil types. The large
trilobite, Ekwanoscutellum (Norford 1981), is locally abundant in these reefs. Also locally abundant is the
large pentamerid brachiopod, Pentameroides (Jin, Caldwell and Norford 1993). Flanking and capping
beds are tabular, medium- to coarse-grained grainstones with good inter-granular porosity. Reef cores
tend to be massive and hard, whereas flanking or capping beds tend to be soft. An Attawapiskat
Formation reef with similar characteristics was also examined on the Ekwan River (14DKA016).
The overlying Kenogami River Formation is subdivided into a lower dolostone-dominated member,
a thick middle member characterized by red and green, gypsum-bearing mudstones (shales) and a
dolostone-dominated upper member. Palynological analyses indicate that at least the upper member is
Lower Devonian (McGregor and Camfield 1976). It is assumed that the lower and upper members are
Upper Silurian, but biostratigraphic evidence is lacking. Samples collected this year and last have been
submitted for palynological analysis in an effort to better constrain the age of this unit.
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Figure 30.2. Paleozoic and Mesozoic stratigraphy of the Moose River Basin (after Telford (1988) and Klapper et al. (2004)).
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The lower member of the Kenogami River Formation is exposed in a large outcrop (14DKA007) of
light tan weathering, argillaceous dolostone and mudstone, located approximately 40 km up the Albany
River from its confluence with the Kenogami River. In the southwestern part of the Moose River Basin,
tabular-bedded dolomudstone outcrops of the lower member occur along the Nagagami and
Kabinakagami rivers (Ratcliffe and Armstrong 2013). One of these, station 13DKA032, was sampled in
2014 for aggregate testing. The north end of the large, complex outcrop at Limestone Rapids
(14DKA008) consists of similar dolomudstones from this unit. This outcrop is discussed further, below.
Large, dominantly red mudstone outcrops of the middle member occur along the Albany River,
upriver from its confluence with the Kenogami River. A smaller outcrop (14DKA001) of the middle
member was examined at the confluence of these 2 rivers. Large outcrops (>10 m) of red mudstone
(14DKA034) also occur at the southern edge of the Moose River Basin, along the Coal River, a tributary
of the Missinaibi River.
The upper member of the Kenogami River Formation is exposed at a number of localities near the
mouth of the Albany River, which is considered its type area (Sanford and Norris 1975). Two main
lithofacies were observed at stations 14DKA013 and 14DKA015: light creamy tan, thinly tabular-bedded,
chalky dolomudstone with small spherical (<1 cm) vugs; and thick-bedded, medium- to coarse-crystalline
dolostone with very good inter-crystalline porosity. A poorly exposed outcrop (14DKA002) on the
northwest side of the Albany River, north of the Albany–Kenogami confluence, consisting of thin,
tabular-bedded dolomudstone–siltstone, with sparse spherical vugs, is thought to represent the upper
member of the Kenogami River Formation.
Overlying the Kenogami River Formation are fossiliferous, locally cherty limestones and dolostones
of the Lower Devonian Stooping River Formation. The Stooping River Formation was examined in
outcrops on the upper Albany (14DKA003), lower Albany and Stooping rivers (14DKA009, -011, -012
and -014), the coast of James Bay at Paskwachi (or Puskwuche) Point (14DKA020), and at Coral Rapids
on the Abitibi River (14DKA024). At most of these localities, this unit is very fossiliferous, containing
abundant brachiopods, rugose corals (solitary and colonial) and crinoidal debris, as well as tabulate
corals, bryozoans, cephalopods, gastropods and trilobites. Bedding style ranges from irregular to tabular.
Fossils are locally silicified and chert lenses occur locally. The basal contact of the Stooping River
Formation with the Kenogami River Formation is not exposed, but is reported to be sharp in drill core
(Telford 1988).
The Stooping River Formation is sharply overlain by fossiliferous and variably bituminous
limestones and dolostones of the Kwataboahegan Formation. This contact is exposed at Coral Rapids
(14DKA024) where it appears to be disconformable. At this location, the Stooping River Formation
consists mainly of sparsely fossiliferous, thin- to very thin-bedded, fine-grained limestone with green
shale partings and sparse quartz sand grains. Thicker beds with fossil moldic porosity (after brachiopods)
as well as fenestral porosity occur toward the top of the formation here.
The fossiliferous limestone and dolostone outcrops of the Lower to Middle Devonian
Kwataboahegan Formation were examined on the Cheepay, Kwetabohigan, Moose, Abitibi and
Mattagami rivers (see Table 30.1; see Figure 30.1). The Coral Rapids outcrop (14DKA024) exposes
approximately 8 m of the lower Kwataboahegan Formation, although only the lower 4 m is safely
accessible. Here, the formation consists of thin to medium (<0.5 m) beds of dark brown to black,
bituminous, fossiliferous limestone, alternating with thicker beds (approximately 1 m) of moderately
fossiliferous light brown limestone. Fossils are dominated by planar stromatoporoids, solitary and large
colonial rugose corals, large tabulate corals and crinoidal debris. A similar lithofacies pattern was
observed in a large outcrop of this formation at Grand Rapids on the Mattagami River (14DKA025).
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A low outcrop on the south shore of James Bay east of Moosonee at Netitishi Point (14DKA021) is
mapped as lower Kwataboahegan Formation. The outcrop consists of grey, tabular-bedded, finecrystalline dolostone with small clusters of evaporite blade casts. These characteristics are more
suggestive of an evaporitic unit such as upper Kenogami River Formation or Moose River Formation.
At the former Labelle Quarry (14DKA032), located approximately 6 km southwest of Moosonee, up
to 2 m of the Kwataboahegan Formation is exposed in the water-filled quarry. Here, this unit contains
abundant corals (commonly silicified), stromatoporoids, brachiopods and crinoidal debris; however, it is
greyer and appears less bituminous than at other locations.
The Kwataboahegan Formation is exposed in low outcrops of brown, coral-bearing, lenticular- to
tabular-bedded, bituminous limestone along the upper Kwetabohigan River (14DKA022, -023). On the
bedrock geology map (e.g., Ontario Geological Survey 2011), these are plotted near the top of the
formation. Tabular-bedded, fossiliferous, brown dolostone exposed in large low outcrops at the mouth of
the Abitibi River also occur in the upper part of the formation.
The Kwataboahegan Formation was also examined in 2 outcrops on the Cheepay River, a tributary to
the Albany River. One (14DKA004) is a low flaggy, fossiliferous outcrop with abundant similar float that
contain various trilobites. The second (14DKA005), located on a broad bend in the river 10 km to the
south, is a much larger outcrop of fossiliferous limestone with monoclinal fold at its south end. This
outcrop hosts a rich and varied fauna, including corals, stromatoporoids, bryozoans, crinoidal fragments,
brachiopods and rostroconchs.
The Kwataboahegan Formation is overlain by evaporitic limestones and dolostones, gypsum beds
and minor shales of the Moose River Formation. Large outcrops of massive gypsum are exposed along
the Moose River north of Moose River Crossing. Gypsum outcrops are also reported on the Cheepash
River and at “Gypsum Mountain” (Sanford and Norris 1975; Bezys 1990).
The Moose River Formation is disconformably overlain by fossiliferous limestones of the Murray
Island Formation (Sanford and Norris 1975). This contact is exposed at the type section of the Murray
Island Formation, located at the south end of Murray Island in the Moose River (Sanford and Norris
1975). This outcrop (14DKA028) exposes 7.5 m (stratigraphic thickness) of limestone in a broad
anticlinal fold. In the centre of the anticline, the Moose River Formation comprises the basal 1.65 m of
the outcrop. It consists of tabular, thin-bedded, very fine- to fine-grained, nonfossiliferous, banded to
laminated, grey to tan limestone with local blue-grey mottles. This unit is disconformably overlain by a
0.75 m bed of fine-grained moderately fossiliferous limestone, with thin intraclastic layers at its base.
This is the basal bed of the Murray Island Formation. Overlying this bed are 5.1 m of rubbly to tabular,
medium-bedded, fossiliferous limestone, containing abundant brachiopods, crinoidal debris, some rugose
corals (both solitary and colonial) and gastropods. The stratigraphically highest beds occur on the
northwest limb of the main anticline. This same lithofacies is exposed in a southward-dipping outcrop on
the northwest side of the Moose River, immediately north of the railway bridge (14DKA029).
Five to 10 km northeast of the railway bridge at Moose River Crossing, a map by Ontario Geological
Survey (2011) indicates an inlier of Kwataboahegan Formation within the Moose River Formation. An
outcrop examined in this area (14DKA030) consists of low, rubbly, thin-bedded limestone with a shelly
fauna (mainly brachiopods) and some crinoidal debris. The thin-bedded limestone extends out under the
Moose River where it is exposed in low domal shapes. These characteristics suggest this is the Murray
Island Formation, not the Kwataboahegan Formation and, therefore, an outlier of the Murray Island
Formation overlying the Moose River Formation. This interpretation is consistent with mapping by
Sanford and Grant (1998).
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The Middle to Upper Devonian Williams Island Formation consists of 2 members: a lower shaledominated member and an upper carbonate-dominated member (Telford 1988). The upper member was
examined in a low outcrop on the southeast side of Grey Goose Island (14DKA027). It consists of
moderately dipping (15 to 35° to the west), thin-bedded, fine- to medium-grained, barren limestone and
dolostone with irregular lenses of porous limestone and dolostone.
The youngest Paleozoic strata in the Moose River Basin are the black, brown and grey shales and
minor carbonates of the Upper Devonian Long Rapids Formation. Only one outcrop of this unit was
examined in 2014, a low outcrop (14DKA026) on a small island in the Abitibi River, approximately 4 km
south of Williams Island. A mafic dike appears to have intruded black to grey shales and dolostone beds
of the Long Rapids Formation. The contact on the north side of the dike is sharp, whereas its southern
contact appears brecciated with clasts mainly from the host formation. The Long Rapids Formation shales
are locally brecciated, especially along the southern shore of the island. Samples of the dike were
obtained to determine its origin and character.

Limestone Rapids Outcrop
At Limestone Rapids, on the Kabinakagami River (14DKA008), a large outcrop exposes what
appears to be a faulted contact between the Ekwan River Formation and the lower Kenogami River
Formation. In a sharp bend in the river, a thick (approximately 12 m) section of mixed green and red clay
occurs between these 2 formations. The clay unit contains rounded boulders that appear to be similar in
composition to the adjacent bedrock outcrops. The concentration of boulders increases toward the
adjacent bedrock outcrops. Near its contact with the clay unit, carbonates of the Ekwan River Formation
appear waterworn and possibly karsted. Green clay containing locally derived boulders also appears to be
“plastered” on the side of the Ekwan River Formation dolostone outcrop. In places, especially near its
contact with the carbonate bedrock, the clay looks to be sheared. The middle section of the clay outcrop
was not accessible. A grey till of probable Quaternary age forms the uppermost unit of the section,
blanketing the sequence described above.
The clay unit appears to fill a bedrock depression between the 2 lithologically different bedrock
units. It is proposed that the depression is a large sinkhole, developed on a pre-existing fault and infilled
with a Mesozoic or younger clay, possibly in a lacustrine environment. Alternatively, this unit may
represent a pre-Wisconsinan clay-rich till. The age of the clay unit has previously been interpreted as
Cretaceous (e.g., Sanford and Grant 1998; Richard 1981; Springer 1986), but palynological analysis
(Zippi 1990) indicates a Quaternary age. It was resampled in 2014 for further palynological analysis to
confirm its age and better constrain its origins.

Desolation Lake Core
Fancamp Exploration core DL-12-05 (mapping station 14DKA010) was logged in detail and
sampled for litho-, chemo- and biostratigraphic analyses. This hole was collared in the Lower Silurian
Ekwan River Formation and intersected the lower Silurian Severn River, the Upper Ordovician Red Head
Rapids and Surprise Creek formations, before encountering Precambrian basement at a depth of 255 m.
Fancamp Exploration provided logs and photographs of the 8 cores that were drilled as part of their
“Desolation Lake Project” in 2012 (including DL-12-05). These cores record a highly irregular
Precambrian basement surface, varying in elevation by greater than 180 m in just 3 km distance. They
were drilled less than 20 km south of known outcrops of Archean and Proterozoic basement (Ontario
Geological Survey 2011) and so reflect the progressive submergence of the Cape Henrietta Maria Arch
(the paleotopographic high between the Moose and Hudson Bay basins; see Figure 30.1 inset map) during
Late Ordovician to Early Silurian time.
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AGGREGATE TESTING OF BEDROCK UNITS
Selected bedrock units were sampled for aggregate testing from various locations across the Moose
River Basin. Sites sampled for testing are indicated in Table 30.1. The most prospective units with respect
to aggregate potential are the Attawapiskat, Kwataboahegan, Murray Island and Stooping River
formations. Each of these units contains relatively “clean” carbonate lithofacies, although locally chert
and/or increased porosity may be deleterious factors.
Results of this aggregate testing will be combined with previous bedrock test results from the Fort
Albany and Kashechewan area (Ontario Geological Survey 1996) and the Moosonee area (Ontario
Geological Survey 1991) to provide a more comprehensive database of potential bedrock aggregate
sources in the James Bay Lowland region. These data, combined with results of surficial aggregate testing
(see Bajc, Lee and Yeung, this volume), will be released as a Miscellaneous Release—Data (MRD).
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INTRODUCTION
The Ontario Geological Survey (OGS) is beginning a multiyear bedrock groundwater mapping
program, to be supported by a three-year, regional deep bedrock drilling program across southwestern
Ontario. This study represents the next regional-scale bedrock groundwater aquifer mapping project
within the Groundwater Initiative of the Earth Resources and Geoscience Mapping Section. The goal is to
refine the understanding of regional sequence stratigraphic relationships of Upper Silurian through
Middle Devonian carbonate-dominated strata in order to delineate geological controls on the various deep
bedrock potable groundwater flow zones and formational fluids across southwestern Ontario (Figure 31.1).
These strata contain some of the deepest fresh or potable bedrock groundwater flow zones in southwestern
Ontario (Carter and Brunton 2011; Carter 2012). A large number of cored drill holes is required for this
study because the limited number of existing cored holes through the entire interval have hindered the
integration of sedimentologic or stratigraphic, sequence stratigraphic and hydrogeologic (groundwater
flow characterization) studies.
The scientific approach will be similar to that undertaken for the Lower Silurian Niagara Escarpment
regional sequence stratigraphic and groundwater flow zone study (see Brunton et al. 2007; Brunton 2009;
Brunton and Brintnell 2011; Brunton et al. 2012; Lee et al. 2011; Priebe, Brunton and Lee 2012; Priebe,
Neville and Brunton, this volume). This field-based approach is unique in character because it involves
the integration of details concerning the sequence stratigraphic (geologic) controls on groundwater flow
zones, and water and rock geochemistry to highlight discrete bedrock flow zones. Therefore, it goes well
beyond simply naming aquifers associated with particular bedrock formations or rock types. It also enables
a much more predictive approach to exploring for groundwater resources because the main geologic
controls are taken into account. The 3 years (2015–2017) of drilling associated with this project will
provide details on groundwater flow zones where, at present, only limited documented formational and
potable water zones are known from either the Ministry of Natural Resources and Forestry (MNRF) oil
and gas well database (Ontario Petroleum Data System (OPDS)) or the Ministry of Environment and
Climate Change provincial water-well database, respectively. It also builds upon the ongoing collaborative
project between MNRF staff, University of Western Ontario colleagues, and OGS staff (e.g., Singer,
Cheng and Scafe 2003; Brunton 2009; Brunton and Piersol 2009; Carter and Brunton 2011; Sharpe et al.
2014). Shuo Sun’s PhD research project is supported by the Ontario Geological Survey as part of a
collaborative geoscience project with the University of Western Ontario.
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OBJECTIVES
The objective of this study is to confirm the field-based observations of groundwater flow zones
within a three-dimensional (3-D) geological framework (conceptual model). The stratigraphic units that
will be logged in detail include, from top to bottom, the Dundee Formation, Detroit River Group (including
the Lucas, Amherstburg and Sylvania formations), Bois Blanc Formation, Springvale Formation, Oriskany
Formation and the Upper Silurian Bass Islands and Bertie and Salina G formations (see Figure 31.1).
The work will include 1) the coring, logging, and lithogeochemical and chemostratigraphic sampling
of selected deep boreholes across the forebulge (i.e., Algonquin Arch) region of southwestern Ontario;
2) the collection and examination of downhole camera videos; 3) the collection and integration of optical
and acoustic televiewer and/or geophysical logs within a sequence stratigraphic framework; and
4) hydrogeologic testing and multilevel well installations of newly drilled wells during the course of the
three-year investigation. It provides a cost-effective, predictive nature to groundwater exploration that has

Figure 31.1. Upper Silurian and Devonian stratigraphic nomenclature of southwestern Ontario reflecting the positions of major
facies changes and associated tectonostratigraphic controls, which are a result of intermittent movements of forebulge region
within present-day western Niagara Peninsula region (modified from Haynes 1992; Haynes and Parkins 1992; Armstrong and
Dodge 2007; Armstrong 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 (Gp = Group; Fm = Formation; Mbr = Member). The
Amherstburg Formation and the Onondaga Formation (Edgecliffe Member) contains coral-calcified sponge-bryozoan-microbial
reef mounds (indicated in yellow); the Lucas Formation contains amphiporid-bryozoan-microbial mounds (indicated in orange).
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been successfully tested in 5 municipalities along the Niagara Escarpment. Therefore, the scientific
justification for this study is multifold and includes addressing specific questions: 1) how does the
stratigraphic architecture influence the regional extent of bedrock groundwater(s) and hydrocarbon
resources; and 2) what are the regional controls on sequence stratigraphic architecture extending from
Appalachian Foreland Basin to cratonic settings of southwestern Ontario (i.e., Michigan Basin).
Phase 1 of the study will involve detailed logging of all existing core to evaluate the regional
complexity of the stratigraphic architecture in order to design a regional drilling program that will answer
key questions regarding locations and geological controls of potable waters (Figure 31.2; Table 31.1).

Figure 31.2. Geologic map of southwestern and parts of south-central Ontario showing the locations of oil and gas wells and
groundwater exploration or karst wells that penetrate the stratigraphic interval of interest. This region is part of the western
St. Lawrence Lowlands, comprising Paleozoic-dominated bedrock and overlying Quaternary sediments. The red line outlines the
study area for the Upper Silurian–Middle Devonian sequence stratigraphy and bedrock groundwater aquifer mapping project;
cored holes to be drilled during the next 3 years will be within this region. Numbered red dots represent existing cored holes
through all or parts of the stratigraphic interval of interest (see Table 31.1). Orange-yellow dots represent oil and gas wells with
geophysical records from Middle Devonian Dundee Formation down to Upper Silurian Salina Group strata. The Paleozoic
bedrock geology and Grenville Province geology units and colours are from Ontario Geological Survey (2011). The bathymetry
for the Great Lakes was created using the Great Lakes Bathymetry data, courtesy of the National Oceanic and Atmospheric
Administration (2007).
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The main objectives of the doctoral dissertation by the senior author are to 1) provide sedimentologic
and stratigraphic information within a sequence stratigraphic framework to support the regional
groundwater flow zone mapping program; 2) refine regional stratigraphic correlations and update the
stratigraphic nomenclature; 3) undertake carbon and oxygen isotope profiling of this poorly studied
succession that includes the Silurian–Devonian boundary; 4) provide a general overview of the diagenesis,
petrology and lithogeochemistry of the Bass Islands through Dundee formations, including an investigation
of the origins of various cherts in the Bois Blanc and Amherstburg formations; and 5) study the regional
Table 31.1. List of key drill holes that are cored through all or parts of the Upper Silurian through Middle Devonian strata under
investigation across southwestern Ontario.
Drill
Hole1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Domtar Goderich S.T.#1
U.S. Steel No.1 - J. H. Lawrence No. 1
Consumers’ Pan Am 13058
Consumers’ Amoco 13061
Consumers’ Amoco 13102
Consumers’ 13114
BH08-21
Imperial No. 809 - W.J. Mawson No. 1
Consumers’ Amoco 13076
Consumers’ Pan Am 13057
OGS 82-3, Yarmouth 3-9-I
Imperial 805 - Lyons No. 1
ARGOR 65-1
Imperial 810 - W. Ellwood No. 1
MOE Deep Obs. 1
OGS 82-2, Harwich 25-II ECR
Consumers’ 33407
Consumers’ 33408 A
Consumers 33409
Imperial Et Al 813 - Reimer No.1
OGS 82-1, Moore 18-FC
Cansalt DDH 87-3
MTO X11-5
OGS W-2
OGS - W3
MTO X10N-2
SVCA-1
SVCA-2
SVCA-3
SVCA-4
SVCA-5
SVCA-6
Hensall-1
Brussels Mill-1
OGS-SNP08-01a
OGS-SNP08-02a
OPG-DGR-3, Bruce 8-18-LR

Easting3
(m)
444608.7305
557709.1544
523847.716
536949.0535
529989.2964
534764.5208
571499.3404
447576.7218
479339.9641
507070.1465
486774.9632
410608.5409
381689.7854
399824.5711
385522.9152
411110.2794
394262.3456
393987.2579
392173.4424
353023.7784
380265
325446.113
328137.9885
326801.7927
326726.4428
327497.0042
499732
484224
471300
468900
493100
507400
465935
479964
534822
586676
453080

Northing3
(m)
4842965.127
4732254.827
4716628.529
4712706.852
4713938.051
4702192.913
4740041.074
4786919.655
4722503.149
4722050.446
4724267.859
4741349.037
4738120.988
4757598.31
4756751.531
4693401.929
4681773.994
4680698.4
4680908.034
4660602.773
4739840
4674922.595
4684409.006
4680100.096
4680127.755
4683652.993
4884679
4882986
4869600
4822200
4826300
4883000
4814764
4843201
4746984
4745060
4907740

OGSR core # 1072
Armstrong and Carter (2006)
OGSR core # 998
OGSR core # 1002
OGSR core # 1001
OGSR core # 276
OGSR core # 1125
OGSR core # 220
OGSR core # 957
OGSR core # 999
Johnson, Russell and Telford (1985)
OGSR core # 586
OGSR core # 538
OGSR core # 419
OGSR core # 954
Johnson, Russell and Telford (1985)
OGSR core # 759
OGSR core # 772
OGSR core # 751
OGSR core # 197
OGSR core # 1105
OGSR core # 953
OGSR #1118 and OGS Sudbury
OGSR core # 60426
OGSR core # 60441
OGSR core # 1122
Luinstra, Brunton and Cowan (2006)
Luinstra, Brunton and Cowan (2006)
Luinstra, Brunton and Cowan (2006)
Luinstra, Brunton and Cowan (2006)
Luinstra, Brunton and Cowan (2006)
Luinstra, Brunton and Cowan (2006)
Hurley et al. (2005)
Hurley et al. (2005)
Armstrong (2008)
Armstrong (2008)
Pehme and Melaney (2010)

CCL85-17, West Zorra - 2 - III

508160

4771717

OGSR core # 952

Licence - Location

Well Name2

T003563 - London
F005446 - London
T002758 - London
T002760 - London
T002803 - London
T003017 - London
T011927 - London
F011730 - London
T002812 - London
T002759 - London
T006078 - London
F007466 - London
T001992 - London
F010371 - London
T007188 - London
T006045 - London
T005789 - London
T005791A - London
T005813 - London
F000369 - London
T006044 - London
T007143 - London
T011552 - London
F014087 - London
F014088 - London
T011562 - London
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
OGS-DDH-Sudbury
T011811 - Bruce
Nuclear
T006836 - London

1

Remarks or Reference2

Number refers to location shown on Figure 31.2.
Abbreviations: BH, borehole; DDH, diamond-drill hole; MTO, Ministry of Transportation Ontario; OGS, Ontario Geological
Survey; OPG-DGR, Ontario Power Generation Deep Geologic Repository; OGSR, Oil, Gas and Salt Resources Library;
SVCA, Saugeen Valley Conservation Authority.
3
Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17.
2
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characterization and tectonic significance of Lucas Formation and its disconformable contact with the
overlying Dundee Formation (see Figure 31.1). Regional-scale subsurface mapping of these Paleozoic
bedrock units will be combined with outcrop mapping in quarries and selected river and lake shore sections.
The Oriskany and Sylvania formations are siliciclastic-dominated rock units that invariably occur
within karst-collapse features of the Bass Islands and Bois Blanc formations, respectively (see discussions
in Kobluk et al. 1977; Carlson 1983, 1987, 1992; Russell 1993; Brunton and Dodge 2008). The Anderdon
Member of the Lucas Formation is a variably quartz-bearing carbonate unit that is important with respect
to hydrocarbon exploration targets in southwestern Ontario. The irregular distribution of this silicabearing carbonate unit in southwestern Ontario highlights the disconformable nature of contact between
the Lucas Formation and overlying Dundee Formation. The Amherstburg and Onondaga formations are
richly fossiliferous and possess reef mounds with calcified sponges, tabulate corals and microbialdominated fabrics at various horizons (see Figure 31.1).

GEOLOGIC SETTING OF STUDY AREA
Paleogeographically, the study area straddles 2 Paleozoic sedimentary basins: the Michigan Basin
and Appalachian Basin (Figure 31.3). Physiographically, the study area represents the western
St. Lawrence Lowland region. The current erosional character of the Paleozoic strata within the Michigan
Basin portion of the Lowland region displays a roughly circular outline – this has been re-interpreted
recently as an erosional remnant feature rather than as a depositional basin feature (Brunton et al. 2012).
One of the underlying questions to be addressed in this study is whether the area referred to as the
Michigan Basin was an intracratonic depositional basin during Late Silurian through Middle Devonian
time, or simply a shallow marine ramp on the farfield side of the Appalachian Foreland Basin, as revealed
for the Early Silurian succession in southwestern Ontario (see differing views in Quinlan and Beaumont
1984; Mitrovica, Beaumont and Jarvis 1989; Coakley, Nadon and Wang 1994; Ettensohn 1994; Brett et
al. 2004; Brunton et al. 2012). The Appalachian Basin possesses more than 11 km of sedimentary strata
that record the intermittent orogenic phases spanning tens of millions of years. The preserved Paleozoic
succession in Ontario is barely 1 km thick. Situated between this foreland basin and the Laurentian craton
is a broad northeast-oriented zone referred to as the Algonquin Arch (see Figure 31.3, thick dotted line).
Sequence stratigraphic studies involving Early Silurian strata of southwestern Ontario have revealed that
the Algonquin Arch can best be described as an ephemeral flexural forebulge region that changed
positions (migrated from north to south) through the Early Silurian (see Brunton 2009; Brintnell et al.
2009; Brunton et al. 2012; Brett et al. 2004).

PHASE 1 OF STUDY
Core Logging and Mapping
Most of the 2014 field season involved the initiation of core logging of the 38 existing cores, field
examination of select outcrops of the Lucas and Amherstburg formations, and compilation of key wells
possessing drill cuttings and good gamma-neutron density logs across southwestern Ontario (see
Figures 31.1 and 31.2; see Table 31.1). Key outcrops are largely restricted to active and abandoned
quarries in the central and western region of the study area and within quarries and exposures along the
Lake Erie shoreline and in the Niagara Peninsula in the eastern part of the study area (Johnson et al. 1992;
Armstrong 2007, 2008; see Figure 31.2). Glacial cover of varying thickness mantles much of the Upper
Silurian through Middle Devonian succession in southwestern Ontario. The majority of existing cores of
this stratigraphic interval are stored at the Oil, Gas and Salt Resources Library in London, Ontario.
Ontario Geological Survey cores are stored in Sudbury, Ontario (see Table 31.1). Core logging in 2014
included wells from Bruce County (SVCA-3 and SVCA-4) and Huron County (Domtar Goderich S.T. #1).
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Figure 31.3. Tectonic and structural elements associated with Phanerozoic strata of the Michigan Basin and adjacent Appalachian
Foreland Basin in southern Ontario and adjacent United States. Contours show thicknesses of Phanerozoic rocks in metres. Note
the position of Proterozoic Midcontinent rift relative to younger Grenville Front Tectonic Zone (thick yellow line extending from
Killarney area (northern Georgian Bay) through to Windsor (in southwestern Ontario), and the position and orientation of the
Chatham Sag (CS). The Algonquin Arch (AA), or forebulge area, is positioned farther to the south than has been traditionally
shown in other publications (e.g., Johnson et al. 1992; Armstrong and Carter 2010) to reflect the sequence stratigraphic
characteristics of upper Clinton Group and Lockport Group strata in Ontario (modified from Brunton and Piersol 2009).
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All the cores listed in Table 31.1 either have been examined or will be examined during the next year,
leading up to the multiyear drilling program. It is anticipated that up to 60 additional boreholes will be
drilled over the next 3 years to characterize the regional groundwater flow systems.
All key outcrops will also be mapped over the next 2 years. General geologic descriptions and
locations of numerous inactive and active quarries within this stratigraphic interval are listed in Derry,
Michener, Booth and Wahl and OGS (1989a, 1989b) and Wolf (1993). This study will also build upon the
recent work by Armstrong (2007, 2008; see also Armstrong and Carter 2010) to update the subsurface
bedrock geology of the Niagara Peninsula region, extending through the Bass Islands Formation, and the
Onondaga escarpment region of southwestern Ontario. Descriptions of this stratigraphic succession in
Ontario and adjacent jurisdictions can be found in Haynes and Parkins (1992), Armstrong and Dodge
(2007), Armstrong (2008), Armstrong and Carter (2010), Johnson et al. (1992), Brett, ver Straeten and
Baird (2000) and Brett et al. (2004).

Paleozoic Geology
General geologic and/or stratigraphic descriptions of the Upper Silurian through Middle Devonian
stratigraphic interval under investigation can be found in Stauffer (1915), Best (1953), Winder (1961),
Beards (1967), Sanford (1967, 1969, 1977), Dorr and Eschman (1970), Brigham (1971), Winder and
Sanford (1972), Kobluk et al. (1977), Uyeno, Telford and Sanford (1982), Rickard (1969, 1984),
Fagerstrom (1971, 1983), Cassa and Kissling (1982), Melvin (1989), Catacosinos, Harrison and Daniels
(1990), Birchard (1990a, 1990b, 1993), Johnson et al. (1992), Haynes (1992, 1994), Haynes and Parkins
(1992), Russell (1993), Brett, ver Straeten and Baird (2000), Brett et al. (2004), Armstrong (2007, 2008),
Armstrong and Dodge (2007), and Armstrong and Carter (2010). Some of the key papers that have
focussed on hydrocarbon potential and, therefore, indirectly have addressed aspects of formation fluid
pathways, include Legall, Barnes and MacQueen (1981), Powell et al. (1984), Johnson, Russell and
Telford (1985), Bailey Geological Services Ltd. and Cochrane (1985), Hamilton (1990, 1991), Carter and
Trevail (1989), Carter, Trevail and Easton (1993, 1996), Luczaj, Harrison and Williams (2006) and
Lazorek and Carter (2008). Previous studies that have addressed aspects of bedrock groundwater and/or
formational chemistries include McNutt, Frape and Dollar (1987), Dollar, Frape and McNutt (1991),
Stueber and Walter (1991, 1994), Weaver, Frape and Cherry (1995), Singer, Cheng and Scafe (2003),
Worthington, Smart and Ruland (2003), Hurley et al. (2005, 2008), Luinstra, Brunton and Cowan (2006),
Brunton and Dodge (2008) and Sharpe et al. (2014).

UPPER SILURIAN
Salina Group
The oldest stratigraphic units that possess potable waters are the upper Salina Group strata (Singer,
Cheng and Scafe 2003; Brunton and Piersol 2009; Carter and Brunton 2011). The Salina Group occurs
along and below Upper Silurian to Middle Devonian bedrock escarpments that are mostly covered by
thick overburden. The uppermost G unit of the Salina Group comprises tan to light grey dolostones with
anhydrite laths that grade into shaly dolostones. Although there is a sharp contact with the overlying Bass
Islands Formation, cores logged to date do not display evidence of a significant disconformity.

Bass Islands / Bertie Formations
The type Bass Islands Formation outcrop exposures are located on the Bass Islands in western Lake
Erie, Ohio (Carman 1946; Sparling 1970; Schumacher, Mott and Angle 2013). The type locality for the
Bertie Formation is in the Ridgemount Quarry located west of Fort Erie in Bertie Township (see Haynes
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and Parkins 1992; Armstrong and Dodge 2007; Winder 1961). Haynes and Parkins (1992) have suggested
that the Bertie Formation, which extends from Fort Erie on Niagara Peninsula to north of Simcoe, is
progressively cut-down and is overlain by the Bass Islands Formation (extends from Dunnville area to
Hagersville). Therefore, the stratigraphic relationship between these 2 formations and their apparent
conformable contact with the underlying Salina Group will be investigated during this study.
In the cores from Huron and Bruce counties logged this summer, the Bass Islands Formation is more
than 56 m thick. The various rock units observed do not correlate with the members proposed for the
Bertie Formation (Haynes and Parkins 1992). As part of this project, cores from both regions will be
sampled for carbon and oxygen isotope chemostratigraphy profiling and conodont biostratigraphy.
The lowest rock units in cores examined to date possess dark thinly bedded shaly dolostones and
argillaceous dolostones with 2 mm selenite discs. The lower one-third of the formation is well-indurated,
dark brown dolomitic laminites to wackestones that are thinly to medium bedded. Also present are
organic-rich laminae, stylolite seams, gas fenestrae and dewatering structures. Halite casts and laths are
less frequently present. Megafaunal elements and trace fossils are rare. Poorly preserved moulds of
bivalves and rare corals are evident. The uppermost strata of the Bass Islands Formation comprise thinly
to thick-bedded, light buff, finely laminated, finely crystalline dolostones with buff mottles. The Silurian–
Devonian contact, represented by the erosional top of this formation, is marked by a significant erosional
disconformity comprising collapse breccias (karstic) and teepee structures, which are partially infilled by
sand-grade dolomites (see Sparling 1970; Kobluk et al. 1977; Johnson et al. 1992; Haynes 1992, 1994;
Haynes and Parkins 1992; Brett et al. 2004; Armstrong 2008; Schumacher, Mott and Angle 2013).

Bois Blanc Formation
Significant outcrops of the Bois Blanc Formation occur in quarries in the Niagara Peninsula, such as
the Ridgemount Quarry and the type section locality on Bois Blanc Island, Michigan.
In the cores logged, the Bois Blanc Formation is 50 m thick and disconformably overlies the Silurian
Bass Islands Formation. This formation is a medium-light-grey, finely crystalline, variably argillaceous,
chert-rich dolostone with abundant brachiopods, rugose corals and fewer bryozoans, tabulate corals,
amphiporid stromatoporoids and gastropods. Chert nodules and interbedded lenses are common and
constitute more than 50% of the rock mass (see Lusk 1958). The lower part of the formation comprises
medium to light grey dolowackestone with displacive chert nodules containing fragments of siliceous
sponges. Horsetail-like stylolites are abundant around the chert nodules.
The middle portion of this formation is characterized by medium-dark grey dolostones with
megafossils of tabulate corals and amphiporids. Chert character changes from displacive nodules that
become smaller upsection to interbedded lenses. Subhorizontal wispy stylolites increase in frequency.
In the cores logged, core is poorly recovered at the base of the upper one-third of the formation and the
colour of the carbonates becomes lighter tan, indicating a paleokarstic groundwater flow zone. The
uppermost part of the formation is a tan to light grey dolowackestone to dolopackstone with abundant
wispy stylolites and megafossils, including colonial rugose corals, amphiporids and brachiopods.
Although the Bois Blanc Formation is supposed to disconformably underlie the Detroit River Group
(Telford, von Bitter and Tarrant 1977; Uyeno, Telford and Sanford 1982), the formational contact in cores
north of London is difficult to determine precisely. However, the Bois Blanc Formation is overlain by
darker, tan-brown, slightly bituminous, fine- to medium-grained, cherty, very fossiliferous limestones
with different megafauna of the Amherstburg Formation.
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Detroit River Group
The Middle Devonian Detroit River Group consists mainly of limestones and dolostones and has
been subdivided into 3 formations, which, from base to top, include the Sylvania, Amherstburg and Lucas
formations (see Ehlers 1950; Ehlers and Stumm 1951; Gardner 1974; Johnson et al. 1992; Armstrong and
Carter 2010). In the cores examined to date, the quartz-rich Sylvania Formation was not observed.
AMHERSTBURG FORMATION

The Amherstburg Formation consists of up to 60 m of fossiliferous, bituminous, commonly cherty
limestones and dolostones (Johnson et al. 1992). Some key Amherstburg Formation outcrops are exposed
at the Zorra Quarry near Woodstock, the Amherstburg and MacGregor quarries in the Windsor area and
selected outcrops in the vicinity of Formosa.
The Amherstburg Formation is a tan to grey-brown to dark brown, fine- to coarse-crystalline,
bituminous, fossiliferous limestones with stromatoporoid- and coral-dominated bioherms at the upper part
of the formation, informally known as the “Formosa Reef Limestone”. The lower Amherstburg Formation
is dark brown to light grey-brown, fine-grained, bituminous limestone with abundant wispy microstylolites
and sparse chert nodules. Megafossils include rugose and tabulate corals, stromatoporoids and crinoids.
In core, the contact of the lower dark limestone and the “Formosa Reef Limestone” is unclear because a
2 m section of core is missing. The upper reef limestone, which can be up to 15 m thick, is poorly bedded
cluster of high-purity, massive limestones possessing a megafauna of stromatoporoids and localized
rugose corals. The top of the Amherstburg Formation consists of back reef facies, which are sharply
overlain by the dark brown, nonfossiliferous, anhydrite-lath-bearing dolostones of the Lucas Formation.
LUCAS FORMATION

The Lucas Formation is the upper member of the Detroit River Group. It consists of dolostone or
limestone with interbedded anhydritic dolostone, salts and anhydrite (Sanford 1967; Uyeno, Telford and
Sanford 1982). Generally, the Lucas Formation can be divided into 3 members: the undifferentiated Lucas
Formation, the Anderdon Member and the sandy limestone facies of the Anderdon Member (see Lane et
al. 1909; Landes 1951; Melvin 1989; Birchard, Rutka and Brunton 2004). The type section of the Lucas
Formation is in Lucas County, Ohio. In Ontario, the St. Marys Quarry at St. Marys, and the Amherstburg
Quarry, have well-exposed outcrops of Lucas Formation.
Lucas Formation outcrops are not common, but do occur along the Maitland River and along the
Lake Huron shoreline between Goderich to Tiverton. The Formosa Reef lithofacies at the roadcut 4 km
north of Formosa Village was visited this summer. It exposes nearly 27 m of stromatoporoid-rich, dark
brown bituminous limestone with abundant solitary and colonial rugose corals, representative of the
middle part of the Amherstburg Formation.
In the cores drilled from Huron County, only the lower undifferentiated Lucas Formation is present; in
this region, the formation is a high-purity dolostone (Birchard, Rutka and Brunton 2004; Hurley et al. 2005).
In the Ingersoll area, the Lucas Formation is a high-purity limestone (Birchard, Rutka and Brunton 2004).
In the cores logged, the lower Lucas Formation is tan to light brown, thinly laminated dolomudstone
with intraformational breccias grading upward into medium-bedded, dark brown dolomudstone. Anhydrite
laths are common as dissolved moulds. In the lower to middle part of the formation, the tan to buff,
massive argillaceous dolomudstone grades into massive vuggy, moderately fossiliferous dolowackestone
with brachiopods and colonial rugose corals. Metre-scale shallowing-upward sabkha cycles consist of
light brown vuggy dolowackestones, light grey laminated dolowackestone to creamy dolomudstone that
are variably laminated. The contact between the Lucas Formation and overlying Dundee Formation is
exposed in outcrops along the Maitland River near Goderich.
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Dundee Formation
The Dundee Formation is a finely to medium crystalline limestone with some dolomitic beds.
It subcrops beneath Quaternary cover of varying thickness, and rarely crops out in southwestern Ontario.
It has a sharp and disconformable contact with the underlying Lucas Formation. This formation is
crinoidal in the basal units, moderately fossiliferous and possesses chert nodules. The formation varies
in colour from grey to tan to brown and consists of medium to thickly bedded limestones with minor
dolostones, and, in places, possesses bituminous partings, oil staining and locally abundant chert nodules.
The disconformable contact between the Lucas and Dundee formations is well exposed in the St. Marys
Quarry at St. Marys (Birchard 1990a, 1990b, 1993; Armstrong and Carter 2006, 2010). The Dundee
Formation was not present in the cores examined during the summer field season.

FUTURE WORK
All the cores listed in Table 31.1 (see Figure 31.2 for locations) will be logged and sampled for
lithogeochemistry and carbon and oxygen isotopes during the fall and winter of 2014–2015. The main
goal is to place this stratigraphic package into a sequence stratigraphic framework that can be tested
across southwestern Ontario.
The regional sequence stratigraphic and sedimentologic studies will assist in the development of
Phase 2 of the program: the location of drill sites for the 2015–2017 bedrock groundwater aquifer
mapping project within the OGS Groundwater Initiative. The final and third phase of this project will
involve physical hydrogeologic testing and the installation of multilevel groundwater monitoring
networks in order to discretely sample and characterize the groundwater flow zones.
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INTRODUCTION
In 2013, the Ontario Geological Survey (OGS) initiated a new 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). The goal of the project is to build
an interactive 3-D model of Quaternary deposits that form both regional and local aquifers and aquitards.
Key objectives are 1) reconstruction of the regional Quaternary history; 2) development of a 3-D model of
Quaternary sediments; and 3) characterization of the properties of the modelled sediment packages. The
model will be based on the interpretation of natural and man-made exposures, existing subsurface records
(e.g., water wells, geotechnical records) and new drilling and geophysical data.
Field activities during 2013 focussed on the examination of natural and man-made exposures (42 sites)
as well as soil probe and hand-auger cores (88 sites). Sample results from radiocarbon analysis, particle
size analysis and carbonate content have been completed; heavy mineral analysis and pebble counts are
ongoing. The field data was used to develop and interpret composite stratigraphic logs for 6 target areas
(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 (Ontario Geological Survey 2014). The
information obtained from the survey guided the search for drilling and monitoring well targets for the
2014 and 2015 drilling for this project.

CURRENT FIELD ACTIVITIES
Drilling commenced in June 2014 and will continue into the early fall. At the time of writing, 26 PQ
diameter (8.5 cm ID) continuously cored mud-rotary boreholes penetrating the Quaternary sediments and
upper few metres of bedrock, have been drilled (Figure 32.1). The boreholes range from 10.8 to 68.07 m
in depth with a combined drill length of 788.26 m of Quaternary sediments and 74.97 m of bedrock
(Table 32.1). The core is logged, photographed at 0.25 m increments and representative intervals sampled
in the field. Samples have been obtained 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 suitable sections of core. Intact sections of core (diamicton and
stratified sediments) will be made into thin sections at Brock University in preparation for microfabric
analysis by Dr. John Menzies and students. Bob Janzen will be completing a Bachelor of Science thesis
using samples from borehole 17 (“BH17”).
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.32-1 to 32-18.
© Queen’s Printer for Ontario, 2014
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Two and a half inch diameter threaded, flush-joint PVC monitoring wells with 5 or 10 feet long (1.5
or 3.0 m) slotted screens have been installed at 13 of the sites (see Table 32.1). The wells will be used by
the Niagara Peninsula Conservation Authority for ongoing monitoring of groundwater levels and
chemistry with the goal of tracing the flow of groundwater from Lake Erie to Lake Ontario. The Niagara
College well will also be used for teaching purposes. It is anticipated that the monitoring wells will be
logged with downhole geophysics as soon as drilling has been completed. Previous downhole surveys
have included natural gamma, induction conductivity, magnetic susceptibility, neutron, gamma-gamma
density, spectral density ratio, temperature and temperature gradient, and p- and s-wave velocity.

PRELIMINARY DRILLING RESULTS
Field descriptions of the core have been used to construct preliminary summary logs for each
borehole (Figures 32.2 to 32.5). The final logs, along with detailed descriptions, sample results,
interpretations and well construction details, will be released after all drilling activities have been
completed.
Table 32.1. Borehole name, location, depth to bedrock, depth of hole and monitoring well ownership. The following
abbreviations are used: Niagara-on-the-Lake (NOTL) and Niagara Peninsula Conservation Authority (NPCA).
Borehole ID

Code

Location

BH01-NP-2014
BH02-NP-2014
BH03-NP-2014
BH04-NP-2014
BH05-NP-2014
BH06-NP-2014
BH07-NP-2014
BH08-NP-2014
BH09-NP-2014
BH10-NP-2014
BH11-NP-2014
BH12-NP-2014
BH13-NP-2014
BH14-NP-2014
BH15-NP-2014
BH16-NP-2014
BH17-NP-2014
BH18-NP-2014
BH19-NP-2014
BH20-NP-2014
BH21-NP-2014
BH22-NP-2014
BH23-NP-2014
BH24-NP-2014
BH25-NP-2014
BH26-NP-2014

BH01
BH02
BH03
BH04
BH05
BH06
BH07
BH08
BH09
BH10
BH11
BH12
BH13
BH14
BH15
BH16
BH17
BH18
BH19
BH20
BH21
BH22
BH23
BH24
BH25
BH26

Niagara College, NOTL Campus
Turner Road, Thorold
Lemon Road, Niagara Falls
Garner Road, Niagara Falls
Civic Complex, Wainfleet
Gainsborough CA, West Lincoln
Elcho Road, West Lincoln
Case Road, Wainfleet
Glynn A Green School, Pelham
Sumbler Road, Pelham
Young Road, Niagara Falls
Bossert Road, Niagara Falls
Concession 1, Wainfleet
Townline Road, Wainfleet
Buchner Road, Welland
Line 9, NOTL
McNab Road, NOTL
Line 6, NOTL
Concession 1, NOTL
Burgoyne Woods, St Catharines
Brookfield Road, Port Colborne
College Road, Fort Erie
Sider Road, Fort Erie
Stevensville Road, Fort Erie
Niagara Parkway, Fort Erie
Portage Road, Niagara Falls

Easting1 Northing1 Depth to
Bedrock
(m)
(m)
(m)
649367 4779414
44.25
643767 4768927
27.38
653848 4761720
20.80
650603 4773113
8.40
632560 4753345
45.15
630724 4766938
36.50
617465 4763441
26.75
626541 4753495
44.50
640009 4766739
64.75
635967 4762870
55.00
649467 4763862
26.00
658276 4763144
16.3
628215 4749786
42.7
640187 4756676
38.7
645987 4760619
40.35
654271 4780993
30
647836 4784641
27.33
652194 4783365
16.1
656584 4788362
19.35
644425 4778394
32.6
649879 4755644
23.2
656546 4757699
15.05
660824 4756656
17.75
658861 4752849
30.1
664936 4757794
12.1
656817 4770082
27.15

1

Depth
of Hole
(m)
47.25
30.50
22.75
10.80
48.40
40.67
29.08
47.35
68.07
58.00
28.95
19.7
45.72
42.06
43.18
32
30.56
19.89
21.4
35.05
27.43
16.84
20
33.48
13.77
30.33

Monitoring
Well
Ownership
Niagara College

NPCA
NPCA
NPCA
NPCA
NPCA
NPCA
NPCA
NPCA
NPCA

NPCA
NPCA
NPCA

Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17.
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Bedrock
The study area is underlain by southward-dipping Ordovician, Silurian and Devonian bedrock
formations (Figure 32.6), elements of which give rise to the prominent features of the Niagara and
Onondaga escarpments (see Figure 32.1). The Niagara Escarpment generally follows the shore of Lake
Ontario and is bisected by deep and partially infilled re-entrant bedrock valleys extending to the south
(St. David’s buried gorge and the Erigan channel). Below the escarpment, the bedrock surface steps down
toward Lake Ontario and is dissected by channels that extend from the re-entrant bedrock valleys toward
the lake. The Onondaga escarpment is much more subdued and trends eastward across the study area,
angling away from the Lake Erie shore in the west. The Erigan channel and numerous small and
relatively shallow re-entrant bedrock valleys extend south from the Onondaga escarpment. Between
the 2 escarpments, the southward-dipping Silurian bedrock forms a relatively deep basin. Tracing the
pathway of the buried-bedrock valleys across this basin is an important part of this project.
Ordovician Queenston Formation shale was intersected in the 6 boreholes drilled below the Niagara
Escarpment (see Figures 32.2 and 32.6; Photos 32.1A and 32.1B). Between 0.5 and 4 m of highly
weathered and fragmented shale, in some cases interbedded with machine broken but fairly competent
shale, was observed overlying the interpreted top of bedrock surface (Photo 32.1F). The distinctive
stepwise drop in elevation of the bedrock surface can be detected on the summary logs. The bedrock
surface elevation in BH20 and BH18 is approximately 5 m higher than the elevation in BH19. The presence
of buried valleys is highlighted by lower than expected bedrock elevations in BH01, BH16 and BH17.

Figure 32.1. Boreholes drilled between June and August 2014; see Table 32.1 for locations, drill depths and monitoring well
ownership.
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Figure 32.2. Summary logs of boreholes drilled below the Niagara Escarpment; for information on borehole locations, see figure
inset, Figure 32.1 and Table 32.1.
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Figure 32.3. Summary logs of boreholes drilled in the northern portion of the Silurian basin; for information on borehole
locations, see figure inset, Figure 32.1 and Table 32.1.
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Figure 32.4. Summary logs of boreholes drilled along the Erigan and Chippawa channels; for information on borehole locations,
see figure inset, Figure 32.1 and Table 32.1.
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Figure 32.5. Summary logs of boreholes drilled in the southeastern portion of the Silurian basin; for information on borehole
locations, see figure inset, Figure 32.1 and Table 32.1.
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Above the Niagara Escarpment cuesta, Eramosa Formation dolostone was intersected (Photo 32.1C).
Farther south, Salina Group gypsum nodules and “cauliflowers” in dolostone and shale were cored (Photo
32.1D). Dissolved gypsum crystals gave the dolostone a distinctly pocked appearance in BH24 (Photo
32.1E). Shale and dolostone with abundant gypsum, particularly in the weathered and fractured upper
zone, was often broken during drilling. Occasionally, delicate gypsum crystals survived the drilling
process (Photos 32.1G and 32.1H). Don Grant (Aardvark Drilling) observed that as soon as gypsum-rich
bedrock was reached, the drilling mud thickened and changed from the typical reddish-brown colour to a
slightly greenish brown.
As previously described, the Silurian bedrock surface dips southward from the Niagara Escarpment.
The deep and narrow re-entrant valleys that extend south from the cuesta, for example, the Erigan
channel, likely broaden over the comparatively soft Salina Group compared to the surrounding rock
surface. This is suggested by a wide and often indistinct geophysical signature in ground gravity lines run
over the Salina Group as compared to more resistant formations (see Ontario Geological Survey 2014).
Two boreholes located over the Erigan and Chippawa channels, BH09 and BH15, were an average of
only 20 m deeper than holes located away from the valley (see Figures 32.3 and 32.5). By comparison,

Figure 32.6. Bedrock geology of the study area (from Ontario Geological Survey 2011). The general line of buried-bedrock
valleys investigated as part of the 2014 drilling and monitoring well project are indicated. Abbreviation: Fm, Formation.
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Photo 32.1. Examples of bedrock core. Each pictured core (Photos 32.1A to 32.1E) is 45 cm long and top is to the left.
A) Queenston Formation shale. B) Interbedded, weathered and competent Queenston Formation shale. C) Eramosa Formation
vuggy dolostone with stylolites. D) Salina Group gypsum nodules and “cauliflowers” in dolostone. E) Salina Group dolostone
with moulds from dissolved gypsum crystals. F) Machine broken shale. G) Gypsum needles 0.5 to 1 cm long. H) Arrowshaped gypsum crystal 3 cm long.
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BH24, located near the mouth of a much smaller re-entrant valley extending south from the Onondaga
escarpment, is over 25 m deeper than the surrounding bedrock surface. The bedrock elevation in boreholes
drilled over the Erigan and Chippawa channel is remarkably consistent, indicating that suitable target
areas were drilled. The slight rise in elevation of the Chippawa channel, seen in BH13, BH14, BH15 and
BH26, is likely a result of not always drilling the deepest part of the valley, as well as differential isostatic
rebound (see Menzies and Taylor 1998).

Photo 32.2. Examples of lower till package deposits. Each pictured core (Photos 32.2A to 32.2F) is 45 cm long and the top is to
the left. A) Soft, somewhat stony sandy till overlying bedrock. B) Overconsolidated silty sandy till. C) Salina Group gypsum
clasts (local lithologies) in basal till. D) Glaciofluvial gravel with diamicton. E) Till with abundant Queenston Shale clasts.
F) Complex diamicton, gravel and fine-textured stratified sediment.
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Quaternary Sediments
The Quaternary sediments intersected during drilling in 2014 have been grouped into a series of
regional-scale sediment packages as defined and described in previous research (Feenstra 1981; Menzies
and Taylor 1998). The following section comprises a brief summary of observations from current drilling
that by no means captures the often subtle, but at the same time complex, variations within the Niagara
Region.

LOWER TILL PACKAGE
The lower till package extends across the eastern portion of the study area both above and below the
Niagara Escarpment (see Figures 32.2 to 32.5). Directly overlying bedrock, it represents the oldest
Quaternary sediments encountered during drilling. 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). The lower till package is typically thin, ranging from as little as 0.5 m to
3 m and rarely up to 5 to 10 m in thickness. In some cases, for example BH08 and BH16, the lower till
package has been eroded away. The thick gravel overlying bedrock in BH08 likely represents glaciofluvial
scouring followed by deposition of glaciofluvial gravel and may well correlate in time with the lower till
package. Located directly below the Niagara Escarpment, buried-bedrock valley site BH01 has a thick
gravel package overlain by sand. In contrast, BH16 has younger glaciolacustrine sediments overlying
bedrock despite being located over a buried-bedrock valley outlet.
The lower till package comprises several facies. Above the Niagara Escarpment, diamictons vary
from a soft to firm stony sandy diamicton to a very hard to overconsolidated stony silty sandy basal till.
There appear to be abundant local clast lithologies in the basal few tens of centimetres, with the number
of exotic clasts increasing upward through the sediment column (Photo 32.2C). The pebble count data
will provide more details on clast lithology trends. Locally (e.g., see Figure 32.4: BH10), the lower till
package is characterized by interbedded gravel, dirty gravel and diamicton. Thicker clean gravels (water
producing) were encountered in BH14 and BH25. The rounded clasts reflect a glaciofluvial origin.
Boreholes drilled below the Niagara Escarpment typically had a more complex lower till package with
highly variable diamicton units interbedded with stratified sediments (e.g., see Figure 32.2: BH17, BH19
and BH20). These boreholes may be located close to former grounding lines or ice-marginal positions.
Thin basal diamictons typically have a bright red matrix, reflecting the influence of the Queenston
Formation shale in both clasts and matrix. Shale clasts remain abundant above the basal zone (Photo 32.2E).

LOWER GLACIOLACUSTRINE UNIT
The lower glaciolacustrine unit extends across the portion of the study area drilled during the 2014
field season. Stratigraphically, the lower glaciolacustrine unit overlies the lower till package and is
beneath the Halton unit. This relationship is most noticeable in the boreholes crossing the northern
Silurian basin (see Figure 32.3) and boreholes in the southeastern Silurian basin (see Figure 32.5). The
lower glaciolacustrine unit was deposited in a Mackinaw phase proglacial lake that followed the retreat of
Wentworth ice.
The lower glaciolacustrine unit sediments generally range from 3 to 10 m in thickness and include
laminated, rhythmically bedded, bedded and graded clay, silty clay and clayey silt (Photo 32.3). Less
common are silt-dominated sequences. These sediments would have been deposited under quiescent
deep-water conditions. Typically, sharp contacts between the lower till package and overlying finetextured glaciolacustrine sediments are suggestive of a rapid flooding of the basin. A few boreholes,
located along the Erigan and Chippawa valley transects (see Figure 32.4: BH10, BH08, BH05, BH14 and
BH26), have gravel and/or cross-bedded sand and/or rippled sand near the base of the unit. These
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sediments would have been deposited by flowing water that was presumably reoccupying the pre-existing
valley system. 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 subsequent glacial ice and/or dragging by iceberg keels. Debris-flow
sediments at or near both upper and lower contacts indicate proximity to glacial ice.

Photo 32.3. Examples of lower glaciolacustrine unit deposits. Each pictured core (Photos 32.3A to 32.3F) is 45 cm long and the
top is to the left. A) Thick, rhythmically bedded slightly silty clay and clay overlying thinly laminated clay. B) Thin rhythmically
bedded silty clay and clay. Note the red shale dropstone depressing the laminated sediments. C) Thick rhythmically bedded,
laminated silt, silty clay and clay. D) Contact between the lower glaciolacustrine unit (left) and lower till package (right). Note
the thin debris-flow sediments near the contact. E) Rippled sand. F) Highly deformed silt and clay (middle of core) with thin
debris-flow deposits above and below.

32-12

Earth Resources and Geoscience Mapping Section (32)

A.K. Burt

HALTON UNIT
Halton unit sediments were found across the area drilled to date. The Halton unit encompasses
5 subunits of diamicton and glaciolacustrine sediments (Feenstra 1981; Menzies and Taylor 1998).
Detailed logs will be drafted from field descriptions and sample data before an attempt is made to classify
the current boreholes into the subunits.

Photo 32.4. Examples of Halton unit deposits. Each pictured core (Photos 32.4A to 32.4F) is 45 cm long and the top is to the
left. A) Stone-poor clayey Halton diamicton with glaciolacustrine clay (right side of core). B) Slightly stony, silty clay Halton
diamicton. C) Halton debris flows interbedded with glaciolacustrine sediments. D) Sharp contact between Halton diamicton and
underlying lower glaciolacustrine sediments. E) Rare glaciofluvial sand and gravel in Halton diamicton. F) Postdepositional
deformation of Halton debris flows in glaciolacustrine sediments.
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Above the Niagara Escarpment, Halton unit sediments generally range from 5 to 20 m and, in some
places, reach thicknesses in excess of 30 m. A relationship of very thick Halton unit sediments in
boreholes drilled near recessional moraines (e.g., see Figure 32.4: BH05 and BH15) was observed. Halton
unit sediments are thinner below the escarpment, rarely exceeding 5 m in thickness. Stone-poor, clayey
diamicton, often with abundant deformed clay and silty clay laminations, beds and blocks, was the most
recognizable Halton unit facies. Locally, silty and rarely stony, diamictons were encountered (Photo 32.4).
Contacts between Halton unit diamicton, Halton unit glaciolacustrine sediments and older glaciolacustrine
sediments range from sharp to gradational over several metres. There are also many examples of
interbedded very thin to thick diamicton and glaciolacustrine sediments representing deposition from
floating ice (ice shelf and/or icebergs). In some cases, the upper contacts are equally difficult to establish
because of a gradual or interbedded transition from clayey diamicton to clay. In some places, the Halton
unit is dominated by glaciolacustrine sediments with only thin diamicton beds and discontinuous
stringers. In these boreholes (e.g., see Figure 32.4: BH10 and BH13; see also Figure 32.3: BH03), the
Halton unit diamicton does not appear on the preliminary logs.

UPPER GLACIOLACUSTRINE UNIT
The upper glaciolacustrine unit blankets most of the project area, representing the “it’s all clay” that
everyone sees at surface. Proglacial lakes Whittlesey and Warren inundated the Niagara Peninsula
following the retreat of Halton Ice. Lake levels dropped to the Grassmere, Lundy, Dana and Dunnville
stages as the main ice front retreated north of the Niagara Escarpment, exposing the newly deposited lake
sediments progressively from west to east (Feenstra 1981). Above the Niagara Escarpment, the upper
glaciolacustrine unit was observed overlying Halton unit or age equivalent deposits in all boreholes.
Below the escarpment, the stratigraphy is more complex, with possible interbedding of the Halton and
upper glaciolacustrine units (Feenstra 1981). This complex interplay of ice and water may have been
recorded in the interbedded clay and fine-textured diamictons observed in BH01 (see Figure 32.2).
The upper glaciolacustrine unit sediments vary in thickness. In many boreholes, they are less than
5 m thick (e.g., see Figure 32.3: BH07, BH12 and BH04; see also Figure 32.5: BH15, BH12 and BH21),
but may exceed 10 to 15 m in thickness (e.g., see Figure 32.3: BH06; see also Figure 32.4: BH10, BH08
and BH05). Sediments commonly display laminated and rhythmically bedded clay, silty clay and clayey
silt (Photo 32.5). These can be indistinguishable from lower glaciolacustrine sediments, as may be
expected given the same quiescent deep-water glaciolacustrine depositional environment. This is
particularly problematic where the Halton unit is dominated by glaciolacustrine-derived facies. Boreholes
located close to the Fonthill ice-contact–delta complex (e.g., see Figure 32.3: BH06; see also Figure 32.4:
BH10) have thicker and more silt-rich upper glaciolacustrine unit sediments than observed elsewhere.
Similarly, the interbedded sand and clay packages observed in BH08 (see Figure 32.4) are likely
attributed to inputs of coarser textured sediment at the Dunnville delta that formed at the mouth of an
early Grand River. The contact between the Halton and upper glaciolacustrine units ranges from fairly
sharp to gradational, with thin to thick sequences of glaciolacustrine sediments punctuated with debrisflow deposits (Photos 32.5D and 32.5E). As with the lower glaciolacustrine unit, the sediments range
from undisturbed to slightly deformed to highly deformed.

FONTHILL ICE-CONTACT–DELTA COMPLEX
The Fonthill Kame, an ice-contact–delta complex, was deposited in proglacial Lake Warren at a reentrant along the Halton ice margin (Feenstra 1981). Borehole 09, located off the eastern flank of the
delta complex, has greater than 50 m of interbedded deltaic silt and sand, silty Halton unit diamicton
(reflecting local influences) and sporadic deeper water glaciolacustrine sediments likely deposited when
the main sediment supply was cut off (Photo 32.6; see Figure 32.4). The far-reaching effects of the delta
complex is seen in BH10 and BH06, located west and south of the delta complex, respectively, where the
upper glaciolacustrine unit contains thicker and more silt-rich sediments than those at more distal locations.
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GLACIAL LAKE IROQUOIS SEDIMENTS
As Halton ice retreated north of the escarpment and lake levels continued to drop, the Onondaga and
Niagara escarpments created distinct lake basins. Glacial Lake Iroquois formed between the Niagara
Escarpment and the retreating ice front. Water levels in the newly formed Lake Iroquois dropped then rose
again to the main stand in response to rapid isostatic rebound of the eastern Lake Ontario basin. There are
extensive deposits of Lake Iroquois nearshore sands near Lake Ontario. Deeper water Lake Iroquois
sediments are found at surface around Niagara-on-the-Lake and north of the main Lake Iroquois shore bluff.

Photo 32.5. Examples of upper glaciolacustrine unit deposits. Each pictured core (Photos 32.5A to 32.5F) is 45 cm long and the
top is to the left. A) Interbedded red and grey slightly silty clay (left) overlying thinly laminated slightly silty clay and clay.
B) Rhythmically bedded and laminated slightly silty clay and clay. C) Rhythmically bedded silt and laminated clay. D) Sharp
contact between upper glaciolacustrine unit clay and clayey Halton unit diamicton. E) Rhythmically bedded upper glaciolacustrine
unit silty clay and clay with Halton-derived debris flows. F) Large slump fold in glaciolacustrine sediments.
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Lake Iroquois sediments were encountered in BH19 (see Figure 32.2). Sandy gravel dominates the
sequence and is interpreted as beach deposits, based on similar deposits and stratigraphic positions
observed in Lake Ontario bluffs (Burt 2013). The beach gravel is overlain by nearshore deformed silt and
sand with laminated clay beds (Photo 32.7).

Photo 32.6. Examples of Fonthill ice-contact–delta complex deposits. Each pictured core (Photos 32.6A to 32.6F) is 45 cm long
and the top is to the left. A) Thick rhythmically bedded silt and clay (silt dominates each sequence). B) Rhythmically bedded
sequences of sand fining upward to silt. Note the loaded contact between sand (on top) and silt (beneath). C) Deformed (faulted
and tilted blocks) ripple cross-laminated sand. D) Soft, stony sand debris flows deposited on silty sand glaciolacustrine sediments.
E) A silt-rich facies of Halton till (left) overlying deformed silt and clay glaciolacustrine sediments (right). F) Deformed,
interbedded diamicton and glaciolacustrine silt and clay.
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PROJECT PLAN
Continuous coring of the overburden and upper 3 m of bedrock will continue during the fall of 2014
as well as the 2015 field season. 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 once drilling is completed and samples have been analyzed. Early results from
drilling also highlight the need to revise the Paleozoic bedrock geology maps for the region.
A database will be assembled from existing subsurface information, including Ministry of the
Environment and Climate Change water-well records, Ministry of Transportation geotechnical records,
Ontario Oil, Gas and Salt Resources Library oil and gas well records, geotechnical records from the
Urban Geology Automated Information System (UGAIS) and from archived field notes. The data will be
standardized in preparation for modelling. As with previous OGS 3-D modelling projects, Datamine
Studio® software, a software package developed for the mining industry and adapted for overburden
mapping for groundwater modelling applications, will be used for modelling and the preliminary
generation of products (see Bajc and Newton (2005) and Bajc and Shirota (2007) for more information on
the scripts; and Burt and Dodge (2011) for more information on database standardization).

Photo 32.7. Examples of glacial Lake Iroquois deposits. Each pictured core (Photos 32.7A and 32.7B) is 45 cm long and the top
is to the left. A) Oxidized, highly deformed nearshore sandy silt and laminated clay overlying reduced laminated silt and clay.
B) Laminated silt and clay overlying beach sand and gravel.
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INTRODUCTION
The final phase of field work for the south Simcoe three-dimensional (3-D) study of Quaternary
geology was undertaken during the fall of 2013 (Figure 33.1). This completes a four-year project of
geoscience data collection that was initiated during the summer of 2010 and consisted of Quaternary
mapping and sedimentological studies of the shallow subsurface (Bajc and Rainsford 2010; Mulligan
2011; Mulligan and Bajc 2012), deep drilling (Bajc and Rainsford 2011; Bajc, Rainsford and Mulligan
2012) and a variety of geophysical surveys including ground gravity (Bajc and Rainsford 2010, 2011),
airborne time-domain electromagnetic (Bajc, Rainsford and Mulligan 2012), downhole gamma-ray and
conductivity logging (Rainsford 2013) and seismic reflection. The project is one of several currently
being undertaken as part of the Groundwater Initiative of the Earth Resources and Geoscience Mapping
Section and is a continuation of a similar project recently completed within the Barrie–Oro Moraine area
to the north (Burt and Dodge 2011) and a second project initiated during the summer of 2014 in the
central part of Simcoe County (Mulligan, this volume). Following completion of these projects, much of
the Greenbelt of southern Ontario will be modelled in 3 dimensions, thus setting the stage for regional
syntheses of subsurface geology across one of the fastest growing regions of the country.
The objectives of this project are to develop interactive 3-D models of the Quaternary geology that
can 1) aid in studies involving groundwater extraction, protection and remediation; 2) assist with the
development of policies surrounding land use and nutrient management; and 3) help to better understand
the interaction between ground and surface waters. A better understanding of the geometry and inherent
properties of the Quaternary sediments that overlie the bedrock surface within this region will assist with
the development of source water protection plans and with the development of a geoscience-based
management plan for the groundwater resource.

CONTINUOUS CORING
The third and final phase of overburden drilling was conducted during the fall of 2013 with the
completion of 8 boreholes to bedrock. To date, there have been 25 continuously cored boreholes completed
within the study area as part of this project, bringing the total number of deep-cored boreholes within the
study area to 32 (see Figure 33.1). This provides coverage of approximately 1 borehole per 50 km2. Depth
to bedrock ranged between 68.9 and 175.6 m with an average depth of 105 m. An average of 5.4 m of
bedrock was cored at each site, thus generating sufficient core for subsequent study. It also allowed for
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.33-1 to 33-14.
© Queen’s Printer for Ontario, 2014
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Figure 33.1. Locations of cored boreholes in the south Simcoe study area including the locations of seismic reflection lines
completed by the Geological Survey of Canada. The 15th Sideroad is located immediately to the east of borehole SS-11-07; the
north-to-south seismic reflection line shown in the figure is discussed in the text and in other figures. Locations are plotted on a
digital elevation model (DEM) image (from Ministry of Natural Resources 2012). Elevation displayed in metres above sea level
(m asl).
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better characterization of the geophysical properties of bedrock during downhole logging. Four of the
8 boreholes were cased with flush-mount 2.5 inch (inside diameter) polyvinyl chloride (PVC) pipe and
converted into long-term monitoring wells under the ownership of the Nottawasaga Valley Conservation
Authority.

Sediment Record
The results obtained from the 2013 drilling continued to support the conceptual geologic model
developed following the first 2 phases of overburden drilling and reported on previously (Bajc, Rainsford
and Mulligan 2012). Four important lithostratigraphic and/or chronostratigraphic units have been
recognized and include a valley-fill sequence, Newmarket Till, Thorncliffe Formation deposits and older
drift (Figure 33.2). Boreholes SS-13-01, SS-13-03, SS-13-04, SS-13-07 and SS-13-08 were all drilled in
valley or lowland settings and encountered thick sequences of glaciolacustrine valley-fill deposits (up to
75 m thick) resting on diamictons interpreted to be Newmarket Till. The glaciolacustrine valley-fill
sequence consists of 1 or 2 fining-upward cycles comprising interbedded gravel and sand grading up to
rhythmically laminated silts and clays. These may represent cyclic pulses of sedimentation into deep
glaciolacustrine basins as subaquatic fan lobes shortly following deglaciation of the area. These basinal
deposits are, in turn, capped by coarser textured (sandy to gravelly), regressive or deltaic facies deposited
into falling water bodies associated with either glacial lakes Schomberg or Algonquin. Well-preserved,
detrital plant material (Dryas integrifolia leaves) recovered from glacial Lake Algonquin delta foreset
beds in borehole SS-13-04 returned a radiocarbon age of 12.8 ka BP, suggesting deposition shortly after
this time. This is in line with current understanding of timing of glacial Lake Algonquin.
As mentioned previously, these glaciolacustrine deposits rest on diamicton believed to represent
Newmarket Till. Within valley or lowland areas, this diamicton and associated stratified deposits extend
down to bedrock in boreholes SS-13-03 and SS-13-04 and overlie either thick sequences of glaciolacustrine
deposits attributed to the Thorncliffe Formation (boreholes SS-13-01 and 08) or older drift (e.g., borehole
SS-13-07). The diamicton forms a continuous unit that exhibits a highly undulating and, in places,
drumlinized topography within both upland and valley settings. It acts as the surficial unit in upland
boreholes (SS-13-02, SS-13-05 and SS-13-06) where it commonly occurs as a dense and fissile, massive
till with few interbeds of sand and silt. At depth, within valley settings, it occurs as a soft and loose,
substratified unit commonly interbedded with sand and gravel. The upland facies is interpreted to be
subglacially deposited, whereas the lowland occurrences commonly display flow-till facies laid down at
or close to the actively retreating ice margin or as slump and/or debris-flow deposits originating from
unstable walls of deeply incised valleys. Additional work is required to further assess the genesis of these
deposits. The maximum thickness of Newmarket Till encountered in 2013 upland boreholes was just over
34 m (SS-13-06) and in valley boreholes was approximately 22 m (SS-13-04).
Thorncliffe Formation glaciolacustrine and glaciofluvial deposits underlie Newmarket Till in all
upland boreholes. There is a general fining trend from north to south, with borehole SS-13-05 consisting
primarily of well-bedded sand and gravel with subordinate silt and clay and borehole SS-13-02 being
dominated by rhythmically laminated silt and clay. Borehole SS-13-06, which occurs midway between
the 2 boreholes, contains approximately equal proportions of sand and silt and clay. Thorncliffe
Formation sands and gravels were likely deposited in a glacial lake close to the ice margin at a position
close to where a subglacial conduit entered the lake. The abundance of ice-rafted debris in Thorncliffe
Formation silts and clayey silts in borehole SS-13-06 supports a proximal ice margin. Rhythmites of silt
and clay lacking ice-rafted debris characterize the distal, basinal areas further to the south. Thorncliffe
Formation sediments tend to be thinner and occur at slightly lower elevations in valley boreholes. In fact,
in borehole SS-13-01, the base of the Thorncliffe Formation occurs at an elevation of 143 m asl as
compared to an elevation of 198 m asl in SS-13-06. This observation has been observed across the study
area in all 3 drilling projects. Boreholes SS-13-01, SS-11-06 and SS-12-03 likely fall along a paleo–
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Figure 33.2. West-to-east cross-section through the boreholes drilled as part of the 2013 drilling for this project (see Figure 32.1 for the locations of boreholes drilled in 2013,
shown with yellow circles). Tentative correlations shown by dashed lines. Abbreviations: NT, Newmarket Till; OD, older drift; TF, Thorncliffe Formation; VFS, valley-fill
sequence.
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river valley that followed a similar course as the modern Nottawasaga River. Much of the younger parts
of the Thorncliffe Formation were likely eroded away during a subsequent event, possibly one that
resulted in the erosion of the deep valleys that produced what are interpreted to be tunnel channels within
the study area (Barnett 1990).
As was observed with the first 2 years of drilling, the base of the Thorncliffe Formation generally
grades into a nonglacial organic-bearing sequence of sands, silts and clays with lesser gravel. These
sediments were deposited in alluvial, pond and shallow lacustrine environments some distance from an
ice margin and define a regional unconformity developed during a period of lower base levels. Radiocarbon
age determinations on wood and Dryas integrifolia leaves recovered from sediments deposited on this
unconformity (i.e., boreholes SS-13-01, SS-13-02, SS-13-05 and SS-13-06) returned radiocarbon ages
ranging from 37.45 ka BP to older than 52.8 ka BP. These ages are in line with those that have been
obtained from previously drilled boreholes in the region (Table 33.1). Pollen assemblages suggest that
interstadial conditions with sedge-dominated tundra communities were present within the region during
this time period (J.H. McAndrews, Professor Emeritus, University of Toronto, written communication,
2014). The common occurrence of well-preserved leaves of Dryas integrifolia, a plant that commonly
colonizes newly deglaciated landscapes (Anderson et al. 1992) further supports this interpretation.
A sequence of variably textured diamictons and associated stratified deposits unconformably
underlies the organic-bearing horizon and is collectively referred to as “older drift”. There is a general
trend of coarsening downward with stone-poor, sandy and clayey silt diamictons giving way to pebbly and
cobbly sandy silt and silty sand diamictons further down in the sequence. It is unclear whether this shift in
grain size indicates 2 separate ice advances or simply a shift in ice flow from a northeasterly source out of
Lake Simcoe to a more northerly source area out of the Georgian Bay basin. The diamictons often occur
either in juxtaposition with little or no intervening sediments or interbedded with one another near their
contact. Heavy mineral assemblages suggest a possible shift in source area between fine- and coarsetextured diamictons. The older drift package attains a thickness of 72 m in borehole SS-13-06, where it
consists primarily of diamicton, and 66 m in SS-13-08, where it is dominated by fine-textured
glaciolacustrine deposits with abundant ice-rafted debris and the occasional subaquatic flow-till or debrisflow deposit. The older drift in this borehole may occur close to the outer limit of the ice advance responsible
for its deposition. A northern Georgian Bay source area is suggested by the common occurrence of black,
bituminous Collingwood Member of the Lindsay Formation shale clasts within this drift sequence.

RADIOCARBON AGES
Bulk samples of organic-rich sediment were collected and processed for radiocarbon age
determinations by wet sieving and subsequent picking of macrofossils from the dried fractions under a
high-powered binocular microscope. Samples were submitted to the Illinois State Geological Survey
radiocarbon dating laboratory. Macrofossils recovered included bone fragments, both terrestrial and
aquatic molluscs, leaves, seeds, wood and fossil insect remains. Some wood pieces showed surface
features indicative of reworking such as abraded and rounded edges. An attempt was made to avoid
selecting these for radiocarbon analysis in favour of pieces of wood that showed delicate surface features
such as gnarly twigs with bark still intact. If possible, single pieces of wood were selected and submitted
to avoid obtaining ages that represent the average of several pieces. Many samples also contained large
numbers of well-preserved Dryas integrifolia leaves that showed limited signs of reworking. Reported
Dryas ages are, in all cases, the average of multiple leaves submitted for analysis. For an as-yetundetermined reason, sample intervals with radiocarbon ages on both Dryas leaves and wood generally
returned disparate ages, with the Dryas ages usually being slightly younger. A single sample consisting of
multiple shells of a terrestrial or riparian gastropod (Succineidae sp.) was also submitted because recent
research indicates that certain land snails may be suitable for radiocarbon analysis and tend to yield
reliable results (Pigati, Rech and Nekola 2010).
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Table 33.1. Listing of accelerator mass spectrometer (AMS) radiocarbon ages obtained from borehole samples collected as part
of this project.
Lab ID Borehole
Number

Easting1
(m)

Northing1
(m)

Elevation2
(m asl)

Depth3
(m bgs)

Age4
(14C years BP)

Stratigraphic Position

A2053

SS-11-01

614442

4889524

267

55.9–56.1

Dryas leaves

41 800±600

Regional unconformity

A2443

SS-11-01

614442

4889524

267

A2132

SS-11-01

614442

4889524

267

56.1–56.2

Dryas leaves

44 400±1700

Regional unconformity

57.0–57.2

Wood

44 000±1800

A2054

SS-11-01

614442

4889524

Regional unconformity

267

80.8–81.1

Wood

>54 700

A2131

SS-11-01

614442

Older drift

4889524

267

80.8–81.1

Wood

>50 800

Older drift

A2055

SS-11-01

A2130

SS-11-01

614442

4889524

267

120.3–120.5

Wood

614442

4889524

267

120.3–120.5

Wood

>47 500

A2133

SS-11-02

Older drift

602975

4880338

256

70.25–71.10

Wood

>45 900

Thorncliffe Formation

Sample
Material

48 800±1400

Older drift

A2056

SS-11-02

602975

4880338

256

98.35–98.75

Wood

42 600±700

Thorncliffe Formation

A2134

SS-11-02

602975

4880338

256

123.25–123.35

Wood

46 400±2500

Thorncliffe Formation

A2057

SS-11-02

602975

4880338

256

142.5–142.65

Wood

50 100±1700

Thorncliffe Formation

A2059

SS-11-04

586055

4878237

291

76.45

Wood

39 800±470

Thorncliffe Formation

A2058

SS-11-04

586055

4878237

291

90.05–90.40

Dryas leaves

45 200±900

Regional unconformity

A2135

SS-11-04

586055

4878237

291

90.05–90.40

Wood

48 000±3000

Regional unconformity

A2445

SS-11-04

586055

4878237

291

90.05–90.40

Dryas leaves

43 900±1500

Regional unconformity

A2060

SS-11-06

594747

4898721

219

19.25–19.80

Dryas leaves

A2137

SS-11-06

594747

4898721

219

19.25–19.80

Wood

A2446

SS-11-06

594747

4898721

219

19.25–19.80

Dryas leaves

A2061

SS-11-06

594747

4898721

219

69.2–69.3

Wood

A2136

SS-11-06

594747

4898721

219

69.2–69.3

Wood

A2062

SS-11-08

590082

4894188

264

63.65–64.35

Wood

A2138

SS-11-08

590082

4894188

264

83.2–83.25

Succineidae sp. >46 900

Regional unconformity

A2064

SS-11-08

590082

4894188

264

98.3–98.9

Wood

>54 000

Older drift

A2139

SS-11-08

590082

4894188

264

105.8–106.1

Wood

>49 500

Older drift

A2065

SS-11-09

577509

4903959

245

45.8–46.6

Wood

38 900±400

Lake Schomberg deposits

12 410±25
>49 500

Lake Algonquin deposits
Lake Algonquin deposits

12 455±40

Lake Algonquin deposits

54 800±3000

Regional unconformity

>49 200
49 200±1500

Regional unconformity
Thorncliffe Formation

A2066

SS-11-09

577509

4903959

245

59.5–59.6

Wood

43 900±780

Lake Schomberg deposits

A2392

SS-12-02

602163

4902748

292

114.20–114.45

Wood

49 500±3100

Regional unconformity

A2447

SS-12-02

602163

4902748

292

114.45–114.75

Dryas leaves

45 400±1800

Regional unconformity

A2448

SS-12-03

593299

4906003

213

71.65–73.15

Wood

>51 700

Regional unconformity

A2393

SS-12-03

593299

4906003

213

72.00–72.85

Wood

>50 800

Regional unconformity

A2394

SS-12-03

593299

4906003

213

73.75–74.35

Wood

>51 700

Regional unconformity

A2395

SS-12-04

610758

4905514

286

50.40–50.95

Dryas leaves

28 840±240

Thorncliffe Formation

A2449

SS-12-04

610758

4905514

286

50.40–50.95

Dryas leaves

28 060±230

Thorncliffe Formation

A2450

SS-12-04

610758

4905514

286

53.3–53.8

Dryas leaves

30 540±300

A2451

SS-12-04

610758

4905514

286

53.3–53.8

Dryas leaves

>51 200

Thorncliffe Formation

A2396

SS-12-04

610758

4905514

286

115.80–117.35

Wood

>48 100

Regional unconformity

A2452

SS-12-04

610758

4905514

286

115.80–117.35

Dryas leaves

48 700±2800

Regional unconformity

A2397

SS-12-04

610758

4905514

286

117.35–118.65

Wood

50 700±3600

Regional unconformity

1

Thorncliffe Formation

Universal Transverse Mercator co-ordinates provided using North American Datum 1983 (NAD83), Zone 17.
Elevation: metres above sea level (m asl).
3
Depth: metres below ground surface (m bgs).
4
Radiocarbon years before present (BP).
2
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Table 33.1, continued.
Lab ID Borehole
Number

Easting1
(m)

Northing1
(m)

Elevation2
(m asl)

Depth3
(m bgs)

A2398

SS-12-05

599723

4894672

298

57.75–59.25

Wood

>51 700

Thorncliffe Formation

A2478

SS-12-05

599723

4894672

298

59.25–60.80

Wood

>47 000

Thorncliffe Formation

A2479

SS-12-05

599723

4894672

298

62.3–63.15

Wood

>51 200

Thorncliffe Formation

A2453

SS-12-05

599723

4894672

298

123.60–123.75

Wood

>46 900

Regional unconformity

A2399

SS-12-05

599723

4894672

298

123.65–123.75

Wood

>48 500

Regional unconformity

A2400

SS-12-05

599723

4894672

298

124.15–124.25

Wood

>49 900

Regional unconformity

A2401

SS-12-06

606001

4885571

266

88.0–88.1

Wood

51 000±3700

Regional unconformity

A2454

SS-12-06

606001

4885571

266

88.0–88.1

Wood

50 800±3600

Regional unconformity

A2402

SS-12-06

606001

4885571

266

88.1–88.2

Wood

>47 800

Regional unconformity

A3087

SS-13-01

595574

4894319

219

68.40–69.05

Dryas leaves

>50 300

Regional unconformity

Sample
Material

Age4
(14C years BP)

Stratigraphic Position

A3034

SS-13-01

595574

4894319

219

73.3–73.5

Wood

>51 700

Regional unconformity

A3033

SS-13-01

595574

4894319

219

75.1–75.3

Wood

>52 200

Regional unconformity

A3088

SS-13-01

595574

4894319

219

75.50–75.65

Wood

>52 800

Regional unconformity

A3032

SS-13-01

595574

4894319

219

75.80–75.85

Wood

>52 801

Regional unconformity

A3086

SS-13-01

595574

4894319

219

75.85–75.90

Wood

>52 800

Regional unconformity

A3083

SS-13-01

595574

4894319

219

75.90–75.95

Wood

>52 800

Regional unconformity

A3031

SS-13-01

595574

4894319

219

76.05–76.20

Wood

>52 800

Regional unconformity

A3035

SS-13-02

591639

4878110

268

60.15–60.50

Wood

46 800±1800

A3036

SS-13-02

591639

4878110

268

61.90–62.05

Wood

37 450±590

Regional unconformity

A3037

SS-13-02

591639

4878110

268

61.90–62.05

Dryas leaves

43 500±1200

Regional unconformity

A3082

SS-13-02

591639

4878110

268

62.05–62.45

Wood

47 180±1900

Regional unconformity

A3038

SS-13-02

591639

4878110

268

62.6–62.75

Wood

A3039

SS-13-04

589178

4882840

224

8.95–12.00

Wood

A3040

SS-13-04

589178

4882840

224

16.6–22.7

Wood

A3041

SS-13-04

589178

4882840

224

16.6–22.7

Dryas leaves

12 805±40

Lake Algonquin deposits

A3042

SS-13-05

615203

4915966

250

68.55–70.10

Wood

46 500±1800

Regional unconformity

>44 800
41 310±940
>52 800

Regional unconformity

Regional unconformity
Lake Algonquin deposits
Lake Algonquin deposits

A3043

SS-13-06

612674

4896493

302

53.35–54.90

Wood

51 800±3400

Thorncliffe Formation

A3044

SS-13-06

612674

4896493

302

100.6–102.0

Wood

38 920±700

Regional unconformity

A3045

SS-13-06

612674

4896493

302

100.6–102.0

Dryas leaves

37 850±620

Regional unconformity

A3046

SS-13-07

609113

4897642

227

1.80–1.85

Wood

10 030±40

Basal peat

A3047

SS-13-07

609113

4897642

227

4.40–5.95

Wood

26 790±160

Lake Algonquin deposits

A3091

SS-13-07

609113

4897642

227

30.35–31.85

Wood

30 290±260

Lake Algonquin deposits

1

Universal Transverse Mercator co-ordinates provided using North American Datum 1983 (NAD83), Zone 17.
Elevation: metres above sea level (m asl).
3
Depth: metres below ground surface (m bgs).
4
Radiocarbon years before present (BP).
2
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Samples submitted for radiocarbon age determinations have been classified into those recovered
from 1) postglacial deposits (i.e., glacial lakes Schomberg and Algonquin); 2) Thorncliffe Formation
glaciolacustrine deposits; 3) deposits laid down along the regional unconformity; and 4) stratified deposits
in older drift. Ages obtained from postglacial deposits generally contain a mix of recycled older wood and
leaves generally contemporaneous with deglaciation. Postglacial ages of significance include those
determined from boreholes SS-11-06 and SS-13-04, which returned ages on Dryas leaves of 12.4 to
12.8 ka BP for sediments interpreted to be associated with glacial Lake Algonquin. Thorncliffe Formation
deposits consist of basinal, fine-grained glaciolacustrine deposits that, in places, are interrupted by sandy
units containing detrital organic material. It is not unexpected to see a wide range of ages from this unit
because most of the organic remains are recycled. They do, however, provide a maximum age for the
Thorncliffe Formation as seen in boreholes SS-11-02 (42.6 ka BP) and SS-12-04 (28.1 ka BP). Organic
deposits recovered from the regional unconformity at depth have returned radiocarbon ages ranging
between 37.5 ka BP (SS-13-02) and older than 52.8 ka BP (SS-13-01). A finite age of 54.8 ka BP from
borehole SS-11-06 is at the maximum limit of the radiocarbon method and, therefore, is suspect. With the
exception of a single age from borehole SS-11-01 of 48.8 ka BP, all organic samples retrieved from older
deposits have returned ages beyond the limits of the radiocarbon method. Older deposits are probably of
Early Wisconsinan or older age.

GEOPHYSICAL SURVEYS
As part of this project and to help define the sediment–bedrock interface and, in particular, to map
buried-bedrock valleys that have the potential to host significant groundwater resources, geophysical
surveys have been carried out in the study area. This portion of the article reports on the results of a threeline seismic reflection survey performed by the Geological Survey of Canada (GSC) under a collaborative
agreement with the Ontario Geological Survey.
A pilot ground-gravity survey (Bajc and Rainsford 2010) indicated that buried-bedrock valleys
could be detected with this method. This was followed by a larger, 3104 station gravity survey (Bajc and
Rainsford 2011) carried out along 19 road traverses covering much of the south Simcoe County area.
Subsequently, an 1898 line-kilometres helicopter-borne time-domain electromagnetic (TDEM) test
survey, covering an area of 328 km2, was flown to determine whether this technique could effectively
detect buried-bedrock valleys and aquifers within the overlying Quaternary sequence. The survey data
were published by the Ontario Geological Survey (2012) and a discussion of the results are provided in
Bajc, Rainsford and Mulligan (2012). Eleven boreholes were logged using inductive electromagnetic
conductivity and natural gamma-ray probes (Rainsford 2013) to obtain physical property data to help
better interpret the airborne survey results.
The ground gravity surveys were generally effective in helping to define buried-bedrocks valleys,
but suffer from 3 limitations. Firstly, while valley depressions in the bedrock surface can be delineated
using gravity because of density contrasts between the bedrock and valley-fill material, the method
provides no information on whether the valley-fill is an aquifer or aquitard. Secondly, it was not always
possible to separate the residual gravity signal (which contains information on the bedrock topography)
from the regional gradient (which expresses density variations of the crystalline basement rocks) because
the wavelength of broad buried-bedrock valleys and basement features could be similar. Thirdly, there is
insufficient information about the subsurface to account for lateral density variations in the Quaternary
sediments.
The airborne TDEM test survey electrical conductivity sections, obtained through the laterally
constrained inversion of the electromagnetic data, did show conductivity variations in the subsurface. The
results were credible and were consistent with the current geological understanding in the southern part of
the test area where the bedrock is shallower and more conductive. In the northern part of the test area,
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where the bedrock is more resistive and deeper, a conductive layer at depth is not consistent with the
current understanding of the subsurface (although a saline aquifer has been postulated to explain this
feature, no supporting evidence has been found from borehole logging or hydrogeochemistry). The
electromagnetic method offers the possibility of being able to distinguish between aquifers (e.g., resistive
sands and gravels) and aquitards (e.g., conductive clays). The method is, however, very sensitive to
cultural interference such as powerlines, wire fences and telephone lines that are prevalent along the roads
in the area. In order to eliminate the cultural interference, approximately half of the data had to be
removed by masking, which made the correlation of the predominantly roadside drilling information with
the electromagnetic results difficult.
The borehole physical property data, obtained after the test survey was flown, were essential for
gaining a better understanding of the airborne electromagnetic results. Although the bedrock information
was limited (because of the short penetration of the holes below the bedrock surface and the silting-up of
the bottom of some holes), good electrical conductivity data were obtained from the overlying surficial
materials. The results of the borehole logging showed that, with the exception of the conductive organic
clay and silt units, the surficial sediments of all compositions, exhibited a narrow range of conductivities
(60 to 80 milliSiemens per metre (mS/m)). This result suggests that electromagnetic data will be limited
in its ability to distinguish between the surficial units encountered in this area.

Seismic Reflection
A seismic reflection survey, totalling 21.2 line-kilometres, was carried out along 3 road traverses in
the project area (see Figure 33.1). The work was performed by the Near Surface Geophysics Section of
the GSC using, as the seismic source, an IVI (Industrial Vehicles International, Inc.) “Minivib 1” vibrator
mounted on a “minibuggy” with a “landstreamer” three-component geophone array built by the GSC
(Pugin, Pullan and Hunter 2009). This source vibrates a 140 kg mass in either vertical or horizontal mode,
and allows the operator to program the sweep through a range of frequencies between 10 and 550 Hz. The
seismic source is configured with drive amplitudes set to 70% of the vibrator’s range of motion. The
minibuggy is equipped with a high-precision distance-measuring odometer linked to a small readout
screen mounted in the cab, allowing the operator to move quickly and accurately to the next shotpoint
location while the seismograph is saving data. Data were recorded using 7, 24-channel Geometrics Geode
engineering seismographs operated in the cab of the Minivib. Uncorrelated records are collected to allow
prewhitening of the data and careful choice of the correlating function is the first step in the data processing
sequence. For this survey, the Minivib was operated in the in-line horizontal vibrating mode (H1) using a
7 second linear sweep from 20 to 300 Hz with a nonlinear logarithm sweep of –2 decimals per octave
(dB/Oct.); this type of sweep increases the sweep time in the low end to increase low frequency energy of
shear body waves.
The GSC’s landstreamer is designed for use along paved or gravel roads and is built with 72, 3 kg
metal sleds connected using wire or low-stretch rope. The number of receivers and the receiver spacing can
be varied depending on the near-surface velocities and the targeted depths of observation. For this survey,
the landstreamer array consisted of 72 sleds spaced 1.5 m apart. Each sled was equipped with a threecomponent (3-C) geophone unit, built in-house by the GSC, with 30 Hz omni-directional geophone elements
oriented in 3 directions: 1 vertical and 2 horizontal, in-line and cross-line. Only the vertical component of
the last 24 channels was recorded in order to obtain a better coverage of the P-wave data acquisition
window. Three-component data were acquired with shotpoints every 4.5 m along the survey lines.
Using the Minivib–landstreamer system described above, it is typical to collect approximately 1000
records or 4.5 line-kilometres of data per day. An example field record (168 channels) is shown in
Figure 33.3. Channels 1-72 are the vertical (H1, V) geophones; channels 1-48 are the in-line horizontal
(H1, H1) geophones; and channels 1-48 are the cross-line or transverse horizontal (H1, H2) geophones.
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As discussed in Pugin, Pullan and Hunter (2009), the reflection data can be processed to provide
both P- and S-wave sections even though the mass was vibrated in one orientation. In this case, P-wave
sections are derived from processing the first 0.5 seconds (after correlation) of data acquired on the
vertical geophones, whereas S-wave sections are produced using the in-line (H1) component. Processing
sequences are similar, although different filters and stacking velocities are required for the 2 data sets
(Table 33.2).

Figure 33.3. Deconvolved three-component seismic record from the survey. The source was vibrated in the H1 (in-line
horizontal direction). The receivers are vertical (V), in-line (H1) and transverse (H2). Abbreviations: PP, P-wave reflections;
SS, S-wave reflections; SP, converted, S to P wave; SW, surface waves; AW, air wave. P-wave reflections are best observed on
the vertical component and the S-wave reflections are seen mostly on the H1 component.

Table 33.2. Processing flow for P-wave and S-wave seismic sections.
Initial processing (all data)
• Format conversion (SEG2 to KGS SEGY)
• Spectral whitening
• Pilot trace based deconvolution
• Separation of V, H1, H2 components
• Editing of the geometry / Sort (binning at 2.25 m)
P-wave
V component data

S-wave
H1 component data

• Frequency filter (BP 80–120–200–250 Hz)
• Scaling (trace normalization)
• Top mute (refractions)
• Velocity analysis
• Normal moveout (NMO) corrections (~1200–1650 m/s)
• Stack, nominal fold: 36
• Correction for ground surface topography
• Conversion to depth (using borehole data and NMO velocities)

• Frequency filter (BP 25–40–75–90 Hz)
• Scaling (trace normalization)
• Top mute (P-wave, surface waves)
• Velocity analysis
• Normal moveout (NMO) corrections (~100–700 m/s)
• Stack, nominal fold: 24
• Correction for ground surface topography
• Conversion to depth (using borehole data and NMO velocities)
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The location of the complete suite of seismic profiles obtained in these surveys is shown in Figure 33.1.
Figure 33.4 shows examples of processed seismic reflection data obtained along a 5.15 km section of
15th Sideroad in the Town of New Tecumseth (for location, see Figure 32.1), and an explanation of the
interpretations of the subsurface structure and stratigraphy are provided. The uppermost panels,
Figures 33.4A and 33.4B show the compressive wave (P) and the shear-wave (S) reflection profiles
obtained using the vertical component data and the in-line component data, respectively (see Figure 33.3).
The average velocity from ground surface to the reflection event can be calculated by an analysis of the
hyperbolic reflection events in the common midpoint (“cmp”). These data allow the interval velocities to
be determined and they are plotted as a cross-section in Figure 33.4C. Down to the top of the Paleozoic
bedrock reflector, the upper sedimentary sequence filling a channel is characterized by low shear-wave
velocity (150 to 250 m/s) as is characteristic for lacustrine sediment, whereas underlying sediments reach
velocities of 300 to 700 m/s, which may be associated with coarse sediment or till.
Figure 33.4D shows the shear wave reflection section after it has been converted to depth (and
plotted in elevation) using the velocity functions determined from the analysis of the common midpoint
gathers. The higher velocities of the lower units result in a relative “stretching” of the section with depth
and a lower vertical resolution. Water-well records (Groundwater Information Network, Ontario Ministry
of the Environment and Climate Change) are plotted along the line (displayed as pink bars). These bars
indicate the depth at which water-bearing units occur in the subsurface. Core from borehole SS-11-07
provides a good lithological calibration for this section with a 75 m thick sequence of alternating silt and
clay with subordinate sand above a 10 m thick till unit, which, in turn, overlies water-bearing sand and
gravel under artesian flow conditions.
Interpretation of the equivalent compressional (P) wave section permits delineation of seismic facies
sequences that are outlined on the section (Figure 33.4E). The P-wave velocity is at least an order of
magnitude higher than the shear (S) wave velocity and, as a result, the vertical resolution of the section is
lower. However, the acoustic impedance contrast with underlying materials (coarser sediments, tills or
bedrock) is lower than in the case of shear waves, so the P-wave signal usually penetrates deeper, in
particular where thick till sequences are present in the section.
The interpreted subsurface structure and stratigraphy along this line is shown in Figure 33.4E. Based
on the seismic signature and some limited borehole control, the geophysical profile overlying an interpreted
Paleozoic bedrock reflector is subdivided into 3 sequences. Sequence 1, which occurs over the upland
(described earlier), is characterized by a high-velocity chaotic and almost transparent seismic facies;
sequence 2 also has a high-velocity signature, but presents more down-curved reflections. It may be
possible that these first 2 sequences represent part of the same lithological unit with lateral facies changes
or that sequence 2 is a younger unit consisting of alternating layers of sand, gravel and till. A truncation is
present at the top of these 2 sequences that extends down to the bedrock surface between 1200 and 2300 m.
The reflection surface is interpreted to be an unconformity and delineates a buried valley. It may possibly
be interpreted as the base of a buried tunnel-valley feature. Similar features have been delineated by
various authors north of the Oak Ridges Moraine (Pugin, Pullan and Sharpe 1999; Sharpe et al. 2002,
2004; Russell et al. 2003; Brennand, Russell and Sharpe 2006). Based on the S-wave section, the central
channel is filled with lacustrine sediments lapping onto both edges of the channel. Higher near-surface
shear wave velocities may be a result of hardening of the clay-rich strata by dewatering as a result of
freeze–thaw cycles.
The GSC vibratory source–landstreamer data acquisition system was used to acquire 21.2 linekilometres of high-resolution seismic reflection data along 3 seismic lines. The S-wave seismic profiles
obtained provide high-resolution images and a good characterization of the sequences and their lithology,
whereas the P-wave profiles, although lower in resolution, can be used to penetrate coarser grained or
more compacted deposits and to image the underlying bedrock surface. The data provide detailed
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Figure 33.4. Seismic section along the 15th Sideroad, Town of New Tecumseth (for location, see Figure 32.1): A) P-wave time
section; B) S-wave time section; C) S-wave velocity section; D) S-wave depth section with projected borehole data, including
OGS borehole SS-11-07 log data; and E) depth section with seismic sequences.
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information on the depth to bedrock, and on the architecture and stratigraphy of the overlying sediments.
Multiple buried valleys have been identified from the seismic investigations, of which one is visible in the
15th Sideroad section. The section presented here shows the architecture of a wide tunnel valley filled
with onlapping stratified sequences. This feature is more than 4 km wide and has a maximum thickness of
approximately 80 m (Figure 33.4). This feature is likely significant both as a host of potential
groundwater resources and for its control on groundwater flow in the region.

NEXT STEPS
The next phase of this project will consist primarily of office activities with the creation of a 3-D
block model and the preparation and release of a Groundwater Resources Study, which includes a report
highlighting the main aspects of the modelled hydrostratigraphic or lithostratigraphic units, as well as a
suite of derivative products designed for use by a wide spectrum of potential user groups.
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INTRODUCTION
This report summarizes preliminary results of an MSc thesis study started in September 2013 as part
of the Ambient Groundwater Geochemistry project. The MSc thesis study is supported by the Ontario
Geological Survey as part of a collaborative geoscience project with the University of Western Ontario.
A week of the 2014 Ambient Groundwater Geochemistry project field season was dedicated to sampling
in eastern Ontario to expand data acquired in 2012 (237 samples) and 2013 (21 samples) for a subproject
of the Ambient Groundwater Geochemistry project on regional shallow groundwater chemistry in
southeastern Ontario. The data from this study area stood out from other data because many aspects of its
regional geochemistry appeared unrelated to bedrock lithology. Indicators of potential ancient seawater
influence were also apparent in large areas. Chloride and iodide concentrations were the highest measured
thus far in the Ambient Groundwater Geochemistry project, at 10 852 ppm and 6650 ppb, respectively.
Such unexplained chemical patterns highlighted the need to not just characterize, but also to identify, the
controls on chemistry. The thesis, by Laura Colgrove, seeks to address this gap with guidance and
supervision from Stewart Hamilton, Ontario Geological Survey, and Fred Longstaffe, The University of
Western Ontario. The aim of the subproject (and thesis) is to describe the patterns and identify the
processes controlling the regional shallow groundwater chemistry in eastern Ontario.

SETTING
The eastern Ontario study area (Figure 34.1) extends from the Frontenac Arch in the west to the
Quebec border in the east, and from the St. Lawrence River in the south to the Ottawa River to the north.
The highly faulted bedrock of eastern Ontario consists of crystalline Precambrian basement overlain
unconformably by Cambrian sandstone and Ordovician carbonate and clastic formations. There is a
55 km wide graben creating a large topographic depression in the Ottawa area, causing it to have some of
the lowest elevations in southern Ontario (Rimando and Benn 2005). The last major sedimentary
depositional event to affect the study area was the incursion of the Champlain Sea 11 150 radiocarbon
years before present (Anderson 1988). The Champlain Sea was an arm of the Atlantic Ocean in the late
Pleistocene, which inundated the isostatically depressed St. Lawrence Lowland after the retreat of the
Laurentide Ice Sheet (Cronin et al. 2008). The Champlain Sea deposited sandy deltaic and nearshore
deposits, and glaciomarine clays atop basal till and outwash deposits from the Laurentide Ice Sheet.
Several studies (Blanchette et al. 2010; O’Shaughnessy and Garga 1994; Quigley et al. 1983; Torrance
1979; Cloutier et al. 2006, 2008, 2010) have noted that Champlain Sea clay deposits still contain saline
pore water and/or create confined aquifer conditions that control groundwater evolution.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.34-1 to 34-10.
© Queen’s Printer for Ontario, 2014
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CURRENT FINDINGS
In 2013–2014, the following research was conducted based on data for samples collected in 2012 and
2013. Results for 20 additional samples collected in 2014 will be considered after analyses are completed.

Stable Isotopes in Water
Stable isotopes in water, specifically δ18O and δ2H, are one aspect of the groundwater composition
being used to understand regional chemistry. Different groundwater sources, including seawater, modern
winter precipitation, modern summer precipitation, and brines, have identifiable isotopic compositions
that can be used as conservative tracers of source. Differentiating water sources is key to understanding
the varying groundwater chemistry in the region.
In temperate regions such as southern Ontario, shallow groundwater δ18O and δ2H values are slightly
lower than those of the average annual precipitation because this groundwater is disproportionally recharged
by winter precipitation, which is depleted of 18O and 2H relative to summer precipitation. Figure 34.2A
illustrates the shallow groundwater isotopic results relative to data available for precipitation at Ottawa
from the IAEA Global Network of Isotopes in Precipitation (GNIP) database (IAEA–WMO 2014) and
from a station located near Point Petre on Lake Ontario (F.J. Longstaffe, unpublished data). These
2 stations bracket the latitudinal range of the study area; the precipitation isotopic data are illustrated in
Figure 34.2A as local meteoric water lines for each site. The water isotopic data for the shallow groundwater
plot above these local meteoric water lines, which is likely indicative of a seasonal bias in infiltration that
will be investigated further in the coming months.

Figure 34.1. Extent of the study area, distribution of sample locations and bedrock geology. Location of new 2014 samples (not
yet integrated into data analysis) are shown in green.
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The shallow groundwater δ18O shows increasing values to the northeast (Figure 34.2B).This region
coincides with the wedge of Champlain Sea clays. Based on pore water concentrations of conservative
ions, the Champlain Sea is generally accepted to have consisted of 33% marine water from the St. Lawrence
Gulf and 67% freshwater from rain, snow and glacial meltwater (Cloutier et al. 2010). Hillaire-Marcel
and Page (1983) estimated that the freshwater component had a δ18O of −16‰ based on calcite concretions
from Lake Deschaillons, which was an ice-contact glacial lake in the area prior to inundation by the
Champlain Sea. According to Broecker (1974), Pleistocene North Atlantic seawater had a δ18O of 0±1‰.
Considering this mixing model, Champlain Sea clay pore water δ18O values are within the predictable
range, having values of −10.5 to −9.5‰ near Montreal (Cloutier et al. 2010). The observed enrichment in
18
O in the shallow groundwaters of the northeast may reflect some contribution from this source, related
to the thick Champlain Sea clays. Further investigation will be conducted in the coming months.
Figure 34.2B also illustrates the higher shallow groundwater δ18O values that characterize the
southwestern portion of the study area. This region is largely underlain by the Precambrian Shield with
little overburden cover. The relative enrichment in 18O relative to more central regions of the study area
are likely due in part to its more southerly location and, hence, higher average precipitation δ18O, and
perhaps also to increased infiltration and concomitant decreased evapotranspiration of summer
precipitation related to more rapid fracture flow and more limited soil cover. The 2‰ enrichment in 18O
in the southwest, however, may also signal that other processes are at work. These may include possible
sampling of different flow systems, and perhaps even some limited contributions by brines, as may also
be indicated by higher total dissolved solids and halogen concentrations in the southwest. All of these
possibilities are currently under consideration.

Figure 34.2. Stable isotopic data for water samples from eastern Ontario. A) δ18O versus δ2H of shallow groundwater compared
to average local meteoric water lines (LMWL) at 2 monitoring stations (Ottawa: precipitation data from IAEA–WMO 2014;
Point Petre: F.J. Longstaffe, unpublished data). B) Spatial variation in δ18O in relation to bedrock geology and glaciomarine
deposits. Note: δ18O is the per mil (‰) deviation of the sample 18O/16O ratio from that of Vienna Standard Mean Ocean Water
(VSMOW). See text for details.
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Halogen Concentration and Total Dissolved Solids
Halogen concentrations, especially chloride (Cl−) and bromide (Br−), are particularly useful for the
characterization of groundwater, since they are considered “conservative” by not participating in any
major chemical cycles.
Figure 34.3A displays the concentrations of Cl− throughout the study area. There is a striking
relationship between its concentration and the presence of Pleistocene glaciomarine clays. Chloride
concentrations are elevated through much of eastern Ontario, reaching 10 850 ppm within the Ambient
Groundwater Geochemistry project data. Such concentrations exceed 50% of seawater chloride levels.
Not surprisingly, the region of elevated halogen concentrations is also characterized by high total
dissolved solids (TDS) (Figure 34.3B). Following the classification of Davis (1964), 36 samples fall
within the category of “brackish” water (1000 < TDS <10 000 mg/L) and one sample can be defined as
“saline” (10 000 < TDS < 100 000 mg/L).
Similar trends in an analogous aquifer system were interpreted to represent ancient seawater at
varying stages of dilution with modern freshwater (Cloutier et al. 2010). The strongest seawater signals in
eastern Ontario occur in areas where there is thick, fine-grained, glaciomarine overburden and both low
surface and bedrock elevation.
A second region of high Cl−, Br− and TDS concentrations is present in the southwest of the study
area (Figure 34.3B). This zone is located beyond the border of the Champlain Sea glaciomarine deposits
and the maximum extent generally accepted for the Champlain Sea (Pair and Rodrigues 1993). This part
of the study area comprises thin Paleozoic rocks and/or the Precambrian Shield, and reaches higher
elevations associated with the Frontenac Arch. The source(s) of this increased salinity are currently under
investigation.

Figure 34.3. Spatial variation in A) chloride concentration (mg/L) and B) total dissolved solids (mg/L). A strong relationship
exists with the extent of Champlain Sea glaciomarine deposits in the northeastern portion of the study area. See text for details.
Topography shown in metres above sea level (m asl).
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Major Ion Chemistry
As another analytical approach, colour-coded Piper plots were made from 2012 and 2013 sample
data. The purpose was to identify chemically related areas in eastern Ontario, as a starting point for
further investigation. As proportional symbols show the amount of a parameter throughout the region,
Piper symbols capture the relative proportions of major ions in solution. This provides a quick look at the
dominating ions in 95% of the water composition. Peeters (2014) developed a background colour scheme
to link spatial attributes to chemical data on ternary diagrams, which is used here.

Figure 34.4. Yellow line denotes the major shift in chemistry between samples collected from the western portion of the study
area and samples collected from the eastern portion. The distinction is based on a spatial pattern in coloured Piper symbols (see
Figure 34.5). Piper plots (Piper 1944) from each portion of the study area show significantly less variation in the west and the
absence of Na++K+—HCO3− in water. See text for details.
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CONTRAST IN CHEMISTRY BETWEEN THE EASTERN AND WESTERN STUDY AREAS
On the broadest scale, an east–west distinction was made, as highlighted by the yellow line on
Figure 34.4. The boundary defines a change from relatively homogeneous major-ion chemistry in the
west to highly varying water types in the east. Piper plots (Piper 1944) were created (see Figure 34.4) for
each section in order to further compare variability and to gain some early insight into groundwater
evolution pathways. The eastern plot shows a wide range in chemistry, but with a significant cluster of
Ca2+–Mg2+—HCO3− waters. A number of samples scatter into the Na++K+—HCO3− and Na++K+—SO42−–Cl−
areas and 2 are in the Ca2+–Mg2+—SO42−–Cl− zone. The eastern section shows a strong correlation with
the extent of Pleistocene Champlain Sea deposits, particularly thick marine clays (see Figure 34.4).
Cloutier et al. (2010) concluded that groundwater from an analogous study area across the Quebec border
was evolving by ion exchange with clays and shales, and mixing with a Champlain Sea end-member.
According to this model, the Ca2+–Mg2+—HCO3− group may result from carbonate dissolution during
recent infiltration, whereas the Na++K+—HCO3− group has further evolved from the Ca2+–Mg2+—HCO3−
group through ion exchange with clays. Finally, the Na++K+—SO42−–Cl− samples may be the result of
mixing between ion-exchanged Na++K+—HCO3− water and fossil Champlain Sea water.
The western Piper plot shows much less variability in major ion chemistry. The majority of samples
cluster in the Ca2+–Mg2+—HCO3− space, suggesting carbonate dissolution. A number of samples trend
toward the Na++K+—SO42−–Cl− and Ca2+–Mg2+—SO42−–Cl− water types. The most striking difference
between the east and west Piper plots is the absence of Na++K+—HCO3− waters in the west. The trend
between Ca2+–Mg2+—HCO3− and Na++K+—SO42−–Cl− suggests mixing in the absence of ion exchange
with the Champlain Sea clays. The western mixing source remains unknown, although Canadian Shield
brines are suspected.

OTHER CHEMICALLY DISTINCT AREAS
In addition to the east–west distinction, several smaller zones of related major-ion chemistry are
identified and are highlighted in Figure 34.5. Each of the anions, cations and water type colour Piper
maps were studied individually for chemical patterns. After marking areas of interest on a non-biasing
blank background, the zones were then investigated for relationships with physical features. Each area
was assigned a number. Some areas are apparent on each map, whereas other areas are apparent in only
one map.
Areas dominated by i) Ca2+–Mg2+, as shown on the cations map (Figure 34.5A), ii) HCO3−, as shown
on the anions map (Figure 34.5B), and iii) Ca2+–Mg2+—HCO3−, as shown on the water type map (Figure
34.5C), likely represent recently recharged groundwater; on all maps, these areas are labelled as zones 1
and 4 (outlined in red). Those areas dominated by Na++K+, SO42−–Cl− and Na++K+—SO42−–Cl−, on the
same respective maps (see Figures 34.5A, 34.5B and 34.5C, zones 3, 5, 6, 7 and 8 (outlined in green)),
likely represent an evolved, opposite end-member to the Ca2+–Mg2+—HCO3− group. Those areas
predominantly showing transition between the 2 end-members are labelled as zones 2 and 9 (see Figures
34.5A, 34.5B and 34.5C, outlined in yellow). Other areas, labelled as zone 10 (see Figures 34.5A, 34.5B
and 34.5C, outlined in blue) and zone 9 (see Figures 34.5A, 34.5B and 34.5C, outlined in yellow), are set
aside and will be addressed in a future publication.
In general, all 3 plots (see Figures 34.5A, 34.5B and 34.5C) show a transition between end-members
from the mid-southwest to the northeast. A large-scale change from the recharge end-member (red) to the
transitional type (yellow) occurs at the east–west boundary. To the west is an area (outlined in red) of
Paleozoic rock with little overburden cover and intermediate bedrock elevation. To the east (outlined in
yellow), bedrock elevation decreases and overburden thickens with the onset of glaciomarine deposits.
In the eastern portion, a large, evolved Na++K+—SO42−–Cl− end-member area, shown on both the cations
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map and water type map (see Figures 34.5A and 34.5C, zones 3, 5 and 7; outlined in green), has a
corresponding smaller, elongated area on the anions map (see Figure 34.5B, zone 3, outlined in green).
This large end-member area (see Figures 34.5A and 34.5C) corresponds to a significant bedrock
depression infilled with very thick overburden and marine clays. In Figure 34.5B, the elongated area
(zone 3) additionally relates to the Queenston, Carlsbad and Billings formations. There is also a second
predominant Ca2+–Mg2+—HCO3− zone in the southeast that shows up on all 3 maps (see Figures 34.5A,
34.5B and 34.5C, zone 4, outlined in red). It corresponds to a bedrock ridge draped with thick,
presumably carbonate-rich till.
Zones 5, 6 and 7 show end-member characteristics in cations and transitional characteristics in
anions. The 2 northern zones 5 and 6 correspond with marine clays and bedrock valleys, suggesting ideal
conditions for ion exchange to create Na++K+—HCO3− waters. The southern zone 7 does not correspond
clearly with physical features that would differentiate it from other areas in the marine deposits and
therefore requires further investigation. Zone 8 is an area of Ca2+–Mg2+—SO42−–Cl− water that is apparent

Figure 34.5. A) Cations map, B) anions map and C) water type map using coloured Piper symbols derived from D) the trilinear
plot with Peeters’ (2014) background colour scheme. Ten areas of related chemistry are presented on the maps. See text for details.
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on the anions map, but not on the cations map. Influencing this zone may be thick clay, low bedrock
elevation and an up-gradient bedrock valley. It may represent a smaller flow system that is discharging
after evolving through the valley. Zones 9 and 10 show contrasting chemistry that has not yet been
investigated. Both are in an area of thin Paleozoic rock overlying Precambrian Shield, as well as high
elevation and thin drift. This is outside the boundary of the Champlain Sea deposits and the controls on
the chemistry of this group will be further investigated.

Discussion
High water stable isotope compositions, highly concentrated conservative seawater tracers and
major-ion chemistry trending to Na+–Cl− ion dominance suggest that there is a seawater influence on
groundwaters in eastern Ontario. As the spatial attributes of these proxies align with the spatial
distribution of glaciomarine deposits, the source of the influence appears to be fossil pore water trapped in
deposits left by the Champlain Sea about 10 000 years ago.
Cloutier et al. (2006, 2008, 2010) and Blanchette et al. (2010) have similar chemical observations
within their Champlain Sea–influenced study areas and the following conceptual model builds upon their
work. The current hypothesis to explain broad trends is that there is a regional flow system recharging in
the west, evolving as it flows toward lower elevation and discharging in the northeast. Excluding the
unexplored southwestern chemistry, the west (zone 1 in Figures 34.5A, 34.5B and 34.5C) may owe its
1) lower stable water isotope compositions, 2) low halogen concentrations and 3) Ca2+–Mg2+—HCO3−
water type to recent recharge, followed by carbonate dissolution through the thin drift. On the regional
scale, the recharged waters flow down-gradient, toward the northeast and encounter Champlain Sea
deposits at the east-west boundary. In zone 2, the isotopic enrichment, increased concentrations and
sudden change to transitional major-ion chemistry suggest that the clays may be diffusing pore water and
causing ion exchange to create the Na++K+—HCO3− water type. Further flow down-gradient brings the
groundwater to more confined-aquifer conditions in the northeast. This region, zone 3, has significant
bedrock depressions that can create converging, low flow zones. Here, the upper limit of isotopic
enrichment, chemical concentrations and Na++K+—SO42−–Cl− waters must represent the discharge zone.
The depression and the thick clay allow for further ion exchange and for mixing with Champlain Sea
water trapped below the low hydraulic-conductivity (K) clays. The presence of chloride-type water on the
anions map (see Figure 34.5B) is influenced by the presence of low hydraulic-conductivity shale bedrock.
This suggests that the Carlsbad–Queenston–Billings formations may have retained Champlain Sea water
from the Pleistocene and/or be receiving significant diffused solutes from seawater trapped in the
overlying clay pore water. The presence of large wetlands in this area further indicates a discharge zone
for a significant flow system.

2014 SAMPLING
In June 2014, a week was spent gathering 20 additional samples for the eastern Ontario study, as part
of the Ambient Groundwater Geochemistry project (see Figure 34.1).
Four samples were collected to fill in gaps in the original 2012 Ambient Groundwater Geochemistry
study area. The first 2 samples fill in areas that exist upon thick Champlain Sea clays, which created both
swampy surface terrain and poor water quality, resulting in fewer opportunities to sample underlying
bedrock formations via residential systems. The second 2 samples were collected from monitoring wells
in the city of Ottawa, where municipal water systems and resulting lack of domestic wells prevented
conventional sampling from 2 nodes. These additional samples function to both even out the sampling
density and to provide data from previously unsampled bedrock formations (e.g., Queenston Formation).
The strongest seawater signals come from wells drilled through the thickest Champlain Sea clays;
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therefore, obtaining more samples in that region may provide further insight into the saline end member
of the eastern region. The data collected from new bedrock formations may help to explain the differing
influences of overburden and bedrock on the groundwater chemistry.
The remaining 16 samples were collected to extend the study area westward into the Precambrian
Shield. These samples serve 3 purposes: 1) to examine the boundary of the Champlain Sea, 2) to explore
possible sources of chloride in the southwest, and 3) to investigate the sharp 18O enrichment to the east of
the Frontenac Arch. Examining water geochemistry at the Pleistocene boundary of the Atlantic Ocean
may aid in understanding specifically how the Champlain Sea episode continues to influence modern-day
groundwater. In the southwest, the presence of high TDS waters with concentrated halogens represents an
area of increased salinity outside the Champlain Sea boundary. Results for the western extension of the
study area will be used to determine if the increased salinity is a product of some brine addition or if the
Champlain Sea influence extends farther west than previously described in the literature. By extending
north above the Frontenac Arch, it may be possible to elucidate the sources of 18O enrichment such as
height of land, latitudinal variation, soil texture, brine influence and a presence or absence of “lake
effects”.

CONCLUSIONS
Further analysis will be conducted with the finalized data. In addition to continuing analysis as
described in this report, iodide and bromide concentrations and ratios will be combined to further explore
the origins of salinity. Statistical comparisons will also be made between the study area and the rest of the
province to identify additional chemical parameters of interest.
The Ambient Groundwater Geochemistry project has provided a large-scale, chemically exhaustive
study of groundwater in southern Ontario. Although of interest for many decades, there had yet to be such
a baseline data set for groundwater in eastern Ontario. This subproject will place the data from eastern
Ontario within the context of the pan-provincial data and to identify and explain any aspects of the
chemistry that stand out. It also aims to improve understanding about geochemical evolution of the
regional groundwater system. In defining and understanding areas of varying groundwater chemistry,
more informed investigations of groundwater contamination and municipal supply become possible.
A growing understanding and appreciation of Ontario’s groundwater is essential for its effective
management and conservation in the years to come.
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INTRODUCTION
The City of Guelph (City) relies on the underlying Early Silurian carbonate bedrock aquifers for an
average water taking of more than 40 million litres per day. Since 2005, the City and the Ontario Geological
Survey (OGS) have collaborated to improve the local understanding of the bedrock stratigraphy, with the
assumption that understanding the aquifer media provides valuable insight into the distribution and
quality of groundwater resources. The collaboration was initiated at a time when the City was conducting
its 50-year water supply master plan, and future projections of population growth and water demands
indicated that additional or alternative water sources would be needed. The benefits of the City–OGS
collaboration are mutual in that the OGS has had the opportunity to fulfill its groundwater mapping
mandate, and the City has been able to improve the efficiency of its groundwater exploration program.
The City has recently updated its water supply master plan, and future projections once again indicate that
additional water supply will be needed (Quackenbush and Gemin 2014).
So far, the City–OGS collaborative work has included 1) the coring, logging and lithogeochemical
sampling of more than 30 deep boreholes; 2) the review of downhole camera videos; 3) the collection of
optical and acoustic televiewer and geophysical logs; 4) hydrogeological testing and multilevel well
installations. This work was conducted in the Arkell area (Funk 2009), within the City limits (Di Biase
et al. 2006; Yungwirth et al. 2008) and also on the lands surrounding the City for the Tier III source water
protection initiatives (Piersol and Petrie 2011). The collaborative work also supported the regional
revisions to the Early Silurian bedrock stratigraphic nomenclature and rock unit characteristics, which are
discussed relative to groundwater flow in several additional publications (see Brunton et al. 2007;
Brunton and Brintnell 2011; Cramer et al. 2011). Through this work, a qualitative correlation between the
geological character of the rocks and groundwater resource potential has been identified. Geological
features such as karst conduits, stacked reefal phases of the Gasport Formation and basal Goat Island
Formation, and the changing position of key sequence boundaries, due to short-lived tectophases, have
generally been qualitatively identified as transmissive (Brunton et al. 2007; Brunton 2009). The stratigraphic
section (Figure 35.1) highlights the conceptual understanding of the locations of transmissive intervals in
the rock.
The objective of this study is to confirm the conceptual model of groundwater flow zones within the
geological framework shown in Figure 35.1. The geological framework and, subsequently, the conceptual
model of groundwater flow zones, were developed with field-based outcrop, core logging and borehole
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.35-1 to 35-8.
© Queen’s Printer for Ontario, 2014
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testing observations. The study objective is being accomplished by integrating the geological and physical
hydrogeological results from the various collaborative studies to quantify the influence of geological
features on groundwater resource potential. Discrete horizontal hydraulic conductivity (Kh) estimates are
being correlated with bedrock stratigraphy in 3 dimensions across the City. Although many geological
features have generally been identified as transmissive, the three-dimensional portrayal of Kh with
stratigraphy will improve the understanding of the spatial variations of groundwater resource potential.
Once trends in Kh variability are characterized within the stratigraphic architecture of the Niagara
Escarpment, it is anticipated that the City might more strategically target future water supply investigations
to meet projected future water demands.

METHODOLOGY
This mapping project was initiated with the creation of 2 separate data sets: the stratigraphic logs for
the wells in which hydraulic tests were conducted and the associated discrete Kh estimates from those
tests. The stratigraphy of each borehole was either logged or the logs were confirmed by Brunton as part
of a regional-scale study (Niagara Escarpment region and deeper subsurface investigation throughout

Figure 35.1. Groundwater flow zones of the Early Silurian carbonates of the Guelph region. The blue arrows provide a relative
representation of the transmissivity at key points in the stratigraphy. The size of the arrow qualitatively depicts the groundwater
resource potential. This figure is modified from the work of Brunton and Brintnell (2011).
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Table 35.1. Number of hydraulic tests conducted in test intervals within each geological formation. Preliminary results indicate
that there is significant variability in Kh within each geological formation, and that variability decreases when Kh is evaluated at
the member scale.
Test Interval, in Descending Stratigraphic Order

Number of Tests Conducted

Guelph Formation

4

Eramosa Formation
Eramosa Formation, Reformatory Quarry Member
Eramosa Formation, Vinemount Member

15
6
1

Eramosa Formation–Goat Island Formation contact

3

Goat Island Formation
Goat Island Formation, Ancaster Member
Goat Island Formation, Niagara Falls Member

14
2
11

Goat Island Formation–Gasport Formation contact

5

Gasport Formation

40

Gasport Formation–Irondequoit Formation contact

5

southwestern Ontario) to integrate the Early Silurian sequence stratigraphy (tectonostratigraphy) with
potable bedrock groundwater flow zones above the 2 major regional aquitards (Rochester Formation of
Appalachian Basin region and Cabot Head Formation on the cratonic side of the Appalachian Foreland
Basin). It is planned that this regional-scale study by Brunton will be published as an OGS Groundwater
Resources Study in 2015.
The creation of the second data set, the Kh estimates for the discrete test intervals, was initiated with
a review of the key hydrogeological studies completed within the last 15 years for the City, with an
emphasis on City and OGS collaborative work. Reports containing discrete single-hole hydraulic tests
were the main focus of the review. Subsequent paring down of available information for the study was
completed by selecting only single-hole hydraulic tests conducted in wells where the stratigraphic
characterization is reliable, and where the monitored intervals target discrete zones. The reliability of the
stratigraphic characterization for each borehole was determined in part with the help of the reliability
ranking of the Tier III report (Piersol and Petrie 2011). A list of hydraulic tests suitable for detailed
analysis was assembled, and raw hydraulic testing data were acquired from various consultants. Upon
receipt of the raw data, the hydraulic testing locations were plotted spatially to evaluate the density of data
points across the study area (Figure 35.2) and it was determined that the Kh data set provides acceptable
coverage. The vertical distribution of test intervals at the formation and member scale will be evaluated as
the study progresses.
For the creation of the Kh data set, the raw displacement data for each hydraulic test were re-analyzed.
Analyses were conducted using a consistent interpretation approach to enable a reliable comparison
between parameter estimates. Three types of single-hole hydraulic tests were analyzed: i) single-hole
pumping tests, ii) slug tests and iii) packer tests. The packer tests comprise either slug tests or short-term
pumping tests that were conducted within an interval isolated by straddle packers. Hydraulic testing
analyses were assisted by the hydraulic testing analysis software “AQTESOLV” for Windows®, version
4.5 (HydroSOLVE Inc. 2007). The numbers of tests conducted within each geological formation and at
key contacts between geological formations are shown in Table 35.1.
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THE Kh DATA SET CREATION
Single-Hole Pumping Test Analyses
Nineteen single-hole, constant-rate pumping tests were analyzed for this study. These pumping tests
were first presented in 2 hydrogeological study reports prepared by Yungwirth et al. (2008) and Piersol
and Petrie (2011). Each pumping test was conducted in an open hole in bedrock. Multi-level well instrument
systems were installed in all of these tested open holes. Although these open-hole test intervals cannot be

Figure 35.2. The study area comprises the City of Guelph and surrounding area. The subcropping geological units of the study
area include the Gasport Formation to the east and the Guelph Formation to the west (geology from Armstrong and Dodge 2007).
The blue dots represent locations where discrete hydraulic tests have been conducted in a well or an interval where the
stratigraphy is characterized reliably. Several tests have been conducted at each location to evaluate Kh with depth through the
stratigraphic section.
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considered discrete, often spanning the uppermost Clinton Group and Lockport Group succession, they
were analyzed for later comparison with discrete Kh estimates made within the same borehole. It is
assumed that inconsistency between bulk Kh and mean (arithmetic) Kh from discrete testing might lead to
the diagnosis of issues with analyses or with assumptions regarding the stratigraphic position of flow zones.
The analytical method selected for the pumping test analyses is the Cooper–Jacob method (Cooper
and Jacob 1946). The Cooper–Jacob method (1946) estimates transmissivity using the rate of change of
drawdown, rather than the magnitude of the drawdown. The advantage of using this estimate is that the
influence of relatively short-lived well losses and near-well effects that typically skew hydraulic parameter
estimates is eliminated. The first step in the analyses of single-hole pumping tests was the identification
of the period of pure well-bore storage, which is characterized as the portion of displacement data that has
a unit slope when plotted on log-log axes. Once diagnosed, the period of pure well-bore storage was
avoided when conducting the Cooper–Jacob analysis. A match to the displacement data with the Cooper–
Jacob solution (1946) was achieved with diagnostic insight provided by the derivative curve, which
enables the solution to be fit to the portion of the data where the drawdown reflects a response that is
consistent with the underlying assumptions of the theoretical model, that is, an infinite acting radial flow
(IARF) regime. An example analysis is shown in Figure 35.3.

Figure 35.3. Analysis for a pumping test conducted in observation well MW08-T3-04. The Cooper–Jacob (1946) method was
used to estimate transmissivity. The derivative curve enables the diagnosis and fitting to the appropriate portion of the data,
where the drawdown reflects pumping in an infinite acting radial flow (IARF) regime.
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Slug Test Analyses
Fifty-nine slug tests were analyzed for this study. The results of the slug tests were first presented in
3 hydrogeological reports (Di Biase et al. 2006; Yungwirth et al. 2008; Funk 2009). Each slug test was
conducted in a multilevel monitor that was constructed to target a potential water-producing zone. Both
rising and falling head slug tests were conducted. Initial head displacements were induced in a variety of
ways including air-lifting or removal of water with a bailer (rising head) as well as the introduction of a
solid “slug” or water injection (falling head). Observed slug test responses varied from underdamped to
overdamped. Analyses of overdamped responses were conducted first with the zero-storage Bouwer and
Rice method (Bouwer and Rice 1976), followed by the more rigorous Cooper, Bredehoeft and Papadopulos
(CBP) (1967) method. The CBP method is more rigorous because it considers compressibility in the
system and allows for a larger portion of the data set to be matched. The well configuration assumed for
both of these analyses reflects the conceptual model for the study area, which is that bedrock groundwater
primarily flows horizontally along karstic bedding plane and sequence boundaries across the study area
(Brunton 2009; Brunton and Brintnell 2011). Because monitoring wells were borehole tested and
designed to intercept specific horizontal water-bearing features, it can be assumed that the rock above and
below each multilevel interval is likely of relatively lower permeability. This supports the assumption,
made in the analyses, that each interval is screened across the full thickness of an isolated aquifer
corresponding to the length of the open interval of the well. An example analysis is shown in Figure 35.4.
For underdamped responses, observed in test intervals screened across high-conductivity formations, the
Butler (1998) method of analysis was employed.

Figure 35.4. The slug test analyzed here was conducted in monitoring well MW06-08C, located in Guelph and screened across
the Guelph Formation–Eramosa Formation contact. With the exception of a late time mismatch, the Cooper–Bredehoeft–
Papadopulos (or CBP) solution fits the data well, with a fixed, physically realistic, storage value. The slight mismatch at late time
might be diagnostic of a positive skin effect. Although it is not possible to eliminate the influence of a positive skin effect in the
analysis, its diagnosis is a sign that the Kh value might be underestimated. This level of diagnosis and discussion has been
provided for each analysis conducted for the creation of the Kh data set.
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Packer Test Analyses
Sixty-one slug and/or pumping tests conducted across intervals isolated by straddle packers within
open boreholes were evaluated for this study. The results of these hydraulic tests were first presented in
Appendix A of the City’s Tier III report (Piersol and Petrie 2011). For the present study, the data have
been re-analyzed using the same approaches outlined above for pumping and slug tests. The aquifer
thickness for each analysis was assumed to be the length of the packer interval. The integrity of packer
seals was evaluated prior to analysis by comparing water level data collected within, and above, the
packer assemblage. Packer seals were considered adequate when hydraulic separation was observed
between monitored zones.

FUTURE WORK
The Kh data set is currently being finalized and block diagrams are being constructed. When
completed, Kh values will be integrated with the stratigraphic logs, to produce block diagrams that
characterize the groundwater flow zones within a detailed geological framework. Correlations between
Kh, rock character and sequence stratigraphy will be developed to better understand the spatial variability
in groundwater resource potential within these geological features. This will allow future water supply
investigations to be more strategically targeted using the sequence stratigraphic framework as a guide for
predicting the location of zones of groundwater potential. As the City continues to expand its water
supply network to meet demands, this mapping product should assist with water exploration efforts. It is
also anticipated that the mapping approach adopted here might be applied with success in municipalities
that also rely on carbonate rock groundwater sources. This study is planned for publication as an OGS
Groundwater Resource Study in 2015.
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INTRODUCTION
In 2014, in recognition of current interest in rare earth elements (REE) and associated strategic
metals (Table 36.1), a pilot project was initiated to upgrade and refine Mineral Deposit Inventory (MDI)
database records related to those elements.

PROJECT
There are more than 100 REE records in MDI, but it was decided to limit this pilot project to
examination of those occurrences hosted in carbonatite intrusions for reasons discussed in “Background”.
The scope of the project is to include literature research; property visits of accessible sites, including
sample collection for analyses; and examination and sampling of historic diamond-drill core, where
available. Results of the REE project will include 1) improved understanding of Ontario carbonatitehosted REE occurrences and 2) preparation of a manual for use in completing similar commodity-based
upgrades and refinements of MDI records.

Background
From 1985 to 1988, the Ontario Geological Survey published a series of 25 Studies by R.P. Sage on
the geology of carbonatite or alkalic rock complexes in Ontario (Table 36.2). Carbonatite is an igneous
rock containing more than 50% carbonate minerals. At that time, there was neither the current level of
interest nor the analytical technology for REE analyses that is now available. As a result, REE potential
was not considered to be significant and was not addressed in the Study series. Nonetheless, these reports
will be a primary source of information in determining sites for further investigation. Rock sample suites
collected by Sage during the course of his mapping are now part of the collection of the Royal Ontario
Museum, and are available for further study. For further information, Sage (1991) provides a
comprehensive overview of all the carbonatite and alkalic rock complexes in Ontario (Figure 36.1).

Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.36-1 to 36-8.
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Table 36.1. Rare earth elements (REE), strategic metals, and mineral formulae for rare earth element–bearing minerals
mentioned in the text.
Rare Earth Elements1
Lanthanum
Cerium
Praseodymium
Neodymium
Samarium
Europium
Gadolinium
Terbium
Dysprosium
Holmium
Erbium
Thulium
Ytterbium
Lutetium

REE Oxide
La2O3
Ce2O3
Pr2O3
Nd2O3
Sm2O3
Eu2O3
Gd2O3
Tb2O3
Dy2O3
Ho2O3
Er2O3
Tm2O3
Yb2O3
Lu2O3

Strategic Metals2
Antimony
Beryllium
Cobalt
Lanthanum
Niobium
Scandium
Tantalum
Tungsten
Yttrium

Mineral
Carbonate
Synchysite
Phosphate
Fluorapatite
Monazite (Ce)
Britholite (La)

Formula
Ca(Ce,La)(CO3)2F

(Ca,Ce)5(PO4)3F
(Ce,La,Nd,Th)PO4
(Ce,Ca)5(SiO4,PO4)3(OH,F)

1

Total REE oxide (TREO) value is the sum of the oxides of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu;
light REEs (LREE) are La, Ce and Nd; and heavy REEs (HREE) are Gd, Dy, Er and Yb.
2
Sometimes referred to as “rare earth metals”, “rare-element metals”, “rare elements” or “rare metals”.

Table 36.2. Ontario Geological Survey studies on the geology of carbonatite–alkalic rock complexes by R.P Sage.
Study

Year

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

1987
1988
1988
1987
1987
1987
1988
1988
1988
1988
1988
1988
1987
1988
1985
1988
1987
1988
1985
1988
1988
1987
1987
1987

Study Titles, prefaced by “Geology of Carbonatite–Alkalic Rock Complexes in Ontario:”
Spanish River Carbonatite Complex, District of Sudbury
Seabrook Lake Carbonatite Complex, District of Algoma
Lackner Lake Alkalic Rock Complex, District of Sudbury
Borden Township Carbonatite Complex, District of Sudbury
Nemegosenda Lake Alkalic Rock Complex, District of Sudbury
Shenango Township Alkalic Rock Complex, Districts of Sudbury and Algoma
Cargill Township Carbonatite Complex, District of Cochrane
Clay–Howells Alkalic Rock Complex, District of Cochrane
Hecla–Kilmer Alkalic Rock Complex, District of Cochrane
Valentine Township Carbonatite Complex, District of Cochrane
Goldray Carbonatite Complex, District of Cochrane
Argor Carbonatite Complex, District of Cochrane
James Bay Lowlands, Districts of Cochrane and Kenora
Nagagami River Alkalic Rock Complex, District of Cochrane
Chipman Lake Area, Districts of Thunder Bay and Cochrane
Killala Lake Alkalic Rock Complex, District of Thunder Bay
Prairie Lake Carbonatite Complex, District of Thunder Bay
Firesand River Carbonatite Complex, District of Algoma
Poohbah Lake Alkalic Rock Complex, District of Rainy River
Sturgeon Narrows and Squaw Lake Alkalic Rock Complexes, District of Thunder Bay
Schryburt Lake Carbonatite Complex, District of Kenora
Big Beaver House Carbonatite Complex, District of Kenora
Wapikopa Lake Alkalic Rock Complex, District of Kenora
“Carb” Lake Carbonatite Complex, District of Kenora
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Figure 36.1. Locations of carbonatites, carbonatite complexes, alkalic rock complexes and kimberlites in Ontario (modified from
Sage 1991).
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Mineral Deposit Inventory Database
The Mineral Deposit Inventory (MDI) database contains more than 19 000 records describing most
of the known mineral occurrences in Ontario. The database was first compiled in the 1980s and is
managed by the Resident Geologist Program (RGP) of the Ontario Geological Survey. The MDI database
complements the activities of the Earth Resources and Geoscience Mapping Section of the Ontario
Geological Survey and is an important reference tool for both land-use planning and mineral exploration.
A detailed description of the database is provided in Atkinson et al. (2014).
The MDI database is administered by 2 Mineral Deposit Compilation Geologists, based in Timmins
and Thunder Bay, respectively, who are responsible for its maintenance. The Mineral Deposit Compilation
Geologists complete ongoing, systematic database updates and liaise with regional staff to ensure quality
control and quality assurance of MDI records. An updated version of the database is released each year in
April (see Ontario Geological Survey 2014 for this year’s version) and is also available as a free download
from the OGS online data warehouse—GeologyOntario (www.ontario.ca/geology).
Each record in the database contains primary information such as deposit name, location, status and
commodity. Detailed information on exploration, geology, mineralization, analyses, resource and
production data, as well as property visits, data from other sources and references, is updated by the
Mineral Deposit Compilation Geologists and by the District and Resident Geologists on an ongoing basis
as information becomes available and as time permits.

Recent Exploration, Development and Production
The Cargill Township Carbonatite Complex (MDI42G07SW00004; see Figure 36.1, number 15)
is the only Ontario carbonatite intrusion with significant mineral production. Agrium Inc. ended
operations at the Kapuskasing Phosphate Operations in Cargill Township on 2013 as a result of depletion
of the ore deposit. Over the 14 year life of the mine, 20.2 million tonnes of ore were milled to produce
9.9 million tonnes of concentrate (Atkinson et al. 2014). Although the deposit was known to host
additional commodities, including rare earth elements, kaolin and vermiculite, there is no record of
evaluation of the economic potential of these commodities.
The Lackner Lake Alkalic Complex (MDI41O14SE000011, MDI41O14SE000024 and
MDI41O14SE000025; see Figure 36.1, number 11) was explored for niobium and phosphate from 1950
to 1960. More recently, there has been interest in the strategic metals potential of the complex. Between
2008 and 2010, Rare Earth Metals Inc. completed geophysical surveys over the complex.
Since 2007, 6378366 Canada Inc. and Gold Crossing Ltd. have investigated the REE potential of the
northern portion of the Lackner Lake Alkalic Complex, known as the Pole Lake property, through
sampling and diamond drilling. The REE mineralization at the Pole Lake property is associated with a
strongly hematized, fine-grained, barite-phlogopite-aegirine-augite nepheline syenite. The main REE
minerals were determined to be monazite (Ce)3, britholite (La), a britholite-like mineral, a secondary REE
mineral not fully characterized, and a Y2O3 + light rare earth element oxide–bearing fluorapatite.
Britholite analyses of samples from the Pole Lake property reveal modest levels of Y2O3 with mean
compositions between 0.65 and 1.19 weight % (Breaks 2013).

3

Nomenclature for minerals containing high abundances of REE or specific elements follows Long et al. (2010), for example,
“monazite (Ce)” is monazite enriched with cerium.

36-4

Resident Geologist Program (36)

P.J. Sangster and A.C. Wilson

Table 36.3. Site visits completed by the authors in 2014 to rare earth element (REE) occurrences, listed in the Mineral Deposit
Inventory (MDI) database.
MDI Number

Township

MDI41I12SE00003

Venturi,
Tofflemire

MDI31L03NW00004

Himsworth

MDI31G05NE00010

Gloucester

UTM Location1
and Zone
444627E 5163938N,
Zone 17

Host Carbonatite

REE

Reference

Spanish River
Carbonatite Complex

La, Ce, Nd

Boreal Agrominerals Inc.
(www.borealagrominerals.com
[accessed Nov. 13, 2014])
Sage (1987)

623040E 5118442N,
Zone 17

Callander Township
Carbonatite Complex

Nb

Lumbers (1971)

La, Ce

Cullers and Medaris (1977)

455855E 5032545N,
Zone 18

Eastview carbonatites
(Blackburn Quarry)

La, Ce

Baird (1972, p.20-22)

1

Universal Transverse Mercator (UTM) co-ordinates, in metres, provided using North American Datum 1983 (NAD83).

The rare earth elements and strategic metals potential of the Clay–Howells Alkalic Complex
(MDI42G16SE00006; see Figure 36.1, number 17) has been investigated by Canada Rare Earth
Corporation (www.canadarareearth.com/article/properties-128.asp [accessed November 13, 2014]). In 2011,
the company released a NI 43-101 compliant resource estimate for the property of 8.5 million tonnes
grading at 0.73% total rare earth oxide (TREO), 0.13% Nb2O3 and 44.15% Fe2O3 at a 0.6% TREO cut-off
grade in the inferred category (Daigle 2011).
The rare earth elements potential of the Lavergne carbonatite (MDI31L05NW00002; see Figure 36.1,
number 7) has been investigated by Canada Rare Earth Corporation. In 2012, the company published a
near-surface resource for the Lavergne–Springer REE zone, including an Indicated Mineral Resource of
4.2 million tonnes grading 1.14% TREO and an Inferred Mineral Resource of 12.7 million tonnes grading
1.17% TREO (Daigle 2012). Preliminary mineralogy indicated the REEs are hosted in one predominant
calcium REE fluorocarbonate mineral: synchysite (Daigle 2012, p.25). In 2013, the company reported
that mineral separation tests completed using drill core from the Springer mineralized zone indicated that
the rare earth minerals could be concentrated by flotation methods (Canada Rare Earth Corporation, news
release, November 19, 2013, www.canadarareearth.com/article/2013-archive-268.asp).

2014 Site Visits
Field work completed in the 2014 field season was very preliminary. Resident Geologist Program
staff from the Northeastern and Southern regions completed visits to 3 carbonatite occurrences. At each
site, detailed location information for significant features was collected using a global positioning system
(GPS) unit and samples were collected for further analyses. The MDI records for each site were
subsequently updated. Table 36.3 provides a detailed listing of completed site visits.

SPANISH RIVER CARBONATITE COMPLEX
The Spanish River Carbonatite Complex (MDI41I12SE00003; see Figure 36.1, number 8), west of
Capreol, is the only carbonatite occurrence currently in production in Ontario. Boreal Agrominerals Inc.,
producing from this location as the “Spanish River Carbonatite”, holds the deposit and extracts ore by
permit from the Ministry of Natural Resources and Forestry under the Aggregate Assessment Act. Rock
from the site is crushed, screened and marketed as a natural fertilizer and soil amendment. Rare earth
element values from the Spanish River Carbonatite were provided by the company (Table 36.4).
A detailed description of the operation and production are available from Boreal Agrominerals Inc.
(www.borealagrominerals.com/ [accessed November 13, 2014]).
Resident Geologist Program staff visited the property in June 2014. Samples were collected for
further analyses and petrography.
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Table 36.4. Rare earth element values* from the Spanish River Carbonatite deposit of Boreal Agrominerals Inc.
Element
Cerium
Dysprosium
Erbium
Europium

Value (ppm)
307
8.00
3.40
4.80

Element
Gadolinium
Holmium
Lanthanum
Lutetium

Value (ppm)
16.10
1.30
141.5
0.30

Element
Neodymium
Praseodymium
Samarium
Scandium

Value (ppm)
118.5
33.00
18.80
1.10

Element Value (ppm)
Terbium
1.90
Thulium
0.40
Ytterbium
2.10
Yttrium
32.10

*Geochemical analysis performed by Chemex Labs Inc.; values excerpted from“Typical Geochemistry of the Spanish River Carbonatite”,
(www.borealagrominerals.com/src-minerals.html [accessed November 13, 2014]).

CALLANDER TOWNSHIP ALKALIC COMPLEX
The Callander Township Alkalic Complex (MDI31L03NW00004; see Figure 36.1, number 3) is an
almost circular complex, approximately 3 km in diameter, centred on Callander Bay at the eastern end of
Lake Nipissing, with most of the central part of the intrusion beneath the bay. No OGS Study was
completed for this occurrence. Lumbers (1971) provides a geological description of the complex, as well
as a summary of niobium exploration completed in the 1950s and 1960s. However, there is no mention
made of any REE mineralization. Subsequent research by Cullers and Medaris (1977) confirms REE in
2 lamprophyre dikes and their ocelli. In September 2014, Resident Geologist Program staff visited the
limited outcrops of fenite, alkalic syenite and carbonatite exposed on Callander Bay Drive and on
Highway 11 at the eastern side of Callander Bay. Samples were collected for further analyses.

EASTVIEW CARBONATITES
Narrow carbonatite dikes are exposed in 2 active limestone quarries in Gloucester Township near
Ottawa (MDI31G05NE00010; see Figure 36.1, number 1). Previous geochemical analyses indicated the
matrix of the dikes to be a dolomitic carbonate containing lanthanum, cerium, niobium, molybdenum and
strontium (Baird 1972, p.20-22). The dikes range from 30 to 120 cm in width and appear to be parallel
with 2 prominent east-trending normal faults. Resident Geologist Program staff visited the quarries in
October 2014. Resident Geologist Program staff visited the quarries in October 2014 and collected
samples for analysis; however, for safety considerations, sampling was restricted to exposures well away
from vertical faces.

SUMMARY AND CONCLUSIONS
Literature research led to the creation of 4 MDI records for southeastern Ontario:
•

the Eastview carbonatites in Gloucester Township (see Figure 36.1, number 1)

•

the Allen Lake carbonatite in Fitzgerald Township (see Figure 36.1, number 46)

•

the Sullivan Island Carbonatite Complex in Westmeath Township (see Figure 36.1, number 52)

•

the Brent Crater occurrence in Cameron and Deacon townships (see Figure 36.1, number 2)

In addition, this pilot project demonstrated the following:
•

Recent exploration activities indicate an interest in the potential for carbonatite-hosted rare earth
elements deposits in Ontario.

•

Literature research and preliminary property visits confirm that MDI database records can be
improved.

•

A protocol for REE sample analyses needs to be developed and adopted.
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•

An improved MDI database will help to address the gap in OGS documentation of the potential
of carbonatite-hosted REE deposits in Ontario.

•

Additional site visits, examination of drill core in Resident Geologist Program collections and
examination of historic Ontario Geological Survey rock and mineral specimens must be
completed.

•

Recognition that rare earth element–bearing minerals present in a sample affects the analytical
methods used (Easton and Clarke 2013). This, in turn, has implications with respect to the
economic viability of the occurrence.
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INTRODUCTION
To overcome the heterogeneity problems commonly associated with rock samples and reduce the
mass of material required for representative analyses, most samples submitted for geochemical analysis at
the Geoscience Laboratories (Geo Labs) are prepared through a sequential process of crushing, splitting,
milling, sieving and final rehomogenization. The Geo Labs has developed various procedures for sample
preparation, each of which successfully reduces the particle size of samples while minimizing
contamination with the analytes of interest. Most procedures involve initial jaw crushing of the samples,
riffle splitting to obtain a representative 150 to 200 g subsample, either planetary or ring milling the split
such that 95% passes through a 170 mesh sieve (≤88 μm) and regrinding any oversize material.
This article continues the work described by Schweyer and Stairs (2005, 2008) and Burnham and
Stairs (2011), which examined the impact of varying sample size and milling time and the results
obtained by different methods of jaw crushing, milling and sieving. Whereas the previous experiments
primarily focussed on the processing of silicate-rich materials and restricted the discussion of
contamination to the major element oxides, the present study looks at the processing of softer lithologies,
in particular carbonate-rich samples, and examined the effect of sample size, milling time and mill
material on both the particle-size distribution and the major and trace element contents of the pulps. The
major element contamination of carbonate-rich materials during grinding in different media was
considered by Schweyer and Stairs (2008). However, these experiments were carried out with constant
sample mass (180 g) and crushing time (40 min) and no trace element analysis of the pulps was described.
A more thorough study was therefore desired.

EXPERIMENTS
The experiments were designed to evaluate the particle-size distributions and possible levels of
contamination under a range of conditions in order to establish standard operating procedures for the
processing of soft samples using the Geo and Agate Mill Preparations (Geo Labs method codes
SAM-SPG and SAM-AGM). Five different sample weights (75, 100, 125, 150 and 175 g), 2 different
planetary mill compositions (alumina and agate), 2 different sample materials (DGF-1, a “pure” dolostone
from the Guelph Formation and LLGR-1, a “pure” limestone from the Lower Gull River Formation) and
up to 6 different milling times (10, 15, 20, 25, 30 and 35 min) were used in the experiments. All
experiments were carried out using a Fritsch Pulverisette 5 (P5) planetary ball mill. For consistency, the
same mills and sets of grinding balls were used with each material in each group of experiments. The
2 sample materials were chosen to be as pure as possible to maximize the sensitivity of the experiments to
any contamination from the mills.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.37-1 to 37-5.
© Queen’s Printer for Ontario, 2014
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Each combination of grinding media and sample material was run once for each mass (for 35 min) or
milling time (using 200 g sample). After milling for the required time, the samples were sieved to
determine the mass of oversized (+170 mesh) and passing material (–170 mesh). Any oversized material
was then repulverized for 1 min per 10 g and resieved to determine the efficacy of the repulverization.
All material was then combined and homogenized.
Major element oxide analyses were carried out by wavelength dispersive X-ray fluorescence
(WD–XRF) on fused glass discs using a PANalytical Axios 5 (Geo Labs method code XRF-M01). Trace
element analyses were carried out by inductively coupled plasma mass spectrometry (ICP–MS) after closed
beaker digestion (including a dilute nitric acid preleach to prevent precipitation of insoluble calcium fluorides
(Geo Labs method codes SOL-PLN, SOL-CAIO, and IMC-100). Particle-size analyses were carried out on a
Microtrac S3500 laser diffraction particle-size analyzer (Geo Labs method code SAM-PSA).

RESULTS
Particle-Size Analysis
Figures 37.1 and 37.2 summarize the results of the gravimetric determinations of the passing
fractions after initial milling and repulverization and the laser diffractometer measurements of the final
materials as functions of the initial pulverization time and sample mass, respectively.
In many of the tests, the samples appear to have been overpulverized, leading to agglomeration,
caking or cementation of the powder in the mill. Agglomeration was most common during the preparation
of DGF-1 (dolostone) and increased with decreasing sample mass, leading to an underestimate of the
passing fraction and potentially unnecessary repulverization of material during the milling-time
experiments (see Figure 37.1). During the experiments in which sample mass was varied, the samples
were brushed through the sieves, leading to truer results (see Figure 37.2). Caking was most common
during the preparation of LLGR-1 (limestone) and/or the processing of small sample masses and limited
the experiments to masses greater than 75 g for DGF-1 and 100 or 125 g for LLGR-1 (in agate or
alumina, respectively).
Based on the results of the gravimetric and particle-size distribution, the optimal conditions for
the pulverization of carbonate materials appear to be approximately 25 min in an alumina mill using
approximately 150 g of crushed material. Increasing the sample mass above 150 g or decreasing the
milling time below 25 min leads to less efficient milling of limestones. Conversely, decreasing the
sample mass below 100 g or increasing the milling time above 25 min leads to overpulverization and
agglomeration of dolostone pulps in the sieves or caking of limestone pulps in the mills. Although similar
results were obtained for the processing of the limestone in the alumina or agate mills, the alumina mills
appear to be more efficient for the preparation of dolomitic materials.

Contamination During Crushing
The WD–XRF and ICP–MS analyses of the pulps produced by the pulverization experiments
indicate that, with the exception of Al2O3 and Ga, there is no noticeable difference between the major or
trace element compositions of the pulps of each material as a function of ball mill composition, milling
time or sample mass. Many major and trace elements are present at concentrations at or below the lower
limits of detection for the analytical methods, indicating that any contamination is negligible.
For samples processed through the alumina mills, there was a clear and identifiable contribution of
Al2O3 and Ga. This contribution can be assumed to originate from the mills and increases from
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≤0.02 weight % Al2O3 and ≤0.04 ppm Ga for the optimal 150 g sample mass suggested by the particle
size study to approximately 0.16 weight % Al2O3 and 0.13 ppm Ga for a sample mass of 75 g (Figure 37.3).
For samples processed through the agate mills, there was no noticeable increase in SiO2 with either
decreasing sample mass or increasing milling time.

Figure 37.1. Initial and final gravimetric (dashed lines) and laser diffractometer (solid lines) determinations of the –170 mesh
(passing fraction) as a function of pulverization time in different media (using 200 g sample aliquots). The gravimetric
determinations underestimate the passing fraction of DGF-1 because of agglomeration of material in the sieves.

Figure 37.2. Initial and final gravimetric (dashed lines) and laser diffractometer (solid lines) determinations of the –170 mesh
(passing fraction) as a function of sample mass in different media (using 35 min milling times). The gravimetric determinations
underestimate the passing fraction for the 200 g aliquot of DGF-1 because of agglomeration of material in the sieves. Brushing
the sieves led to near complete passing of material for all masses of DGF-1 when 175 g or less was used.
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Figure 37.3. Select major and trace element compositions of DGF-1 and LLGR-1 as functions of initial pulverization time and
sample mass in different media. Abbreviation: LLoD, lower limit of detection.
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SUMMARY
The results of the crushing and grinding experiments indicate that
•

The Geo Preparation and Agate Mill Preparation methods employed at the Geo Labs need to be
modified when preparing soft materials (in particular carbonate-rich rocks) to avoid
overpulverization and cementation of the samples in the mill.

•

Optimal results can be obtained by reducing the pulverizing time to 25 min and using
approximately 150 g of sample material.

•

Although the optimal conditions for both preparation methods appear to be similar, the Geo
Preparation method using alumina mills (method code SAM-SPG) is more effective, leading to
finer pulps without appreciable alumina contamination.

•

Under optimal conditions, major and trace element contamination of carbonate-rich samples
during milling is negligible for both sample media (<0.05 weight % Al2O3 or
<0.1 weight % SiO2 in the alumina and agate mills, respectively).
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INTRODUCTION
In order to provide analytical support for projects undertaken by the Ontario Geological Survey, the
Geoscience Laboratories has been working to find a way to produce quantitative data for shale samples
using X-ray diffraction (XRD) analysis. XRD is currently the most commonly used approach for
obtaining quantitative mineralogical data from whole rock samples. The most widely accepted methods
for acquiring this information include the reference intensity ratio (RIR) and the Rietveld methods. The
decision to choose the Rietveld method was one of default since the development of the RIR method
requires access to a set of high-quality mineral standards including relatively pure clay minerals. On the
other hand, the Rietveld method is a whole-pattern fitting structure refinement process that utilizes a least
squares approach to model the acquired X-ray diffraction pattern (see Young 1993 for an in-depth
review). In effect, this translates to a standardless approach that does not require the analyst to undergo
the task of producing a large set of calibration standards for the instrument. While extremely powerful,
traditional Rietveld code cannot properly model disordered minerals, and as such, will not produce
accurate quantitative analyses from clay-rich samples such as shales. Efforts to tackle this issue are
ongoing (Ufer et al. 2008, 2012), and may eventually lead to an acceptable method for modelling disorder
as part of a standard Rietveld refinement strategy. To date, these advances have not yet appeared in most
of the commonly available Rietveld programs.
In an attempt to circumvent this problem, a decision was made to evaluate whether an internal
standard could be used in conjunction with the Rietveld method to monitor the data quality, and, if
necessary, use the observed concentration of the internal standard to correct for the concentrations of
other crystalline phases in the sample. While somewhat unorthodox, the idea here is that, if modelled
appropriately, accurate quantitative data for crystalline minerals should be achievable. It should then also
be possible to calculate the total clay content of the sample by difference, assuming that all phases are
accounted for and that there is minimal amorphous material in the samples of interest. Whether this
approach would work depends to a large extent on the complexity of clay minerals present in the sample
and also on how well the clay profiles can be refined in order to maintain acceptable fit indices.
A preliminary XRD investigation on a number of shale samples collected across southern Ontario
and Manitoulin Island confirmed that the clay mineral fraction in the overwhelming majority of samples
comprises a relatively simple mixture of illite and chlorite with little evidence of a significant mixed layer
component. These results provided some confidence that the approach outlined above could work.
A discussion of the methods used and results obtained is presented below.

Summary of Field Work and Other Activities 2014,
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EXPERIMENTAL METHOD
In order to test this approach, it was necessary to create a suite of synthetic standards that reflect the
general composition of shale and carbonate-rich samples collected from the province of Ontario. Varying
proportions of pure quartz, calcite, dolomite and an illite-chlorite–bearing clay sample from Arkona in
southern Ontario were used to prepare the 6 standards. The Arkona clay is derived from shale and
possesses an illite:chlorite ratio typically observed in many of the shales in the province. Most of the
shales in southern Ontario also contain a small amount of feldspar and pyrite, but these minerals were not
included in the synthetic standards because of unacceptable levels of contamination in the available
reference minerals. The decision to use ZnO as an internal standard was based on the fact that the peaks in
the diffraction pattern associated with ZnO do not interfere in a significant way with those peaks
produced by common shale-forming minerals.

Sample Preparation
One of the greatest challenges with preparing clay-rich samples for XRD analysis relates to the issue
of preferred orientation of mineral particles. It is necessary to minimize this problem since the modelling
of clay profiles during refinement will otherwise be negatively impacted. Most Rietveld programs include
an algorithm (March–Dollase, for example) that may be used to correct for preferred orientation.
However, previous experience using this algorithm has demonstrated that this correction scheme leaves
much to be desired when attempting to correct for anything but minor preferred orientation. A decision
was therefore made to utilize a spray drying approach in order to remove as much preferred orientation
from the samples as possible. The spray dryer was purchased from the Hutton Institute and the operating
parameters used here deviate very little from those described by Hillier (1999).
All starting materials were first gently hand ground to less than 0.5 mm using an agate mortar and
pestle. An internal standard of 15 weight % ZnO was added to each synthetic standard to produce a total
weight of 3.5 g. This material was then ground in a McCrone micronizing mill with 8 mL of 0.5% w/v
polyvinyl alcohol (PVA) and 1 drop of 1-octanol for a total of 10 min using agate rods. The resulting
slurries were then decanted into small glass jars and the grinding vessels were flushed with up to
10 mL PVA (sample dependant) in order to retrieve as much sample as possible from the grinding mill
and also to create the correct viscosity for spray drying. The samples were then spray dried from the glass
jars using an air brush (Hillier 1999) with the air pressure set to approximately 10 psi and an exit
temperature on the lid of the dryer set close to 150°C. The resulting spray dried sample particles
(Figure 38.1) were collected at the base of the spray dryer on a large sheet of paper. The spray dried
samples were then placed into the XRD holders and top referenced by simply dragging a large razor blade
across the top of the sample to remove excess material. The use of the spray dryer produces excellent
results that are highly reproducible and there was no further need to utilize the March–Dollase function to
correct for preferred orientation. The only real point of criticism with spray drying is that sample recovery
has not been as good as predicted, and there is a significant investment of time required, over other techniques,
mostly related to cleaning and grinding media and also cleaning the air brush, to minimize clogging.

Analytical Conditions
The synthetic standards were processed on a PANalytical X’Pert PRO X-ray diffractometer equipped
with a PIXcel multi-array detector. The operating conditions were 40 kV and 45 mA using Co Kα
radiation and a step width of 0.13° 2θ. Samples were run from 5 to 85° 2θ with step times optimized
across the array to complete the diffraction analysis in approximately 1 hour. The PANalytical High Score
Plus program was used to carry out the Rietveld refinement.
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RESULTS AND DISCUSSION
Rietveld refinement on the synthetic standards produced good fit indices for all the crystalline
minerals but only marginal fit indices for illite and chlorite. As expected, the results show good
correlations for ZnO in SYNstd-6 where no clay minerals are present, but display inaccurate refinement
of ZnO in the standards that contain clay minerals. This result is somewhat expected since there are no
algorithms built into the High Score Plus program that allow for modelling of disorder during refinement.
By including an internal standard it is possible to determine the magnitude of error that is introduced as
the proportion of clay minerals in the sample increases. It also highlights the problem associated with
proceeding on unfamiliar sample types without the use of an internal standard. In general, as the clay
mineral concentration increases, the refinement process will underestimate the total clay content and
overestimate the proportion of crystalline phases in the sample.
However, the inclusion of an internal standard provides an opportunity to correct for this problem.
The assumption here is that all crystalline minerals will exhibit the same degree of error as observed in
the ZnO results. The calculation simply requires that the amount of ZnO (in weight %) added to the
sample be divided by the amount of ZnO (in weight %) observed in the refined data. This correction is
applied to quartz, calcite, dolomite and ZnO. The total clay mineral content can now be estimated by
difference. In order to present the data properly, the ZnO oxide concentration is removed from the data set
and the results for all minerals are then recast to 100 weight %. Table 38.1 shows the results for the
6 synthetic standards processed as part of this study. In order to calculate precision, each standard was run
3 times on the instrument with the spray dried component removed from the sample holder and
remounted between runs. The precision of the analyses are presented at the 3σ confidence interval, and

Figure 38.1. Backscattered electron (BSE) image of spray-dried particles produced from synthetic standard SYNstd-2.

38-3

Geoscience Laboratories (38)

D.C. Crabtree

Table 38.1. Rietveld refinement results for 6 synthetic standards following correction for the internal standard concentration.
% Known

% Observed

Absolute
Error

31.5
5.0

28.8 ± 0.8
4.6 ± 0.5

-2.7
-0.4

63.5

66.5 ± 1.2

SYNstd-2
Quartz
Calcite
Dolomite
Total Clay*

25.9
12.0
6.0
56.1

23.5
11.3
5.3
59.9

±
±
±
±

SYNstd-3
Quartz
Calcite
Dolomite
Total Clay*

11.0
30.0
17.0
42.0

10.3
30.5
17.4
41.8

±
±
±
±

SYNstd-1
Quartz
Calcite
Dolomite
Total Clay*

% Known

% Observed

Absolute
Error

3

SYNstd-4
Quartz
Calcite
Dolomite
Total Clay*

16.6
40.0
20.0
23.4

15.0
40.6
20.5
23.8

±
±
±
±

0.6
1.2
0.7
2

-1.6
0.6
0.5
0.4

0.2
0.8
0.4
1.1

-2.5
-0.7
-0.7
3.8

SYNstd-5
Quartz
Calcite
Dolomite
Total Clay*

3.7
52.0
35.0
9.3

4.0
52.8
35.5
7.7

±
±
±
±

0.04
1.6
0.5
1.9

0.3
0.8
0.5
-1.6

0.8
1.1
0.3
2.1

-0.7
0.5
0.4
-0.3

SYNstd-6
Quartz
Calcite
Dolomite
Total Clay*

5.9
70.6
23.5
0

5.4
70.2
23.2
1.2

±
±
±
±

0.5
1.6
0.5
1.1

-0.5
-0.4
-0.3
1.2

*Refers to total clay plus any inorganic or organic X-ray amorphous components. The reported standard deviation is based on
3 measurements and is reported here at the 3σ confidence interval. All results are reported as weight %.

and the values reported here can be considered to be acceptable for XRD analysis. The reproducibility of
the results is largely controlled by counting statistics but can also be attributed to some degree by the use
of spray dried particles instead of packed powders.
The accuracy of the results is displayed graphically in Figure 38.2. In general, the results show that
the correction scheme proposed here is successful at rescaling the proportion of crystalline minerals to
concentrations that are within acceptable limits of accuracy for whole-rock XRD. The accuracy is
typically better than ± 3 weight % (absolute) for crystalline minerals and better than ± 4 weight %
(absolute) for the total clay component. One unfortunate aspect of calculating the total clay content by
difference is that any error observed in a particular mineral will be accumulated in the total clay
calculation. To illustrate this, the observed low results for quartz in samples SYNstd-1 and SYNstd-2 are
compensated for by high results for the total clay component. Another problem that may be encountered
using this approach is that a correction for ZnO in samples that do not contain any clay minerals may
produce a net positive or negative result for total clay content, the magnitude of which depends on the
severity of the error associated with the ZnO refinement. For example, a 0.5 weight % error associated
with the Rietveld refinement of 15 weight % ZnO would normally be within acceptable limits of
accuracy, but this will translate into a significantly larger absolute error when calculating total clay
content by difference. One way to avoid this problem is to apply the correction only if clay minerals are
identified and refined in the diffraction pattern.
The success of applying this type of approach will depend to a large degree on the samples under
investigation. The results presented here show that if the purpose of the study is to acquire a basic
quantitative mineralogical summary of shale rocks without the need for a detailed quantitative breakdown
of individual clay minerals, then this type of nonconventional use of the Rietveld method can work. But
failure to use an internal standard to correct for the presence of disordered clay minerals will produce
results with underestimated clay concentrations and overestimated crystalline mineral concentrations that
become more exaggerated as the clay content of the sample increases. Even with the addition of an
internal standard, large errors may be introduced into the calculation of the total clay content if some
effort is not placed in determining whether there is either a significant organic carbon or inorganic
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amorphous component in the sample. With shale rock, the likelihood of encountering elevated organic
carbon is a reality and the end user must be aware that a correction to the total clay concentration will
have to be considered in such cases. Most regional shale surveys do include total organic carbon (TOC)
analysis, so this issue should be relatively simple to deal with in most circumstances.
The need for additional qualitative or semiquantitative information from the clay component in the
samples will be of some importance to the client. This can be achieved by preparing oriented slides from
an isolated clay fraction and then model the resulting XRD patterns using the NEWMOD program
(Moore and Reynolds 1989).

Figure 38.2. Binary plot of known concentration in the standard versus the concentration determined following Rietveld
refinement and correction for the internal standard concentration. Error bars relate to the values reported in Table 38.1 and are
reported at the 3σ confidence interval. The dashed line represents the expected distribution of points with a 1:1 correlation;
*refers to total clay plus any inorganic or organic X-ray amorphous components.

38-5

Geoscience Laboratories (38)

D.C. Crabtree

SUMMARY
The results presented here show the following:
•

A nonconventional approach to the Rietveld method can be used to obtain quantitative
mineralogical data from clay-rich shale samples.

•

The use of internal standardization and preparation of synthetic standards is necessary to
validate this approach.

•

Failure to use a correction procedure based on internal standardization will lead to unacceptable
errors in clay-bearing samples.

•

The results presented in this article relate to fairly simple synthetic matrices, and as such,
probably represent a best-case scenario. The addition of other phases such as feldspar, ankerite,
pyrite and additional clay minerals will likely have a negative impact on overall accuracy.

•

The data acquired for quartz, carbonate and total clay are fit-for-use with ternary diagrams used
to evaluate brittleness in shale rocks. However, samples need to be evaluated for X-ray
amorphous components before accepting the calculated total clay concentrations.

•

Quantitative analysis of individual clay minerals cannot be achieved using this approach;
however, it is possible to treat this problem separately by isolating clay fractions from the
samples and model the resulting diffraction patterns using the NEWMOD program.
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39. Summary of Quality Control Data
for the Geoscience Laboratories
Methods FEO-ION, GFA-PBG,
IAW-200, ICW-100 and IRC-100
J.C. Hargreaves1
1

Geoscience Laboratories, Ontario Geological Survey

INTRODUCTION
This article summarizes the results of quality control samples for 5 Geoscience Laboratories (Geo Labs)
methods: the determination of ferrous iron (method code FEO-ION); the gravimetric determination of gold
and silver after lead fire assay (method code GFA-PBG); the determination of major and trace elements in
waters by inductively coupled plasma atomic emission spectrometry (ICP–AES, method code IAW-200);
the determination of anions in waters by ion chromatography (method code ICW-100); and the determination
of carbon and sulphur by combustion–infrared detection (method code IRC-100).
The quality control (QC) data summary for the FEO-ION (Table 39.1) and GFA-PBG (Table 39.2)
methods are summarized for the periods 2012 to August 2014 and 2011 to August 2014, respectively. The data
reflect the capabilities of the methods following changes in the principal analyst in these sections. The FEOION method utilizes the in-house rock reference materials LK NIP-1, MRB-8, MRB-17 and MRB-29; and the
certified reference materials (CRM) for rock matrices FER-1, FER-3, MRG-1, OKUM-1, SY-3 and SY-4. The
GFA-PBG method utilizes the in-house material PJV-2 and the WCM Minerals reference material is PM-928.
Quality control results for the ICW-100 (Table 39.3), IAW-200 (Table 39.4) and IRC-100 (Table 39.5)
methods are summarized for the periods March 2013 to August 2014, November 2013 to August 2014 and
June 2013 to August 2014, respectively. For the ICW-100 and IRC-100 methods, the results reflect the
capabilities with new instruments and transferred methods (Pamer 2013; Amirault and Burnham 2013). The
primary QC materials used for water analyses are the BIGMOOSE and TM-15.2 (method code IAW-200)
and Ontario-99 (method code ICW-100) CRMs from Environment Canada. A number of reference materials
are used during IRC-100 analyses, including the in-house rock reference materials LK NIP-1, MRB-11,
MRB-29, NPD-1, ODL-1 and OKUM-1; and CRMs of a range of matrices including ores (CH-3, FER-4,
HV-2, HV-2a, KC-1a, MP-1a, NIST-8604, NIST-8607, PR-1, SU-1a, TLS-1, WMS-1a), rocks (JDo-1,
JG-1a), sediments (LKSD-1, STSD-2) and soil (NIST-2710).

FUTURE WORK
The Geo Labs is in the process of finalizing method validations for new methods in both the X-ray
fluorescence and ICP–AES sections and summaries of the QC data for these methods will be presented in
future publications.
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Table 39.1. Results for reference materials using the FEO-ION method (2012 to August 2014).
In-House Reference Materials
LK-NIP-1
MRB-8
MRB-17
MRB-29
Certified Reference Materials
FER-1
Provisional

FeO (wt %)
10.04 ± 0.04 (14)
1.15 ± 0.02 (22)
0.25 ± 0.04 (2)
5.73 ± 0.04 (162)

FER-3
Provisional

13.58 ± 0.09 (80)
13.63

MRG-1
Recommended

8.67 ± 0.04 (155)
8.63

OKUM-1
Provisional

8.48 ± 0.06 (71)
8.10*

SY-3
Recommended

3.59 ± 0.03 (62)
3.58

SY-4
Certified

2.86 ± 0.03 (59)
2.86 ± 0.09

23.25 ± 0.15 (16)
23.34

Note: Compiled data given as mean ± 1 standard deviation of results (number of measurements).
*
Provisional value obtained during International Association of Geoanalysts certification round.
Table 39.2. Summary of reference material results for the GFA-PBG method (2011 to 2014 August). All values in oz/ton.
In-House Reference Materials
PJV-2
Certified Reference Materials
PM-928
Certificate

Ag
<0.1

Au
0.270 ± 0.010 (151)

1.36 ± 0.29 (53)
1.77 ± 0.05 (55.18 ± 1.63 g/t)

0.118 ± 0.006 (54)
0.13 ± 0.01 (4.19 ± 0.23 g/t)

Note: Compiled data given as mean ± 1 standard deviation of results (number of measurements).
Table 39.3. Summary of data for the ICW-100 method for the certified reference material Ontario-99 (March 2013 to August
2014). All values in ppm (mg/L).
Certified Reference Materials
Ontario-99
Certificate
Ontario-99
Certificate

Br–
0.029 ± 0.018 (237)
N/A

Cl–
20.4 ± 0.7 (237)
20.8 ± 0.113

F–
0.632 ± 0.023 (237)
0.63 ± 0.009

NO3–
2.02 ± 0.14 (237)
N/A

NO2–
<0.03
N/A

NO2– + NO3– (as N)
0.46 ± 0.03 (237)
0.47*

PO43–
<0.05
N/A

SO42–
26.1 ± 1.2 (237)
26.0 ± 0.17

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements) and certificate value is
average ± 95% confidence interval on the population mean.
*For information. N/A: data not available.
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Table 39.4. Summary of data for the IAW-200 method for certified reference materials (November 2013 to August 2014).
All values in ppb (µg/L).
Certified Reference Materials

Al

B

Ba

Be

109 ± 5 (98)
117 ± 2

5.5 ± 0.7 (98)
N/A

14.6 ± 0.8 (98)
N/A

0.20 ± 0.08 (98)
N/A

TM-15.2
Certificate

31.0 ± 2.6 (98)
33.9 ± 0.44

21.9 ± 1.1 (98)
23.1 ± 0.50

13.4 ± 0.9 (98)
13.3 ± 0.08

15.2 ± 0.6 (98)
15.3 ±0.18

Ca

Cd

Co

Cr

BIGMOOSE-02
Certificate

1983 ± 81 (98)
2000 ± 10

0.5 ± 0.5 (98)
N/A

0.6 ± 1.2 (98)
N/A

0.4 ± 0.6 (98)
N/A

20980 ± 740 (98)
N/A

13.2 ± 0.6 (98)
13.0 ± 0.09

16.1 ± 1.4 (98)
15.1 ± 0.13

16.4 ± 0.8 (98)
16.4 ± 0.13

BIGMOOSE-02
Certificate

TM-15.2
Certificate

Cu

Fe

K

Li

BIGMOOSE-02
Certificate

0.6 ± 0.4 (98)
N/A

48.6 ± 2.7 (98)
N/A

324 ± 22 (98)
326 ± 3

0.61 ± 0.19 (98)
N/A

TM-15.2
Certificate

17.6 ± 0.7 (98)
17.3 ± 0.14

25.5 ± 2.1 (98)
25.8 ± 0.48

1178 ± 78 (98)
N/A

16.7 ± 0.7 (98)
15.0 ± 0.33

Mg

Mn

Mo

Na

352 ± 30 (98)
327 ± 2

40.0 ± 1.4 (98)
N/A

0.1 ± 1.0 (98)
N/A

802 ± 82 (98)
731 ± 4

5066 ± 156 (98)
N/A

18.6 ± 0.7 (98)
18.1 ± 0.13

13.6 ± 1.1 (98)
14.1 ± 0.15

9650 ± 460 (98)
N/A

Ni

P

Pb

S

<2
N/A

15 ± 21 (98)
N/A

<10
N/A

1580 ± 85 (98)
1696 ± 7*

TM-15.2
Certificate

17.9 ± 1.0 (98)
17.7 ± 0.15

23 ± 20 (98)
N/A

13.1 ± 2.5 (98)
11.6 ± 0.11

6491 ± 301 (98)
N/A

Si

Sr

Ti

V

BIGMOOSE-02
Certificate

1672 ± 54 (98)
N/A

8.9 ± 0.4 (98)
N/A

<7
N/A

<2
N/A

219 ± 8 (98)
N/A

110 ± 4 (98)
111 ± 0.77

11.9 ± 0.9 (98)
14.7 ± 0.15

14.8 ± 1.4 (98)
13.1 ± 0.13

BIGMOOSE-02
Certificate
TM-15.2
Certificate
BIGMOOSE-02
Certificate

TM-15.2
Certificate

Zn
BIGMOOSE-02
Certificate

14.2 ± 1.0 (98)
N/A

TM-15.2
Certificate

36.9 ± 1.6 (98)
35.4 ± 0.37

Notes: Compiled data given as mean ± 1 standard deviation (σ) of results (number of measurements (N)). Certificate data given
as average ± 95% confidence interval on the population mean (σ × 1.96)/√N.
N/A: data not available.
*Calculated from certified value assuming all S present as SO4.
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Table 39.5. Summary of reference material results for the IRC-100 method (June 2013 to August 2014). Values in
weight % total C and S expressed as CO2 and S. Where necessary, CO2 values have been converted from certificate Ctot value.
In-House Reference Materials

CO2

S

0.05 ± 0.04 (8)

0.028 ± 0.004 (8)

MRB-11

20.1 ± 0.3 (162)

0.092 ± 0.016 (175)

MRB-29

0.591 ± 0.019 (169)

0.015 ± 0.004 (182)

NPD-1

0.165 ± 0.026 (10)

0.134 ± 0.008 (10)

ODL-1

38.7 ± 1.0 (56)

0.130 ± 0.026 (66)

0.079 ± 0.020 (11)

0.030 ± 0.008 (11)

LK NIP-1

OKUM-1
Certified Reference Materials

CO2

S

CH-3
Certificateǂ

6.06 ± 0.11 (19)
6.38 ± 0.11*

2.94 ± 0.09 (24)
2.82 ± 0.03

FER-4
Certificate

4.97 ± 0.11 (73)
4.86

0.111 ± 0.004 (76)
0.11

HV-2
Certificate

2.395 ± 0.007 (2)
2.23 ± 0.04*

0.557 ± 0.013 (2)
N/A

HV-2a
Certificateǂ

1.795 ± 0.007 (2)
1.47*

0.3290 ± 0.0028 (2)
0.344 ± 0.013

JDo-1
Certificate

45.3 ± 1.0 (75)
46.75

<0.003
0.009

JG-1a
Certificate

0.100 ± 0.016 (3)
0.11

0.0042 ± 0.0003 (3)
0.001

KC-1a
Certificate

0.236 ± 0.023 (5)
0.02*

25.3 ± 1.0 (5)
27.5*

LKSD-1
Certificate

46.2 ± 0.5 (10)
45.1*

1.14 ± 0.16 (10)
1.57*

MP-1a
Certificate

0.01 ± 0.04 (30)
N/A

12.69 ± 0.27 (33)
N/A

NIST-2710
Certificate

10.17 ± 0.25 (3)
10.99*

0.15 ± 0.03 (3)
0.240 ± 0.006

NIST-8604
Certificate

0.085 ± 0.030 (5)
0.60*

2.92 ± 0.18 (5)
2.87 ± 0.06

NIST-8607
Certificate

17.3 ± 0.4 (2)
18.54*

2.97 ± 0.08 (2)
3.12 ± 0.07

PR-1
Certificate

1.060 ± 0.022 (124)
1.08*

0.792 ± 0.017 (135)
0.793 ± 0.016

STSD-2
Certificate

5.93 ± 0.13 (3)
5.86*

0.051 ± 0.004 (3)
0.06*

SU-1a
Certificate

0.208 ± 0.009 (2)
N/A

9.30 ± 0.16 (3)
10.0*

TLS-1
Certificateǂ

0.370 ± 0.024 (32)
N/A

1.83 ± 0.06 (39)
1.81 ± 0.03

WMS-1a
Certificateǂ

0.2690 ± 0.0028 (2)
0.3664*

N/A
28.17 ± 0.69

Notes: Compiled data given as mean ± 1 standard deviation of results (number of measurements). Certificate data given as
average ± 1 standard deviation if not otherwise indicated.
N/A: data not available.
*Provisional value.
ǂ Certificate value is average ± 95% confidence interval on the population mean.
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Lode Gold Deposits in Ancient
Deformed and Metamorphosed
Terranes: Relative Chronology
Between Hydrothermal Activity,
Gold Mineralization and Deformation
Events in the Geraldton Area,
Northwestern Ontario
Z. Tóth1, B. Lafrance1, B. Dubé2, P. Mercier-Langevin2 and V.J. McNicoll3
1

Mineral Exploration Research Centre, Department of Earth Sciences, Goodman School of Mines,
Laurentian University, Sudbury, Ontario P3E 2C6
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Geological Survey of Canada, Earth Sciences Sector, Natural Resources Canada, Québec City, Québec G1K 9A9
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Geological Survey of Canada, Earth Sciences Sector, Natural Resources Canada, Ottawa, Ontario K1A 0E8

INTRODUCTION
As part of the Targeted Geoscience Initiative 4 Lode Gold program of National Resources Canada,
this project aims to improve knowledge of the structural and stratigraphic settings and the geochemical
footprint of gold mineralization and associated hydrothermal alteration in the Geraldton area, Ontario
(Dubé et al. 2011). Gold deposits in the Geraldton area were in production until 1970; interest has been
renewed because planning is underway by Premier Gold Mines Ltd to mine some of these deposits as an
open pit operation. The total indicated resource is 4.870 million ounces gold and the total inferred
resource is 2.74 million ounces gold for the Hardrock property in Geraldton (www.premiergoldmines.com,
news release, July 8, 2014). Premier Gold Mines Ltd. provided access to their extensive drill-core
collection and to newly exposed (“stripped”) mineralized outcrops. These outcrops were very helpful in
establishing the timing of the gold mineralization events in the Geraldton area and in refining the
structural interpretation of the Beardmore–Geraldton greenstone belt.
A total of 8 stripped outcrops have been mapped during the past 3 field seasons (Figure 40.1)
(Lafrance et al. 2012; Tóth et al. 2013a). Samples were taken from drill holes, as well as from the mapped
exposures, to define the geochemical footprint of the gold mineralization and the associated hydrothermal
alteration. The past field season focussed on defining the relative timing of the gold mineralization and
associated hydrothermal alteration in relationship with the various deformation events using key field
relationships from previously mapped outcrops as well as newly stripped outcrops. The latter exposes the
hinge of the Hard Rock anticline at Porphyry Hill and the mineralized F Zone on the north limb of the
Hard Rock anticline. These 2 new exposures are described in this report.

BACKGROUND
The Beardmore–Geraldton greenstone belt is located east of Lake Nipigon along the margin between
the granite-greenstone Wabigoon Subprovince and the metasedimentary Quetico Subprovince. This
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.40-1 to 40-10.
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90 km long greenstone belt is composed of 3 metavolcanic and 3 metasedimentary units that are bounded
by shear zones. From north to south, the metavolcanic units formed in back-arc, island arc and oceanic
crust environments (Tomlinson et al. 1996). The metasedimentary units were deposited as part of a
southward-prograding clastic wedge representing, from north to south, alluvial fan or braid-plain,
subaqueous fan and/or prodelta, submarine fan and/or basin-plain environments (Williams 1987; Devaney
and Williams 1989).
The Beardmore–Geraldton greenstone belt underwent 4 deformation events that are summarized in
Table 40.1 (Tóth et al. 2013a, 2014). The deformation of the belt started with D1 thrusting and the
formation of isoclinal, recumbent F1 folds and strong, axial-planar S1 foliation. During D2 north-to-south
compression, F1 folds were refolded by tight, upright, west-plunging, regional F2 folds, which have an
east-trending, steeply dipping, axial planar S2 foliation (Lafrance, DeWolfe and Stott 2004). During D3
sinistral transcurrent faulting, F2 folds were refolded by centimetre-scale S-shaped F3 drag folds with an
axial planar S3 crenulation cleavage (Tóth et al. 2013a, 2014). The last ductile deformation event recorded
by these rocks was D4 dextral transcurrent faulting. It resulted in the formation of regional, Z-shaped,
west-plunging F4 folds with an axial-planar east-northeast-trending, steeply dipping S4 cleavage, and
regional dextral strike-slip shear zones characterized by well-developed dextral shear bands and Z-shaped

Figure 40.1. Simplified geological map of the Geraldton area showing the location of the exposures mapped during the past
3 field seasons (geology after Horwood and Pye (1955) and Pye (1952), with modifications by authors). Universal Transverse
Mercator (UTM) co-ordinates are based on North American Datum 1927 (NAD27), Zone 16.
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Table 40.1. Summary of deformation and gold mineralization events in the Beardmore–Geraldton greenstone belt (Lafrance,
DeWolfe and Stott 2004; Tóth et al. 2013a, 2014, this paper).
Regional Deformation Style
Gold mineralization
D1 thrusting

Description of Structures
Fold

Foliation

►

D2 north-south compression

Isoclinal, recumbent F1 folds;
up to 1 m in amplitude

Strong S1; appears in some mafic dikes and quartzfeldspar porphyry;
typically bedding-parallel in sedimentary rocks

Tight upright regional F2 folds;
plunge: 20°W to 70°W;
amplitude up to several kilometres

East-trending, steeply dipping S2;
axial planar to F2 folds;
parallel or slightly clockwise or anticlockwise of
bedding
————————————————————————
Gold mineralization ► ———————————————
East-trending, steeply dipping S3 crenulation cleavage;
D3 sinistral transcurrent shear Tight to open S-shaped F3 folds;
amplitude up to tens of centimetres axial planar to F3 folds
East-northeast-trending, steeply dipping regional S4;
Gold mineralization? ► Z-shaped F4 folds;
plunge: 20°W to 60°W;
axial planar to F4;
amplitude up to several kilometres
regionally oriented anticlockwise to bedding
D4 dextral transpression
Dextral east-trending shear zones localized along S2 and lithological contacts
Z-shaped F4′ drag folds overprinting Sinistral slip S4′ crenulation cleavage;
S4 foliation in shear zones
axial planar to F4′

F4′ drag folds with an axial-planar S4′ crenulation cleavage (after Lafrance et al. 2004). Previous studies
suggest that gold was emplaced during D4 dextral shear (Pye 1952; Horwood and Pye 1955; Anglin 1987;
Macdonald 1988; Lafrance, DeWolfe and Stott 2004; DeWolfe, Lafrance and Stott 2007; Lavigne 2009).
This was disputed by Tóth et al. (2013a) who suggested that gold was emplaced either prior to or early
during D2. This paper expands on the results and interpretation by Tóth et al. (2013a) by presenting new
data from the previously unmapped F Zone and Porphyry Hill exposures.

PORPHYRY HILL EXPOSURE
The Porphyry Hill stripped outcrop (see Figure 40.1, area 6) is located 600 m east-southeast of the
No. 1 headframe of the past-producing MacLeod–Cockshutt Mine and 400 m south of Highway 11.
It exposes the hinge of the kilometre-scale F2 Hard Rock anticline.
From north to south, the outcrop consists of quartz-feldspar porphyry, interlayered mudstone and
sandstone with thin banded iron formation layers, banded iron formation, and interlayered mudstone and
sandstone intruded by numerous mafic dikes (Figure 40.2).
All deformation events are represented on this outcrop. The D1 event is represented by an F1 fold
defined by a folded quartz vein and overprinted by a parasitic M-shaped F2 fold (Photo 40.1A). The latter
is in the hinge of the regional Hard Rock anticline, the axial plane of which passes through the middle of
the porphyry. The F2 folds in the porphyry have a strong axial planar S2 cleavage, which is expressed as a
bedding-parallel transposition foliation in banded iron formation, mudstone and sandstone on the south
limb of the Hard Rock anticline, south of the porphyry. The transposition S2 foliation is axial planar to
Z-shaped F2 folds (Photo 40.1B), which are transected by slightly bedding-transgressive sinistral faults
that formed during the D3 event (Photo 40.1C). Evidence for D3 sinistral component of shearing is also
present in the porphyry as sinistral shear bands dragging S2 foliation. Transposed bedding and S2 foliation
are folded by centimetre-scale, open to tight, Z-shaped F4 folds with axial planar S4 crenulation cleavage
(Photo 40.1D). Dextral shear bands formed during the same D4 event and cut across all other structures.
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Figure 40.2. Detailed geological map of the “Porphyry Hill” exposure (see Figure 40.1, area 6). All UTM co-ordinates provided
in NAD83, Zone 16.
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Several generations of veins are present at Porphyry Hill. The first generation consists of quartzcarbonate-tourmaline veins and is folded by F1 folds, suggesting that it was emplaced before or early
during D1 deformation (see Photo 40.1A). Other quartz-tourmaline ± carbonate veins containing visible
gold are folded by isoclinal F2 and tight, S-shaped F3 folds, suggesting that it was emplaced no later than
the beginning of D2 deformation. The veins are surrounded by strong silicification, sericitization,
sulphidation and likely carbonate alteration.

Photo 40.1. Field photographs of the “Porphyry Hill” exposure (see Figure 40.1, area 6). The yellow-outlined red arrows
indicate north on each photograph. Red arrows indicate veins described in caption. A) Quartz–iron-carbonate–tourmaline veins
are folded by F1 and refolded by F2 folds. B) The S2 cleavage formed axial planar to metre-scale F2 folds in mudstone to
sandstone and mafic dikes. C) Sinistral displacement along oblique D3 shear fracture. D) S2 foliation folded by centimetre-scale
Z-shaped F4 fold and overprinted by axial-planar S4 cleavage. E) East-northeast-trending tourmaline-quartz-carbonate veins and
associated tourmaline alteration penetrating metasedimentary rocks along S2 foliation and trigger the formation of Z-shaped F4
asymmetrical drag folds during D4 dextral shear. F) East- to northeast-trending quartz ± carbonate ± tourmaline veins emplaced
before or early during D3 deformation in quartz-feldspar porphyry, some of which were found to be auriferous.
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Several vein types were emplaced prior to, or more likely during, D3 deformation. The veins typically
strike east-northeast to northeast, cut across S2 foliation, and are oriented anticlockwise, suggesting that
they were emplaced as extensional tension gashes during D3 sinistral shear. The veins may be up to tens
of metres in length and cut across the porphyry (see Figure 40.2). Some of the veins consist of
tourmaline, quartz and carbonate. They are associated with a strong tourmaline alteration that penetrated
metasedimentary wall rocks along S2 foliation (Photo 40.1E) and triggered the formation of Z-shaped
F4 folds as fringe structures during D4 dextral shear. These D4 dextral shear bands cut across tourmaline
veins and sulphides are present along them, suggesting that the sulphides and possibly gold were
emplaced during D4 deformation.
Other veins, created prior to or during D3 deformation, consist of quartz ± carbonate ± tourmaline,
surrounded by strong carbonate ± sericite ± pyrite alteration halos. Visible gold was found in some of the
veins. The veins are more abundant within the quartz-feldspar porphyry; the veins trend 10 to 70°
anticlockwise to S2 foliation (Photo 40.1F). The veins cut across F2 folds, are folded by S-shaped F3 and
Z-shaped F4 folds, and are overprinted by D4 dextral shear bands, suggesting that they were emplaced
prior to or during D3 sinistral shear.
Narrow, millimetre-thick quartz veinlets were locally emplaced in dextral shear bands and, in turn,
were also cut by them suggesting emplacement during D4 deformation. Another set of dextral shear veins,
composed of quartz-carbonate, is oriented at approximately 5° clockwise to S2 foliation and is folded by
small, Z-shaped F4 folds.
Gold mineralization was observed in various forms. Local semi-massive sulphide replacement of
banded iron formation consists of pyrite and arsenopyrite surrounding quartz-carbonate veins, a few
millimetres to 1 to 2 cm thick, and yielded high gold values (B. Cleland, Premier Gold Mines Ltd.,
personal communication, 2014). The structural setting of these veins is uncertain because of the high
strain recorded by the host rocks and later weathering of the sulphides.

F ZONE EXPOSURE
The F Zone stripping is located 350 m south of Highway 11 and 750 m east-southeast of the No. 1
headframe of the past-producing MacLeod–Cockshutt Mine in Geraldton (Figure 40.3; see also Figure 40.1,
area 7). This exposure was cleaned to expose the F Zone mineralization that lies along the northern
contact between the quartz-feldspar porphyry and metasedimentary rocks. Historical diamond-drill holes
across the zone yielded gold grades averaging between 3.5 and 13 g/t gold over a width of approximately
21 to 23 feet (Horwood and Pye 1955, p.67-68). The zone has been described as consisting “of a
multitude of narrow quartz stringers mostly of east-west strike and vertical or nearly vertical dip” locally
with “spectacular concentrations of visible gold” (Horwood and Pye 1955, p.67-68).
The stripped outcrop consists of interbedded mudstone to coarse-grained sandstone with an average
bed thickness of 15 cm. One layer of banded iron formation is exposed in the northeastern corner of
the stripped outcrop. Beds are folded by metre-scale isoclinal F1 folds that are refolded by open to tight
S-shaped centimetre- to metre-scale F2 folds (Photo 40.2A). The S-shaped asymmetry of the F2 folds is
consistent with the location of the outcrop on the north limb of the kilometre-scale F2 Hard Rock anticline.
A continuous S2 cleavage (spacing of 0.5 to 1 mm) is axial planar to the folds and is defined by alternating
chlorite-rich and iron-carbonate–rich microlithons. The S2 foliation is folded by rare, millimetre- to
centimetre-scale Z-shaped asymmetrical F4 folds and overprinted by S4 foliation (Photo 40.2B). The
S4 foliation is a continuous crenulation cleavage (spacing of 0.2 to 0.7 mm) defined by alternating ironcarbonate-rich and chlorite-rich microlithons.
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Selective iron-carbonate replacement of bedding (see Photo 40.2A) and bedding-parallel quartzcarbonate veins are folded by F1 and refolded by F2 folds, suggesting that they were emplaced either prior
to or early in D1 deformation. Iron-carbonate altered beds are typically transposed parallel to S2 foliation.
The F1 folding of bedding-parallel quartz-carbonate veins cannot always be documented; however, they
were boudinaged prior to F2 folding (Photo 40.2C), implying that they were already present during D1
deformation, so they were emplaced prior to, or at the beginning of, D1 deformation. Some early quartzcarbonate veins (few millimetres to 10 cm in thickness) are surrounded by moderate to strong sericitecarbonate-pyrite alteration halos (typically few centimetres thick) (Photo 40.2D). Channel samples
intersecting these veins and their alteration halo yielded gold values between 2 and 15 g/t gold
(B. Cleland, Premier Gold Mines Ltd., personal communication, 2014).

Figure 40.3. Detailed geological map of the “F Zone” exposure (see Figure 40.1, area 7). All UTM co-ordinates provided in
NAD83, Zone 16. Some mudstone to sandstone beds have been highlighted by yellow to better show the overall structural
pattern of the outcrop.
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Northeast- to east-northeast-trending tourmaline ± quartz ± carbonate ± sulphide veins are surrounded
by 1 to 2 cm thick carbonate-sericite-pyrite alteration halos. The veins are zoned with tourmaline along
the margins and quartz ± carbonate ± sulphide within the centre of the veins. The veins cut across F2 fold
hinges (Photo 40.2E) and are folded by gentle S-shaped F3 folds, suggesting that they were emplaced
prior to or early during D3 sinistral shear deformation. The tourmaline veins are cut, but by east-northeast-

Photo 40.2. Field photographs of the “F Zone” exposure (see Figure 40.1, area 7). The yellow-outlined red arrows indicate
north on each photograph. Red arrows indicate veins described in caption. A) Iron-carbonate alteration is folded by an isoclinal
F1 fold that is refolded by S-shaped open F2 folds. B) The S2 foliation is folded by millimetre- to centimetre-scale Z-shaped
asymmetrical F4 folds and is overprinted by S4 foliation formed axial planar to F4 folds. C) Early quartz-carbonate veins are
surrounded by sericite-carbonate-pyrite alteration halo and are folded by F1 folds and refolded by F2 folds. D) Bedding-parallel
quartz-carbonate veins do not always show F1 folding; however, they were boudinaged during D1 deformation and were
subsequently folded by F2 folds. E) Northeast to east-northeast-trending tourmaline ± quartz ± carbonate ± sulphide veins cut
across F2 fold hinge. F) Northwest-trending quartz-pyrite veins, a few centimetres long, cut across tourmaline-rich veins and are
folded by gentle Z-shaped F4 fold.
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to east-trending, locally auriferous quartz-carbonate-sulphide veins (few millimetres to
approximately 6 cm), surrounded by 2 to 15 cm thick sericite-carbonate-pyrite alteration halos. Where
these veins cut across the banded iron formation, selvages are replaced by a 5 to 15 cm thick semimassive pyrite. The veins are also locally folded by centimetre-scale Z-shaped F4 folds or boudinaged
during D4 dextral shear depending on their orientation, and otherwise show similar structural timing
relationships as the tourmaline-rich veins, suggesting that they were also emplaced either before or during
D3 deformation. Late northwest-trending quartz-pyrite veins cut across the tourmaline-rich veins and are
folded by a gentle Z-shaped F4 fold (Photo 40.2F), suggesting that they were likely emplaced during D4
deformation.

CONCLUSIONS
Multiple phases of hydrothermal alteration, vein emplacement and gold mineralization (and/or
remobilization) took place during the complex deformation events recorded by the rocks in the Geraldton
area. Iron-carbonate alteration and gold-mineralized quartz-carbonate veins surrounded by sericitecarbonate-pyrite alteration halos were emplaced parallel to bedding and folded by F1 folds, suggesting a
pre- or early-D1 deformation mineralizing event. Another set of bedding-parallel veins were boudinaged
during D1 deformation and then folded during D2 deformation, supporting a pre- or early-D1 hydrothermal
episode. An auriferous quartz-carbonate vein hosted by quartz-feldspar porphyry is folded by an F2 fold,
indicating that it was emplaced prior to, or early during D2 deformation. Northeast-striking tourmalinerich veins cut across F2 fold hinges and are folded by S-shaped F3 folds, suggesting a pre- or early-D3
deformation timing for these veins. East-northeast- to east-trending, auriferous quartz-carbonate-sulphide
veins hosted in mudstone and sandstone are associated with a sericite-carbonate-pyrite alteration halo,
whereas the same vein system is instead associated with a semi-massive pyrite-sericite alteration halo
when hosted in banded iron formation. These auriferous quartz-carbonate-sulphide veins show similar
structural features to the tourmaline veins and, thus, are interpreted to have formed prior to or early during
D3 deformation. Sulphide mineralization (or remobilization) occurred along northwest-striking tension
gashes composed of quartz-pyrite. The latter cut across tourmaline veins emplaced prior to or early during
D3 deformation and are folded by gentle Z-shaped F4 folds. Thus, the tension gashes were emplaced prior
to, or more likely, during D4 dextral shear. Even though these sulphide-mineralized northwest-striking
veins emplaced during D4 deformation (i.e., the tension gashes) are not yet proven to carry gold, previous
studies described similar, auriferous northwest-striking veins in the western part of the belt (DeWolfe et
al. 2007), which suggest the possibility of another gold mineralization (remobilization) event. Sulphides
emplaced into D4 dextral shear bands were described from the Tombill–Bankfield fault exposure,
suggesting syn-D4 emplacement (Lafrance et al. 2012). Based on field relationships described here and
the large-scale distribution of gold, the authors infer an early (pre- or early-D1) gold-bearing hydrothermal
event followed by a secondary, plausibly dominant, early- or syn-D3 mineralizing event.
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INTRODUCTION
As part of the Targeted Geoscience Initiative 4 (TGI-4) Lode Gold project of Natural Resources
Canada, this research activity focusses on the style, geometry, timing and structural controls of ore
distribution and grade at the Rainy River advanced exploration project, northwestern Ontario. Through
the ore system approach, this federal–provincial–academia–industry collaborative geoscience program
aims to better define the geologic and potential hydrothermal footprints of known large deposits in order
to improve exploration methods and models.
The Rainy River large-tonnage style gold deposit is located in northwestern Ontario and represents an
unusual style of Archean gold mineralization. Previous work interpreted the deposit as an Archean analogue
of low-sulphidation deposits observed in younger volcanic belts (Wartman 2011). The Geological Survey of
Canada, in collaboration with the Ontario Geological Survey and former Rainy River Resources Ltd. (now
New Gold Inc.), initiated research activities at Rainy River to document and further characterize this
“atypical” Archean gold system. By determining the deposit’s main characteristics, it is hoped that further
insight will be provided on its mode of formation, with the objective of establishing exploration vectors for
such an “atypical” gold system. Methods used include detailed characterization of the mineralization and
alteration (mineralogy and geochemistry), geochronology, structural analysis and three-dimensional (3-D)
modelling. Research activities comprise a Master of Science thesis project at the Institut national de la
recherche scientifique (INRS) in Québec City and U/Pb geochronological analyses combined with laser
ablation inductively coupled plasma mass spectrometric (LA-ICP–MS) analyses on sulphides.
Field work related to research on the Rainy River deposit was started in the summer of 2012, with
work related to the MSc thesis starting in 2013, which was continued and completed in the summer of
2014. Work consisted mainly of detailed logging of diamond-drill core stored in the archives of the
operating company (New Gold Inc.). Abundant, closely spaced drill holes intersecting the deposit offer
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.41-1 to 41-10.
© Queen’s Printer for Ontario, 2014
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ample data to accurately characterize the different lithologies, as well as the variation in alteration
assemblages, deformation intensity and volcanic facies with depth. Detailed logging was complemented
with sampling for whole-rock geochemical assays and thin-section preparation of the different alteration
and mineralized zones, volcanic facies and lithologies. Detailed geological and structural mapping was
also completed on 2 available trenched and power-washed outcrops exposing mineralization and/or
primary volcanic textures in the vicinity of the proposed pit area. These well-preserved outcrops provide
valuable information on the type of volcanism in place as well as the depositional environment.
This report presents preliminary results of the field work carried out in the summers of 2013 and
2014 as well as preliminary, mainly drill core-based, interpretations on the correlation and shape of
alteration zones and intensely deformed zones with respect to ore distribution.

GEOLOGICAL SETTING AND OVERVIEW
The Rainy River deposit (measured and indicated resources of 177 million tonnes at a grade of
1.09 g/t gold, for a total of 6.2 million ounces gold) is located in the Archean Rainy River greenstone belt
of the Wabigoon Subprovince (Figure 41.1). Metaplutonic, mostly tonalitic, areas crosscut this greenstonedominant subprovince, with records of oceanic geodynamic environments such as oceanic floor, plateaux,
island arc and back-arc settings (Percival 2007). An east-trending fault, interpreted to be a splay of the
Quetico fault, is present less than 5 km south of the study area (see Figure 41.1). This major fault is
interpreted as a subvertical shear zone with an overall dextral movement within a northwest-shortening
transpressive regime (Fernández, Czeck and Díaz-Azpiroz 2013).

Figure 41.1. Regional geological map of northwestern Ontario showing the location of the Rainy River gold deposit (adapted
from Percival 2007).
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Gold and silver mineralization at the Rainy River deposit is mainly associated with fine-grained
disseminated sulphides (pyrite, sphalerite and chalcopyrite) and, to a lesser extent, with deformed veins
and veinlets (pyrite, sphalerite, chalcopyrite and pyrrhotite). Rare electrum and visible gold are present
within intensely deformed sulphide ± quartz-calcite-tourmaline veins in intensely sericitized rocks.
The distribution in space of the different volcanic facies, predominant alteration minerals and
deformation intensity are various parameters affecting mineralization distribution and grade. These
parameters are discussed in the following sections, with preliminary conclusions drawn on their relative
significance and role within the Rainy River deposit.

METHODOLOGY
The Rainy River deposit consists of 4 principal mineralized zones, which, from north to south, are
the 433, HS, ODM/17 and CAP zones. These zones occur as a series of elongate bodies oriented east to
west, dipping moderately south and subparallel to the main foliation (102°/51°SSW). High-grade ore
shoots are elongated parallel to a southwest-plunging stretching lineation (225°/55°). To better represent
the geometry of the deposit, an oblique plane, perpendicular to the main stretching lineation (oriented
323°/43°NNE), was built to illustrate the distribution and geometry of the different volcanic facies,
alteration assemblages and high-strain zones within the deposit environment (Figure 41.2). The oblique

Figure 41.2. Three-dimensional (3-D) view (“map”) of different ore zones comprising the Rainy River deposit, with the oblique
plane crosscutting the main ore zones at the predicted depth of open-pit mining and perpendicular to the measured stretching
lineation (modified from a figure courtesy of New Gold Inc.). View is looking east-southeast (ore zones dip 55° toward 192°N).
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plane “maps” presented herein were all generated from diamond-drill cores, contained within the
preselected oblique plane, where the cores intersected the main ore zones at mining depth (see Figure 41.2).
This plane has a true width of 25 m.
Logging of the drill-core intersections along this oblique plane followed a strict protocol to ensure
consistency in recording observations. A grading system was used to define the different alteration and
deformation intensity intervals along the hole. A code from 1 to 5 was used, each number referring to a
pre-established description (Table 41.1).
Table 41.1. Guide for observations during drill-core logging used to grade deformation and alteration intensity.
Intensity Number
1
2
3
4
5

Deformation Characteristics
No fabric
Weakly developed penetrative planar or linear fabric
Well-developed planar fabric
Intensely developed planar fabric
Schist

Alteration Characteristics
Non-existent to weak and local
Weak and restricted to veinlets and/or other features
Weak but pervasive
Well developed and dominant
Intense, texturally destructive

Photo 41.1. A) Flow banding in a rhyodacite lobe. B) Aphyric amygdular felsic flow. C) Lapilli tuff on drill core, with
sericitized clasts that are stretched or flattened into the main foliation (102°/51°). D) Coarse felsic breccia composed of
subangular monogenic clasts with sulphide impregnations.
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LITHOLOGICAL ASSEMBLAGES AND VOLCANIC FACIES
The Rainy River gold deposit is mainly hosted within felsic volcanic units, in a succession of
variably altered basaltic to rhyodacitic flows and associated volcaniclastic rocks. While the dacitic to
rhyodacitic volcanic rocks have a distinct calc-alkalic affinity, the andesitic to basaltic volcanic rocks are
of tholeiitic affinity. On outcrop and in drill core, the felsic assemblages that host most of the deposit are
characterized by volcanic textures indicating the presence of felsic domes and associated volcaniclastic
rocks formed in a subaqueous environment. Massive facies include aphanitic to strongly quartz ± plagioclasephyric flow-banded lobes, amygdular flows and flow breccias (Photos 41.1A and 41.1B). Volcaniclastic
rocks consist of fine-grained to lapilli-sized, mainly monolithic fragmental units (Photos 41.1C and 41.1D).
A map of the oblique plane showing the distribution of the different volcanic facies with respect to
the different ore zones (Figure 41.3) displays a moderate correlation between the highest grade portion of
the deposit (in dark blue) and higher porosity dacitic volcaniclastic facies.

Figure 41.3. Preliminary geological map illustrating the distribution of the volcanic facies that characterize the dacitic units
(massive, breccia, tuff and lapilli tuff) hosting most of the deposit. This view represents an oblique section (323°/43°NE) that is
perpendicular to the main foliation and stretching lineation, both of which control the mineralization. This map is based on drillcore observations and lithogeochemistry.
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DEFORMATION
The main penetrative fabric (main foliation) affecting the ore zones at Rainy River is at 102°/51°SSW.
A well-developed stretching lineation at 225°/55° is associated with the main foliation. On surface, in
drill core and in thin section, the main foliation is defined by discrete to extensive bands of aligned
sericite ± chlorite that are commonly anastomosed around less-altered volcanic clasts. The intensity of
deformation depends mainly on the intensity of the alteration, with high-strain corridors focussed in
intensely altered rocks. Volcanic clasts and disseminated sulphides are flattened and/or stretched along
the main foliation plane, whereas sulphide-rich and quartz ± carbonate-tourmaline veinlets are folded
and/or transposed within the main foliation (Photos 41.2A and 41.2B). These features underline the strong
influence of the main fabric and associated stretching lineation on the current geometry of the ore zones,
as shown in Figure 41.2. Weakly developed C-S fabrics (in unoriented drill core) are seen in areas of
greater deformation, mainly within the HS zone. Late kink bands are common in the immediate hanging
wall of the ODM zone.
Although the main deformation imparts some control on the geometry of individual ore zones, the
geometry of the entire deposit does not seem to be solely controlled by the main deformation, with a
stacking of relatively thick ore zones (from north to south) within a relatively compact felsic volcanic
centre. This suggests that the immediate volcanic setting might represent a first-order control on the
nature and distribution of the alteration and ore zones. A map of the oblique plane showing the distribution
of deformation intensity with respect to the different ore zones (see Figure 41.5B) demonstrates that there
is a limited correlation between mineralization and moderate to strong deformation. Current work is
focussed on analyzing the effects of the main structural features on the nature and geometry of the ore
shoots within the different ore zones.

ALTERATION AND MINERALIZATION
The host rocks at the Rainy River deposit are characterized by the development of sericite- and
chlorite-dominated alteration assemblages (Wartman 2011). These 2 alteration assemblages can overlap
or be transitional. The geochemical trends, as shown on an alteration index—chlorite–carbonate–pyrite
index box plot (Figure 41.4; Large et al. 2001), are in agreement with chloritic and sericitic styles of
alteration. The intensity of both sericite- and chlorite-dominated alterations varies greatly throughout the
deposit, relative to mineralization and initial rock composition. Other alteration minerals such as iron

Photo 41.2. A) Strong stretching lineation observed within the main foliation plane on sericitized dacitic flow, CAP zone
hanging wall. B) Strong transposition within the main foliation plane of early quartz, pyrite and calcite vein, with iron carbonate
alteration also transposed within the main foliation plane.
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carbonate, biotite and epidote can be seen along foliations or observed overprinting the previously
sericitized rock. Disseminated manganese-rich garnet porphyroblasts seem to form a “distal” halo around
the ODM/17 zone.
Sericitization is the most widespread alteration throughout the deposit. A map of the oblique plane
showing the distribution of sericite (or white mica) alteration intensity with respect to the different ore
zones (Figure 41.5) displays a rough correlation between the main ore zone (ODM/17) and moderate to

Figure 41.4. Ishikawa alteration index (AI) versus the chlorite–carbonate–pyrite index (CCPI), termed the “alteration box plot”,
with all samples collected from where the drill cores intersected part of the oblique plane (see Figure 41.2). Trends marked by
arrows are typical of hydrothermally altered rocks in volcanogenic massive sulphide deposits. Ishikawa alteration index
(AI = 100 × (MgO+K2O)/(MgO+K2O+Na2O+CaO: Ishikawa et al. 1976) and chlorite–carbonate–pyrite index
(CCPI = 100 × (MgO+FeO)/(MgO+FeO+K2O+Na2O: Large et al. 2001). Abbreviations: carb, carbonate; chl, chlorite;
K-feldspar, potassium feldspar; py, pyrite; ser, sericite. Diagram modified from Large et al. (2001).
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intense sericitization. Similarly, the sericite-dominated alteration seems to be better developed in
volcaniclastic facies within the host felsic complex, suggesting that primary porosity might have
controlled alteration distribution and intensity, and perhaps mineralization as well.

Figure 41.5. Map of the oblique plane (see also Figure 41.2), with the outlines of the main ore zones (refer to legend), showing
A) the distribution of sericite alteration intensity affecting the host rocks; and B) the distribution of deformation intensity in
relation to the main ore zones.
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SUMMARY AND PRELIMINARY INTERPRETATIONS
The Rainy River gold deposit is mainly hosted in a dacitic to rhyodacitic complex as part of a
geochemically distinct succession of intermediate to mafic volcanic and sedimentary rocks. The presence
of abundant volcaniclastic facies, pillowed basalts and argillite beds around the deposit indicate a
subaqueous depositional environment. Gold mineralization, which shows a good correlation to sericitedominated alteration, is affected by deformation and is now parallel to the main foliation. The mineralized
zones are associated with an intense sericite alteration halo and local zones of chlorite and garnet. Field
observations support an early origin (synvolcanic, or at least prior to or early during the main deformation)
for the Rainy River gold deposit. Furthermore, the close association with an isolated intermediate to felsic
volcanic centre would suggest an association between hydrothermal activity and volcanism. Additional
work is necessary to confirm the relative and absolute timing of events at the Rainy River deposit.
Nonetheless, this deposit represents an unusual style for an Archean gold deposit and its specific
characteristics should be part of exploration models for gold deposits in the Superior Province.

FUTURE WORK
Further work on the alteration footprint (whole-rock geochemistry, mineralogy, petrology, mineral
chemistry, stable isotopes), structural controls on mineralized zones distribution and grade, sulphide
chemistry (whole-rock, LA-ICP–MS, metal isotopes) and U/Pb geochronology will help better define
mineralization style and timing, providing key tools to improve exploration models for similar gold
systems at various scales.
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INTRODUCTION
As part of the Targeted Geoscience Initiative 4 (TGI-4) Lode Gold project of Natural Resources
Canada, the aim of this research activity is to study the geology of the Musselwhite banded iron formation–
hosted gold deposit, in particular the controls on the formation and distribution of the mineralization and
the geochemical footprint of the hydrothermal system, in order to improve geological and exploration
models for similar deposit types in the North Caribou greenstone belt and elsewhere in Precambrian
terranes (Dubé et al. 2011).
The Goldcorp Musselwhite Mine is located 475 km north of Thunder Bay and situated in the North
Caribou greenstone belt, which is part of the North Caribou Terrane of the western Superior Province
(Thurston, Osmani and Stone 1991; Figure 42.1). The Musselwhite Mine started operation in 1997 and
went over the threshold of 4 million ounces of gold produced on August 1, 2014 (www.goldcorp.com
[accessed November 17, 2014]). As of December 31, 2013, total proven and probable reserves for the
Musselwhite Mine are 1.85 million ounces of gold (www.goldcorp.com). At a yearly production rate of
approximately 240 000 ounces, the expected mine life extends past 2021.
The present field work report focusses on the description of the geology and structure of 2 large
previously exposed (“stripped”) outcrops and how that information can be extrapolated to regional and
deposit scales. The overarching study includes multidisciplinary activities on the Musselwhite deposit
(Oswald et al. 2014a, in press) and targeted geochronology across most of the Opapimiskan Lake area
(McNicoll et al. 2013), which provide better constraints on the age of the host rocks and major structural
events. Other ongoing regional research activities (e.g., Van Lankvelt 2013; Kalbfleisch 2012; Duff et al.
2013) involve geochronology, structure and metamorphic petrology to refine the constraints on
deposition, metamorphism and deformation events of the North Caribou greenstone belt, with emphasis
on its northern and eastern boundaries.
Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.42-1 to 42-15.
© Queen’s Printer for Ontario, 2014
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GEOLOGICAL SETTING
Regional-scale studies and geological mapping programs (Breaks et al. 1985; Piroshco, Breaks and
Osmani 1989; Breaks and Bartlett 1991; Breaks et al. 1991; Thurston, Osmani and Stone 1991; Breaks,
Osmani and de Kemp 2001, and references therein) have defined various lithostratigraphic assemblages
(see Figure 42.1), which comprise the following: the dominantly metavolcanic assemblages of the Agutua
Arm, Keeyask, South Rim and Opapimiskan–Markop suites, which range in age from 3053 Ma to
younger than 2967 Ma (Davis and Stott 2001; Biczok et al. 2012; McNicoll et al. 2013); the dominantly
volcanic assemblages of the North Rim suite with an age of circa 2870 Ma (Davis and Stott 2001); and
the dominantly metasedimentary rocks of the Eyapamikama and Zeemel–Heaton assemblages that have
maximum ages of circa 2860 Ma (de Kemp 1987; Davis and Stott 2001; McNicoll et al. 2013).
Three main phases of regional deformation have been identified in the North Caribou greenstone belt
(Satterly 1939a, 1939b, 1941; Piroshco and Shields 1985; Breaks et al. 1985, 1991), producing complex
fold interference patterns. The earliest event, D1, consists of tight to isoclinal folds, associated with
penetrative S1 foliation (Breaks, Osmani and de Kemp 2001). The second event, D2, is the main regional
phase of deformation and consists of open to isoclinal shallowly northwest-plunging folds usually with a
steep axial-planar foliation, frequently obliterating D1 fabrics. Major, syn- to late-D2 shear zones or highstrain zones often occur as lithostratigraphic assemblage boundaries or between the greenstone belt and
surrounding batholiths (Breaks, Osmani and de Kemp 2001). The third event, D3, has structures that are

Figure 42.1. A) Simplified tectonostratigraphic map of the North Caribou greenstone belt and surrounding area (geology
modified from McNicoll et al. 2013), showing its location in B) the western Superior Province and C) North America (insets
modified from Biczok et al. 2012).
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heterogeneously developed and consist of asymmetric, broad, open or chevron folds, locally accompanied
by a steep southwest-trending S3 crenulation cleavage.
The regional metamorphic grade varies from middle to upper greenschist facies in the northern part
of the belt (Breaks and Bartlett 1991) to middle amphibolite facies in the southern and eastern parts
(Breaks et al. 1985). According to Hall and Rigg (1986), peak regional metamorphism occurred during

Figure 42.2. A) Geological map of the Opapimiskan Lake area, with locations of the surface exposures selected for detailed
mapping for this project (geology based on unpublished Goldcorp. data). Universal Transverse Mercator (UTM) co-ordinates
provided using North American Datum 1983 (NAD83) in Zone 15. B) Simplified geological section of the mine at N11775 mine
grid, showing the locations of the main ore zones. Abbreviations: Bt, biotite; Gt, garnet; ML, mine level; NIF, Northern Iron
Formation; Po, pyrrhotite; SIF, Southern Iron Formation.
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the latter stages of D2 deformation event and possibly persisted into D3. In the Opapimiskan Lake area, the
metamorphic assemblage in the iron formation consists of various proportions of biotite, garnet, grunerite,
staurolite and pyroxene, compatible with upper greenschist- to amphibolite-facies metamorphism (Klein 2005).

LOCAL GEOLOGY
The Musselwhite Mine is a world-class syndeformation “orogenic” gold deposit hosted by
polydeformed amphibolite-facies Algoma-type banded iron formation (BIF) located in the Mesoarchean
North Caribou greenstone belt. The deposit is located approximately 2 km west of a fault zone that
defines the tectonic boundary of the North Caribou terrane with the Island Lake Domain (see Figure 42.1).
The Musselwhite gold deposit is hosted by isoclinally folded BIF of the Opapimiskan metavolcanic suite
(Figure 42.2A), which is in contact with the South Rim metavolcanic suite and the Eyapamikama and
Zeemel–Heaton metasedimentary assemblages. The Opapimiskan–Markop metavolcanic suite includes
2 sequences of banded iron formations (Figure 42.3): the ore is mostly restricted to the Northern Iron
Formation (NIF) with minor, but potentially economic, occurrences of gold mineralization in the
Southern Iron Formation (SIF). The fundamental geological reasons for such mineralization partitioning
between 2 neighbouring banded iron formations are one of the focusses of the present study.

Figure 42.3. Simplified lithological column of the geology of the Opapimiskan Lake area (modified from Biczok et al. 2012).
See “PQ Trench” for explanation of mine units 4F, 4EA and 4B. Abbreviations: Avol, “A volcanics” unit; BIF, banded iron
formation; Bvol, “B volcanics” unit; TTG, tonalite-trondhjemite-granodiorite suite.
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METHOD OF STUDY
Two large areas of previously stripped outcrop, “trenches”, were mapped in detail using a differential
global positioning system (GPS; Ashtech ProMark™ 800) for lithological contacts and structural data
collection. The magnetic property of the iron formations precludes the use of a classic compass, and the
use of a high-resolution GPS was preferred over the use of a sun compass for the swiftness and reliability
of geological mapping and structural data acquisition, under any weather conditions, and for the automated
capturing of highly precise location data. Quality-control comparison of GPS-related structural data from
the current research project with sun-compass data of a previous structural study (Barclay 2003) has
shown no significant difference between the data sets.

PQ TRENCH
The PQ Trench is the only surface exposure of the eastern limb of the East Bay synform (Figures 42.2B
and 42.4A). It exposes the NIF sequence, as well as hanging-wall and footwall mafic volcanic rocks,
through a series of stripped outcrops covering an area of 140 m long by 30 m wide (see Figure 42.4A).
The PQ Trench itself is approximately 20 m wide and comprises several units (Figures 42.4B,
42.4B-1 and 42.4C). The structurally lowest unit is a locally sulphide-rich meta-argillite (unit “4H” in the
mine nomenclature) horizon overlain by the chert-grunerite (unit “4A”) and chert-magnetite (unit “4B”)
facies of the NIF. The chert-magnetite (unit “4B”) facies grades into a clastic facies containing garnetamphibole beds interlayered with the chert-magnetite beds (unit “4Bc”), which is overlain by a garnetgrunerite (unit “4EA”) facies of the NIF. A garnet-biotite schist (unit “4F”), with a thin intercalated
quartz-feldspar-biotite metasedimentary unit (unit “6”), and a thin garnet-bearing amphibolite horizon
(unit “4E”) mark the top of the sequence, which is overlain by the hanging-wall volcanic rocks. Pillow
selvages have been mapped in the mafic volcanic rocks of the footwall on the northeastern edge of the
exposure (see Figure 42.4A), but strong flattening or shearing at that locality precludes any unequivocal
facing determination.
The PQ Trench is located in a structural domain of tight folding and strong overprint of D2 deformation,
where D1 structures have been transposed and not been clearly distinguished. The envelope of D2
deformation-related fabrics trends to the northwest; S0-1 surfaces and axial-planar S2 foliation show little
variations from an average orientation of circa 305°/75°NE (Figure 42.4D). The F2 folds are shallowly
(~10°) plunging to the northwest. Their geometry varies depending on the lithology affected: folds in the
chert-magnetite (“4B”) facies and the clastic facies (containing garnet-amphibole beds interlayered with
the chert-magnetite beds (unit “4Bc”)) are tight to isoclinal, often asymmetric structures, locally intrafolial
or chevron-like (Photos 42.1A and 42.1B); whereas folds in the garnet-grunerite (unit “4EA”) facies
display strongly thickened hinges and attenuated limbs in a succession of tight synforms and broad, more
open antiforms, a pattern very similar in style to that formed by the West antiform and East Bay synform
(see Figure 42.2; Photo 42.1C). The intensity of the D2 deformation recorded by the rocks exposed in the
PQ Trench is illustrated by a penetrative S2 foliation in both volcanic rocks and iron formation, and by
boudinaged chert beds and quartz veins in all lithologies. Boudins have been documented both on section
view (Photo 42.1D) and plan view (Photos 42.1E and 42.1F), and back-rotation of individual boudins
suggests an apparent dextral component combined with an east-side-up sense of motion. However,
mapping mostly suggests that flattening was strongly dominant over shearing during D2 deformation in
the area of the present mine. The east-side-up kinematics associated with flattening may have caused the
local steep eastward dip of the S0-1 planes (see Figure 42.4D), instead of the more common westward dips
as are documented farther to the northwest along the northeastern limb of the East Bay synform (see
Figure 42.2).
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The S3 crenulation cleavage is best expressed in the mafic rocks, especially in approximately 50 cm
wide D2 high-strain zones, where it is associated with F3 folds (Photo 42.1G). The D3 deformation fabrics
are preferentially concentrated in corridors, spaced by metres to tens of metres, where S3 crenulation
cleavage is axial planar to centimetre-scale chevron folds. The S3 crenulation cleavage strikes mainly at
approximately 250° and dips 60°NW, but locally trends to the south (see Figure 42.4D), which suggests
that the latter could represent a minor conjugate set of cleavages. The F3 folds form decimetre-scale,
open, asymmetric, dextral chevron folds that have fairly steep plunges (~55°NW). The S0-1-2 planes

Figure 42.4. A) Geological map of the PQ Trench exposure, with B-1) a close-up view of the southern area; location of close up
indicated in (B). Labels A to H refer to the locations of photographs in Photo 42.1. The UTM co-ordinates are provided using
NAD83 in Zone 15. C) Detailed facies of the Northern Iron Formation sequence and adjacent volcanic rocks (based on unpublished
Goldcorp. data). Abbreviations: Bt, biotite; Fdp, feldspar; Grun, grunerite; Gt, garnet; IF, iron formation; Po, pyrrhotite; Qz, quartz;
St, staurolite. D) Stereographic projection (lower hemisphere) of structural measurements.
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locally show a discontinuous pseudo-lineation plunging approximately 60°NW, but it is unclear whether
it represents the intersection with S3 crenulation cleavage or if it is inherited from D2 stretching and
boudin formation.

Photo 42.1. Photographs of key structural elements from PQ Trench (see Figure 42.4 for locations; see “PQ Trench” for the
explanations of mine units 4B, 4Bc, 4EA and 4F). A) Parasitic F2 folds in boudinaged, chert-magnetite banded iron formation
(BIF) (unit “4B”). B) Tight parasitic F2 folds in clastic facies chert-magnetite BIF (unit “4Bc”) and garnet-grunerite (unit “4EA”)
facies BIF. C) Tight synform and open antiform in gold-bearing garnet-grunerite (unit “4EA”) facies of the Northern Iron
Formation (NIF); note the resemblance with map-scale fold pattern (see Figure 42.2). D) Section view, looking north, of
boudinage in the chert-magnetite (unit “4B”) facies of the NIF. E) Plan view, looking southwest, of boudinage in the chertmagnetite (unit “4B”) facies of the NIF. F) Close up of back-rotated boudins with indications of the relative motions in the
overall stress context. G) Deformation (D3)-related dextral kink folds in the footwall mylonitic mafic volcanic rocks. H) Section
view, looking southeast, of the lower half of the Northern Iron Formation (NIF) sequence with weathering (brown rust)
highlighting the location of gold mineralization in the BIF.
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Other deformation features include north- to northeast-trending strike-slip faults occurring within the
upper portion of the chert-magnetite facies in the northwestern corner of the PQ Trench. These faults are
characterized by dextral offset (1 to 40 cm) of the iron formation, presence of thin layers of cataclasite
and quartz infill in local dilatational bends. These late features suggest an overall brittle regime.
Weathering processes have highlighted the presence of iron carbonates concentrated in boudin necks
(see Photo 42.1F) and along foliation planes in close association with sulphides (mostly pyrrhotite) in the
garnet-grunerite and adjacent clastic chert-magnetite facies of the iron formation (see Photos 42.1C and
42.1H). Pyrrhotite is also associated with abundant deformed grey to black quartz veins. The hangingwall metavolcanic rocks contain white quartz veins affected by F2 folds and D2 deformation-related
boudinage. Semi-massive iron carbonates also occur in boudin necks associated with white quartz veins
and quartz veins locally have iron carbonate selvages.

TRENCH 4
The Trench 4 stripped outcrop covers an area approximately 100 by 75 m, approximately 2 km west
of the mine site (Figures 42.2 and 42.5A). The exposed iron formation is interpreted to represent one of
the main SIF horizons that is affected by parasitic folds within the hinge zone of the West anticline.
The SIF (see Figures 42.2 and 42.3) consists of 2 main horizons of chert-magnetite– and chertgrunerite–facies iron formation (Couture 1995; Blower and Kiernan 2003; Moran 2008). Only one
horizon is exposed in Trench 4. It consists of a thick chert-magnetite sedimentary unit overlain by a thin
(1 to 2 m) magnetite-rich, chert-magnetite layer that marks the structural top of the formation. The chertmagnetite-sediment facies reaches a few tens of metres in thickness and is interbedded with fine-grained,
pale to medium brown, amphibole-rich detrital beds.
Evidence of the D1 deformation on Trench 4 consists mainly of a preserved S1 foliation, with scarce
refolded F1 folds in the BIF. In the ultramafic rocks of the northern edge of the outcrop, S1 foliation is
evident as a penetrative foliation affected by F2 folds and an axial-planar S2 spaced cleavage (Photo 42.2A),
whereas, along the southern edge, both foliations are subparallel. In the BIF, S1 foliation is best
differentiated along F2 fold hinges in chert bands, as well as, locally, in some sedimentary beds. In the
portion of the trench east of the Esker road, folding of the magnetite-rich facies prior to D2 deformation
occurs as a chaotic, centimetre- to decimetre-scale fold pattern that suggests a synsedimentary (slump)
origin. Elsewhere, isolated decimetre-scale F1 folds are refolded by F2 folds and produce a “type 3”
interference fold pattern (Ramsay and Huber 1987).
The D2 deformation phase is responsible for the dominant structural pattern, predominantly represented
by F2 folds (Photos 42.2A to 42.2D). The stereographic projection of measurements of the S0-1 metamorphic
layering are distributed on a plane, the pole to which plunges at approximately 25° toward approximately
300°, which is compatible with measured F2 fold axes (Figure 42.5C). Their axial planes trend northwest,
dominantly dipping steeply to the east (see Figure 42.5C). The axial-planar S2 foliation varies greatly in
style depending on host lithology: a well-developed spaced cleavage is displayed in volcanic rocks (see
Photo 42.2A), whereas a weak S2 foliation in chert layers in the iron formation contrasts with welldeveloped, often crenulated, S2 foliation in sediment-dominated beds (Photo 42.2E). The L2 intersection
lineation on S0-1 surfaces is often more visible than on S2 planes (see Photo 42.2D). In the magnetite-rich
facies, folds are tight to isoclinal with attenuated limbs and thickened hinges, which are locally associated
with shear bands near the contact with volcanic rocks. In the chert-magnetite-sediment facies, folds have
more parallel geometry, with wider flat hinges, sharp limb transitions and slip or fault planes (see
Photo 42.2B). Rusty weathered high-strain zones (minor sulphides and/or iron carbonate) often mark the
long limbs or axial planes of decametre-scale folds (Figure 42.5B).
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The D3 deformation is unevenly distributed in Trench 4, where 2 sets of crenulation affect S2 foliation
(Figure 42.5D; see Photos 42.2C, 42.2D and 42.2E): the main set, observed in all lithologies, is oriented,
on average, at 250°/70°. The second set, oriented 190°/60°, is better developed in the sediment-rich
horizons of the BIF sequence. The F3 axial planes are subparallel to the S3 foliation. In the BIF, F3 folds
generally are open with moderate to steep plunge, striking approximately 250° (see Figure 42.5D) and
frequently have partly sheared or faulted limbs. Scattered patches of rust along west- to southwest-trending
faults associated with D3 structures are thought to be evidence for the minor remobilization of sulphides.

Figure 42.5. A) Schematic location of Trench 4 and Trench 5 exposures relative to the Esker Road; the UTM co-ordinates are
provided using NAD83 in Zone 15. B) Geological map of Trench 4 with regional geology background (based on Goldcorp
Musselwhite data). Labels A, C, D and E refer to locations of Photos 42.2A, 42.2C, 42.2D and 42.2E. Abbreviations: IF, iron
formation; SIF, Southern Iron Formation. C) Stereographic projection (lower hemisphere) of Trench 4 D2 deformation-related
structural features. D) Stereographic projection (lower hemisphere) of Trench 4 and Trench 5 D3 deformation-related structural
features. E) Stereographic projection (lower hemisphere) of Trench 5 D2 deformation-related structural features.
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The D2 and D3 deformation-related structures were also mapped on Trench 5, located 150 m northeast
of Trench 4. It exposes the same SIF horizon, and data gathered there show very similar distribution to
what has been documented on Trench 4 (Figure 42.5E): shallow, northwest-plunging, open F2 folds with a
similar geometry to those of the chert-rich facies, and subvertical F2 axial planes and axial-planar S2 foliation.
Trench 5 exposes spectacular examples of the S3 crenulation, oriented at a high angle to S2 foliation, and
F2 folds locally warped by open F3 folds. Both L2 and L3 lineations are also present on the metamorphic
layering S0-1 (see Photo 42.2D). White west-southwest–trending quartz veins (strike 250 to 270°, dip 80°NW;

Photo 42.2. Photographs of key structural elements on Trench 4 (see Figure 42.5 for locations). A) Penetrative S1 foliation
affected by open F2 folds and crosscut by S2 spaced cleavage. B) Core sample of deformed Southern Iron Formation (SIF)
showing the typical fold style of the SIF horizon: broad open hinge zone and sharp change of S0-1 attitude in the limbs. C) Westsouthwest–trending S3 crenulation in chert-magnetite BIF. D) Plan view of a broad open F2 fold with L2 and L3 lineations on the
S0-1 surface of a magnetite-rich band. E) Plan view of south-southwest–trending S3 crenulation of S2 foliation in a sedimentdominated band.
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see Figure 42.5D) also occur in Trench 5. The veins have sharp linear margins and crosscut the main
fabric (S2). The veins locally contain sulphides and minor gold (J. Biczok, Goldcorp Inc. Musselwhite
Mine, unpublished data, 2014) where they intrude sulphide-mineralized BIF, suggesting that remobilization
of ore minerals may have occurred.

DISCUSSION AND CONCLUSION
Two main BIF horizons occur in the Musselwhite Mine area: the Northern Iron Formation (NIF)
comprises several units consisting predominantly of garnet-biotite schist at the structural top, followed by
silicate facies, transitioning into oxide facies at the structural base. The Southern Iron Formation (SIF),
however, comprises 2 main horizons of varying thickness: a usually thicker oxide-rich BIF unit and a
chert-rich unit. The processes and depositional environments of the iron formations are outside the scope
of the present report. However, it is noted that the 2 main BIF horizons are different: the NIF seems to
represent the development of a hydrothermal system with a strong, but steadily decreasing, clastic input
and evolving from a black smoker to a chert-magnetite–dominated white smoker; whereas the SIF
appears to be the expression of a mature hydrothermal system intermittently disturbed by limited to
moderate detrital input throughout the sequence.
Mapping of Trench 4 has shown that there is evidence for soft-sediment features, which implies
regional instability during and/or early after iron formation deposition and, more importantly, produced
disharmonic folds that add structural complexities. The timeframe of deposition for the NIF and SIF
horizons is the following: felsic volcanic rocks at the structural top of the Opapimiskan–Markop suite (see
Figure 42.3) with an age of 2972.4±1.6 Ma (Biczok et al. 2012); garnet-biotite schist (unit “4F”) and the
thin intercalated quartz-feldspar-biotite metasedimentary unit (unit “6”) of the NIF both have ages
younger than 2967 Ma (McNicoll et al. 2013); the minimum age is provided by a deformed felsic
porphyry dike, intruding the NIF, with an age of circa 2909 Ma (McNicoll et al. 2013). Hence, the
deposition of over a hundred metres of iron formations and several hundred metres of volcanic rocks of
the “lower basalts” (see Figure 42.3) occurred over a maximum time period of circa 56 million years.
Magmatism contemporaneous with the deposition of the iron formations is a likely source of ground
instability and resulting soft-sediment deformation features, as well as a probable heat source for the
hydrothermal system producing the iron formation.

D1 Deformation
This deformation event produced a penetrative S1 fabric, certainly in association with large-scale
structures. The F1-F2 “type 3” fold interference patterns (Ramsay and Huber 1987) have been documented,
especially in the iron formation, suggesting F1 folds were originally northeast trending, tight to isoclinal,
and southeast verging when not recumbent. Combined with the aforementioned geochronology results,
these data strongly suggest that the deposit is situated on the overturned limb of map-scale F1 syncline.
Polarity indicators in the volcanic stratigraphy surrounding the iron formations support such hypothesis.

D2 Deformation
Although the structural pattern of both studied trenches is dominated by the D2 deformation, there is
a significant difference in the intensity of D2 overprinting, which increases toward the east: Trench 4
shows moderate overprinting, whereas the PQ Trench displays a very strong transposition and overprint
of D1 structures. This is illustrated by increased tightness of F2 folds, boudinaged cherty layers of the iron
formation and development of high-strain zones in the adjacent volcanic rocks.
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The D2 deformation-related structures and kinematic indicators on PQ Trench and Trench 4 suggest
northeast-oriented subhorizontal shortening in the deposit area. The lack of asymmetric kinematic
indicators suggests the deformation is dominated by flattening and minor shearing with dextral and eastside-up components of motion. The occurrence of parasitic F2 folds in previously boudinaged bands (see
Photo 42.1A) suggests local strain variations during progressive deformation or, possibly, preserved
D1 deformation-related boudinage. Overall, D2 deformation-related fabrics and structures are indicative
of mainly ductile deformation associated with amphibolite-facies regional metamorphism.
Trench 4 is not substantially mineralized. This is probably in part due to the absence of the garnetgrunerite iron formation silicate facies, which hosts most of the mineralization in the mine and in the
PQ Trench, and also because it lies west of the corridor of intense D2 deformation associated with the
tight to almost isoclinal East Bay synform. Nevertheless, Trench 4 contains some rusty high-strain zones
associated with sheared limbs of F2 folds (see Figure 42.5B); samples from 2 drill holes from this locality
have yielded gold content ranging from 1 to 2.5 ppm Au. Such close spatial relationship between gold and
D2 deformation-related high-strain zones supports the timing of gold mineralization, in association with
sulphides such as pyrrhotite, to be concurrent with D2 deformation, as previously proposed by Hall and
Rigg (1986).
The sedimentary rock package has recorded the D2 deformation and provided its maximum age of
younger than 2846 Ma (McNicoll et al. 2013). The D2 deformation also deforms the margins of the North
Caribou pluton (2870 Ma) and the Schade Lake gneissic complex (2835 Ma) (Van Lankvelt 2013; see
Figure 42.1). It is, therefore, very likely that the competency contrast of these intrusive masses compared
to surrounding units played a role in strain partitioning during D2 deformation and, thus, may have
influenced the distribution and geometry of the bulk of the gold mineralization.

D3 Deformation
Both of the studied trenches show evidence of the D3 deformation. It is important to note that this
third structural episode affects a volume of rock with strong rheological contrasts that has previously been
extensively deformed. As a consequence, rocks are frequently strongly anisotropic, which promotes the
development of heterogeneously distributed chevron folds and kink bands (McClay 1987), and could lead
to the domainal development of conjugated sets of structures. This phenomenon has been observed in
other areas such as the Timmins–Porcupine gold camp (Bateman, Ayer and Dubé 2008) and the Larder–
Cadillac fault zone (Robert 1989).
Open F3 folds applied minor to strong distortions on previous fold structures: shallow northwestplunging F2 folds axis can be steepened, or tilted to the southeast. The S3 crenulation is unevenly developed
in the BIF sequences, whereas, in volcanic rocks, it is preferentially developed in high-strain zones.
Analysis of the D3 fabric data (see Figures 42.4D and 42.5D) leads to various hypotheses: 1) two sets of
conjugated structures, 2) the distribution and the density of the S3 crenulation data reflect the various
orientations associated with the axial-planar fabric of long and short limbs of F3 asymmetric folds, or
3) a shift in the orientation of the main shortening axes during D3 deformation. Although our present
structural data may not be fully statistically representative, the first hypothesis is supported by field
observations of S3 conjugate structures in strongly foliated mafic volcanic rocks of neighbouring areas
such as Cigar Lake and the westernmost shore of Zeemel Lake. The D3 deformation-related structures at
the PQ Trench and additional regional observations close to Graff Lake (see Figure 42.2) support the
second hypothesis. The lack of crosscutting relationships between the 2 sets of S3 fabrics apparently rules
out the third hypothesis. Ongoing research aims at improving our understanding of the D3 deformation
event and its impact on the distribution and geometry of the BIF units and gold mineralization.
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Reconnaissance mapping to the southeast of the Musselwhite deposit suggests that the Markop shear
zone (see Figure 42.1) has dextral kinematics. This supports the recent analysis of Kalbfleisch (2012),
which also postulated that the shear zone was reactivated at circa 2.4 Ga. The orientation of the Markop
shear zone is kinematically compatible with the D3 structures documented in the Opapimiskan Lake area,
and both may be related to the same, late, structural event.
Several generations of structures have been documented in the Musselwhite deposit area, which have
strongly controlled and influenced the distribution, geometry and genesis of the gold mineralization. The
occurrence of mesoscopic F1 folds in the mapped outcrops and geochronologic evidence indicating that
the host stratigraphy of the deposit is inverted both strongly suggest the presence of belt-scale F1 folds
that preceded the main D2 deformation (McNicoll et al. 2013). The ore zones are associated with outer arc
extension and/or D2 deformation-related high-strain zones that are concentrated in hinges (e.g., T Antiform
and PQ Deeps ore zones) and along strongly attenuated F2 folds limbs (e.g., Lynx ore zone). The strong
reactivity of the garnet-grunerite (unit “4EA”) facies to the gold-bearing hydrothermal fluid also played a
key role. The layered anisotropy induced by competent BIF horizons embedded in less competent mafic
and ultramafic volcanic rocks strongly influenced rheological response to deformation and, as such,
played an important role in hydrothermal fluid flow, and ore formation and distribution. Although
deformation following the D2 events have had apparently no major impact on the geometry of the ore
zones at Musselwhite Mine, D3 deformation-related structures, including possibly fault zones, may have
some influence on the regional-scale distribution of prospective BIF horizons.
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INTRODUCTION
A century of discovery, exploration, shaft sinking and mine production has demonstrated a strong
empirical relationship between economic gold mineralization and some of the principal faults in the
Abitibi greenstone belt. Early generations of geologists called these major faults “the breaks” because no
major map units could be mapped across these faults, at least not without major offset. Protracted activity
on these principal faults is further demonstrated by the fact that not even latest Archean plutons can be
mapped across them—in other words, there is not a single “stitching pluton” known to the authors. The
first units to cut across the breaks are the approximately north-trending Matachewan diabase dikes, the
oldest pulse of which has a precise age of 2479±4 Ma (Bleeker et al. 2012).
In the Timmins area, also known as the classical Porcupine mining camp, some of Canada’s largest
Archean lode gold deposits (e.g., Hollinger, McIntyre and Dome) occur within or adjacent to one of the
major breaks—the Porcupine–Destor fault zone (PDFZ). At least 72.5 million ounces of gold have been
produced from this area, and greater than 98% of this mineralization has come from one side of the fault,
the north side (e.g., Table 43.1; see also Bleeker 1995, Figure 11), from veins within a panel of synorogenic
clastic rocks locally known as the Timiskaming Group or assemblage, veins straddling the unconformity
at the base of this clastic package, or from veins hosted by deformed greenstones and porphyry intrusions
below this synorogenic unconformity—but all within approximately 0.1 to 3 km from the major fault
zone. A similar setup occurs further south, in the Larder Lake–Kirkland Lake mining camp, and elsewhere
in the Abitibi greenstone belt, the Superior craton, or the Canadian Shield (e.g., Yellowknife). This has
led, again empirically, to the recognition that panels of synorogenic clastic rocks, in addition to large
regional faults, are a critical ingredient of large Archean gold camps. A third essential ingredient appears
to be synorogenic mantle-driven magmatism, typically syenites and allied rocks, and diagnostically
important but volumetrically trivial lamprophyre dike swarms (see also Wyman and Kerrich 1988;
Robert 2001; and additional references therein).

Summary of Field Work and Other Activities 2014,
Ontario Geological Survey, Open File Report 6300, p.43-1 to 43-10.
© Queen’s Printer for Ontario, 2014
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Table 43.1. This summary of Ontario gold production in the vicinity of the Porcupine–Destor fault zone, to the end of 2013,
shows that a total of 93.6% of the gold has been mined from the north side of the fault, with less than 2% obtained south of the
fault. An additional 4.6% was obtained either from within the fault or in such close proximity, that its relative position to the
fault is uncertain.
Mine

Township

Years of Production

Tons Milled

Production
(ounces gold)

Grade1
(oz/ton)

Aljo
American Eagle
Ankerite/March
Aquarius
Argyll
Aunor (Pamour #3)
Banner
Bell Creek

Beatty
Munro
Deloro
Macklem
Beatty
Deloro
Whitney
Hoyle

Black Fox (Glimmer)
Blue Quartz
Bonetal
Bonwhit
Broulan Porcupine
Broulan Reef Mine
Buffalo Ankerite
Buffonta
Canadian Arrow
Canamax Matheson project
Centre Hill
Cincinnati
Clavos
Concordia
Coniarum/Carium
Croesus
Crown
Davidson–Tisdale
Delnite
(open pit)
DeSantis
Dome
Faymar
Fuller (Vedron)
Gillies Lake
Goldhawk
(open pit)
Goldpost
Gold Pyramid
Hallnor (Pamour #2)
Hislop (Hislop East)

Hislop
Beatty
Whitney
Whitney
Whitney
Whitney
Deloro
Garrison
Hislop
Holloway
Munro
Deloro
Stock
Deloro
Tisdale
Munro
Tisdale
Tisdale
Deloro

2333
60
317 769
139 634
12 455
8 482 174
315
576 017
609 670
5 020 823
500
352 254
200 555
1 146 059
2 144 507
4 993 929
117 013
303 449
38 675
327 007
3200
188 743
230
4 464 006
5333
226 180
53 221
3 847 364
56 067
196 928
114 624 858
119 181
44 028
54 502
636
40 000
9403
175
4 226 419
1 992 346

42
40
61 039
27 117
851
2 502 214
670
112 739
74 825
561 645
81
51 510
67 940
243 757
498 932
957 292
12 139
19 140
5391
422
736
24 609
16
1 109 574
14 859
138 330
9739
920 404
3602
35 842
16 361 420
21 851
6566
15 278
53
3967
2913
36
1 645 892
124 373

0.018
0.667
0.19
0.19
0.068
0.30
0.13
0.196
0.127
0.112
0.162
0.15
0.34
0.21
0.23
0.19
0.104
0.063
0.139
0.001
0.23
0.13
0.07
0.25
2.786
0.61
0.18
0.24
0.064
0.18
0.143
0.180
0.15
0.28
0.08
0.10
0.310
0.206
0.39
0.062

Hollinger–Schumacher
Hollinger
Pamour Timmins property
Holloway

Tisdale
Tisdale

112 124
65 778 234
2 615 866
6 091 733

27 182
19 327 691
182 058
946 384

0.24
0.29
0.07
0.155

N
N

Holloway–Holt
Holt

Holloway
Holloway

1940
1911
1926−1935
1984, 1988–1989
1918
1940–1984
1927–1928, 1933, 1935
1987–1991, 1992–1994,
2011–2013
1997–2001, 2009–2013
1923, 1926, 1928, 1934
1941–1951
1951–1954
1939–1953
1915–1965
1926–1953, 1978
1981, 1991–1992
1974–1976, 1980–1983
1988
1967–1970
1914, 1922–1924
2005–2007
1935
1913–1918, 1928–1961
1915–1918, 1923, 1931–1936
1913–1921
1918–1920, 1988
1937–1964
1987–1988
1933, 1939–1942, 1961–1964
1910–2013
1940–1942
1940–1944
1921–1931, 1935–1937
1947
1980
1989
1911
1938–1968, 1981
1990–1991, 1993–1995,
1999–2000, 2007, 2010–2013
1915–1918
1910–1968
1976–1988
1993, 1995, 1996–2006,
2011–2013
2007–2010
1988–2004, 2011–2013

601 778
9 191 442

89 703
1 409 473

0.149
0.153

?
?

Ogden
Tisdale
Deloro
Tisdale
Tisdale
Cody
Hislop
Guibord
Whitney
Hislop

Holloway

Position
Relative
to PDFZ2
N
N
N
S
?
N
N
N
?
N
N
N
N
N
N
S
S
?
N
N
N
S
N
N
N
N
N
N
N
S
N
N
S
S
N
N
?

?

Notes: 1 Grade: ounce per ton gold; N/A = data not available.
All tonnages have been converted to Imperial units using a conversion factor of 1.1023113.
2
Position relative to the Porcupine–Destor fault zone: N – north side; S – south side; ? uncertain location relative to the PDFZ.
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Table 43.1, continued.
Mine

Township

Years of Production

Hoyle–Falconbridge
Hoyle Pond
Hugh–Pam
Marlhill
McIntyre Pamour Schumacher
(ERG tailings recovery)
McLaren
Moneta
Naybob (Kenilworth)
Newfield
Nighthawk
Owl Creek
Pamour # 1 (incl. pits 3, 4 and 7
and Hoyle)
Pamour (other sources)
Paymaster
Porcupine Lake (Hunter)
Porcupine Peninsular
Preston
Preston NY
Preston/Porcupine Pet
Preston/Porphyry Hill
Ross
Stock
Taylor
Timmins West
Tisdale Ankerite
Tommy Burns/Arcadia
Triple Lake
Vipond
White–Guyatt

Whitney
Hoyle
Whitney
Hoyle
Tisdale

1941–1944, 1946–1949
1985–2013
1926, 1948–1965
1989–1991
1912–1988
1988–1989
1933–1937
1938–1943
1932–1964
1996
1995–1999
1981–1989
1936–1999
2005–2011
1936–1999
1915–1919, 1922–1966
1937–1940, 1944
1924–1927, 1940, 1947
1938–1968
1933
1914–1915
1913–1915
1936–1989
1989–1994, 2000
2007
2009–2013
1952
1917
1932
1911–1941
1911

Deloro
Tisdale
Ogden
Garrison
Macklem
Hoyle
Whitney
Whitney
Deloro
Whitney
Cody
Tisdale
Tisdale
Deloro
Deloro
Hislop
Stock
Taylor
Bristol
Tisdale
Shaw
McArthur
Tisdale
Munro

Total

Tons Milled

Production
(ounces gold)

Grade1
(oz/ton)

725 494
9 215 939
636 751
156 800
37 634 691
2 549 189
876
314 829
304 100
55 000
1 479 607
1 984 400
45 795 863
17 750 312
7 416 634
5 607 402
10 821
99 688
6 284 405
2800
1000
46
6 714 482
821 304
19 259
2 108 651
14 655
21
155
1 565 218
50

71 843
3 233 793
119 604
30 924
10 751 941
18 260
201
149 250
50 731
9680
175 803
236 880
4 078 525
698 771
676 645
1 192 206
1369
27 354
1 539 355
153
314
312
995 832
129 856
2043
308 298
2236
14
121
414 367
10

0.10
0.35
0.19
0.197
0.29
0.007
0.23
0.47
0.17
0.176
0.12
0.12
0.09
0.036
0.091
0.21
0.13
0.27
0.24
0.05
N/A
6.78
0.148
0.16
0.106
0.15
0.15
0.66
0.78
0.26
0.20

388 599 637

72 537 028

0.187

Position
Relative
to PDFZ2
N
N
N
N
N
N
N
?
?
S
N
N
N
N
?
S
N
N
N
N
S
?
?
N
N
S
S
N
N

Notes: 1 Grade: ounce per ton gold; N/A = data not available.
All tonnages have been converted to Imperial units using a conversion factor of 1.1023113.
2
Position relative to the Porcupine–Destor fault zone: N – north side; S – south side; ? uncertain location relative to the PDFZ.

In a recent paper (Bleeker 2012), the critical roles of all these ingredients were synthesized into a
single coherent model. In short, the major breaks were initiated as synorogenic, deep-reaching extensional
faults. Lithospheric extension led to a flare-up in alkalic magmatism, and later contributed to synorogenic
subsidence and basin formation. Crustal thinning, heating of the lower crust and the magmatic flare-up
were key drivers of hydrothermal circulation. Renewed compression and inversion of the first-order
extensional faults as thick-skinned thrusts then tectonically buried synorogenic clastic basin remnants, as
well as upper crustal rocks with gold vein systems, into their structural footwalls, where they were preserved
against approximately 10 to 15 km of postorogenic uplift and erosion. The breaks acted as the principal
conduits between deep crustal fluid generation zones and upper crustal depositional environments,
whereas the tectonically buried panels of synorogenic clastic rocks serve to indicate the principal faults
that underwent major fault inversion. The synorogenic clastic rocks also indicate preservation of the
critical upper crustal sections (of synorogenic age, i.e., the time of gold mineralization). Simply put,
no preservation, no gold mineralization. Some of these aspects are illustrated in Figure 43.1 (see Bleeker
2012, for a series of diagrams that present the full model).
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New discoveries of panels of preserved and demonstrably synorogenic clastic rocks are thus of
critical importance to gold exploration in the Abitibi greenstone belt, particularly in areas where the
lateral extension of one of the major breaks can be projected. Herein is described one such panel of
synorogenic clastic rocks from the Penhorwood area, northern Swayze greenstone belt, approximately
66 km west-southwest of Timmins, in an area that the authors consider is likely to host the western
extension of the PDFZ (Figure 43.2). New trenching by Rapier Gold Inc. was instrumental in improved
exposure of these rocks. Sedimentary rocks in the area have long been known and Milne (1972a, 1972b,
1972c) does describe conglomerate from some of the outcrops.

Figure 43.1. Schematic section through the Timmins area (Porcupine mining camp), looking west, showing the fundamental
relationships between the principal faults (the “breaks”), initiated as extensional faults, but inverted as thick-skinned thrusts;
preserved panels of synorogenic clastic rocks in their structural footwall; and syenitic plutons and gold mineralization
(modified from Bleeker 2012). Bold white arrows indicate the stratigraphic younging direction of the synorogenic clastic rocks.
Abbreviations: PDFZ, Porcupine–Destor fault zone; LCFZ, Larder–Cadillac fault zone.
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SOME MORE BACKGROUND
Gold mineralization in the northern Swayze greenstone belt has been known for some time (Harding
1938; Ayer 1995). Exploration in this area was boosted by the discovery of quartz veins with visible gold
in drill core, as part of exploration programs by Rio Tinto Minerals and Rapier Gold Inc. (Pope 2013a,
2013b, 2014). This led to new mapping and trenching in the area, which is located in proximity to Imerys’
talc mine in Penhorwood and Reeves townships. The new trenches expose superb outcrops of the
following lithologies: thinly layered dark sulphidic siltstones, polymict conglomerates, interbedded pebbly
sandstones, and somewhat older intermediate to felsic plagioclase porphyry intrusions that cut deformed
mafic metavolcanic rocks. Critical aspects of the interbedded conglomerates and pebbly sandstones,
which will be described below, leave little doubt that these sedimentary rocks were deposited in a highenergy fluvial to fluvio-deltaic environment, in an overall synorogenic setting. Hence, they can be
confidently classified as synorogenic clastic rocks of the Timiskaming assemblage of the Abitibi
greenstone belt and are directly comparable to the Three Nations Formation of the Timiskaming sequence
in the Porcupine mining camp.

Figure 43.2. Simplified geology of the western Abitibi greenstone belt and the Kapuskasing Structural Zone highlighting the
presence of known Timiskaming rocks. The yellow star identifies the location of the “new” occurrence of Timiskaming rocks in
the northern part of the Swayze greenstone belt.
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DESCRIPTION OF ROCK TYPES
Polymict Conglomerate and (Pebbly) Sandstone
The new trenches expose a steeply dipping (subvertical) package of metasedimentary rocks, perhaps
approximately 100 m thick. The dominant rock type of this package is polymict conglomerate (Photo 43.1)
with pebbles of 1 to 10 cm in size. A quick survey of clast types showed a variety of lithologies including

Photo 43.1. Outcrop pictures of synorogenic conglomerates and interbedded sandstones, Penhorwood area, northern Swayze
greenstone belt. A) Outcrop of polymict conglomerate in new trenches. Geologist (Dave Glidden) for scale. B) Interbedded
polymict conglomerate and (pebbly) sandstone, with decimetre-scale layering (pen for scale). This layering probably represents
large-scale foresets on large dunes in a high-energy braided river or river delta. All aspects of these rocks are directly
comparable to those of the Three Nations Formation, uppermost Timiskaming sequence in Timmins. C) Close-up of polymict
pebble population. Note the variety of clast types, and superb rounding of many of the clasts. Fine-grained granitoid clast at
arrow. Dashed line indicates flattening parallel to late cleavage (fabric). D) View on bedding or foliation surface, showing
partial views of weathered-out clasts in 3 dimensions (at arrows), highlighting their rounding.
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plagioclase porphyry and various other porphyries, a variety of mafic and felsic volcanic rocks, some
fine- to medium-grained granitoids (e.g., Photo 43.1C), and some clasts of monomineralic vein quartz.
The clasts of plagioclase porphyry likely represents locally derived detritus from nearby porphyry
intrusions exposed in what must be the stratigraphic footwall. However, many other clast types also
indicate a broader provenance. The majority of clasts are well rounded, and the pebble conglomerates are
clast supported. Interbedded with these conglomerates are 5 to 30 cm thick sandstone layers, some with
pebble lags. The scale of interbedding of the conglomerate and sandstone layers is suggestive of large
foresets on dune-size ripples such as can be seen in the Three Nations Formation east of Timmins.
Millimetre- to centimetre-scale lamination is locally preserved in the sandstone layers and suggests relict
cross-bedding. Although more observations are needed, the authors’ initial interpretation was, based on
concavity of these laminations and local truncations (Photo 43.2), that this panel of synorogenic clastic
rocks faces south (i.e., stratigraphic tops to the south), analogous to the Timiskaming panel in Timmins.
Barring further complications, this would suggest the major fault that buried these synorogenic rocks
occurs to the south and not to the north (e.g., the highly schistose mafic volcanic rocks along Highway 101
must represent another high strain zone). Alternatively, there could be more than one strand of the PDFZ,
such as is seen in the area east of Matheson.

Dark-Coloured Siltstones
The northernmost trenches also expose some tens of metres of dark slaty siltstones. These finegrained sedimentary rocks contain minor disseminated sulphides and weather rusty. Although in
themselves these siltstones may not be diagnostic, their close and conformable association with the
conglomerates and sandstones identifies them as part of the dark slates and siltstones that typify the

Photo 43.2. Interbedded polymict conglomerate and sandstone with somewhat irregular bedding and apparent truncation of a
gravel bed with subsequent infilling by sandy sediment. Facing direction indicated by arrow is to top of the photo (southward).
Location UTM 415138E 5337344N, NAD83, Zone 17.
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middle part of the Timiskaming sequence in Timmins. If overall younging is indeed to the south, they
would underlie the conglomerates–sandstones, as they do in Timmins. The siltstones could represent
either temporal basin deepening prior to final basin filling by the uppermost conglomerates (see Bleeker
2012), or lacustrine or overbank deposits associated with a larger synorogenic river system.

Alteration
Some of these synorogenic clastic rocks were noticeably altered by incipient to strong rusty
carbonate alteration, with many of the mafic to ultramafic volcanic clasts altered to greenish (fuchsitic?)
schist. All these characteristics compare well with the Timmins area.

DISCUSSION AND TENTATIVE CONCLUSIONS
New trenching in the northern Swayze greenstone belt has led to better exposures of what can be
recognized, unequivocally, as synorogenic clastic rocks that were deposited in a high-energy fluvial to
fluvio-deltaic setting. The conglomerates are clast supported, well rounded and polymict, and they include
a small proportion of granitoid clasts and quartz clasts, indicating that significant exhumation and erosion
were going on in the drainage basin that sourced these conglomerates. Rounded clasts of plagioclase
porphyry, similar to an intrusion exposed nearby (to the north), represent locally derived detritus. One
granitoid clast contains a predepositional foliation at an angle to the postdepositional tectonic fabrics in
the conglomerates and sandstones. The regular interlayering of clast-supported conglomerate layers and
sandstone layers indicates deposition in a high-energy environment, as large foresets on dune-scale
ripples in a large river or delta.
Preservation of this panel of synorogenic clastic rocks suggests one of the major faults, most likely
the western extension of the PDFZ, must be nearby and buried these rocks in its structural footwall during
the late thick-skinned thrusting phase. If younging direction is indeed to the south, as discussed above, the
authors suggest that the principal fault or a major strand thereof occurs to the south of the clastic panel.
In Timmins and in Kirkland Lake, the synorogenic clastic rocks invariably young into the faults that
buried them (see Figure 43.1).
The Penhorwood area of the northern Swayze greenstone belt thus hosts gold mineralization, a major
fault that almost certainly is the western continuation of the PDFZ, and a preserved panel of synorogenic
clastic rocks. The full extent and width of the synorogenic clastic panel remains to be determined, but its
size could be substantial (cf. Milne 1972b, 1972c). At present, the authors are not aware of associated
alkalic intrusive rocks, but the knowledge base of this area is limited.

FUTURE WORK
Research and exploration in this area are ongoing. In addition to more detailed petrography, detrital
zircon analyses of the well-mixed sandstones will be conducted to see whether young zircons (<2680 Ma)
can be identified as part of the detrital input (but see caveats below). Further stripping and trenching in
the area would be helpful, hopefully uncovering more robust younging directions and perhaps also a
preserved unconformity (on the north side?). Integration of these new findings into existing regional
geological and geophysical data is also needed, hopefully helping in identifying the major fault strands
and the most likely continuation of the PDFZ. Once the overall polarity of this panel of synorogenic
clastic rocks is better established, exploration should focus on its immediate stratigraphic footwall.
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A WORD OF CAUTION ON DETRITAL ZIRCON GEOCHRONOLOGY OF
SYNOROGENIC SEQUENCES
In the context of this report, and as a final word of caution, it is worth pointing out some of the
pitfalls of detrital zircon geochronology (“dating”). Such analyses of a selection of detrital zircon grains
separated from a well-mixed sandstone or conglomerate may or may not put a tight constraint on the
depositional age of a clastic metasedimentary rock, and then only if the youngest single-grain analysis is
concordant in U/Pb concordia space, or very nearly so. Ideally, a large number of grains would be analyzed
by precise (isotope dilution thermal ionization mass spectrometry (ID-TIMS)) methods, but, in many
cases, this is too time consuming and/or too expensive. Instrumental methods (sensitive high-resolution
ion microprobe (SHRIMP) or laser ablation inductively coupled plasma mass spectrometry (LA-ICP–MS))
do allow for spot analyses of a large and statistically significant number of zircons, but generally do not
provide the precision or resolution required (preferably better than circa 5 Ma) to resolve the question of
whether a sandstone is synorogenic or part of an older sequence (e.g., Porcupine assemblage).
A smaller selection of zircon grains with precise age determinations (by ID-TIMS), although well
resolved in time, may entirely miss a minor population of young and diagnostic zircon grains. For
instance, the youngest grain analyzed could be circa 2690 Ma, leading some to suggest the sediment in
question must belong to the Porcupine assemblage, whereas it may simply reflect a relative scarcity of
young zircon grains derived from synorogenic plutonic sources. Depending on the source of a particular
sediment, and the choice of sample (e.g., poorly mixed conglomerate versus a more inclusive sampling of
well-mixed sandstone layers), a synorogenic clastic rock sample may completely lack diagnostic young
zircon grains.
If an apparently young zircon grain is not fully concordant in U/Pb concordia space, it could be 5 to
10 million years older than its apparent 207Pb/206Pb age, depending on the complexity of the (early) Pbloss history. In such a case, one is tempted to assign a young synorogenic age to a sedimentary rock that
in fact may be significantly older. At least this particular complexity may now be minimized with the
innovation of “chemical abrasion” (Mattinson 2005) prior to final dissolution and isotopic analysis of the
zircons in question.
In the end, it is the overall rock association and sedimentological character, such as displayed in
these new trenches in Penhorwood Township, that is more important. Zircons may or may not contribute
to solving the depositional age of the sediment. First and foremost, they provide valuable information on
the sources contributing to the clastic sediment, the degree of mixing and, thus, a rough indication of what
must have been the scale of the river systems.
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Metric Conversion Table
Conversion from SI to Imperial

Conversion from Imperial to Sl

SI Unit

Multiplied by

Gives

Imperial Unit

1 mm
1 cm
1m
1m
1 km

0.039 37
0.393 70
3.280 84
0.049 709
0.621 371

LENGTH
inches
1 inch
inches
1 inch
feet
1 foot
chains
1 chain
miles (statute)
1 mile (statute)

1 cm2
1 m2
1 km2
1 ha

0.155 0
10.763 9
0.386 10
2.471 054

square inches
square feet
square miles
acres

1 cm3
1 m3
1 m3

0.061 023
35.314 7
1.307 951

cubic inches
cubic feet
cubic yards

AREA
1 square inch
1 square foot
1 square mile
1 acre

VOLUME
1 cubic inch
1 cubic foot
1 cubic yard

CAPACITY
1 pint
1 quart
1 gallon

1L
1L
1L

1.759 755
0.879 877
0.219 969

pints
quarts
gallons

1g
1g
1 kg
1 kg
1t
1 kg
1t

0.035 273 962
0.032 150 747
2.204 622 6
0.001 102 3
1.102 311 3
0.000 984 21
0.984 206 5

ounces (avdp)
ounces (troy)
pounds (avdp)
tons (short)
tons (short)
tons (long)
tons (long)

1 g/t

0.029 166 6

1 g/t

0.583 333 33

MASS
1 ounce (avdp)
1 ounce (troy)
1 pound (avdp)
1 ton(short)
1 ton (short)
1 ton (long)
1 ton (long)

CONCENTRATION
ounce (troy) /
1 ounce (troy) /
ton (short)
ton (short)
pennyweights /
1 pennyweight /
ton (short)
ton (short)

Multiplied by
25.4
2.54
0.304 8
20.116 8
1.609 344

Gives
mm
cm
m
m
km

6.451 6
0.092 903 04
2.589 988
0.404 685 6

cm2
m2
km2
ha

16.387 064
0.028 316 85
0.764 554 86

cm3
m3
m3

0.568 261
1.136 522
4.546 090

L
L
L

28.349 523
31.103 476 8
0.453 592 37
907.184 74
0.907 184 74
1016.046 908 8
1.016 046 9

g
g
kg
kg
t
kg
t

34.285 714 2

g/t

1.714 285 7

g/t

OTHER USEFUL CONVERSION FACTORS
1 ounce (troy) per ton (short)
1 gram per ton (short)
1 ounce (troy) per ton (short)
1 pennyweight per ton (short)

Multiplied by
31.103 477
0.032 151
20.0
0.05

grams per ton (short)
ounces (troy) per ton (short)
pennyweights per ton (short)
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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