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1. The Ontario Geological Survey Branch
J.A. Fyon1
1

Director, Ontario Geological Survey

INTRODUCTION
The vision of the Ontario Geological Survey (OGS) is “a world-leading organization for reliable,
credible, accessible geoscience for the public good”. Our mission is to provide the citizens and
institutions of Ontario with earth science data, information and knowledge that are relevant to Ontario’s
economic and quality of life priorities. There are many public policy issues that can be informed and can
benefit from consideration of geoscience information. To inform the broad range of public policy
priorities and, therefore, to achieve our mission, the OGS will ensure our geoscience data, information
and knowledge are a) reliable, accurate and independent of damaging influences; and b) accessible to
Ontario and global citizens. The OGS is committed to
•

link our geoscience activities to key Government public policy and societal issues that will be
informed by considering public geoscience knowledge;

•

“grow” the breadth and accessibility of geoscience information describing Ontario in order to
address an increasingly complex and inter-related set of public policy and societal issues;

•

learn from each other and our external Aboriginal and non-Aboriginal collaborators and partners;

•

lead the development and application of geoscience methodologies and approaches to
expanding and enhancing the Ontario geoscience database available to address public policy
priorities, now, and in the future;

•

remain focussed on our primary geological mapping function, augmented by other geological
survey techniques.

OGS GEOSCIENCE CONTEXT
In support of Government priorities, the OGS geoscience program provides up-to-date knowledge on
Ontario’s rocks, deposits left by the glaciers, and the Earth resources contained within the rocks and
glacial deposits. The Earth resources include metallic and non-metallic mineral resources within the rocks
and glacial deposits, groundwater, and renewable (e.g., ground heat) and non-renewable (e.g.,
hydrocarbon) energy endowment and potential. Outputs include data sets, maps and knowledge about the
two-dimensional (2D) and three-dimensional (3D) geology, landscape and Earth resource inventories of
the Ontario landmass. The OGS carries out applied research to understand geological and some
environmental processes to support predictions about impacts of natural hazards and climate change
adaptation. We collaborate with provincial, national and international research partners, clients and
sponsors, to create a more robust provincial geoscientific “evidence base” to support policy and decisionmaking on sustainable use of land, minerals, energy, groundwater, and living with environmental change.
The OGS is the steward of a large amount of public geoscience data and provides public access to these
information and knowledge resources.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.1-1 to 1-9.
© Queen’s Printer for Ontario, 2010
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OGS FUNCTIONS AND ORGANIZATION
To meet our mandated commitments, the OGS undertakes several functions: a) mapping and
surveying bedrock and surficial geological materials; b) making an inventory of, and assessing, Ontario’s
potential for mineral, groundwater, and some types of energy resource potential; c) providing objective
geoscience information for consideration during land-use planning; d) identifying geological
characteristics relevant to public health and safety; and e) publishing and marketing information on
Ontario’s landmass and its mineral, groundwater aquifer, and some types of energy resource endowments.
The OGS engages with Aboriginal communities and provides enhanced information to Aboriginal
communities regarding the local geology and mineral sector activity taking place in proximity to a
community. This engagement and communication is a prerequisite and foundation to successful field
project implementation and helps inform community and related Government decisions.
To deliver these functions, the OGS comprises the following administrative units: Director’s Office,
Geoscience Laboratories, Information and Marketing Services, Precambrian Geoscience Section,
Resident Geologist Program, and the Sedimentary Geoscience Section.

PRESENT GOVERNMENT STRATEGIC PRIORITIES
The OGS geoscience program aligns itself with present Government priorities, which are
•

Job creation / favourable business climate

•

Innovation – clean economy

•

Water protection

•

Public health

•

Education

•

New Aboriginal relationships

IDENTIFYING OGS STRATEGIC ISSUES
Between 2004 and 2006, the OGS undertook a strategic analysis of priorities and issues that face the
organization. The report, entitled Alternative Futures – Ontario Geological Survey, identified a number of
challenges and opportunities to consider. This foundation was further considered and assessed by the
Ministry’s Corporate Policy Committee in January 2008, at a Divisional retreat in May 2008, and by
Ministry Executive in May 2008. The result was approval of new permanent positions and the addition of
$5 million in permanent funding. Perhaps more significant was the endorsement of the enhanced OGS
geoscience program, which included
•

continued mineral investment-related geoscience

•

continued groundwater aquifer-related geoscience

•

continued development of recruitment, retention, and retirement management tactics

•

enhancement of energy-related geoscience

•

approval to pursue climate change-related geoscience options

•

develop marketing options to promote value of geoscience (branding and profile)

•

enhancement of the existing investment marketing strategy
1-2
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Addressing OGS Strategic Issues
The primary objectives of the OGS science program during the year have been to implement the
enhanced geoscience mandate, to continue our recruitment of professional and technical staff, to further
develop the groundwater program, to return the bedrock geology mapping activities to historic
productivity levels, to continue our delivery of our technical products in different forms relevant to users,
to enhance the provision of technical information to Aboriginal communities, and to participate in the
modernization of Ontario’s Mining Act.
Our strategy to implement the enhanced geoscience mandate focussed on filling key staff positions,
ensuring that field and laboratory functions are adequately funded, enhancing the investment marketing
activities, initiating an energy program, and enhancing the provision of mineral development information
to Aboriginal communities. The groundwater aquifer mapping program continued with an evolution
toward development of models to support decision making.
Reaching secure, clean and green energy future while reducing carbon dioxide emissions remains an
Ontario priority. The OGS implemented a new energy program to assess the natural gas potential of
southern Ontario, as a means to bridge between traditional and green renewable energy sources. In
addition, the geothermal potential of southern Ontario surfaced as an unintended outcome of our
groundwater program. The OGS is collaborating with the Geological Survey of Canada on a Far North
energy project as a means to document the geology and Earth resource potential of the regional to help
inform planning decisions related to the Far North.
While the OGS is not directly involved in modelling climate change, understanding the geological
landscape of Ontario is an important aspect of constraining models for climate change impact and
adaptation. Although it is a challenge to predict the impacts of climate change, it is important to establish
and understand the links between climate change, bedrock and surficial geology, implications for metals
within the near-surface geological environment, ground stability, and groundwater sustainability and
quality.

OGS Branch Priorities
The 2010–2011 OGS geoscience program is focussed on 6 strategic OGS Branch priorities that
follow from the Government’s priorities:
•

geoscience focus on economic development (minerals and energy) and on other public good
priorities such as environment (groundwater, environmental geochemistry, climate change)

•

redesign the OGS Management System

•

Far North planning and provincial geoscience surveying:
o

Generation 1 reconnaissance geoscience surveying for the Far North

o

Generation 2 regional geoscience surveying for Near North and parts of the south
directly aligned with community economic development and quality of life

o

Generation 3 detailed 2D and 3D mapping for the southern groundwater aquifer
mapping initiative

•

recruitment and retention strategy and tactics

•

Aboriginal engagement, relationship building, and consultation

•

market the value and relevance of OGS geoscience to raise awareness and attract investment

1-3
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OGS Integrated Management System
The OGS is continuing to align its operating systems into a coherent and controlled environment
designed to maximize effectiveness of geoscience for the public good.
A management system is a culmination of ideas, actions, information and items that interact with each
other and ultimately alter other systems. The benefits of integrating an OGS management system are
•

to enhance business focus

•

streamline processes and provide continuity of process knowledge

•

ensure project communication from cradle to grave

•

provide evaluation mechanisms for internal and external OGS systems improvements

•

enhance and allow longevity of OGS geoscience business

Stakeholders in the OGS management system are working together to design and implement a
current and relevant management system that is OGS specific.

OGS Geoscience Program Priorities
Within the OGS Branch priorities, the OGS geoscience program has been designed and organized to
focus on several technical priorities, framed in a geographic context:
•

Pan-Ontario initiatives
o

•

•

provincial-scale metallogenic compilation and inventory studies


documentation of specific types of mineralization



inventories of various tectonic settings relevant to mineral exploration

o

geophysics and bedrock geology mapping integration initiative

o

geophysics and rock properties data set initiative

Far North geoscience initiative, in support of development in the McFaulds Lake area (also
referred to as the “Ring of Fire”) and the Far North land-use planning initiative
o

regional surficial terrain mapping (remote predictive mapping)

o

camp- to regional-scale bedrock geology mapping of the McFaulds Lake area, building
upon a technical gap analysis

o

airborne gravity data over the McFaulds Lake area and acquisition of proprietary,
second-hand airborne geophysical data

o

detailed feet-on-the-ground bedrock geology mapping of the Fort Hope greenstone belt

o

GEM (Geo-mapping for Energy and Minerals) program: Hudson Platform and
underlying Precambrian basement surveying, including shale gas assessment

o

mineral occurrence assessment and documentation

o

development of an approach to estimate metallic mineral potential across the Far North

Near North geological surveying
o

regional geology and mineral potential of the Beardmore–Geraldton area, delivered in
collaboration with the Greenstone Economic Development Corporation

o

bedrock geology and metallogeny of northeastern Ontario under the Abitibi initiative
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o

bedrock geology and metallogeny of northwestern Ontario under the bedrock geology
and metallogeny of northwest Ontario initiative

o

metallogeny and bedrock geology of the Elliot Lake area under the Proterozoic Initiative

o

surficial geological and geochemical mapping in northwestern and northeastern Ontario

Southern geoscience surveying
o

Proterozoic bedrock geology initiative

o

surficial and bedrock groundwater aquifer mapping and 3D geologic model development

o

Southern Ontario Stream Sampling Project, delivered in collaboration with Ontario
Ministry of the Environment, Ontario Ministry of Natural Resources, conservation
authorities, municipalities and Conservation Ontario

o

karst identification, distribution and relevance to groundwater

o

shale gas assessment

o

ground heat potential

o

aggregate and industrial mineral studies

o

subsurface Paleozoic bedrock investigations

Initiatives in support of the OGS administration
o

redesign of the OGS Management system

o

documenting OGS success stories

o

methods development and data standards

o

strategic hiring and mentoring

o

processes in support of OGS Branch-wide Aboriginal engagement, relationship building,
information sharing, and consultation

Reforming and Modernizing Ontario’s Mining Act
On October 21, 2009, the Act to amend the Mining Act (Bill 173) passed third reading in the
legislature. Bill 173 includes a number of progressive provisions, including
•

incorporating Aboriginal consultation in mining legislation and regulations

•

introducing a dispute-resolution process for Aboriginal-related issues in mining

•

requiring awareness training to obtain a prospector’s licence

•

strengthening environmental considerations during mineral exploration

•

creating an efficient, made-in-Ontario map-staking system

•

protecting the property rights of private landowners who do not own their mineral rights

Ontario Geological Survey staff are involved in a number of internal committees related to the
development of the policy and regulations and on external Aboriginal and client consultations and
information meetings:
•

Organizational Design & Implementation Working Group
o

design a streamlined and efficient organization that will be able to deliver on the new
work requirements resulting from the enhancements to the Mining Act and its regulations
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•

o

develop an action plan to operationalize the organizational design and new processes and
systems requirements with the least disruption to staff and existing operations

o

strategy for recruitment of staff for Mining Act modernization

o

develop and implement an internal communications and staff engagement strategy

Mineral Tenure Working Group
o

•

•

develop policies and processes resulting from the enhancements to the Mining Act and
its regulations to encourage prospecting, staking and exploration for the development of
mineral resources

Information & Information Technology (I&IT) Working Group
o

manage the I&IT components of the project

o

ensure all necessary I&IT checkpoints, gateways are completed and documentation is
maintained

o

ensure the I&IT results meet the needs of the program area and OPS standards

Plans & Permits Working Group
o

•

J.A. Fyon

build a regulatory approach for exploration requiring notification and consultation
reflecting the potential impact of the activity

Aboriginal Initiatives Working Group
o

develop policies and processes resulting from the changes to the Mining Act and its
regulations to encourage prospecting, staking and exploration for the development of
mineral resources, in a manner consistent with the recognition and affirmation of
existing Aboriginal and treaty rights in section 35 of the Constitution Act, 1982
including the duty to consult

o

plan and implement these new policies and procedures to operationalize changes to the
Mining Act

Multi-Jurisdictional–Ontario Collaborative Geoscience Initiatives
The OGS continued its science collaboration with other jurisdictions and organizations as a delivery
model to help “grow” the geoscience knowledge about Ontario.
The Hudson Platform multi-jurisdictional initiative, under the auspices of the Federal Geo-mapping
for Energy and Minerals (GEM) program, continued at a modest level, concurrently with ongoing
information sharing and engagement with Aboriginal communities in the region. Collaboration continues
with Manitoba, Nunavut, Quebec and the Government of Canada. A better understanding of this geology
will provide new information to support the planning and resource development decisions related to the
Far North Land-Use Planning Initiative and to the energy aspirations of both Ontario and local Aboriginal
communities. The Targeted Geoscience Initiative III (TGI-3) Abitibi project is completed and technical
joint planning with Geological Survey of Canada on Targeted Geoscience Initiative IV (TGI-4) are
underway.
The OGS initiated a science communication project with Laurentian University (Science
Communication program), Science North, and Eabametoong First Nation. One graduate student was
based in the Fort Hope community for 6 weeks (see details below).
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ABORIGINAL ENGAGEMENT AND RELATIONSHIP BUILDING
Roles and responsibilities related to engagement, relationship building, information exchange and
consultation are divided across the OGS. For field mapping projects in the Far North, the OGS Director
and Senior Managers are involved at the outset of engagement with an Aboriginal community to establish
a basis for communication and collaboration. Once a basis for mutual benefit and communication is
established, and a mutually beneficial collaboration is established that reinforces community and Ministry
of Northern Development, Mines and Forestry (MNDMF) interests is achieved, technical managers and
staff become engaged with the community during technical design, implementation and sharing the
results of the geoscience project. The OGS Director and Senior Managers maintain an ongoing
relationship with the community following completion of the project.
Staff from the OGS Resident Geologist Program are responsible to maintain communication with
Aboriginal communities in their district to address questions about mineral sector activity in the region,
describe mineral exploration activities, and to assist in addressing questions related to the content of
material related to the Ministry’s quarterly delivery of mineral sector activity.

Science Communication: A Pilot Project
Part of the OGS engagement with Aboriginal communities, in support of delivery of OGS projects,
involves an exhaustive exchange of information about anticipated OGS project work, identifying mutual
interests of both the Aboriginal band and the OGS, and arriving at a mutually agreeable working
arrangement. This helps to address our duty to consult, but, more fundamentally, is a process that
discovers technical and operational synergies and arrives at a social licence for the OGS project. Arriving
at a shared understanding of the OGS science project and its objectives and activities is an ongoing
communication challenge.
To further refine the OGS engagement approach, the OGS, Eabametoong First Nation, Laurentian
University (Science Communication Program: www.sciencecommunication.ca) and Science North
initiated a science communication pilot project to help address the following outcomes:
•

Eabametoong First Nation has an understanding of the science necessary to weigh the
arguments about science-based issues and debates and, therefore, they have the science
information required to support far-sighted decision making related to the community (e.g.,
Far North land-use planning, sustainable socio-economic development, climate change, socioeconomic options, etc.);

•

Aboriginal youth of Eabametoong First Nation experience and explore science in an engaging
way.

As part of the pilot project, a graduate student in the joint Laurentian University–Science North
Science Communication program, James Baxter-Gilbert, spent a six-week, unpaid placement in Fort
Hope under the supervision of Dr. David Pearson of Laurentian University, with the support of
Eabametoong First Nation Chief and Council, Band Education Authority, the John C. Yesno School
principal and teachers, and the OGS. The approach was focussed on field activities and involved all
school grades.
Results included a) a number of students became energetically motivated and involved in the field
activities; and b) the placement illustrated that a field and mentorship approach appeals to the students.
Further work on the pilot project will continue in collaboration with the John C. Yesno School, Science
North, Laurentian University, and the OGS.
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The OGS, through the outreach of Sara Buse and Jack Parker, as part of Sara’s five-year mapping
project in the region, will apply some of the lessons and will continue to engage school youth to convey
the art and science of geological mapping, raising awareness and understanding of the science of geology
and its relevance to the lives of the members of Eabametoong First Nation. Under the leadership of
Nadine Trödel, the school will also be linked with youth in the Sudbury school system as a means to help
raise awareness about careers.

NEW ONTARIO GEOLOGICAL SURVEY STAFF
Several new staff joined the OGS or successfully competed for new positions within the OGS during
the past year:
•

Information and Marketing Services Section
o Devin Cranston, Information Officer, Sudbury

•

Precambrian Geoscience Section
o Riku Metsaranta, Precambrian Geoscientist, Sudbury
o

Juan Carlos Ordóñez-Calderón, Precambrian Geoscientist, Sudbury

•

Resident Geologist Program
o Rosey Pelaia, Administrative Assistant, Thunder Bay

•

Sedimentary Geoscience Section
o Victoria Lee, Aggregate Resource Geologist, Sudbury

In the summer of 2010, after many years of service, 2 OGS staff retired: Cameron Baker, Senior
Manager, Sedimentary Geoscience Section; and Norm Trowell, Geoscientist, Precambrian Geoscience
Section.

FUTURE
The OGS continues to
•

implement aspects of the OGS Strategic Plan, consistent with the present priorities of the
Ontario Government and the mandate of the MNDMF

•

facilitate mineral and energy exploration through development and transfer of innovative ideas
and methods

•

facilitate balanced land-use planning through the provision of modern geoscience data and the
knowledge vested in the OGS staff

•

provide groundwater information required to inform source water protection and development
decisions

•

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

•

publish and market 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 (“Google Earth”), which show great promise as the medium to broaden
the access and awareness of OGS geoscience goods and services to both traditional and nontraditional users
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Public geoscience plays an important role in helping support public-policy decision makers,
investors, and other users of the near surface of the Earth. 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 working hard to supply the required data and geoscience
knowledge needed to support those broad but fundamental decisions.
The preliminary results of our geoscience activities, reported in this volume, are indications of the
efforts being made to help ensure the relevant geoscience data and methods are available to be considered
by those addressing the public policy and societal issues.
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Location of Precambrian Geoscience Section projects for 2010–2011. Numbers correspond to article numbers.

2. Precambrian Geoscience Section: Program and
Project Overview
J.R. Parker1 and T. Brown1
1

Precambrian Geoscience Section, Ontario Geological Survey

GOAL AND RESPONSIBILITY OF THE PRECAMBRIAN GEOSCIENCE
SECTION
The goal of the Precambrian Geoscience Section (PGS) is to improve the understanding of
Precambrian geology and mineral deposits of Ontario and to convey this knowledge to clients through
multi-year, multidisciplinary geoscience projects that address critical geoscience problems in key
geographic areas. These studies may be delivered as part of the PGS core bedrock geology mapping
function or through collaborative geoscience projects or initiatives.
PGS is responsible for

mapping Ontario’s Precambrian bedrock geology and understanding various mineral deposit
settings;

regional magnetic, electromagnetic, gravity and radiometric airborne geophysical data and
derivative products in support of the bedrock geology mapping program.

PRECAMBRIAN GEOSCIENCE SECTION CORE FUNCTIONS
The program direction and strategic thrusts of the PGS address the results-based plan and core business
of the Ministry of Northern Development, Mines and Forestry (MNDMF). Strategic thrusts (Table 2.1) are
achieved through a variety of initiatives that consist of one or more projects (Table 2.2). Therefore, project
development, evaluation, selection, planning and implementation are based on the strategic thrusts and
initiatives in order to achieve alignment of individual projects with Ministry and Government priorities.
The fundamental core functions of PGS projects are to
1. provide bedrock geology maps, reports, data, technical talks and posters, new concepts, ideas
and client consultations; and
2. provide regional airborne geophysical data, derivative products, concepts and ideas based on those
geophysical data to support the bedrock geology mapping program.
The PGS supported 34 active projects during the 2010–2011 fiscal year including 24 active core
projects (see Table 2.2) and 10 active collaborative projects, which include 5 projects with the Geological
Survey of Canada (Table 2.3).
From April to December 2010, the PGS produced 10 Preliminary Maps, 5 Open File Reports and
6 Miscellaneous Releases—Data (MRDs), 4 Geophysical Data Sets (GDS) and 46 airborne geophysical
survey maps. The PGS also co-published 2 geophysical compilation maps of the Abitibi Subprovince
with the Geological Survey of Canada. The PGS staff presented technical talks and posters at various
geoscience forums and meetings throughout the year.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.2-1 to 2-16.
© Queen’s Printer for Ontario, 2010
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Far North Initiative

Improve understanding of the
Provincial Initiatives
tectonic and metallogenic
evolution and mineral potential
of the Superior, Grenville, and
Southern provinces by
integration of systematic
bedrock geology mapping,
mineral deposit studies,
geological and geophysical
interpretation and compilation
at scales of 1:20 000, 1:50 000,
1:100 000, 1:250 000 and
1:2 000 000.

1. Understand the
geology and metallogeny
of high mineral potential
areas in the Superior,
Southern and Grenville
provinces.
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Non-frontier 1:250 000 scale bedrock geology compilation and geochronology of
the Abitibi Subprovince;
Non-frontier 1:50 000 scale bedrock geology mapping in the Stormy Lake
greenstone belt, Wabigoon Subprovince;
Non-frontier 1:20 000 scale bedrock geology mapping in the Split Lake area,
Wabigoon Subprovince;
Non-frontier detailed bedrock geology mapping in the Shebandowan area, Wawa
Subprovince;
Non-frontier 1:100 000 scale bedrock geology compilation and geochronology in
the western Wabigoon Subprovince;
Non-frontier 1:20 000 scale mapping in the Elliot Lake area, Huronian
Supergroup and Abitibi Subprovince;
Non-frontier 1:20 000 scale mapping in the Cavendish Township and Hungry
Lake areas, Grenville Province.









Conduct “Request for Data” to purchase proprietary airborne geophysical data;
Conduct regional airborne magnetic geophysical survey of the Melchett Lake
region;
Provide Precambrian Geoscientist (Buse) for participation on the Far North
Information and Knowledge Management Working Group.





Conduct airborne gravity gradiometer and magnetic geophysical survey in the
McFaulds Lake “Ring of Fire” region;





Frontier 1:50 000 scale bedrock geology mapping and compilation in the
McFaulds Lake “Ring of Fire” region;



Far North Land Use Planning Initiative:
Undertake frontier bedrock geology mapping, compilation and airborne geophysical
data acquisition as part of the Far North Land Use Planning Initiative:

Non-frontier 1:20 000 scale in Sothman and Halliday townships and in the
Burntbush–Normétal area, Abitibi Subprovince;



Provincial Resource Allocation:
Undertake bedrock geology mapping and compilation augmented with mineral deposit
data and geophysical interpretation of non-frontier areas and mining camps:

Initiatives To Achieve Thrust Priority Action

Thrust Objective

Strategic Thrust

Table 2.1. Strategic Thrusts of the Precambrian Geoscience Section: 2010–2011.

Precambrian Geoscience Section (2)
J.R. Parker and T. Brown

1. (continued)

Strategic Thrust

Table 2.1. continued

Thrust Objective

Proterozoic Initiative

Abitibi Initiative
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f) Geological, paleomagnetic, geochemical and geochronological studies of
Mesoproterozoic Midcontinent Rift–related mafic intrusions:
Ongoing reconnaissance sampling of intrusions near Thunder Bay to characterize their
geochemistry and assess their mineral potential.

e) Midcontinent Rift compilation:
A continuation of a compilation of the geology of the Midcontinent Rift system
conducted in collaboration with the United States Geological Survey and the
Minnesota Geological Survey.

c) Geology of the Hungry Lake area:
Conduct bedrock geology mapping at 1:20 000 scale to better understand the
stratigraphy, structure and setting of mineralization in the area.
d) Compilation of the East Bull Lake and Agnew intrusions:
Complete map and data sets for publication.

b) Geology of the Elliot Lake area:
Conduct bedrock geology mapping at 1:20 000 scale to better understand the
stratigraphy, structure and setting of uranium mineralization in the area.

a) Geology of Cavendish Township:
Complete map, report and data sets for publication.

Proterozoic Initiative:

b) Discover Abitibi:
In collaboration with the Timmins Economic Development Corporation, academia and
industry, participate in and provide support to the planning stage of the Discover
Abitibi program:

Provide Senior Geoscientist (Ayer) for participation on the Discover Abitibi
Technical Committee;

Provide 1:20 000 scale bedrock geology mapping in the Burntbush–Normétal
area (Ordóñez-Calderón) as part of “in-kind” support to Discover Abitibi.

a) Abitibi Targeted Geoscience Initiative:
In collaboration with the Geological Survey of Canada, Géologie Québec, industry and
academia, participate in the Targeted Geoscience Initiative program:

In-kind support by committing a portion of the PGS core bedrock mapping
program to the Abitibi greenstone belt (Ayer, Berger, Préfontaine, Chartrand);

Complete final products from collaborative geoscience projects.

Abitibi Initiative:

Initiatives To Achieve Thrust Priority Action

Precambrian Geoscience Section (2)
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1. (continued)

Strategic Thrust

Table 2.1. continued

Thrust Objective

Initiatives with GSC

Metallogeny and Geology of
Northwest Ontario
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a) Abitibi Targeted Geoscience Initiative:
In collaboration with the Geological Survey of Canada, Géologie Québec, industry and
academia, participate in the Targeted Geoscience Initiative program.

Collaborative Initiatives with Geological Survey of Canada (GSC):

g) Greenstone Mineral Development Initiative:
Provide Senior Geoscientist (Stott) for technical support.

f) Atikokan Mineral Development Initiative:
In collaboration with the Atikokan Economic Development Corporation, the Ontario
Prospectors Association, academia and industry, participate in and provide in-kind
support to the Atikokan Mineral Development Initiative:

Conduct interpretation of geochronological data in support of previous bedrock
geology mapping of the Lumby Lake and Bending Lake greenstone belts.

e) Western Wabigoon Synthesis:
Conduct 1:100 000 scale bedrock geology compilation and synthesis of the western
Wabigoon Subprovince.

d) Volcanology, Stratigraphy and Geodynamic Setting of the Shebandowan
Greenstone Belt, Wawa Subprovince:
Conduct focussed and detailed bedrock geology mapping to better understand the
geology and setting of volcanogenic massive sulphide mineralization in the area.

c) Geology of the Split Lake area:
Conduct bedrock geology mapping at 1:20 000 scale to better understand the geology
and mineralization in the area.

b) Geology of the Stormy Lake area:
Conduct bedrock geology mapping at 1:20 000 scale to better understand the geology
and mineralization in the area.

a) Geology of the Bending Lake greenstone belt:
Complete map and data sets for publication.

Metallogeny and Geology of Northwest Ontario:

Initiatives To Achieve Thrust Priority Action

Precambrian Geoscience Section (2)
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Improve the understanding of,
and mineral potential for, rocks
that may contain economic
concentrations of
diamonds;
rare-metal and petalitebearing pegmatites;
Ni-Cu-PGE;
gold;
VMS-associated copperzinc mineralization; and
metallic mineralization
related to felsic
magmatism

Integrate regional geophysics
into core business bedrock
geology mapping projects.

2. Understand and
inventory provincialscale relationships,
settings and descriptive
data sets of commodities
or deposit types currently
of interest to the mineral
exploration industry.

3. Improve knowledge
of, and access to,
geophysical information
by providing an effective
and efficient information
management system
through the
identification, recovery,
(re-) formatting,
organization and delivery
of all available OGS and
proprietary geophysical
information; and provide
derivative geophysical
products, concepts and
ideas, based on those
geophysical data, to
support the bedrock
geology mapping
program.

Improve client awareness of,
and access to, all OGS and
proprietary geophysical data
sets.

Thrust Objective

Strategic Thrust

Table 2.1. continued

Geophysics and Rock
Properties Data Set Initiative

Geophysics and Bedrock
Mapping Integration Initiative

Provincial-scale Pegmatite
Mineralization Inventory

Provincial-scale Metallogenic
Inventory

Continue the development, ongoing maintenance and publication of a rock properties
database as part of OGS bedrock geology mapping projects, i.e., recover rock density
data; magnetic susceptibility data; specific gravity data; establish data standards,
storage format and plan.

Maintain an on-line repository (master archive) of all available airborne geophysical
survey information, which will be used to seed all publications of geophysical data and
which will be maintained by the OGS geophysicist.

Maintain the Geophysical Atlas containing a graphical index of all available airborne
geophysical survey information describing Ontario.

Assess and apply new technologies for processing, interpreting and presenting
geophysical data (i.e., geophysical inversion and 3D visualization software).

Develop new approaches, procedures and methodologies to integrate and establish
geophysical component of bedrock geology mapping projects.

Provide ongoing support of bedrock geology mapping and compilation projects.

b) Maintain geochronology database for Ontario (Easton).

a) Document the distribution of, regional settings, and characteristics of
Mineralized, intermediate to felsic plutonic systems (Beakhouse);
Evolved (FI- to FIII-type) felsic metavolcanic rocks across the Superior Province
(Berger);
by conducting ongoing mapping and office-based compilations and inventories
supplemented by field work (e.g., sampling and localized bedrock geology
mapping at various scales).

Initiatives To Achieve Thrust Priority Action

Precambrian Geoscience Section (2)
J.R. Parker and T. Brown

Implement human resource
strategy by focussing on
succession plans for critical
positions and developing a PGS
Learning Plan.

4. Implement program
support practices and
instruments to address
and refine the PGS core
program, the human
resource management,
digital data standards and
program management
practices.

Provide staff with the
Information Technology (IT)
tools, training and operational
manuals required to deliver the
2010 summer field projects.

Continue to implement project
management and impact
assessment practices.

Thrust Objective

Strategic Thrust

Table 2.1. continued

Support and Program
Management Practices
Initiative
PGS Improvement Plan
Initiative
Methods Development
and Data Standards
Initiative

Strategic hiring and mentoring
initiative to anticipate
retirements of staff and loss of
corporate and technical
knowledge
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Apply drafting and GIS functions in support of the PGS mapping program by
providing staff with

ArcGIS® training for use in ongoing projects;

Operational field computers and peripheral equipment;

Up-to-date digital mapping manual.

Continue development of a new process for collecting and digitizing field observations
to streamline the workflow process for producing hard-copy maps and digital data sets
and creating a common archival format:

Develop software and hardware solutions for field data collection and digitizing
of geological observations using ArcPad®;

Fully integrate new solutions with current GIS data workflow;

Work toward new data standards for PGS and facilitate production of hard-copy
maps and digital data;

Develop a consistent rock legend for bedrock geology maps through the Common
Legend Committee;

Purchase software and hardware to be used for core program, pilot studies,
methods development, and standards projects.

Continue to implement and maintain project management tools and practices,
including

Project planning and monitoring processes;

Report on PGS performance measures.

Address HR issues:

Develop and implement staff technical and other training plans;

Maintain the OGS Health and Safety Manual;

Recruit, hire and train “strategically” to anticipate retirement and loss of
corporate and technical knowledge;

Participate in the OGS Branch review of the functions and responsibilities of the
Geoscientist classification.

Initiatives To Achieve Thrust Priority Action
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Thrust Objective

Contribute to awareness of
external and internal clients and
stakeholders and other
ministries and governments,
regarding the value of PGS
geoscience program, have a
direct means to communicate
with the PGS geoscience
program, and manage PGSrelated issues at as early a stage
as possible.

Strategic Thrust

5. Manage and maintain
client, stakeholder and
First Nation
relationships.

Table 2.1. continued

Work with OGS Director’s
Office to maintain
relationships and exchange
technical information with
First Nation communities and
organizations located in
geographic areas where PGS
has a geoscience program
interest between now and
15 years into the future.

Internal Government
committees

External committees

Client and stakeholder meetings:
Represent Mines and Minerals Division (MMD), OGS, and PGS on/at

North American Commission on Stratigraphic Nomenclature

Targeted Geoscience Initiative III Abitibi Project

Discover Abitibi Technical Committee

Far North Information and Knowledge Management Working Group

MNDMF Management Health and Safety Committee

Regional client association meetings

Thesis committees and adjunct professorships at universities

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

PGS program-level discussions with other governments.

Initiatives To Achieve Thrust Priority Action

Precambrian Geoscience Section (2)
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Map to be published in 2011
Completed participation in March 2010;
geochronological data to be published in 2010

Map to be published in 2011
First compilation map to be published in 2011
Ongoing; database is presently being compiled

Ongoing compilation; Open File Report on work in
the Abitibi Subprovince to be published in 2011

Compile a database of Ni-Cu-PGE ore compositions
from the Abitibi
1:20 000 scale bedrock geology mapping
1:20 000 scale bedrock geology mapping

1:50 000 scale bedrock geology compilation map
1:20 000 scale bedrock geology mapping
1:20 000 scale bedrock geology mapping
Participation in Science Committee and provision of
technical support for geoscience projects
1:20 000 scale bedrock geology mapping
1:20 000 scale bedrock geology mapping
1:20 000 scale bedrock geology mapping
1:100 000 scale bedrock geology and geoscience data
compilation

Maintain up-to-date geochronology database for
Ontario

Geology of Sothman–Halliday townships

Geology and mineral potential of
Cavendish Township, Grenville Province

East Bull Lake and Agnew intrusions
compilation

Geology of the Elliot Lake area

Geology of the Hungry Lake area,
Grenville Province

Atikokan Mineral Development Initiative

Geology of the Bending Lake greenstone
belt

Geology of the Stormy Lake area

Geology of the Split Lake area

Western Wabigoon Synthesis

Compile locations of FI-, FII- and FIII-type rhyolites
Distribution of potentially volcanogenic
massive sulphide (VMS)-productive felsic across Ontario
metavolcanic rocks
Gather and compile information on barren and
mineralized felsic plutons across Ontario

Geochemistry of Ni-Cu-(PGE) ores in the
Abitibi greenstone belt
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Characteristics of mineralized
intermediate to felsic plutonic systems

Update and maintain geochronology
database

Provincial-Scale
Metallogenic Inventory
Initiative

Metallogeny and
Geology of Northwest
Ontario

Proterozoic Initiative

1:250 000 scale bedrock geology compilation

Abitibi bedrock geology compilation

Ongoing

Map to be published in 2011

Map to be published in 2011

Map to be published in 2011

Map is being finalized and will be published in
2011

Map and Miscellaneous Release—Data to be
published in December 2010; Open File Report to
be published in early 2011

Map to be published in 2011

Ongoing; database is presently being compiled

Ongoing; map to be published in 2011

Map published in 2010

1:100 000 scale bedrock compilation (Maple
Mountain–Biscotasing)

Ramsey–Algoma bedrock geology
compilation

Project Status

Participation in Technical Committee and provision of Ongoing
technical support for geoscience projects

Discover Abitibi

Abitibi Initiative

Project Goal

Project

Initiative

Table 2.2. Precambrian Geoscience Section core projects, 2010–2011.

Precambrian Geoscience Section (2)
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Data to be collected in fall–winter 2010–2011

Airborne gravity gradiometer and
magnetic geophysical survey of the
McFaulds Lake region

Maps and Geophysical Data Set to be published in
2011

Ongoing
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Ongoing

Integrated solution for field data collection Establish new methods for digital collection of
and processing
geological data in the field; development of data
model for mapping projects
Develop revised and consistent rock legend for
bedrock geology maps
Standardize digital map standards

Common Legend for Ontario bedrock
geology

Digital map standards throughout Ontario

Methods Development
and Data Standards
Initiative

External and Internal
Committees;
OGS Advisory Board;
First Nations

Ongoing

Managing loss of staff, corporate and
technical knowledge

Ongoing

Ongoing

Ongoing maintenance of relationships and Ensure external and internal clients and stakeholders
Ongoing
exchange of technical information with
are aware of the value of the PGS geoscience program
clients, stakeholders and First Nations

Develop recruitment strategies to hire and train
“strategically” to anticipate staff retirements

Ongoing

Strategic Hiring and
Mentoring Initiative

Improve archives database and archiving processes

Improving OGS Archives

Ongoing; database published in fall 2010

Support and Program
Management Practices
Initiative

Collect and archive rock properties data

Maps and Geophysical Data Sets to be published in
2011

Rock properties project

Process airborne geophysical survey data sets
purchased as of April 2010

Geophysics and Rock
Properties Data Set
Initiative

Purchase and publication of proprietary
airborne geophysical data

Manage and QA/QC geophysical data for regional
Project Management and QA/QC of
Contracted in fall 2010
airborne geophysical surveys during fiscal geophysical surveys in Ontario; contracted to Paterson,
Grant & Watson Ltd.
2010–2011

Integrate geophysics into the PGS bedrock geology
mapping program

Reconnaissance bedrock geology mapping and
sampling

Reconnaissance of the Sutton Inliers

Geophysics integration with bedrock
geology mapping projects

Summary of Field Work article published in 2010;
Miscellaneous Release—Data to be published in
December 2011

Multi-year 1:50 000 scale bedrock geology mapping
and compilation

McFaulds Lake “Ring of Fire” project

Geophysics and Bedrock
Mapping Integration
Initiative

Map to be published in 2012

Multi-year 1:50 000 scale bedrock geology mapping

Fort Hope greenstone belt mapping
project (Keezhik Lake area)

Far North Initiative

Project Status
Map to be published in early 2012

Project Goal

Project

Initiative

Table 2.2. continued
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Targeted Geoscience
Initiative III (TGI-3)
Abitibi Project
and Deep Search Project

Collaborative Projects
with the GSC:

Metallogeny and
Geology of Northwest
Ontario

Proterozoic Initiative

Initiative
Abitibi Initiative
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Structural and stratigraphic investigations of the
Kidd–Munro assemblage
Physical volcanology and chemistry of FIII-type
rhyolites in the Kidd–Munro assemblage
Characterization of the mineralization and alteration
at the Potter Mine in the Kidd–Munro assemblage

Geological, paleomagnetic, geochemical and
geochronological studies of Mesoproterozoic
Midcontinent Rift–related mafic intrusions near
Thunder Bay
Volcanology, stratigraphy and geodynamic setting of
the Shebandowan greenstone belt, Wawa
Subprovince
Geochronology of the Lumby Lake and Bending
Lake greenstone belts
Bedrock geology mapping in the Bartlett Dome area
south of Timmins
Bedrock geology mapping of the Kidd–Munro
assemblage

Project
Bedrock geology mapping in the Burntbush–
Normétal area
Midcontinent Rift compilation

Table 2.3. Precambrian Geoscience Section collaborative initiatives, 2010–2011.

Geological Survey of Canada,
University of Ottawa
Millstream Mines Ltd.,
Geological Survey of Canada,
Mineral Exploration Research Centre
(MERC)–Laurentian University

Atikokan Mineral Development
Initiative
Geological Survey of Canada,
industry
Geological Survey of Canada,
University of Ottawa,
Mineral Exploration Research Centre
(MERC)–Laurentian University,
industry
Geological Survey of Canada

Mineral Exploration Research Centre
(MERC)–Laurentian University

Project Collaborator(s)
Discover Abitibi,
Ore Systems Consulting
United States Geological Survey,
Minnesota Geological Survey
Lakehead University

MSc thesis study; Miscellaneous Release—Data to be
published in 2011
MSc thesis study

Two (2) maps published in 2010

PhD thesis study as part of OGS–Laurentian
University Graduate Mapping School Program;
Summary of Field Work article in 2010
Two (2) Summary of Field Work articles and
Miscellaneous Release—Data in 2010
1:20 000 scale maps of English–Zavitz and Hutt–
Semple townships published in 2010
Final Open File Report to be published in 2011

Ongoing; Miscellaneous Release—Data published in
October 2009 and Summary of Field Work article in
December 2009

Ongoing

Project Progress
Maps to be published in 2011
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PROGRAM DIRECTION: STRATEGIC THRUSTS
Core Bedrock Mapping and Geophysics Program
The PGS Strategic Thrusts (see Table 2.1) are derived from the MNDMF business goals established
in the OGS Strategic Plan.
The purpose of the PGS Strategic Thrusts 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; attract new mineral
investment; build new partnerships with Aboriginal communities, private sector and federal government;
and collaborate with other ministries on initiatives of mutual interest.
The PGS program is organized into 5 technical or administrative Strategic Thrusts:
1.

understand the geology and metallogeny of high mineral potential areas in the Superior,
Southern and Grenville provinces;

2.

understand and inventory provincial-scale relationships, settings and descriptive data sets of
commodities or mineral deposit types that are currently of interest to the mineral exploration
industry (e.g., potential diamond-bearing rocks, gold mineralization, nickel-copper-platinum
group element (PGE) mineralization and volcanogenic massive sulphide (VMS) mineralization)
or may be of interest in the future;

3.

improve knowledge of, and access to, regional geophysical data by providing an effective and
efficient data management system through the identification, recovery, (re-)formatting,
organization and delivery of all available OGS and proprietary geophysical information; and
provide derivative geophysical products, concepts and ideas, based on those geophysical data,
to support the bedrock geology mapping program;

4.

implement program support practices and instruments to address and refine the PGS core
program, the human resource strategy, digital data standards, measurement of program results
and program management practices;

5.

develop and manage client and stakeholder relationships by providing a liaison role,
representation, or support on behalf of the PGS on client committees, regional client association
meetings, inter-Ministry committees and formal or informal working groups; and committees or
working groups associated with professional or learned associations. Also to maintain
relationships and exchange technical information with First Nation communities and
organizations located in geographic areas where PGS specifically has a geoscience program
interest between the present and 15 years into the future.

These strategic thrusts are addressed through a series of initiatives, built upon one or more projects.
The purpose of the strategic thrusts is to focus PGS staff and resources in key geological areas to address
the priorities and needs of the initiative. In addition, PGS participates in several collaborative projects to
complement existing PGS staff skills and capacity and to expand the amount of geoscience data that
describe Ontario. Collaborative projects are an important means to extend scarce government resources
and to capitalize on resources and expertise available in other government geological surveys, universities
or industry.

2-11

Precambrian Geoscience Section (2)

J.R. Parker and T. Brown

PROJECT PLANNING, MANAGEMENT, AND CONSULTATION
PROCESS
The PGS management and staff conducted planning and project management processes and practices
to deliver 34 geoscience projects conducted by core staff and in collaboration with stakeholders.
Information required to describe projects, monitor and adjust progress, and assess their impact on the
minerals industry is collected and analyzed to assess achievement of program goals.
To formulate and discuss project plans for summer of 2010 and to begin development of summer
2010 project plans, the PGS was involved in several consultations with regional client associations:


May 2009: Porcupine Prospectors and Developers Association, Timmins; Northern Prospectors
Association, Kirkland Lake; Southern Ontario Prospectors Association, Tweed; Sudbury
Prospectors and Developers Association, Sudbury



June 2009: Northwestern Ontario Prospectors Association, Thunder Bay

NEW PROJECTS
The following new technical initiatives will most likely be operational and will require resources of
the PGS during the 2011–2012 fiscal year:


Targeted Geoscience Initiative IV (TGI-4) (PGS staff are participating in this federal initiative
which is currently in the proposal and planning stage)

COMMUNITY-GUIDED GEOSCIENCE
The Atikokan Mineral Development Initiative (AMDI) is a multi-year geoscience study in the
Atikokan region that is addressing geoscience problems identified by the mineral industry as critical to
advance the next generation of mineral exploration in the region, to reduce exploration risk, to enhance
the likelihood of discovering a mine, and to increase immediate and future resource-based economic
development in the region. The AMDI received $1 million in funding from the Northern Ontario Heritage
Fund Corporation, $100 000 from the Town of Atikokan and $370 000 from FedNor. The initiative is
managed by the Ontario Prospectors Association. In 2010, the AMDI supported the geochronological
analysis of 27 samples collected during bedrock geology mapping in the Lumby Lake and Bending Lake
greenstone belts. These data were published as a Miscellaneous Release—Data 275 in December 2010
and are described by Buse and others (this volume, Article 12) and by Stone and others (this volume,
Article 14).
“In-kind” support by the PGS to the Discover Abitibi Initiative (DAI) consists of the participation of
J.A. Ayer on the DAI Technical Committee and providing technical assistance on Requests for Proposals
(RFPs) and publications for various geoscience projects including airborne geophysical surveys. The PGS
is providing “in-kind” support to the DAI by conducting 1:20 000 scale bedrock geology mapping in
Abbotsford and Adair townships in the Burntbush–Normétal area (Ordóñez-Calderón, this volume,
Article 5) in collaboration with Ore Systems Consulting, which is conducting the lithogeochemical
portion of the project and data collection in the Province of Quebec.
“In-kind” support by the PGS to the Greenstone Mineral Development Initiative consists of the
participation of G.M. Stott in providing technical assistance. The initiative consists of three-dimensional
(3D) digitization of historic gold mines and compilation of geoscience and mineral exploration data.
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PRECAMBRIAN GEOSCIENCE SECTION INITIATIVES
Precambrian Geoscience Section 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) inter-jurisdictional team initiatives, such as the Targeted Geoscience Initiative III
(TGI-3) Abitibi project, that consist of individual and joint Ontario Geological Survey (OGS), Géologie
Québec (Ministère des Ressources naturelles et de la Faune (MRNF)) and Geological Survey of Canada
(GSC) projects that are also designed to meet an overall goal or objective; and 3) individual, focussed
projects. The major initiatives of the PGS are subdivided into 6 broad categories outlined below and in
Tables 2.2 and 2.3.
Initiatives that involve collaborative project agreements with the Geological Survey of Canada (GSC):


Targeted Geoscience Initiative III (TGI-3) Abitibi project and Deep Search project.

Initiatives involving provincial-scale metallogenic compilation and inventory studies:


documentation of specific types of mineralization;



inventories of various tectonic settings relevant to mineral exploration.

Initiatives based on geographic area:


Abitibi initiative;



metallogeny and geology of northwestern Ontario;



Proterozoic initiative.

Initiatives involving support of the PGS program:


support to program management practices;



methods development and data standards;



strategic hiring and mentoring.

Initiatives involving geophysical projects:


geophysics and bedrock geology mapping integration initiative;



geophysics and rock properties data set initiative.

Initiatives that develop and manage client, stakeholder and First Nation relationships:


external and internal committees;



regional associations;



maintaining relationships and exchanging technical information with First Nation communities.

Collaborative Projects with the Geological Survey of Canada
The Targeted Geoscience Initiative III (TGI-3) was completed in March 2010. The initiative was a
five-year federal geoscience program to sustain base-metal reserves associated with established, basemetal mining communities in Canada. The Geological Survey of Canada (GSC), Géologie Québec,
Ontario Geological Survey, industry and academia conducted collaborative geoscience projects
throughout the Abitibi greenstone belt from 2005 to 2010. The TGI-3 Abitibi and Deep Search projects
were a multidisciplinary, fully integrated and jointly delivered provincial–federal geoscientific effort with
participation from industry and universities that was focussed on vulnerable established mining
communities of the Abitibi in Quebec and Ontario.
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In the Ontario part of the Abitibi Subprovince, the focus of joint OGS–GSC TGI-3 projects was in
the Timmins and Kirkland Lake regions on the Kidd–Munro assemblage; the Tisdale assemblage in the
Bartlett Dome area and the Detour–Burntbush area. A GSC project to study and map structural and
stratigraphic investigations in the Kidd–Munro assemblage resulted in 2 published OGS bedrock geology
maps by E. Dinel. A GSC–OGS–University of Ottawa collaborative project to study the volcanology and
chemistry of rhyolites in the Kidd–Munro assemblage is completed with a report expected in 2011. The
Kidd–Munro assemblage project is in the final write-up stage with final products scheduled for release in
2011 as well. Other projects such as the bedrock geology mapping in the Bartlett Dome area are
continuing as core PGS projects.

Other Collaborative Projects
Other collaborative projects that the PGS conducted in 2010 are as follows:


a continuation of a compilation of the geology of the Midcontinent Rift conducted in
collaboration with the United States Geological Survey and the Minnesota Geological Survey;



ongoing geological, paleomagnetic, geochemical and geochronological studies of
Mesoproterozoic Midcontinent Rift–related mafic intrusions near Thunder Bay which is a
collaboration with Lakehead University (Hollings, Smyk and Carl, this volume, Article 10);



support Robert Lodge’s PhD thesis study of the geodynamic setting of volcanogenic massive
sulphide mineralization in the Wawa Subprovince as part of the OGS Graduate Mapping School
Program with Laurentian University (Lodge, this volume, Article 16);



support Sonia Préfontaine’s MSc thesis study of the characterization of the mineralization and
alteration at the Potter Mine in the Kidd–Munro assemblage: a collaboration with Laurentian
University, Millstream Mines Ltd. and the GSC, which commenced as part of the Targeted
Geoscience Initiative III Abitibi project;



support Sara Buse’s PhD thesis study of the tectonostratigraphic framework of the Fort Hope
greenstone belt in collaboration with Carleton University (Buse and Purdy, this volume,
Article 18).

Provincial-Scale Metallogenic Compilation and Inventory Studies
The PGS continued 3 ongoing, multi-year, provincial-scale projects that fall under the initiative to
create inventories of various tectonic settings relevant to mineral exploration, such as 1) the
documentation and distribution of FI-, FII- and FIII-type, potentially volcanogenic massive sulphide
(VMS) deposit-productive felsic metavolcanic rocks; 2) characteristics of mineralized intermediate to
felsic plutonic systems in the Wabigoon Subprovince; and 3) update and maintain the geochronology
database for Ontario.

Initiatives Based on Geographic Area
The Abitibi initiative includes 4 core business projects (see Table 2.3):


a 1:100 000 scale compilation of the Ramsey–Algoma region north of Sudbury, which includes
the Maple Mountain–Biscotasing area;



1:250 000 scale bedrock geology and geochronology compilation of the Abitibi Subprovince;
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a compilation of nickel-copper-PGE ore compositions from the Abitibi greenstone belt;



1:20 000 scale bedrock geology mapping of Sothman and Halliday townships (Préfontaine and
Magnus, this volume, Article 6).

The geology and metallogeny of northwest Ontario initiative currently includes 4 core projects:


the western Wabigoon Synthesis which is a five-year compilation project (Beakhouse et al., this
volume, Article 11);



1:50 000 scale bedrock geology mapping of the Stormy Lake greenstone belt (Stone, this
volume, Article 13);



1:50 000 scale bedrock geology mapping of the Bending Lake greenstone belt, which is nearing
completion;



1:20 000 scale bedrock geology mapping of the Split Lake area (Lewis, this volume, Article 15).

The Far North initiative currently includes 4 core projects:


1:50 000 scale bedrock geology mapping of the Keezhik Lake area, which is part of the multiyear Fort Hope greenstone belt bedrock geology mapping project (Buse and Purdy, this volume,
Article 18);



1:50 000 scale bedrock geology mapping and compilation of the McFaulds Lake “Ring of Fire”
region (Metsaranta, this volume, Article 17);



reconnaissance of the Sutton Inliers (Stott et al., this volume, Article 19);



gravity gradiometer and magnetic regional airborne survey of the McFaulds Lake region.

The Proterozoic initiative includes 4 core projects:


a 1:50 000 scale geological compilation of the East Bull Lake and Agnew layered mafic
intrusions, which is close to completion;



1:20 000 scale bedrock geology mapping in Cavendish Township, Grenville Province, which is
nearing completion;



1:20 000 scale bedrock geology mapping in the Elliot Lake area (Easton, this volume, Article 8);



1:20 000 scale bedrock geology mapping in the Hungry Lake area in the Grenville Province
(Duguet, Gordon and Easton, this volume, Article 9).

Initiatives Involving Geophysical Projects
Several geophysical projects and activities are described in detail in Rainsford and Muir (this
volume, Article 23). Integration of geophysics into the bedrock geology mapping projects continues with
geoscientists routinely using hand-held magnetic susceptibility meters during mapping as well as a variety
of geophysical data and derived products for interpretation.

INTER-JURISDICTIONAL AND COMMITTEE REPRESENTATION
Staff of the PGS represented the Ontario Geological Survey on several inter-jurisdictional
committees, internal committees and associations during the 2010–2011 fiscal year, which are
summarized in Table 2.1.
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STAFFING CHANGES IN THE PRECAMBRIAN GEOSCIENCE SECTION
R.T. Metsaranta and J.C. Ordóñez-Calderón accepted positions with the PGS as Precambrian
Geoscientists in March and April 2010, respectively.
N.F. Trowell retired from the PGS in August 2010 after 42 years with the Ontario Public Service.
During his time with PGS, Norm conducted bedrock geology mapping in northwestern Ontario and
produced a series of excellent and detailed bedrock geology maps and reports including maps for the
Savant–Sturgeon lakes region. His most recent work was producing several 1:100 000 scale bedrock
geology compilation maps for the Abitibi Subprovince with John Ayer and other colleagues. Norm not
only contributed to the geoscience knowledge of Ontario, but was heavily involved in numerous internal
committees that were focussed on information technology and geoscience issues, health and safety,
wellness and workplace improvement and employee–management relations.
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3. Tectonic and Metallogenic Evolution of the
Abitibi and Wawa Subprovinces
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INTRODUCTION
The Abitibi greenstone belt (AGB) has a coherent stratigraphy developed over a period of almost
100 million years (Figure 3.1). Autochthonous evolution is indicated by zircon xenocrysts with ages
similar to those of underlying units in about 20% of the samples and in younger zircon ages for feeder
dikes cutting the older units (Ayer et al. 2002). Early stratigraphic development consists of 7 distinct
volcanic episodes from 2765 to 2695 Ma, locally separated by submarine unconformities which are
commonly marked by chemical sedimentation (Thurston et al. 2008). The volcanic episodes consist of
tholeiites and komatiites, locally with coeval calc-alkalic intermediate to felsic volcanic rocks; the former
derived by extension-related melting and successive plumes from mantle sources, and the latter either by
melting of underplated mafic crust, or from subduction-related magmas. Volcanogenic massive sulphide
(VMS) deposits have yielded about 700 million tons of copper-zinc ore. The deposits are typically
spatially associated with high-silica (high-temperature) rhyolites and are most abundant within the Deloro
(2734 to 2724 Ma), Kidd–Munro (2720 to 2711 Ma) and Blake River (2703 to 2695 Ma) assemblage.
Komatiites are found in only 4 of the assemblages (Pacaud: 2765 to 2735 Ma; Stoughton–Roquemaure:
2723 to 2720 Ma; Kidd–Munro and Tisdale), but only the Kidd–Munro and Tisdale host komatiiteassociated nickel-copper-platinum group elements (PGE) deposits. These 2 assemblages are also
distinctive in that geochemistry shows they were derived by shallower melting of the mantle plume
sources than the older komatiites (Sproule et al. 2002). Magmatic deposits have yielded about 15 million
tons of nickel-copper-PGE ore in roughly equal amount from those associated with komatiites and those
associated with mafic to ultramafic intrusions.

EARLY TECTONIC EVOLUTION AND BASE METAL MINERALIZATION
Most of the AGB has juvenile neodymium (Nd) and hafnium (Hf) isotopic compositions in both
volcanic rocks and coeval synvolcanic plutons. The southwestern part of the AGB, however, has samples
yielding xenocrystic zircons older than 2.8 Ga and evolved Nd and Hf isotopes in the Neoarchean units
indicating localized contamination by Mesoarchean crust. This is somewhat similar to the Michipicoten
greenstone belt occurring within the Wawa Subprovince, a continuation of the Wawa–Abitibi
subprovince, west of the Kapuskasing Structural Zone. One distinction, however, is that the Michipicoten
greenstone belt has a preserved lower stratigraphic unit of volcanic rocks (the Hawk assemblage) with an
age of 2.9 Ga, as well as similarly evolved Hf isotopic values indicating Mesoarchean contamination in
the overlying Neoarchean assemblages (Figure 3.2). On the other hand, galenas associated with the
Winston Lake and Manitouwadge VMS deposits within the Neoarchean Terrace Bay–Manitouwadge
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.3-1 to 3-6.
© Queen’s Printer for Ontario, 2010
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Figure 3.1. Abitibi Subprovince stratigraphy, mines (or camps) and isotopic characteristics (modified after Thurston et al. 2008).
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assemblage (2723 to 2720 Ma), occurring along the northern margin of the Wawa Subprovince, have
primitive Pb isotope signatures (µ = 7.78 to 7.84) that are similar to the those of VMS deposits in the AGB
(µ = 7.70 to 7.90) (Thorpe 1999). Collectively, the above data suggest that Neoarchean evolution of the
Wawa–Abitibi subprovinces initiated by rifting of a Mesoarchean protocontinent, now only preserved intact
at the base of Michipicoten greenstone belt (Ketchum et al. 2008). The northern Wawa Subprovince and all
but the southwestern part of the AGB developed in a rifted oceanic basin without any preserved evidence of
a Mesoarchean crustal substrate. The presence of numerous VMS mines, high-temperature rhyolites and
komatiites in these uncontaminated areas suggests that the areas without a Mesoarchean crustal substrate
experienced higher degrees of upper crustal heat flow, thus promoting development of VMS deposits.
Hornblende geobarometry of tonalites coeval with the volcanic episodes in the central and southern
AGB indicate emplacement as mid-crustal laccoliths (15 to 20 km depth) now preserved within the cores
of batholithic domes. Younger granodiorite and granite plutons were intruded into the mid to upper crust
(6 to 12 km depth) after 2695 Ma, coeval with the onset of D1 regional compression, also resulting in
uplift, folding, and unconformable deposition of turbiditic sediments and localized volcanism in

Figure 3.2. a) Wawa Subprovince stratigraphy, VMS deposits and isotopic characteristics (modified after Stott and Rayner
2004). b) Stratigraphic comparison of the Abitibi and Michipicoten greenstone belts.
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submarine basins from the Porcupine assemblage (2690 to 2685 Ma). Subsequent deformation was
episodic resulting in D2 thrusts and folds, overprinted in turn by protracted D3 sinistral, and D4 dextral,
transpressive to oblique-slip deformation (both folding and faulting). The D3 event also resulted in
deposition of shallow water to alluvial–fluvial clastic sediments and localized alkaline volcanism and
plutonism from 2680 to 2670 Ma in pull-apart basins (the Timiskaming epoch). Posttectonic, S-type
granites ranging in age from 2665 to 2630 Ma were emplaced into the upper crust along the southern
margin of the AGB.

LATE TECTONIC EVOLUTION AND EPIGENETIC GOLD
MINERALIZATION
Recent mapping, structural and geochronological work demonstrates that late tectonic events were
diachronous, with somewhat older ages for similar events in the northern AGB. Here, D1 deformation,
syntectonic plutonism and sedimentation are all about 10 million years older than in the south. The
Caopatina turbiditic episode was deposited after circa 2700 Ma and the unconformably overlying
conglomerates, sandstones and alkalic volcanic rocks of the Opemisca episode were deposited after circa
2692 Ma, about the same time as plutons that stitched the tectonic contact between the AGB and the
Opatica Subprovince (circa 2.8 Ga) to the north.
The 170 million ounces of epigenetic gold produced from the AGB developed in a number of
episodic mineralization events. Gold mineralization events in the Timmins and Kirkland Lake camps
range in age from about 2680 to 2665 Ma. However, the most economically significant mineralization
event is post-Timiskaming and is associated with reverse-oblique-slip deformation overprinting early
thrusting on north-verging regional faults (“breaks”). These deformation zones were the locus of repeated
strain increments resulting in broad easterly trending, ductile deformation zones with kinematics commonly
indicating a complex deformation history. Typically, these “breaks” occur at contacts between volcanic and
younger sedimentary assemblages (including both the Porcupine and Timiskaming assemblages). Recent
structural studies in these camps typically show early dip–slip displacement associated with north-south
compression followed by sinistral and/or dextral displacement associated with various oblique-reverse
“transpressive” events with gold commonly concentrated in higher order hanging-wall faults in close
proximity to the major breaks (e.g., Bateman, Ayer and Dubé 2008; Ispolatov et al. 2008).
In the northeast AGB, early epigenetic gold mineralization has been precisely constrained at
2697±1 Ma and is thought to be closely associated with D1 deformation (Kitney et al. 2009). Recent
geochronological and structural studies in the northwest AGB at the Detour Lake Mine (Oliver et al. 5)
show that the Sunday Lake deformation zone represents a north-dipping D1 fault in which volcanic rocks
of the Deloro assemblage were thrust southerly over clastic sedimentary rocks of the Caopatina
assemblage. Subsequent oblique-slip deformation events overprint D1 with both dextral and sinistral
asymmetry. Gold mineralization occurs in the hanging wall of the Sunday Lake deformation zone in both
narrow high-grade zones at the contact between ultramafic and mafic volcanic units and also as broad
bulk tonnage lower grade zones in the mafic flows. Geochronology indicates that unmineralized albitite
dikes cutting the gold zones are a late magmatic event containing inherited zircons indicating
emplacement after circa 2697 Ma. This indicates that epigenetic gold mineralization at Detour Lake is not
synvolcanic as was previously interpreted. Albitite dikes in the southern AGB have magmatic ages
ranging from 2676 to 2672 Ma and in the Timmins camp are cut by the main-stage auriferous quartzcarbonate veins (Bateman, Ayer and Dubé 2008). Thus, Detour Lake gold mineralization is older than the
main gold event in the southern AGB.
5
Oliver, J., Ayer, J.A., Dubé, B., Aubertin, R., Burson, M., Panneton, G., Friedman, R. and Hamilton, M., “Structural,
chronologic, lithologic and alteration characteristics of gold mineralization: the Detour Lake gold deposit, Ontario, Canada”,
submitted to Exploration and Mining Geology.
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Large-scale south-verging thrust faults can be found as far south as Timmins where the Pipestone
deformation zone (PDZ) marks the southern contact between Kidd–Munro assemblage volcanic rocks and
the Porcupine assemblage (Bleeker, van Breemen and Berger 2008). Similar to the northern thrusts,
epigenetic gold is commonly found in the hanging wall of the PDZ thrust. Recent geochronologic results
show that the PDZ extends west of Timmins where the new West Timmins gold mine lies at the fault
contact between the Kidd–Munro and Porcupine assemblages (see Figure 3.1).
South of the PDZ, large-scale breaks such as the Porcupine–Destor deformation zone (PDDZ) and
Larder–Cadillac deformation zone (LCDZ) differ from the northern faults in that they have associated
younger sedimentary units of the Timiskaming assemblage (2676 to 2670 Ma). The PPDZ also truncates
the Pipestone deformation zone (Bleeker, van Breemen and Berger 2008) and has north-verging early
displacement vectors (Bateman, Ayer and Dubé 2008). Collectively, the above features indicate that
younger gold episodes could account for the greater endowment of camps such as Timmins and Kirkland
Lake which are proximal to the north-verging thrusts in the southern AGB. However, the northern thrusts
should also be targetted for gold as they are less explored and generally covered by deep overburden.
Lead isotopes from leached feldspars from syntectonic and posttectonic granitic rocks indicate
progressively more radiogenic lead values, specifically high 207Pb/204Pb, toward the southern margin of
the AGB. The common lead-isotope array suggests mixing between relatively primitive mantle values for
the syntectonic suite (2685 to 2665 Ma) and highly enriched values in the posttectonic suite (2660 to
2630 Ma), the latter indicating contamination via anatectic fluids from older crustal material (>3.0 Ga).
Similar lead-isotope values (Carignan et al. 1993) also occur within granitic plutons intruding
metasedimentary units along strike to the east in Quebec (Pontiac Subprovince) (see Figure 3.1). New
geochronologic results from numerous supracrustal enclaves along the southern margin of AGB in
Ontario indicate these plutons intruded typical AGB stratigraphic units and not a distinct metasedimentary
subprovince. This suggests that, rather than identifying the metasedimentary rocks in Quebec as a
separate subprovince, it might be best to think of them as an extensive metasedimentary basin on the
southeastern margin of the AGB, of similar age to less extensive Porcupine units evident throughout the
AGB. From a metallogenic perspective, it is interesting to note that lead values from the syntectonic
granitic suite along the south margin of the AGB are very similar to those from galena and pyrite
associated with gold-bearing veins in the Timmins, Kirkland Lake and Val d’Or camps (Canadian Pb
isotope database, Geological Survey of Canada; Olivo et al. 2007). Thus, the timing (2680 to 2665 Ma),
lead-isotope values and emplacement depths (6 to 12 km) for these plutons may be in some way related to
structural and hydrothermal events responsible for at least some of epigenetic gold mineralization
emplaced into overlying greenstones in the southern AGB.
The south younging of tectonic and epigenetic gold mineralization events across the Abitibi
greenstone belt can be explained in 2 ways. First, by successive events of late tectonic accretion of
terrains that show progressively more contamination from ancient non-AGB continental crust. Second, by
the progressive closure of oceanic basins and accompanying sediment subduction, leading first to
collision between the north verging Abitibi Subprovince with the Opatica Subprovince in the north, and
culminating in later collision with a north-verging Minnesota River Subprovince to the south.
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INTRODUCTION
The Abitibi greenstone belt represents a collection of coherent, autochthonous lithostratigraphic
packages that are divisible into 7 predominantly volcanic and 4 predominantly sedimentary episodes
based mainly on time (Ayer et al. 2005; Thurston et al. 2008). The Kidd–Munro volcanic episode is a
predominantly metavolcanic assemblage that was formed between 2720 and 2710 Ma and contains several
copper-zinc volcanogenic massive sulphide (VMS) and komatiite-associated nickel-copper-platinum group
element (PGE) deposits including the giant world-class Kidd Creek VMS deposit (>150 Mt copper-zinc
ore). Rocks of the Kidd–Munro episode occur scattered throughout the Abitibi greenstone belt, but the
most extensive unit consists of a relatively narrow belt (<25 km wide) extending over a long distance
(>450 km) truncated by the Kapuskasing Structural Zone in the west and by the Grenville Front in the
east. The area of focus of this presentation is the prolific base metal–bearing portions extending
approximately 300 km from north of Timmins, Ontario, to north of Val d’Or, Quebec (Figure 4.1).
Results from recent collaborative mapping and research (including an intensive campaign of highprecision isotope dilution thermal ionization mass spectrometry (ID–TIMS) U/Pb zircon geochronology)
demonstrate that the Kidd–Munro volcanic episode in the study area can be subdivided into 4 ages (Figure
4.2). These stratigraphic subdivisions are 2720 to 2717 Ma, 2717 to 2715 Ma, 2715 to 2712 Ma and 2712 to
2710 Ma and are named the 2720–2717 age, 2717–2715 age, 2715–2712 age and 2712–2710 age,
respectively (see Figure 4.1). Each age is spatially restricted within the Kidd–Munro volcanic episode, has
dominant rock types, volcanic morphologies, geochemical affinities and distinctive base metal potential.

KIDD–MUNRO VOLCANIC EPISODE
The 2720–2717 age is composed of tholeiitic and transitional mafic, intermediate and rare felsic
subaqueous metavolcanic flows and fragmental deposits that are intermixed with each other. Very little
komatiite is reported within this cycle and most rocks of this age occur in Quebec (see Figure 4.1).
Volcanic facies indicate deposition in a subaqueous environment medial to distal from volcanic vents;
possibly as an oceanic plateau or back-arc basin. Minor base metal mineralization is associated with rocks
of this age.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.4-1 to 4-6.
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Figure 4.1. Map showing the outline of the Kidd–Munro volcanic episode and the distribution of ages (see text for descriptions).
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Figure 4.2. High-precision U/Pb zircon geochronological techniques were used to define 4 distinct ages within the Kidd–Munro episode.
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The 2717–2715 age is characterized by a bimodal suite of tholeiitic mafic and high-silica felsic
metavolcanic flows with lesser pyroclastic deposits; a komatiite suite composed of subvolcanic dikes,
sills and thick cumulate-textured flows; and a transitional suite of mafic, intermediate and felsic
metavolcanic rocks. These rocks occur as intercalated units throughout the Kidd–Munro volcanic episode
with the greatest concentration in the area of the Kidd Creek base metal deposit (see Figure 4.1). Rare
calc-alkalic rocks occur as spatially restricted mafic flows that are intercalated with mafic and
intermediate tholeiitic flows.
Tholeiitic felsic metavolcanic rocks of this age are widespread and are host to VMS mineralization
such as the giant Kidd Creek deposit and several smaller occurrences. Mafic magma that was erupted
synchronously with the komatiite locally hosts potentially economic copper-zinc VMS mineralization
(such as the Potter deposit) and accounts for over 5 million tons of ore (Préfontaine et al. 2008). This style
of mineralization is poorly understood and is underexplored given that over 80% of the Kidd–Munro
episode is composed of mafic metavolcanic rocks. Kambalda-style nickel-copper-(PGE) mineralization
(>500 000 tons) occurs in thick komatiite flows or sills within footwall embayments produced by thermomechanical erosion and are spatially associated with peperitic komatiitic dikes and sills within this cycle
(Houlé et al. 2008). These prospective units appear to be underexplored given the extent of komatiite
magmatism of this age. Rocks from the 2717–2715 age have the greatest potential to host base metal
mineralization in the Kidd–Munro volcanic episode.
The 2715–2712 age is composed mostly of mafic tholeiitic lava flows with subordinate high-silica
rhyolite subvolcanic sills, lava flows, autoclastic breccia and tuff (see Figure 4.1). Calc-alkalic andesite
and dacite pyroclastic and epiclastic deposits are restricted to a separate subunit in this interval, but are
still interpreted to form a single event of volcanism. A second generation of komatiite formed thin
organized lava flows typically with cumulate-textured bases and spinifex-textured tops. Kambalda-style
nickel-copper-(PGE) deposits (such as the Marbridge deposit in Québec with >700 000 tons nickelcopper ore) indicate that the komatiite lava flows of this age are also fertile hosts for nickel sulphide
mineralization. Zinc-rich VMS mineralization is hosted in some high-silica rhyolite units and calc-alkalic
pyroclastic rocks and indicates a second generation of base metal mineralization, albeit minor, occurred
within the Kidd–Munro volcanic episode.
Rocks of the 2712–2710 age are restricted to a few small areas and are composed mostly of tholeiitic
and transitional felsic tuff, flows, epiclastic deposits and reworked metasedimentary rocks (see Figure
4.1). Thin discontinuous, spinifex- and cumulate-textured basaltic and peridotitic komatiite flows are
intercalated with the felsic rocks providing confirmation of a third komatiite generation in the Kidd–
Munro volcanic episode. Minor base metal mineralization appeared to be associated with this age.

GEODYNAMIC INTERPRETATION
The geologic setting is inferred to be very dynamic between 2717 and 2715 Ma with invasion of the
crust by a mantle plume. The plume initiated rifting at multiple centres that permitted outpouring of
extensive thick cumulate-textured komatiite lava flows and intrusion of subvolcanic komatiite dikes and
sills. The high heat flow that accompanied the mantle plume resulted in subsequent partial melting of
older mafic strata, thus generating significant amounts of high-silica rhyolite (F-III) magmas, and a
hydrothermal system resulting in genesis of the giant Kidd Creek VMS deposit, associated with the same
rifts that the komatiites exploited. Calc-alkalic volcanism was also initiated at this time either by arcrelated subduction or melting of mafic residues at the base of the crust by underplating processes.
The geologic setting, between 2715 and 2712 Ma, is inferred to involve the interaction of mantle
plume and arc-like processes (cf. Wyman, Bleeker and Kerrich 1999). Subduction-like processes were
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most active with rapid build up of a volcanic pile represented by the calc-alkalic subunit. The mantle
plume is inferred to have spread under a thickened crust resulting in a lower volume of high-silica
rhyolite generated by more widespread and lower heat flow. Rifting of the substrate was restricted to
fissures that resulted in venting of less komatiite with more diverse flow morphologies. Retreat of the
mantle plume, between 2712 and 2710 Ma, resulted in cessation of the calc-alkalic volcanism and
signalled a more quiescent geologic setting. Residual heat from the retreating plume generated pointsource felsic volcanic centres and conduits for minor komatiite eruptions. The limited extent of these
rocks limits the potential for base metal mineralization at this age.

IMPLICATION FOR BASE METAL DEPOSITS
Base metal mineralization includes a variety of felsic metavolcanic-hosted copper-zinc VMS
deposits formed at or near the ancient sea floor and is directly analogous to “black smoker” base metal
mineralization forming in the modern seafloor environment (cf. Franklin et al. 2005). This style of
mineralization is characterized by a regional, semi-conformable alteration zone containing greenschistgrade minerals such as quartz, epidote, chlorite and sericite and a more proximal alteration zone
containing talc, cordierite, garnet, aluminosilicates, carbonate and iron-rich chlorite. Chemical vectors
include zones of sodium and calcium depletion and zones of potassium, magnesium and iron enrichment
(Hannington 2007). The Kidd Creek deposit is exceptionally large and displays many of the typical
features of VMS mineralization and was formed in a graben environment dominated by komatiite flows
in the footwall (Bleeker 1999). The high heat associated with generation of komatiite magmas may play a
crucial role in the genesis of Archean VMS deposits. Other high-silica rhyolite units of the 2717–2715
age are prime targets for additional discoveries of VMS mineralization.
Although the presence of felsic metavolcanic rocks is important, they are not essential for VMS
mineralization in the Kidd–Munro volcanic episode. Mafic and ultramafic metavolcanic-hosted copperzinc mineralization such as the Potter Mine is a subordinate, but economically important, type of VMS
deposit within the Kidd–Munro volcanic episode. This style of mineralization also formed at or near the
seafloor; however, alteration patterns and mineralization are less well understood, but are distinctive from
the felsic metavolcanic-hosted VMS deposits (Préfontaine et al. 2008). The potential for new VMS
discoveries of this type is largely untested in the Kidd–Munro volcanic episode.
Kambalda-style nickel-copper mineralization is associated with komatiites of the 2717–2715 and
2715–2712 ages in the Kidd–Munro volcanic episode (Houlé et al. 2008; Pilote et al. 2009). This type of
mineralization is typically composed of massive and net-textured sulphides with high nickel grades but low
tonnage. However, stacked ore lenses, multiple vent areas and mineralization associated with synvolcanic
sills increase the overall potential for economic nickel deposits in the Kidd–Munro volcanic episode.

CONCLUSION
High-precision ID–TIMS U/Pb zircon geochronology combined with detailed and regional geologic
mapping has resulted in a better understanding of the internal stratigraphy of the Kidd–Munro volcanic
episode in the Abitibi greenstone belt. Four ages are recognized and each is spatially restricted, has
dominant volcanic morphologies, geochemical affinities and different base metal potential. Volcanogenic
massive sulphide mineralization of the 2717–2715 age is hosted in felsic and mafic metavolcanic rocks
associated with mantle plume–derived komatiites that were deposited in graben or rift environments. New
opportunities for base metal exploration are identified by the study. Rocks from 2 of the ages of
komatiitic magmatism have the most potential to host Kambalda-style nickel mineralization.
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INTRODUCTION
The Burntbush area, District of Cochrane, comprises an association of Neoarchean volcanic,
sedimentary and intrusive rocks. The area has not been mapped since 1978 and its stratigraphic and
structural environment is not well understood. The high economic potential of the area is implied by the
occurrence of volcanogenic massive sulphide (VMS) and lode gold mineralization, immediately to the
east in the Normétal area of Quebec. In addition, shear zone-hosted gold mineralization is currently being
developed and mined in similar geological environments in the Casa Berardi area about 60 km to the
northeast, and at the Detour Lake Mine about 100 km to the north. The lack of recent field, geochemical
and geochronological studies has previously made stratigraphic correlations with the Normétal volcanic
complex difficult; and renders impossible any comparison with the structural history associated with gold
mineralization in the Detour Lake area.
This mapping project is being conducted as “in-kind” support to the Discover Abitibi Initiative and
in collaboration with Ore Systems Consulting who is conducting the lithogeochemical portion of the
project as well as geoscience data collection in the Province of Quebec, since the project encompasses
both the Burntbush area in Ontario and the Normétal area in Quebec (see www.discoverabitibi.com). The
fundamental objectives of the projects will be to resolve current gaps in the geological knowledge of the
Burntbush area, and to facilitate geological correlation with the VMS-bearing Normétal volcanic
complex, and other economically important mineralization in the region. Accordingly, detailed structural
and stratigraphic mapping in the Burntbush area was conducted at a scale of 1:20 000, from June to
August 2010, in the townships of Abbotsford, Adair, Scapa and Hepburn. Bedrock mapping was aimed at
1) understanding the stratigraphic characteristics of the Burntbush volcanic complex, 2) investigating
siliciclastic rocks of the Scapa sedimentary group, 3) recognizing synvolcanic and postvolcanic intrusive
rocks, 4) identifying hydrothermal alteration styles, 5) establishing the sequence of deformation events
that affected the area, and 6) elaborating conceptual models regarding potential mineral systems in the
context of the stratigraphic and structural environment of the Burntbush area. All locations for field
observations are provided in Universal Transverse Mercator (UTM) co-ordinates using North American
Datum 1983 (NAD83) Zone 17.

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.5-1 to 5-21.
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Figure 5.1. Preliminary geological map of the Burntbush area. Geographic co-ordinates in NAD83, Zone 17.
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REGIONAL GEOLOGY
The Abitibi greenstone belt comprises an association of Neoarchean volcanic and sedimentary rocks
deposited in a time span of approximately 80 m.y., between 2750 and 2670 Ma. Detailed stratigraphic,
structural and geochronological investigations have recognized 6 volcanic assemblages followed by 2
successor sedimentary basins (Mueller et al. 1996; Ayer et al. 2002, 2005; Thurston et al. 2008): Pacaud
assemblage (2765 to 2735 Ma), Deloro assemblage (2734 to 2724 Ma), Stoughton–Roquemaure
assemblage (2723 to 2720 Ma), Kidd–Munro assemblage (2719 to 2711 Ma), Tisdale assemblage (2710
to 2704 Ma), Blake River assemblage (2704 to 2695 Ma), Porcupine-type sedimentary basin (2690 to
2685 Ma), and Timiskaming-type sedimentary basin (2676 to 2670 Ma).
The Burntbush volcanic complex (Figure 5.1), approximately 4 to 6 km wide, is the northwestern
along-strike continuation of the VMS-hosting Normétal volcanic complex and adjacent volcanic units in
Québec (Lafrance et al. 2000). Felsic volcanic rocks in the Normétal complex have yielded U/Pb zircon
ages of circa 2728 Ma (Mortensen 1993). Unpublished U/Pb zircon ages in felsic rocks from the
Burntbush volcanic complex have yielded similar depositional ages at 2729, 2723 and 2720 Ma (Ontario
Geological Survey (OGS), unpublished data). Accordingly, the Burntbush–Normétal volcanic complexes
belong to the Deloro and Stoughton–Roquemaure volcanic assemblages.

SUPRACRUSTAL ROCKS
Burntbush Volcanic Complex
Five volcanic units were recognized in the Burntbush volcanic complex based on petrographic
characteristics and lithofacies (see Figure 5.1). These units strike northwest and dip steeply to the
northeast. Volcanic lithofacies vary considerably along strike. Rare pillow flows locally indicate
overturned tops younging south, but, since only 2 outcrops show reliable younging indicators, the overall
stratigraphic facing direction of the belt remains unknown. The contacts between volcanic units are rarely
exposed; their original stratigraphic relationships are not clear due to strong deformation. These units
have been named 1 to 5, and are described below, from north to south, respectively.

NORTHERN MAFIC VOLCANIC UNIT (UNIT 1)
This unit is approximately 1.0 to 1.5 km wide and consists primarily of mafic to intermediate lava
flows, mafic tuff, and lesser mafic lapilli-tuff, and felsic tuff.
Mafic to intermediate lava flows are dark green, aphyric and massive. They locally contain 5 to 10%
amygdules, 1 to 4 mm, filled with quartz and rarely epidote. Some lava flows display weak traces of
pillow-shaped cooling cracks without a glassy chilled margin, likely indicating the presence of welded
pillows (cf. Dimroth et al. 1978).
Mafic tuff beds are fine grained, massive or finely laminated. Laminations are planar parallel, lacking
cross bedding or grading, which renders difficult the recognition of stratigraphic tops. Mafic tuffs are rarely
intercalated with mafic lapilli-tuff and felsic tuff beds. Lapilli-tuff beds are less than 1 m thick, monomictic
to polymictic, and matrix supported (Photos 5.1A and 5.1B). Monomictic lapilli-tuff beds contain up to 50%
aphyric basalt lapilli and block fragments (3 to 10 cm), in a fine-grained mafic tuffaceous matrix. Polymictic
lapilli-tuffs contain basalt (20 to 30%), and amygdaloidal rhyolite (5%) lapilli and block clasts (1 to 20 cm),
in a fine-grained mafic tuffaceous matrix. Lapilli and block size clasts are subrounded. Felsic tuff beds also
display thin planar parallel lamination. They include fine-grained felsic tuff, and quartz-plagioclase (5%,
<2 mm) crystal-bearing felsic tuff; quartz crystals are characteristically blue.
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Photo 5.1. Field photographs of volcanic rocks in the Burntbush volcanic complex. A, B) Polymictic matrix-supported lapillituff. Lapilli-size clasts are flattened defining a bedding-parallel composite foliation (S0–S1). Quartz-epidote (qtz-ep) alteration
patches are preferentially associated with lapilli-rich beds (609699E 5438276N). C, D) Typical finely laminated rhyolitic tuff of
the Burntbush rhyolite. Pyrite-bearing layers have a rusty appearance. Felsic tuffs are commonly crosscut by D3 conjugate
dextral and sinistral brittle faults and shear zones oriented clockwise and anticlockwise, respectively, of S0–S1 (592431E
5442087N). E) Strongly flattened pillow flow with abundant vesicles. Pillow tops towards the top of the photo (602168E N
5435422N). F) Garnet (gnt)-rich amphibolite. This rock type occurs as patchy localized zones (590576E 5439854N). The tip of
the mechanical pencil in all photographs points north.
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Numerous mafic and felsic sills and dikes locally intrude unit 1 forming up to 50% of some outcrops.
Felsic dikes and sills are light grey (fresh), white to pink (weathered), and strongly porphyritic. They
include quartz-phyric (30%, 2 to 3 mm) and plagioclase-phyric (20%, <2 mm) rhyolite. The quartz-phyric
rhyolite locally forms peperite along the contact with the mafic tuff. Mafic dikes and sills are green,
aphyric and fine grained. They show similar petrographic characteristics to those of mafic tuffs. These
field characteristics suggest that the mafic to felsic dikes are synvolcanic.
Mafic flows and volcaniclastic rocks commonly exhibit quartz-epidote alteration. This type of
alteration occurs as rounded patches of epidote and quartz (see Photo 5.1B). In volcaniclastic rocks, the
quartz-epidote alteration is preferentially located around lapilli- and block-size clasts (see Photo 5.1B). In
mafic flows, the quartz-epidote alteration has pillow-like shape likely indicating strong replacement of
former pillows. Patchy garnet-rich (>20%) zones are commonly present in mafic flows and volcaniclastic
rocks (Photo 5.1F). These zones also contain abundant amphibole, mainly hornblende and actinolite. The
garnet-rich rocks likely represent either syn- or postvolcanic metamorphosed alteration zones. They
commonly contain 0 to 2% pyrite.

BURNTBUSH RHYOLITE (UNIT 2)
The Burntbush rhyolite consists primarily of rhyolitic tuff, and minor rhyolite flows and intrusive
rhyolite. Magnetite-rich iron formation is locally interbedded with rhyolitic tuff. This unit is up to 600 m
wide and can be traced for approximately 21 km along strike. A felsic tuff has yielded a U/Pb zircon age
of 2723 Ma (OGS, unpublished data).
Rhyolitic tuff beds include fine-grained tuff and crystal tuffs. Individual beds are 10 to 100 cm thick,
and display fine planar parallel lamination (Photos 5.1C and 5.1D). Crystal tuffs comprise quartz-bearing
(<5%), quartz-rich (20 to 30%), plagioclase-bearing (<5%), plagioclase-rich (10 to 20%) and quartzplagioclase crystal tuffs. Quartz and plagioclase crystals are less than 3 mm in size; quartz is typically
blue or light grey. Individual outcrops may be composed of beds dominated by a single type of tuff, or
commonly they consist of centimetre- to metre-scale intercalations of petrographically different tuffs. In
strongly deformed outcrops, a volcaniclastic origin is evident owing to these small-scale intercalations.
A package of interbedded felsic tuff and magnetite-rich iron formation was observed in the central
part of the area; close to the contact between units 2 and 3. This package is less than 50 m thick and
approximately 1 km long. It comprises fine intercalations of 1 to 50 cm thick beds of magnetite-rich iron
formation, tuffaceous chert and fine-grained rhyolitic tuff.
The intrusive or extrusive origin of coherent rhyolites is difficult to establish due to strong
deformation and small size of the outcrops. Coherent rhyolites have similar petrographic characteristics to
those of rhyolitic tuff. Intrusive rhyolites locally have irregular, dark, magnetite rich chilled margins.
Sericitic alteration is the dominant type of alteration in the Burntbush rhyolite. The alteration is
moderate to strong and affects both coherent and volcaniclastic units. Pyrite is commonly present as trace
amounts in rhyolitic tuffs, which result in a rusty appearance (see Photos 5.1C and 5.1D). Silica-rich
alteration of volcaniclastic rocks is localized and not common. The enrichment of pyrite and sericite is
interpreted to be formed during synvolcanic alteration.
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CENTRAL MAFIC VOLCANIC UNIT (UNIT 3)
The central mafic volcanic unit is dominated by mafic to intermediate lava flows and mafic
volcaniclastic rocks. Felsic tuff beds are also present. Rare magnetite-rich tuffaceous exhalite beds, less
than 30 cm thick, are intercalated with mafic tuff. Felsic tuff packages are locally present.
Mafic to intermediate lava flows are primarily massive, dark green, commonly aphyric, and rarely
sparsely plagioclase phyric, <5% plagioclase. Two outcrops display well-preserved mafic pillow lavas
with tops indicating overturned stratigraphy younging southward (Photo 5.1E). Individual pillows are
dark green, 20 to 100 cm long, less than 30 cm thick, aphyric or sparsely plagioclase-phyric, and locally
vesicular. Vesicles are 1 to 2 cm long, locally filled with quartz, and more abundant towards the pillow
cores and tops (see Photo 5.1E). Glassy chilled margins, now amphibole rich, are less than 2 cm thick. A
few massive lava flows exhibit weakly developed pillows without glassy chilled margin, likely indicating
the presence of welded pillows (cf. Dimroth et al. 1978).
Fine-grained mafic tuff is rarely intercalated with felsic tuff and magnetite-rich graphitic tuff.
Individual beds are massive or finely laminated. However, bedding is not easy to identify in zones of
strong deformation. The magnetite-rich beds are finely laminated and likely represent tuffaceous exhalite.
Felsic tuff and tuffaceous exhalite beds are less than 50 cm thick.
In the central part of the area, mafic and intermediate flows change along strike into a felsic tuff
package approximately 350 m thick (see Figure 5.1). Felsic tuffs are fine grained and locally display thin
planar parallel lamination. They have abundant patchy, stratabound, amphibole-garnet-pyrite rich zones,
30 to 100 cm thick, which may represent metamorphosed alteration zones (see Photo 5.1F). Quartz-epidote
alteration is commonly present and display similar physical characteristics to that observed in unit 1.

FELSIC TO INTERMEDIATE VOLCANICLASTIC UNIT (UNIT 4)
This unit is approximately 400 m thick and consists primarily of felsic to intermediate tuff. Tuff beds
are commonly intercalated with chert and magnetite-rich iron formation (Photo 5.2A).
Tuffs are light grey, and characteristically light brown in weathered surface. They are fine grained, and
locally contain less than 2%, less than 1 mm blue quartz crystals. Tuff beds locally display planar parallel
lamination; however, they also occur as 2 m thick massive beds. Magnetite-rich iron formation beds are
black to light grey, 1 to 20 cm thick and finely laminated. They commonly occur intercalated with tuff, and
chert (see Photo 5.2A). Chert beds are less than 10 cm thick, light grey (fresh) to white (weathered).
Garnet-amphibole–rich patchy zones, 20 to 50 cm thick, are commonly hosted by felsic to
intermediate tuffs (Photo 5.2B). These zones are more abundant close to the iron-formations. They
contain 2 to 5% pyrite and up to 5% magnetite. Garnet porphyroblasts, 5 to 20%, may reach up to 3 cm.
The garnet-amphibole–rich zones represent alteration zones overprinted by amphibolite-facies
metamorphism.

SOUTHERN MAFIC VOLCANIC UNIT (UNIT 5)
The southernmost volcanic unit is not well exposed. The available outcrops are strongly deformed
and recrystallized into fine-grained amphibolites. Few outcrop show relic primary volcanic textures
indicating that unit 5 comprises massive mafic lava flows and mafic tuffs. Garnet-biotite schist, garnetbiotite-amphibole schist and quartzitic gneiss commonly occur towards the contact with the Scapa
sedimentary group. These lithologies contain 10 to 30%, 1 to 4 cm long, garnet porphyroblasts.

5-6

Precambrian Geoscience Section (5)

J.C. Ordóñez-Calderón

Photo 5.2. Field photographs of volcanic rocks in the Burntbush volcanic complex (A and B), and greywackes in the Scapa
sedimentary group (C to F). A) Intercalation of chert and magnetite-rich iron formation (596835E 5437014N). B) Garnet (gnt)rich zone hosted in intermediate tuff (597287E 5436850N). C) Typical centimetre-scale intercalation of fine- to medium-grained
greywackes (607553E 5427050N). D) Intercalation of fine- to medium-grained greywackes with well-developed flame structure.
Younging direction towards the top of the photograph (584213E 5429653N). E, F) Turbiditic greywacke with normal grading
indicating younging toward the south (arrow indicates younging direction) (594744E 5427237N). The tip of the mechanical and
digital pencil in all photographs points north.
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Scapa Sedimentary Group
Siliciclastic sedimentary rocks south of the Burntbush volcanic complex have been referred to as the
Scapa metasedimentary rocks (Lumbers 1962, 1963; Johns 1982). These rocks strike near east–west, dip
steeply to the south and north. It consists of intercalations of fine- to medium-grained turbiditic
greywacke and minor argillite (Photo 5.2C). Bouma sequences have been described by Johns (1978,
1982). The Scapa sedimentary group is correlative with siliciclastic sedimentary rocks of the Chicobi
Group, east of the study area and south of the Normétal volcanic complex (Lafrance et al. 2000).
Greywackes are light brown to light green in weathered outcrops, and light grey in fresh surface (see
Photo 5.2C). Their typical mineral assemblages include quartz, plagioclase, biotite and muscovite. Garnet
(1 to 5%) and amphibole (<2%) are locally present. Greywackes are rarely intercalated with amphibolegarnet-magnetite–rich beds, less than 50 cm thick, and chert layers, 1 to 3 cm thick. These rocks likely
represent altered siliciclastic rocks and chemical sediments.
Sedimentary beds, 2 to 50 cm thick, are either massive or display planar parallel laminations.
Sedimentary structures indicating younging direction are rare. Two outcrops display well-preserved flame
structures and normal grading, which indicate upright beds younging southwards (Photos 5.2D, 5.2E and
5.2F). However, given the small number of younging indicators, the overall stratigraphic facing direction
remains unknown.

INTRUSIVE ROCKS
Granitic Intrusions
Major granitic intrusions include the Case batholith, the Mistawak batholith and the Patten River
pluton (see Figure 5.1; Photos 5.3A and 5.3B). The petrographic characteristics of these granitic
intrusions in the study area have been previously described by Lumbers (1962, 1963) and Johns (1978,
1982). These granitic intrusions are distinctively undeformed. However, the margins of the Pattern River
pluton are moderately to strongly sheared (see Photo 5.3B).
The Mistawak batholith in the Adair Township consists primarily of medium- to coarse-grained pink
biotite monzogranite. It is composed of quartz (30%), plagioclase (30 to 35%), potassium feldspar (30 to
35%), biotite (1 to 10%), epidote (<1%) and magnetite (<1%). The magnetic susceptibility values,
1.6 ×10–3 to 4.35 ×10–3 SI, indicate that this batholith is transitional between the intermediate-series
(1 ×10–3 to 3 ×10–3 SI) and magnetite-series (>3 ×10–3 SI) granites of Ishihara (1977, 1979, 1990, 2004).
The Patten River pluton is a medium- to coarse-grained biotite monzogranite composed of quartz
(25 to 30%), plagioclase (30 to 40%), potassium feldspar (25 to 30%), biotite (0 to 15%), epidote (<1%)
and magnetite (<1%). Quartz diorite was observed at the margins of the pluton. It is composed of
hornblende (35%), plagioclase (40%), quartz (25%), garnet (5%) and magnetite (<1%). The biotite
monzogranite exhibit magnetic susceptibility values between 0.02 ×10–3 and 1.7 ×10–3 SI. These values
overlap with those of the ilmenite-series (<1 ×10–3 SI) and intermediate-series granites. The quartz diorite
phase display magnetic susceptibility values (4.6 ×10–3 SI) typical of the magnetite-series granites.
The Case batholith has yielded U/Pb monazite ages of 2676 and 2660 Ma (Davis et al. 2000). This
batholith comprises pink biotite monzogranite and white leucogranite (see Photo 5.3A). The biotite
monzogranite is composed of quartz (30 to 35%), plagioclase (30%), potassium feldspar (25 to 30%),
biotite (10 to 15%) and epidote (<1%). The leucogranite consists of plagioclase (63%), quartz (30%),
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Photo 5.3. Field photographs of various intrusive rocks in the Burntbush area. A) Undeformed leucogranite phase of the Case
batholith intruded by pegmatite dikes (584381E 5437827N). B) Sheared marginal phase of the Patten River pluton. The
foliation is defined by flattened quartz ribbons. The foliation is folded into small-scale Z-shape folds (arrow) (605794E
5436084N). C) Pyroxene (px)-porphyritic gabbroic dike. Notice the strong development of a D3 shear fabric. The occurrence of
δ- and σ-type pyroxene porphyroclasts (arrow) suggests dextral shearing (602015E 5435354N). D) Plagioclase (pl)-porphyritic
intermediate (int.) dike intruding pillow flows. The regional S1 is defined by the long axis of flattened pillows. A late D3 dextral
shear zone is oriented clockwise of S1 (602368E 5435485N). E) Plagioclase (pl)-porphyritic intermediate (int.) dike intruding
pyroxene (px)-porphyritic gabbro. Notice the strong development of a D3 shear fabric in both dikes. Plagioclase phenocrysts
exhibit δ- and σ-type pressure shadows (arrows) indicating dextral shearing (602015E 5435354N). F) Greywackes of the Scapa
sedimentary group intruded by amphibole-bearing leucogabbro dike. The dike has been affected by D3 Z-shaped folding. Quartz
veins (arrows) are near parallel to the axial plane of the Z-shaped fold (584331E 5429685N). The tip of the mechanical pencil
and compass in all photographs points north.
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muscovite (5%) and garnet (2%). The leucogranite phase has magnetic susceptibility values less than
1.0 ×10–3 SI, which is typical of the ilmenite-series granites. In contrast, the magnetic susceptibility
values of the biotite monzogranite, 1.32 ×10–3 to 5.72 ×10–3 SI, overlap those of the intermediate-series
and magnetite-series granites.
The Case batholith is intruded by 4 to 30 cm thick pegmatites (see Photo 5.3A). They consist of
potassium feldspar (60%), plagioclase (10%), quartz (20%) and muscovite (10%). Spodumene,
columbite-tantalite and molybdenite have been reported in pegmatitic dikes intruding the Case batholith,
south of the study area (Lumbers 1962, 1963; Karvinen and Hunt 1976; Johns 1978, 1982). Pegmatitic
dikes commonly have magnetic susceptibility values similar to those in the leucogranite.

Dikes and Sills
Volcanic rocks of the Burntbush complex are intruded by numerous plagioclase-porphyritic
intermediate and pyroxene-porphyritic gabbro dikes and sills (Photos 5.3C, 5.3D and 5.3E). These
intrusive rocks have not been observed in the Scapa sedimentary group, which is intruded primarily by
amphibole-bearing leucogabbro (Photo 5.3F) and magnetite-rich diabase.
Pyroxene-porphyritic gabbros are dark green, medium to coarse grained, 50 cm to 150 m thick
(see Photo 5.3C). Pyroxene crystals (20 to 40%; 0.5 to 2 cm) are commonly replaced by actinolite and
hornblende. These gabbroic dikes have well-preserved relict igneous texture. However, they are
transformed into foliated amphibolites in zones of strong deformation.
Plagioclase-porphyritic intermediate composition dikes are light grey (fresh) to white (weathered),
0.5 to 1.0 m thick, and intrude both the volcanic rocks and pyroxene-porphyritic gabbros (see Photos
5.3D and 5.3E). Plagioclase crystals (30 to 40%; 1 to 5 mm) are embedded in an aphanitic matrix, which
locally contain up to 2% of biotite.
Amphibole-bearing leucogabbro commonly occurs in thin dikes and sills 1 to 30 cm thick, intruding
along and across bedding planes (see Photo 5.3F). They are composed of amphibole (20 to 30%) and
plagioclase (70 to 80%).
Magnetite-rich diabase dikes are strongly magnetic, with magnetic susceptibility values up to
61 ×10–3 SI. Although they were observed in the southern sedimentary unit, high-resolution geophysics
clearly indicate that these dikes intrude into volcanic rocks on a regional scale. These diabase dikes,
elsewhere in the Abitibi greenstone belt, have ages of 1230 and 2485 Ma and, accordingly, are
Proterozoic in age (Farigh, Gaucher and Larochelle 1965).

STRUCTURAL GEOLOGY
Supracrustal rocks in the Burntbush area underwent a complex, multi-stage history of ductile
deformation in the upper greenschist- to lower amphibolite-facies metamorphic conditions. Three
different deformation events, D1 through D3, were recognized (Table 5.1; Figure 5.2).
The earliest deformation event (D1) identified in the area is indicated by a well-developed bedding(S0) parallel foliation (S1), which is prevalent in volcanic rocks of the Burntbush volcanic belt, and
siliciclastic rocks of the Scapa sedimentary group (see Photos 5.1 and 5.2). The close parallelism between
S0 and S1 resulted in a composite S0–S1 foliation, which is the dominant fabric in volcanic and
sedimentary rocks throughout the area. The S0–S1 foliation trends northwest to near-west (see Figure 5.2).
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Table 5.1. Sequence of deformation events and related structures in the Burntbush area.

Deformation Event

Structure

Characteristics

D3
Dextral Transpression

F3

Moderately to steeply plunging Z-shaped folds; amplitude of
centimetres to metres.

S3

East-northeast- to near west-trending, subvertical, oriented
anticlockwise of the prevalent S0–S1 foliation; axial planar
to Z-shaped F3 folds.

L3

(1) Moderately to steeply plunging mineral stretching
lineation parallel to Z-shaped F3 fold axes; defined by
stretched biotite, garnet and quartz.
(2) Subhorizontal ridge-in-groove lineation along C-planes of
dextral shear zones. Subhorizontal quartz fibres around
δ- and σ-type garnet porphyroclasts in dextral shear zones.

D2
Northeast–Southwest
Compression

D1

Dextral shear zone

Steeply dipping, centimetres to hundreds of metres highstrain zones; parallel to the lithological contacts and the
S0–S1 foliation. Subvertical C′-type shear bands, S-C
mylonitic fabrics, and asymmetric pressure shadows in
porphyroclasts are well developed.

Conjugate faults and
shear zones

Rare, millimetre to centimetre thick, faults and shear zones
with dextral and sinistral shear sense of movement,
oriented clockwise and anticlockwise, respectively, of the
prevalent S0–S1 foliation.

F2

Tight, upright, shallow-plunging folds; amplitude of
centimetres to metres. Axial plane oriented subparallel to
slightly clockwise or anticlockwise of the composite
S0–S1 foliation. F2 folds were observed only at outcrop
scale.

S2

Rare, weakly developed, axial planar to F2 folds.

S1

Northwest- to near west-trending, well-developed, bedding
(S0)-parallel foliation; defined by flattening of quartz
crystals and lapilli-size fragments in volcaniclastic rocks.
Parallelism with S0 resulted in a prevalent S0–S1
composite foliation.

L1

Rare, steeply plunging stretching lineation along S1; defined
by stretched lapilli-size fragments, and preferred
orientation of amphibole.

The S1 foliation is defined by flattening of pillow flows, lapilli- and block-size clasts and quartz crystals
(see Photos 5.1A and 5.1E). Locally, preferred orientation of stretched quartz crystals and lapilli-size
clasts define a steeply plunging stretching lineation (L1) along S1.
The Mistawak and Case granite batholiths and the Patten River granite pluton are not overprinted by
S1. In addition, S1 is crosscut by plagioclase-porphyritic intermediate, pyroxene-porphyritic gabbro and
amphibole-bearing leucogabbro dikes and sills (see Photo 5.3F). These field characteristics indicate that
D1 predates the emplacement of major granitic intrusions and intermediate to mafic dikes and sills. As a
corollary, these intrusive rocks postdate the Burntbush volcanic complex.
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A second deformation event (D2) has been interpreted based on the local occurrence of rare
centimetre- to metre-scale, tight, upright, shallow-plunging F2 folds (Photo 5.4A; see Figure 5.2).
Bedding and S1 in volcanic and sedimentary rocks are folded around F2 folds. The axial plane of F2 folds
is oriented subparallel to slightly clockwise or anticlockwise of S0–S1. The D2 event did not produce a
regional penetrative foliation. However, F2 folds locally exhibit a very weak axial planar S2 foliation. The
D2 related structures have not been observed in the postvolcanic felsic to mafic intrusive rocks.
The D3 event is characterized by strong ductile dextral shearing, which is well recorded in volcanic
and siliciclastic sedimentary rocks. Nevertheless, these rock types deformed differently. In the Burntbush
volcanic complex, D3 deformation was accommodated by dextral shearing and asymmetric Z-shaped F3
folding (Photos 5.4B, 5.4C and 5.4D). The D3 dextral shear zones, a few centimetres to approximately

Figure 5.2. Equal-area, lower hemisphere projections of structural measurements. Number of measurements (N) and maximum
density point maxima are given on the top of equal-area projections. Contours are in 2 multiples of uniform distribution.
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Photo 5.4. Field photographs of various structures in the Burntbush area. A) Bedding-parallel foliation (S0–S1) in rhyolitic tuff
folded by F2 fold (a.p. = axial plane) (592431E 5442087N). B) Strongly sheared rhyolitic tuff. D3 S–C–C′ fabrics are well
developed and consistently indicate dextral shearing. Inset indicates the orientation of the different structural elements (597857E
5436587N). C) Mafic tuff overprinted by D3 shearing. Notice the development of quartz-filled, σ-type pressure shadows around
garnet porphyroclasts. The porphyroclasts clearly indicate dextral shearing (592459E 5442034N). D) Intermediate tuff with
well-developed Z-shaped F3 folds. The S3 axial planar foliation is not well developed (595905E 5437985N). E) Greywacke of
the Scapa sedimentary group affected by Z-shaped F3 folding with well-developed S3 axial planar foliation. This foliation
crosscuts the regional S0–S1 foliation (584331E 5429685N). F) Bedded tuff with S3 foliation overprinting an earlier bedding
parallel (S0–S1) foliation (607550E 5436589N). The tip of the mechanical pencil in all photographs points north.
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200 m thick, are parallel to lithological contacts and the prevalent S0–S1 composite foliation. These shear
zones are defined by well-developed subvertical C′-type shear bands, S-C mylonitic fabrics, δ- and σ-type
clasts, asymmetric pressure shadows in stiff crystals, and Z-shaped F3 folds (see Photos 5.4B, 5.4C and
5.4D) (cf. Hanmer and Passchier 1991; Passchier and Trouw 2005; Trouw, Passchier and Wiersma 2010).
Collectively, these structures consistently indicate a dextral sense of movement. In contrast, greywackes
in the Scapa sedimentary group, accommodated D3 deformation mainly by localized Z-shaped folding
(Photo 5.4E); D3 shear zones are rare, less than 20 cm thick, oriented parallel to S0–S1, and preferentially
developed towards the north, close to the contact with the volcanic rocks.
The Z-shaped F3 folds, both in volcanic and sedimentary rocks, are centimetre to metre scale.
However, in the Burntbush volcanic complex, kilometre-scale variation in the strike of S0–S1, as well as
high-resolution geophysics, clearly indicate that the belt has been folded into a regional-scale asymmetric
Z-shaped fold. Small-scale F3 fold axes plunge 30 to 88° east-southeast, and their axial planes are
subvertical and oriented anticlockwise of S0–S1 (see Figure 5.2). The F3 folds commonly develop an axial
planar foliation (S3). The S3 foliation is more commonly developed in sedimentary rocks than in the
volcanic counterparts (see Photos 5.4D, 5.4E and 5.4F). It is a subvertical-spaced cleavage, oriented
anticlockwise of S0–S1, and is defined by biotite and muscovite surfaces and flattened quartz crystals. In
volcanic rocks, S3 is subparallel to the shear foliation (S-fabric) in D3 dextral shear zones (see Figure 5.2).
The shear foliation is commonly defined by reorientation of the older S0–S1 foliation. The F3 folds and
their axial planar foliation overprint outcrop-scale F2 folds; the axial planes of F2 folds are folded into F3
folds and are transacted by S3 foliation (Photos 5.5A and 5.5B).
Two distinct L3 lineations have been recognized (Photos 5.5C and 5.5D; see Figure 5.2). First, a
pronounced mineral stretching lineation (L3) along S3, plunges 30 to 88° east-southeast and is subparallel
to F3 fold axes (see Photo 5.5C). It is defined by stretched quartz, garnet and quartz-filled vesicles. This
lineation is strongly developed in quartz veins. Stretched lapilli-size fragments are also oriented parallel
to L3. It is likely that L1 was reoriented parallel to F3 axes during D3 dextral deformation. Accordingly, the
moderately to steeply plunging L3 stretching lineation may locally be a composite L1–L3 lineation.
Second, a subhorizontal ridge-in-groove lineation (L3) was observed along shear planes in D3 dextral
shear zones (see Photo 5.5D). The subhorizontal L3 lineation is not evident, because most outcrops are
flat and shear planes are rarely well exposed.
Proterozoic diabase dikes are not affected by D3 deformation. In contrast, postvolcanic intermediate
to mafic dikes and sills are overprinted by D3 dextral shear zones and Z-shaped F3 folds. Plagioclase and
pyroxene crystals have been rotated and recrystallized into δ- and σ-type winged porphyroclasts with
consistent dextral sense of movement (see Photos 5.3C and 5.3E). Dextral C′-type shear bands and S-C
mylonitic fabrics are also common. Shear planes (C-planes) are normally localized along and parallel to
the contact between sills and their host rocks. The northwestern margin of the Pattern River pluton locally
displays a Z-folded foliation (see Photo 5.3B), defined by flattening and preferred orientation of
recrystallized quartz crystals. These structures may have formed during D3 deformation. However, the
interior of the pluton is virtually undeformed. Similarly, the Mistawak and Case batholiths are
undeformed in their innermost parts, and their contacts with the Burntbush volcanic complex are not
exposed. Accordingly, field evidence appears to indicate that, relative to D3 deformation, postvolcanic
dikes and sills are likely pre- to syntectonic, whereas the major granite batholiths and plutons are likely
syn- to posttectonic.
Although D3 shearing was localized mainly along and parallel to lithological contacts and the S0–S1,
dextral and sinistral brittle faults and shear zones, less than 5 cm wide, oriented clockwise and
anticlockwise, respectively, of S0–S1 are also common (see Photos 5.1C, 5.1D and 5.3D; see Figure 5.2).
These oblique shear zones, relative to S0–S1, occur either individually or as conjugate pairs. The oblique
dextral shear zones are subparallel to D3 dextral C′-type shear bands (see Figure 5.2). These geometric
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Photo 5.5. Field photographs of various structures in the Burntbush area. A and B) Intercalation of chert and garnet-rich
sedimentary rocks of the Scapa sedimentary group. S0–S1 has been folded by F2 folds (a.p. = axial plane). Z-shaped F3 folds
clearly refold the F2 folds. S3 is axial planar to F3 and clearly transect the axial plane of F2 folds (584148E 5429567N).
C) Steeply plunging stretching lineation. The lineation is subparallel to F3 fold axes and likely represents rotation of an early
foliation (L1) into parallelism with F3 fold axes (609699E 5438276N). D) Exposed C-type shear plane with well-developed
subhorizontal L3 ridge-in-groove lineation (602015E 5435354N). E) Intermediate tuff with boudinaged quartz vein oriented
anticlockwise of S0–S1 (607897E 5436292N). F) Intermediate dike crosscut by late quartz veins. Quartz veins oriented
clockwise (Q1) and anticlockwise (Q2) of S0–S1 have been folded into Z- and S-shape F3 folds, respectively (596176E
5437679N). The tip of the mechanical and magnetic pencil in all photographs points north.
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characteristics suggest that the conjugate brittle faults and shear zones formed during D3 deformation.
However, the brittle behaviour of the oblique faults indicates that they formed when the volcanic rocks
were relatively cool. Therefore, these structures may have formed late during D3 deformation.
Quartz veins, 10 to 50 cm thick, occur both in volcanic and sedimentary rocks, but they are more
abundant within shear zones (Photos 5.5E and 5.5F). Quartz veins oriented parallel to S0–S1 are either
tightly Z-shape folded, or boudinaged, back rotated and linked by dextral shear bands. Veins oriented
clockwise of S0–S1 are Z-shape folded, whereas those oriented anticlockwise of S0–S1 are primarily
boudinaged (see Photos 5.5E and 5.5F). However, it is common that anticlockwise-oriented veins are
S-shape folded (see Photo 5.5F). The antithetic asymmetry of these veins likely reflects localized sinistral
slip, which is compatible with the antithetic sinistral shear zones oriented anticlockwise of S0–S1 (see
Photo 5.1D; see Figure 5.2). The above structural characteristics suggest that the quartz veins formed
during D3 deformation.

FIELD GEOLOGY INTERPRETATIONS
Stratigraphic Implications
Unpublished (OGS) U/Pb zircon geochronology in felsic volcanic rocks of the Burntbush volcanic
complex suggests that mafic to felsic volcanism took place between 2729 and 2720 Ma. Accordingly, the
Burntbush volcanic complex belongs to the Deloro and Stoughton–Roquemaure volcanic assemblages of
the Abitibi greenstone belt (Ayer et al. 2005; Thurston et al. 2008). Similar U/Pb zircon ages have been
reported in the VMS-bearing Normétal volcanic complex in Quebec (Mortensen 1993; Lafrance et al.
2000).
Detailed field mapping has allowed subdivision of the Burntbush volcanic complex into 5
tectonostratigraphic units based on changes in petrographic characteristics and lithofacies (see Figure
5.1). These volcanic units reflect changes in the style of volcanic processes. For example, the Burntbush
rhyolite (unit 2; see Figure 5.1) represents a major phase of felsic-dominated volcanism. This felsicdominated volcanic phase may have had a regional extent because the Burntbush rhyolite can be traced
for approximately 21 km along strike into the border with Quebec. The rhyolite is dominated by finegrained tuff, and quartz and plagioclase crystal-rich tuffs, which may suggest a distal environment relative
to a felsic volcanic eruptive centre. However, the presence of intrusive rhyolite into the felsic tuff likely
indicates proximity to local volcanic vents. A complete volcanic reconstruction is difficult due to the low
percentage of available outcrop.
The volcaniclastic unit 4 (see Figure 5.1) commonly include iron formation, chert and rare graphitebearing tuff. The unit may represent a resedimented synvolcanic deposit or a volcanogenic sedimentary
deposit (cf. McPhie, Doyle and Allen 1993). The presence of abundant chemical sediments and graphitebearing rocks suggest that unit 4 represent a hiatus in volcanic activity.
Although the northern, central and southern volcanic units (units 1, 3 and 5) are dominated by mafic
flows and associated volcaniclastic deposits, these units also include felsic tuffs and intrusive rhyolites,
implying that felsic volcanism occurred and changed in intensity through the whole evolution of the
Burntbush volcanic complex.
Siliciclastic sedimentary rocks in the Scapa sedimentary group are correlative with turbidites of the
Chicobi sedimentary group in Quebec (Lafrance et al. 2000). Greywackes belonging to the Porcupine
assemblage, approximately 21 km southeast of the Burntbush area, have yielded U/Pb detrital zircon ages
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consistent with a maximum depositional age of 2699 Ma (Ayer et al. 2002). The contact between the
Scapa sedimentary group and the Burntbush volcanic complex is rarely exposed. It is a high-strain zone
with kinematic indicators suggesting a dextral sense of shearing. The contact between the Chicobi
sedimentary group and the Normétal volcanic complex has been interpreted as a thrust-faulted contact
(Lafrance et al. 2000).
It is noteworthy that pillow tops in the Burntbush volcanic complex and sedimentary structures in the
Scapa sedimentary group suggest the younging direction is to the south (see Figure 5.1; see Photos 5.1E,
5.2D, 5.2E and 5.2F). However, given the limited number of outcrops with reliable younging indicators,
the overall facing direction remains unknown. Nevertheless, pillow tops in the Normétal volcanic
complex also indicates the younging direction is to the south (Lafrance et al. 2000).

Tectonic Implications
The Burntbush volcanic complex and the Scapa sedimentary group underwent a complex history of
deformation (see Table 5.1; see Figure 5.2). At least 3 deformation events were recognized in the area
(see Table 5.1). The D3 deformation strongly overprinted and transposed structures formed during the D1
and D2 events making it difficult to recognize in the field. In the Normétal volcanic complex, volcanic
rocks are bounded by thrust faults (Lafrance et al. 2000). Thrust faults were not recognized in the
Burntbush area. However, they cannot be ruled out due to strong tectonic overprinting during D3
deformation.
The upright folding of the D2 deformation event was recognized on centimetre- to metre-scale folds.
No regional D2 folds were identified in this study. In the Normétal volcanic complex, reversals of pillow
flows indicate that volcanic rocks in the south of the belt form a regional synform (Lafrance et al. 2000).
The synform is bounded by dextral shear zones and, accordingly, it may have formed during the D2 event.
The D3 S-C-C′ fabrics, asymmetric Z-shaped folds, δ- and σ-type winged porphyroclasts, and
boudinaged veins and dikes are excellent kinematic indicators suggesting dextral shearing (see Photos
5.3C, 5.3D, 5.3E, 5.3F, 5.4B, 5.4C and 5.4D). The near-vertical orientation of S, C and C′ planes and the
subhorizontal lineation in shear planes indicate that movement was near horizontal (see Figure 5.2). An
interesting structure is the presence of a shallow to steep stretching lineation (see Photo 5.5C; see Figure
5.2). Local evidence suggests that the lineation is a composite L1–L3 lineation, which resulted from
rotation of L1 during D3 deformation. However, postvolcanic dikes and quartz veins, which postdate D1
and D2 deformation, respectively, also exhibit a shallow to steep lineation that subparallels F3 fold axes.
Studies in transpressional settings, simultaneous constriction and simple shear, have shown that stretching
lineations in high-strain zones are shallow to steeply plunging (e.g., Tikoff and Greene 1997; Lin, Jiang
and Williams 2007a, 2007b). Accordingly, it is suggested that D3 kinematic indicators were formed in a
dextral transpressional regime.

ECONOMIC CONSIDERATIONS
Volcanic rocks in the Burntbush complex were deposited in a similar time interval, 2729 to 2720 Ma,
to those in the VMS-bearing Normétal volcanic complex. Extensive exploration has taken place in the
Normétal complex in Quebec. However, less exploration has been conducted in the Burntbush complex.
The Burntbush volcanic complex exhibits a volcanic stratigraphy that is comparable with that in Normétal
and, therefore, the belt has a strong potential to host VMS deposits.
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It has been recognized that VMS deposits do not occur as single entities, but rather form as nested
clusters of deposits that are preferentially formed during volcanic hiatuses (DeWolfe et al. 2009; Gibson,
Morton and Hudak 1999). Volcanic hiatuses in the Burntbush complex are implied by volcaniclastic
rocks of the Burntbush rhyolite (unit 2) and interbedded intermediate tuff and iron formation (unit 4).
Accordingly, the belt has a strong potential to be prolific VMS camp.
The origin of garnet-rich patchy zones is not yet understood. However, these rocks likely represent
metamorphosed alteration zones (see Photos 5.1F and 5.2B). For instance, in the Storø greenstone belt,
southwest Greenland, well-documented garnet-rich rocks within amphibolites represent alteration zones
that host gold mineralization of presumed synvolcanic origin (Knudsen et al. 2007; van Gool et al. 2007;
Ordóñez-Calderón et al. 2). In the Burntbush volcanic complex, these garnet-rich zones are hosted by
mafic and felsic volcanic rocks and commonly are mineralized with trace amounts of pyrite. It is
recommended that these lithologies should be tested for gold.
The petrographic characteristics of quartz-epidote alteration zones in volcanic rocks resembles those
of seafloor-related high-temperature (300 to 400°C) hydrothermal alteration documented both in modern
and ancient volcanic rocks (Alt 1999; Banerjee, Gillis and Muehlenbachs 2000; Banerjee and Gillis 2001;
Polat et al. 2007). This type of hydrothermal alteration is commonly located in the footwall of VMSbearing volcanic sequences (e.g., Galley 1993; Gibson and Kerr 1993). However, similar type of
alteration may occur during amphibolite-facies metamorphism (e.g., Ordóñez-Calderón et al. 2008). It is
worth nothing that quartz-epidote alteration in the Burntbush volcanic complex is locally associated with
D3 high-strain zones. Two potential origins are likely for the quartz-epidote zones in the Burntbush
volcanic complex. First, they formed in 2 stages, including early synvolcanic and late syntectonic, relative
to D3, high-temperature alteration. Second, the quartz-epidote alteration zones formed due to hightemperature fluid flow during D3 dextral transpression.
Recognition of D3 dextral transpression has important implications in the metallogenesis of the area.
Prolific gold deposits formed in transpressional settings have been well documented in the Canadian
Shield (Lafrance, DeWolfe and Stott 2004; DeWolfe, Lafrance and Stott 2007; Oliver et al. 3). In these
settings, gold is commonly associated with syntectonic veins, which are localized within high-strain
zones. In the Burntbush complex, dextral transpression resulted in high-strain zones localized along
lithological contacts. Abundant quartz veins with D3 structures clearly indicate that they formed during
dextral transpression. The D3 deformation was stronger in the Burntbush volcanic complex than in the
Scapa sedimentary group. This is because the volcanic belt accommodated most of the deformation by
shearing, whereas the sedimentary rocks underwent folding. It is concluded that the Burntbush volcanic
complex has a strong potential for shear zone-hosted gold deposits.
The occurrence of spodumene, columbite-tantalite and molybdenite (Johns 1978, 1982) in pegmatitic
dikes intruding the Case batholith suggest that the granitic intrusions in the area may host important
commodities such as Li, Ta, Nb, Zr, Hf, W and rare earth elements (REE). The Burntbush area, however,
has been underexplored for these types of economically valuable elements.

2

Ordóñez-Calderón, J.C., Polat, A., Fryer, B.J. and Gagnon, J.E., “Field and geochemical characteristics of Mesoarchean to
Neoarchean volcanic rocks in the Storø greenstone belt, SW Greenland: evidence for accretion of intra-oceanic volcanic arcs”,
submitted to Precambrian Research [in revision].

3

Oliver, J., Ayer, J., Dubé, B., Aubertin, R., Burson, M., Panneton, G., Friedman, R. and Hamilton, M., “Structural, chronologic,
lithologic and alteration characteristics of gold mineralization: the Detour Lake gold deposit, Ontario, Canada”, submitted to
Exploration and Mining Geology.
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RESEARCH IN PROGRESS
Approximately 300 samples were collected from volcanic, sedimentary and intrusive rocks to
characterize their lithogeochemistry, petrogenesis, sedimentary provenance and hydrothermal alteration
history. These results will help to better understand the geological environment and metallogenic potential
of the Burntbush area. Several oriented samples were collected from selected outcrops for microstructural
studies to place additional constraints in the deformation history of the area. Ten samples were collected
for U/Pb zircon geochronology to investigate 1) the age of volcanic rocks in the Burntbush supracrustal
belt, and to facilitate correlation with volcanic rocks in the VMS-hosting Normétal volcanic assemblage
in Quebec; 2) the age of postvolcanic intrusive rocks, including sheared plagioclase-porphyritic
intermediate dikes, and nondeformed major granitic intrusions (Mistawak and Case batholiths and Patten
river pluton), the intrusive ages of which will also provide maximum and minimum ages of various
deformation events; and 3) the age of detrital zircons in greywackes of the Scapa group, in order to
characterize maximum depositional ages and the sources of detrital sediments, which will help in the
reconstruction of the overall tectonic evolution of the area.

ACKNOWLEDGMENTS
Field assistants Alex Berger, Anthony Sirois and Christopher Jolicoeur are thanked for their hard
work, enthusiasm and humour during 3 months of geological mapping in the Burntbush area. Insightful
discussions with OGS senior Precambrian Geoscientists John Ayer, Ben Berger and Greg Stott helped to
improve this report. Field discussions with Tim Barrett are greatly appreciated. Colleagues Sara Buse and
Dave Lewis are thanked for their kind support during the pre-field work logistics, which resulted in a safe
and successful field season. Thanks are extended to project geologist Sylvain Lépine, Cogitore Resources
Ltd., for sharing his field observations and geological insight in the Burntbush area. Thanks to Kirkland
Lake Resident Geologist Program geologists Dave Guindon and Gary Grabowski for facilitating access to
the Drill Core Library.

REFERENCES
Alt, J.C. 1999. Hydrothermal alteration and mineralization of oceanic crust: mineralogy, geochemistry, and
processes; in Volcanic-associated massive sulphide deposits: processes and examples in modern and ancient
settings, Reviews in Economic Geology, v.8, p.133-155.
Ayer, J.A., Amelin, Y., Corfu, F., Kamo, S.L., Ketchum, J.W.F., Kwok, K. and Trowell, N. 2002. Evolution of the
southern Abitibi greenstone belt based on U-Pb geochronology: autochthonous volcanic construction followed
by plutonism, regional deformation and sedimentation; Precambrian Research, v.115, p.63-95.
Ayer, J.A., Thurston, P.C., Bateman, R., Dubé, B., Gibson, H.L., Hamilton, M.A., Hathway, B., Hocker, S.M.,
Houlé, M.G., Hudak, G., Ispolatov, V.O., Lafrance, B., Lesher, C.M., MacDonald, P.J., Péloquin, A.S.,
Piercey, S.J., Reed, L.E. and Thompson, P.H. 2005. Overview of results from the Greenstone Architecture
Project: Discover Abitibi Initiative; Ontario Geological Survey, Open File Report 6154, 146p.
Banerjee, N.R. and Gillis, K.M. 2001. Hydrothermal alteration in a modern supra-subduction zone: the Tonga
forearc crust; Journal of Geophysical Research, v.106, no.B10, p.21,737-21,750.
Banerjee, N.R., Gillis, K.M. and Muehlenbachs, K. 2000. Discovery of epidosites in a modern oceanic setting, the
Tonga forearc; Geology, v.28, p.151-154.

5-19

Precambrian Geoscience Section (5)

J.C. Ordóñez-Calderón

Davis, W.J., Lacroix, S., Garièpy, C. and Machado, N. 2000. Geochronology and radiogenic isotope geochemistry
of plutonic rocks from central Abitibi Subprovince: significance to the internal subdivision and plutonotectonic evolution of the Abitibi belt; Canadian Journal of Earth Sciences, v.37, p.117-133.
DeWolfe, J.C., Lafrance, B. and Stott, G.M. 2007. Geology of shear-hosted Brookbank gold prospect in the
Beardmore–Geraldton belt, Wabigoon Subprovince, Ontario; Canadian Journal of Earth Sciences, v.44, p.925946.
DeWolfe, Y.M., Gibson, H.L., Lafrance, B. and Bailes, A.H. 2009. Volcanic reconstruction of Paleoproterozoic arc
volcanoes: the Hidden and Louis formations, Flin Flon, Manitoba, Canada; Canadian Journal of Earth
Sciences, v.46, p.481-508.
Dimroth, E., Cousineau, P., Leduc, M. and Sanschagrin, Y. 1978. Structure and organization of Archean subaqueous
basalt flows, Rouyn–Noranda area, Quebec, Canada; Canadian Journal of Earth Sciences, v.15, p.902-918.
Farigh, W.F., Gaucher, E.H. and Larochelle, A. 1965. Paleomagnetism of diabase dikes of the Canadian Shield;
Canadian Journal of Earth Sciences, v.3, p.559-578.
Galley, A.G. 1993. Characteristics of semi-conformable alteration zones associated with volcanogenic massive
sulphide districts; Journal of Geochemical Exploration, v.48, p.175-200.
Gibson, H.L. and Kerr, D.J. 1993. Giant volcanic-associated massive sulphide deposits; with emphasis on Archean
deposits; in Giant ore deposits, Society of Economic Geologists, Special Publication No.2, p.319-348.
Gibson, H.L., Morton, R.L. and Hudak, G.J. 1999. Submarine volcanic processes, deposits, and environments
favourable for the location of volcanic associated massive sulfide deposits; in Volcanic associated massive
sulfide deposits: processes and examples in modern and ancient settings, Reviews in Economic Geology, v.8,
p.13-49.
Hanmer, S. and Passchier C.W. 1991. Shear-sense indicators: a review; Geological Survey of Canada, Paper 90-17,
72p.
Ishihara, S. 1977. The magnetite-series and ilmenite-series granitic rocks; Mining Geology, v.27, p.293-305.
——— 1979. Kappameter KT-3 and its applications for some volcanic rocks in Japan; Bulletin of the Geological
Survey of Japan, v.30, no.9, p.513-519.
——— 1990. The inner zone batholith vs. the outer zone batholith of Japan: evaluation from their magnetic
susceptibilities; in Recent advances in concepts concerning zoned plutons in Japan and southern and Baja
California, The University of Tokyo, The University Museum, Nature and Culture, no.2, p.21–34.
——— 2004. The redox state of granitoids relative to tectonic setting and earth history: the magnetite-ilmenite
series 30 years later; Transactions of the Royal Society of Edinburgh: Earth Sciences, v.95, p.23-33
Johns, G.W. 1978. Burntbush–Detour lakes area, Cochrane District; Ontario Geological Survey, Map 2453, scale
1:100 000.
——— 1982. Geology of the Burntbush–Detour lakes area, District of Cochrane; Ontario Geological Survey,
Report 199, 82p.
Karvinen, W.O. and Hunt, D.S. 1976. 1975 Report of the Northern Regional Geologist and Timmins Resident
Geologist; in Annual Report of the Regional Resident Geologists, 1975, Ontario Division of Mines,
Miscellaneous Paper 64, p.62-72.
Knudsen, C., van Gool, J.A.M., Østergaard, C., Hollis, J.A., Rink-Jørgensen, M., Persson, M. and Szilas, K. 2007.
Gold-hosting supracrustal rocks on Storø, southern West Greenland: lithologies and geological environment;
Geological Survey of Denmark and Greenland, Bulletin 13, p.41-44.

5-20

Precambrian Geoscience Section (5)

J.C. Ordóñez-Calderón

Lafrance, B., DeWolfe, J.C. and Stott, G.M. 2004. A structural reappraisal of the Beardmore–Geraldton belt at the
southern boundary of the Wabigoon Subprovince, Ontario, and implications for gold mineralization; Canadian
Journal of Earth Sciences, v.41, p.217-235.
Lafrance, B., Mueller, W.U., Daigneault, R. and Dupras, N. 2000. Evolution of a submerged composite arc volcano:
volcanology and geochemistry of the Normétal volcanic complex, Abitibi greenstone belt, Québec, Canada;
Precambrian Research, v.101, p.277-311.
Lin, S., Jiang, D. and Williams, P.F. 2007a. Importance of differentiating ductile slickenside striations from
stretching lineations and variations of shear direction across a high-strain zone; Journal of Structural Geology,
v.29, p.850-862.
——— 2007b. Kinematics of shear zones: a review with emphasis on a triclinic model and the importance of
differentiating ductile slickenside striations from stretching lineations; Geological Bulletin of China, v.26,
no.9, p.19-31.
Lumbers, S.B. 1962. Steele, Bonis and Scapa townships; Ontario Department of Mines, Report 8, 50p.
——— 1963. South Patten River area; Ontario Department of Mines, Report 14, 40p.
McPhie, J., Doyle, M. and Allen, R.L. 1993. Volcanic textures: a guide to the interpretation of textures in volcanic
rocks; Centre for Ore Deposit and Exploration Studies (CODES), University of Tasmania, Hobart, Tasmania,
196p.
Mortensen, J.K. 1993. U–Pb geochronology of the eastern Abitibi Subprovince. Part 1: Chibougamau–Matagami–
Joutel; Canadian Journal of Earth Sciences, v.30, p.11-28.
Mueller, W.U., Daigneault, R., Mortensen, J.K. and Chown, E.H. 1996. Archean terrane docking: upper crust
collision tectonics, Abitibi greenstone belt, Quebec, Canada; Tectonophysics, v.265, p.127-150.
Ordóñez-Calderón, J.C., Polat, A., Fryer, B.J., Gagnon, J.E., Raith, J.G. and Appel, P.W.U. 2008. Evidence for
HFSE and REE mobility during calc-silicate metasomatism, Mesoarchean (~3075 Ma) Ivisaartoq greenstone
belt, southern West Greenland; Precambrian Research, v.161, p.317-340.
Passchier, C.W. and Trouw, R.A.J. 2005. Microtectonics; Springer-Verlag, Berlin, 366p.
Polat, A., Appel, P.W.U., Frei, R., Pan, Y., Dilek, Y., Ordóñez-Calderón, J.C., Fryer, B., Hollis, J.A. and Raith, J.G.
2007. Field and geochemical characteristics of the Mesoarchean (~3075 Ma) Ivisaartoq greenstone belt,
southern West Greenland: evidence for sea floor hydrothermal alteration in suprasubduction oceanic crust;
Gondwana Research, v.11, p.69-91.
Thurston, P.C., Ayer, J.A., Goutier, J. and Hamilton, M.A. 2008. Depositional gaps in Abitibi greenstone belt
stratigraphy: a key to exploration for syngenetic mineralization; Economic Geology, v.103, p.1097-1134.
Tikoff, B. and Greene, D. 1997. Stretching lineations in transpressional shear zones: an example from Sierra Nevada
batholith, California; Journal of Structural Geology, v.19, p.29-39.
Trouw, R.A.J., Passchier, C.W. and Wiersma, D.J. 2010. Atlas of mylonites and related microstructures; SpringerVerlag, Berlin, 322p.
van Gool, J.A.M., Scherstén, A., Østergaard, C. and Neraa, T. 2007. Geological setting of the Storø gold prospect,
Godthåbsfjord region, southern West Greenland; Danmarks Og Grønlands Geologiske Undersøgelse, Rapport
2007/83, 158p.

5-21

6. Project Unit 06-002. Geology and Mineral Potential
of Sothman and Halliday Townships, Halliday Dome,
Abitibi Greenstone Belt
S. Préfontaine1 and S.J. Magnus1
1

Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION
In 2006, the Precambrian Geoscience Section (PGS) of the Ontario Geological Survey (OGS) started
a multi-year geological bedrock mapping project of the Bartlett Dome area with the continuation in the
area of the Halliday Dome as part of an ongoing project to update geological mapping in the southern part
of the Timmins mining camp. The Bartlett Dome and Halliday Dome covers an area of approximately
1650 km2 (30 by 55 km) and is located about 50 km south of the city of Timmins (Figure 6.1). During the
summer of 2010, the mapping focussed mainly on Sothman and Halliday townships at a scale of
1:20 000. However, some geological verification was also conducted in parts of Semple, Hutt and
Montrose townships, and some geological reconnaissance was conducted in Midlothian, Nursey, Beemer,
Moher, Musgrove, Fripp, Fallon, Hincks and Cleaver townships. The goals of this multi-year project are
to 1) update the geological mapping in the Bartlett Dome and Halliday Dome, last mapped in the 1970s
and 1950s; 2) clarify and characterize the major lithological units; 3) better understand the stratigraphy;
and 4) evaluate the mineral potential of the Bartlett Dome and Halliday Dome.

GENERAL GEOLOGY
The Abitibi greenstone belt consists of a stratigraphically continuous succession of Archean
metavolcanic and metasedimentary rocks that developed in an ensimatic basin (Ayer, Amelin et al. 2002).
These rocks have been subdivided into 8 temporally constrained lithotectonic assemblages by Ayer,
Amelin et al. (2002), Ayer, Trowell et al. (1999a, 1999b) and Ayer, Ketchum and Trowell (2002). Six of
these assemblages are dominantly volcanic: Pacaud, Deloro, Stoughton–Roquemaure, Kidd–Munro,
Tisdale and Blake River; and 2 are dominantly sedimentary: Porcupine and Timiskaming. More recently,
Thurston et al. (2008) have proposed some revision to the Abitibi-wide stratigraphy and reaffirmed the
implied autochthonous development of the volcanic stratigraphy. They propose subdividing the Abitibi
greenstone belt into 7 discrete volcanic episodes: pre-2750 Ma; 2750–2736 Ma (Pacaud assemblage);
2734–2724 Ma (Deloro assemblage); 2723–2720 Ma (Stoughton–Roquemaure assemblage); 2720–
2710 Ma (Kidd–Munro assemblage); 2710–2704 Ma (Tisdale assemblage); and 2704–2695 Ma (Blake
River assemblage), followed by 2 successor basins, referred to as the Porcupine-type (2690–2685 Ma)
and Timiskaming-type (2676–2670 Ma) basins. Significant depositional gaps marked by chemical
sediments are found between and within many of the assemblages.
The Bartlett Dome (see Figure 6.1) was mapped in previous years (Houlé 2006, 2007; Houlé and
Solgadi 2007; Houlé, Baldwin and Thurston 2008; Houlé, Solgadi and Préfontaine 2009; Préfontaine et
al. 2009; Duguet et al. 2010) as was the northern part of the Halliday Dome (see Figure 6.1) (Préfontaine
et al. 2009; Duguet et al. 2010). The southern part of the Halliday Dome is located in Sothman and
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.6-1 to 6-20.
© Queen’s Printer for Ontario, 2010
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Figure 6.1. General location map of the east part of the Kenogamissi batholith. The red outline indicates 2010 bedrock mapping
in Sothman and Halliday townships. The black dashed line marks the approximate boundary between the Bartlett Dome to the
north and the Halliday Dome to the south.
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Halliday townships and, therefore, was part of this year’s mapping. Respectively, the 2 townships were
mapped previously by Abraham (1954) and Bright (1970). The core of the Halliday Dome covers most of
these 2 townships. The Bartlett and Halliday domes are bounded by the Kenogamissi batholith to the west
(see Figure 6.1), and the Shaw Dome to the north, and is unconformably overlain by Proterozoic
Huronian Supergroup metasedimentary rocks to the east and south (Gowganda Formation). Stratigraphy
from the Bartlett Dome is considered to continue south in the Halliday Dome.
The Archean supracrustal rocks in the Bartlett Dome area are composed of a lower sequence of
mafic and ultramafic metavolcanic rocks with rare felsic metavolcanic rocks (Deloro assemblage); a
central sequence of intermediate to felsic metavolcanic rocks with regionally extensive metasedimentary
units (Deloro assemblage); and an upper sequence of mafic and ultramafic metavolcanic rocks with lesser
intermediate to felsic metavolcanic rocks and semi-continuous metasedimentary rocks (Tisdale
assemblage) (Houlé 2006, 2007; Houlé and Solgadi 2007; Houlé, Baldwin and Thurston 2008; Houlé,
Solgadi and Préfontaine 2009; Préfontaine et al. 2009; Duguet et al. 2010). In comparison, the Halliday
Dome is composed of a dominantly felsic to intermediate metavolcanic base with minor metasedimentary
rocks overlain by a dominantly ultramafic package and finally topped by a mafic to intermediate
metavolcanic rocks with minor felsic metavolcanic rock; all of which are considered to be part of the
Tisdale assemblage. These volcano-sedimentary rocks of both domes are intruded by large felsic
intrusions (e.g., Adams pluton, Geikie pluton and the Kenogamissi batholith) and other smaller intrusions,
ranging in composition from ultramafic to felsic. Proterozoic dikes are attributed to the Biscotasing,
Sudbury, Matachewan and Nipissing swarms. Younger Archean sediments younger than 2689.6±6 Ma
unconformably overlies the metavolcanic package in the northeastern corner of Halliday Township.
The central part of the Bartlett Dome (Bartlett and Geikie townships) consists essentially of a northtrending homoclinal sequence facing eastward. In the southern part of the Bartlett Dome (southern parts
of English and Zavitz townships, and northern parts of Semple and Hutt townships), the stratigraphic
trend changes abruptly from north-trending to easterly trending units of the Tisdale assemblage, without
the underlying Deloro assemblage units. At the boundary between the Bartlett Dome and the Halliday
Dome, several syncline–anticline pairs are demonstrated by stratigraphic facing reversals (Préfontaine et
al. 2009; Duguet et al. 2010). The Halliday Dome continues the east-trending stratigraphy cored by a
regional anticline.
The metamorphic grade in the Bartlett and Halliday Dome is relatively low (mainly greenschist
facies) with generally good preservation of primary textures and geological relationships; however,
locally the rocks are intensely altered and sheared. Higher metamorphic grade (amphibolite facies) is
generally concentrated along the margins of large felsic to intermediate batholiths or plutons such as the
Kenogamissi batholith.
For ease of description, the supracrustal rocks within the Halliday Dome are assigned to 3
Supracrustal Packages; however, these do not correspond to the Supracrustal Packages previously defined
for the Bartlett Dome (Houlé and Solgadi 2007; Houlé, Préfontaine and Brown 2008) and, thus, are
defined as Supracrustal Package X, Y and Z.

Supracrustal Package X
Supracrustal Package X represents the core of the Halliday Dome (Figure 6.2). It is located in the
central part of the Sothman and Halliday townships and is bounded to the north by Supracrustal Package
Y, to the west and south by the Huronian Supergroup metasedimentary rocks of the Gowganda Formation
and it continues to the east in Midlothian Township where it becomes overlain again by the Huronian
Supergroup metasedimentary rocks. This package is relatively well exposed to the east and to the west;
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Figure 6.2. Simplified litho-structural map of Sothman and Halliday townships, south of Timmins, Abitibi greenstone belt. Numbers beside deposit symbols are keyed to
properties listed in Tables 6.1, 6.2 and 6.3. The fine black-dotted lines indicate the limits between the supracrustal packages.
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however, the central part of this package has limited exposure except for the southern part of Halliday
Lake. Within the Supracrustal Package X, a gradual transition in composition occurs from dominantly
fragmental felsic metavolcanic rocks in the core of the anticlinal dome to massive and pillowed
intermediate metavolcanic rocks in the outer parts. Minor mafic metavolcanic and metasedimentary rocks
also occur in this package. All of these units are cut by gabbroic dikes and intrusions. Geochronology
from a felsic flow unit within the lowermost part of the succession in Midlothian Township yielded a
U/Pb zircon age of 2710.5±1.6 Ma (Ayer, Amelin et al. 2002) suggesting that Supracrustal Package X
represents the base of the Tisdale assemblage.

INTERMEDIATE TO FELSIC METAVOLCANIC ROCKS
The most central portion of the core of the Halliday Dome is located in the central part of Halliday
and Sothman townships. This innermost core is dominated by fragmental felsic, with minor intermediate,
metavolcanic rocks. These siliceous rocks are pale beige to white on weathered surface and pale grey
green on fresh surface (Photo 6.1A). The felsic metavolcanic rocks are generally autobrecciated flows

Photo 6.1. Typical lithologies found in Supracrustal Package X. A) Autobrecciated felsic metavolcanic rock located in the
central part of Halliday Dome on Halliday Lake. B) Brecciated intermediate metavolcanic rock with chloritic matrix and
feldspar-chlorite alteration, on the southern shore of Halliday Lake. Compass for scale, pointing north. C) Intermediate lapilli
tuff to tuff-breccia with a carbonate-altered, recessively weathered matrix, on Relic Lake. White watermark is roughly 1 foot
high, for scale. D) Subangular massive felsic metavolcanic rock fragments in an argillite matrix, north of Halliday Lake.
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with jigsaw-fit textures; locally minor massive flows are present. Within the core of the Halliday Dome, a
second type of fragmental rock is observed near Halliday and Nugent lakes. These are generally
subrounded fragments, with rare angular felsic fragments generally not exceeding a few decimetres in
size (Photo 6.1B). The matrix is finer grained and darker reflecting the increase in chlorite. Due to the
alteration, the boundaries between the fragments and the matrix are often diffuse. Locally, minor pyrite
mineralization is found in the fragments. At the southern edge of Halliday Lake, alteration in the
fragmental rock was observed and consists of plagioclase crystals (porphyroblasts?) less than 0.5 cm in
both the matrix and the fragments, often with emerald green cores.
To the southeast of Relic Lake, the intermediate metavolcanic rocks are dominated by lapilli tuff
displaying a buff beige colour on weathered surfaces and are pale grey green in fresh surface (Photo 6.1C).
The matrix is generally carbonatized and, thus, weathers recessively leaving the lapilli well exposed. The
subrounded to subangular lapilli are of similar composition to the matrix and range in size from less than
1 cm to blocks averaging a few centimetres. Interlayered between this volcaniclastic unit is an intermediate
massive to pillowed unit. The pillows are small, from 10 to 70 cm, and generally vesiculated. Hyaloclastite
is found as interpillow material.
On the eastern side of the Burrows–Benedict fault, the fragmental intermediate to felsic unit directly
underlies the Supracrustal Package Y. It is composed mostly of lapilli tuff and tuff breccia with minor tuff
and massive flows. The fragments are generally subrounded and vary in size from a few centimetres to
several decimetres. The fragments are locally plagioclase phyric. The matrix is generally fine grained and
strongly carbonitized.
Overlying the fragmental felsic metavolcanic core of the Halliday Dome are more intermediate to
felsic and minor mafic metavolcanic rocks. The southern part of Sothman and Halliday townships is
dominated by intermediate pillowed to massive flows overlain by pillowed to massive basalts. The
intermediate pillows are generally rounded ranging from approximately 30 cm to 1.5 m in diameter. They
have quartz- and chlorite-filled amygdules and locally varioles have been observed. The interpillow
material is at maximum 10 cm thick although generally less than a few centimetres. Locally, hyaloclastite
has been observed. East of Sinclair Lake, the metavolcanic rocks seem to have a more felsic composition
and are distinctive by the amount and the size of the amygdules which can compose up to 10% of the rock
and can be as large as 7 cm. North of Sothman Lake, the intermediate metavolcanic rocks have a buff
grey weathered surface and a pale grey fresh surface. They are generally massive and have up to 10% of
feldspar phenocrysts less than 5 mm in size.
Directly underlying the Supracrustal Package Y in the central area of Sothman and Halliday
townships, a distinctive felsic fragmental metavolcanic breccia is observed. This unit has a maximum
thickness of approximately 1 km and it was observed in outcrop as well as in diamond-drill core. The
felsic fragments have sharp contact with the matrix and have generally straight, but also display cuspate
or irregular, boundaries. The fragments range in size from less than 1 cm to larger than 1 m. The matrix is
composed of black graphitic argillite suggesting that the felsic rock flowed on top or intruded
unconsolidated argillite (Photo 6.1D).
Most of the outcrops found on the eastern side of the Burrows–Benedict fault are massive and
generally intermediate in composition, only 2 localities displayed pillows. Locally, intermediate
volcaniclastic rocks were observed. The intermediate metavolcanic rocks weather buff beige and have a
pale green colour in fresh surface when not too altered. South of Campbell Lake, the metavolcanic rocks
consist of sericite±chlorite±ankerite schist with a brownish yellow colour. They are commonly crosscut
by quartz veins.
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MAFIC METAVOLCANIC ROCKS
Mafic metavolcanic rocks are sporadically found throughout the marginal zones of Supracrustal
Package X. The largest concentration of mafic metavolcanic outcrops is found east of Loonwing Lake.
They are mostly composed of massive to pillowed flows weathering to beige orange and are dark green
on fresh surfaces. The pillows are generally rounded ranging in size from 30 cm to 1 m. The selvages are
thin; however, interpillow material can be up to 10 cm filled with hyaloclastite. Locally vesicles were
observed. The massive fine-grained to aphanitic flows are generally homogeneous.

METASEDIMENTARY ROCKS
One outcrop of sedimentary rocks was observed east of the Burrows–Benedict fault in the central
part of Halliday Township. The northern section of the outcrop has turbiditic-like sedimentary rocks with
pale yellow to beige bedded to laminated siltstone and wacke that seem to be conformable with the
stratigraphy. Underlying the clastic sedimentary rocks, a calcareous rock displaying fine lamination of
hematite and magnetite was found. Due to the probable lamination(?) in the calcareous rock at this
locality, it is interpreted to have a sedimentary rather than a hydrothermal origin. Unlike the siliciclastic
sedimentary rocks, the calcareous rock has sustained most of the deformation and is folded and
boudinaged. The rest of this outcrop is composed of massive mafic metavolcanic rocks.

Supracrustal Package Y
Supracrustal Package Y was used as a marker unit within the study area. It is composed mostly of an
ultramafic-bearing epiclastic unit interpreted as a debris flow with minor metasedimentary and ultramafic
and intermediate metavolcanic rocks. It is located in the northern central part of both Sothman and
Halliday townships and is bounded to the north by Supracrustal Package Z and to the south by
Supracrustal Package X (see Figure 6.2). It is approximately 1.5 km at its thickest in Halliday Township
near the power line where exposure is relatively good. However, it decreases in thickness significantly to
the east and west of the power line. West of the northeast-southwest fault in Halliday Township, this unit
decreases to approximately 100 m in thickness in an area of poor exposure due to Quaternary sediments.
However, this unit reappears in Archean inliers in the Gowganda Formation in the western part of
Sothman Township. East of the Burrows–Benedict fault, this package has limited extent and is interpreted
to pinch out in the northern part of Halliday Township. It is possible it continues easterly into the southern
part of Montrose Township.

ULTRAMAFIC-BEARING EPICLASTIC ROCKS
The epiclastic unit is mostly exposed in Halliday Township near the power line; however, some
outcrops have also been observed east of the Burrows–Benedict fault in north Halliday Township and
sporadically in north-central Sothman Township and in the “window” of Archean bedrock south of
Edleston Lake. The following description is based on the outcrop found in Halliday Township, near the
power line, were the thickness is at its maximum.
The base of the epiclastic unit is dominated by felsic to intermediate metavolcanic clasts, with varied
contents of ultramafic clasts (up to 35%), sulphide clasts (up to 10%), and argillite clasts (up to 5%)
(Photo 6.2A). These are mostly matrix supported with subrounded to subangular clasts. The majority of
clasts in this unit are between 3 and 7 cm in size, with some clasts between 8 and 15 cm. The felsic to
intermediate metavolcanic fragments were derived from massive flows; locally some fragments are
plagioclase phyric. The ultramafic clasts are mostly cumulate textured, though several contained
randomly oriented spinifex. The sulphide fragments vary in size; however, they are generally less than
1 cm. They are mostly composed of pyrite. The dark argillite fragments are generally not very abundant;
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Photo 6.2. Typical lithologies of Supracrustal Package Y. A) Moderately sorted, clast-supported Archean epiclastic unit with
dominantly felsic to intermediate metavolcanic rocks, subangular clasts and a silty matrix. Sulphide, argillite and chert fragments
are also present. From the power line in northwest Halliday Township. Compass for scale, pointing north. B) Cumulate and
spinifex-textured ultramafic metavolcanic clasts in a recessively weathered, argillite matrix. From the power line in northwest
Halliday Township. C) Cumulate and spinifex-textured ultramafic metavolcanic clasts in an argillite matrix from Sherwood
prospect (see Figure 6.2, deposit number 9; see also Table 6.3). D) Radiating spinifex texture in a composite ultramafic flow,
indicating a northwest-younging direction, from the Archean inlier located east of Edleston Lake. Compass for scale, pointing
north. E) Carbonate-brecciated ultramafic volcanic rock, on the western shore of Sinclair Lake in Nursey Township. Hammer
for scale, pointing north. F) Ankerite-fuchsite-hematite-altered ultramafic metavolcanic rock displaying randomly oriented
spinifex, from the Archean inlier located east of Edleston Lake. Compass for scale, pointing north.
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however, they are usually present. The argillitic matrix is commonly silicified and sulphide rich and is
slightly weathered compared to the felsic clasts. The sulphide clasts are easily weathered to produce pits
in the matrix. When weathered, the difference between the dark matrix and beige felsic clasts is exhibited
as highly contrasting colours.
The middle of the epiclastic unit is dominated by a debris flows with ultramafic clasts (60 to 90%),
argillite, chert and sulphide clasts, and a varied content of felsic to intermediate clasts (Photo 6.2B). These
rocks are mostly clast supported, although, locally, they can be matrix supported. Locally, outcrops display
up to 90% ultramafic clasts less than 7 cm, rarely larger, and dominantly subrounded, within a silty and
highly carbonate-altered matrix. In outcrops with fewer ultramafic clasts (<60%), clasts are subrounded, and
the matrix is sandier, though still carbonate altered. In both cases, little to no sulphides were observed in the
matrix. The remaining fragments are similar to the ones described in the basal unit. The carbonate-altered,
silty matrix preferentially weathers out in these outcrops. Because of the silty matrix, these outcrops are
dark, producing deep tones of grey and brown. In some cases, the carbonate alteration of the matrix is so
extensive that it becomes difficult to discern whether the rock represents a carbonate-brecciated
ultramafic flow or a carbonate-altered ultramafic-dominated debris flow. Accidental argillite clasts are
commonly found within these units, although they do not positively identify the unit as debris flows.
In contrast, the epiclastic rocks at the top of the unit are devoid of ultramafic clasts. The clastsupported unit is dominated by felsic to mafic metavolcanic, chert, sulphide, and argillite clasts. The
clasts are mostly subrounded and, although there is a greater population of large clasts (up to 12 cm) than
in the basal unit, the majority of clasts are between 5 and 8 cm. The felsic clasts are dominantly massive
although crystal-tuff fragments were observed, whereas the intermediate and mafic clasts display only
massive textures. The sandy matrix, which is commonly silicified and sulphide rich, is similar to the base
of the epiclastic unit, although it may be slightly coarser grained. Very little preferential weathering was
observed with the exception of the sulphide clasts and other easily weathered clasts. The weathered
surface has an overall beige colour, mostly due to the sandy matrix.
Several outcrops of intermediate to mafic metavolcanic rocks are intercalated within base of the
epiclastic unit. The intermediate metavolcanic rocks are massive and are autobrecciated with a siliceous
matrix. One outcrop of mafic metavolcanic rock appears massive, although the poor quality of the outcrop
makes any further interpretation difficult.
Few outcrops of ultramafic-bearing debris flow were observed west of the northwest fault. One
outcrop located in the Archean inlier at the western margin of Sothman Township displays a fragmental
unit resembling the base of the epiclastic flow described above. It is especially rich in sulphide, both in
the matrix as well as in fragments. Pyrite and pyrrhotite are the dominant sulphides, although sphalerite
was also observed. Galena, chalcopyrite and malachite were also observed in veins cutting the debris
flow. All of this mineralization gives a rusty colour to the outcrop making it difficult to see the nature of
the fragments; however, spinifex clasts were identified. A little farther to the east, at the Sherwood
prospect (mineral occurrence 9), in the central part of Sothman Township, the ultramafic rocks are
dominantly flows; however, part of the unit is fragmental. The fragments are almost all ultramafic in
composition, thus, more closely resembling the central part of the debris described at the power line.
However, the fragments are much more rounded and have a more fluidal aspect (Photo 6.2C). The matrix
is dark and fine grained. Few accidental fragments of argillite were observed.
Northeast of Sothman Lake, a few poorly exposed outcrops of a rusty fragmental unit are present.
Felsic fragments seem to dominate. They range from a few centimetres to a decimetre. The matrix is fine
grained, dark and often rusty. Two kilometres north of Nugent Lake, the ultramafic rocks observed are
mostly carbonate-brecciated flows; however, locally the matrix of the fragmental units seems to be dark
and possibly argillitic. The ultramafic unit north of Halliday Lake contain both flows and fragmental
units. The fragmental portions are similar to the base and central section of the epiclastic unit. East of the
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Burrows–Benedict fault, carbonate-brecciated ultramafic rocks are again observed throughout a package
of fragmental rocks. The fragmental rocks vary in fragment composition from almost entirely ultramafic
fragments to dominantly felsic fragments. Locally, decimetre-size beds were observed suggesting that at
least part of this unit has undergone some reworking and, thus, is considered to be sedimentary in origin
(see “Metasedimentary Rocks”).

ULTRAMAFIC METAVOLCANIC ROCKS
Various outcrops of ultramafic flows occur within the central part of the epiclastic unit. Locally, the
ultramafic flows are differentiated (spinifex and cumulate textured) or massive in nature; however, more
commonly, they are brecciated. The best exposures for differentiated flows are observed in the north end
of the Archean inlier in Sothman Township and one outcrop was also observed in the central part of
Halliday Township. The differentiated komatiite flows are mainly sheet flows that exhibit a lower olivine
cumulate or olivine-phyric zones and an upper zone of randomly oriented olivine spinifex texture; locally,
the parallel platy spinifex texture was observed (Photo 6.2D). Thicker komatiite flows are generally
characterized by cumulate texture composed of olivine pseudomorphs. Polyhedral jointing is common to
most of the komatiites mapped as lava flows. One outcrop within the epiclastic unit displays ultramafic
rock as a large mass, becoming fragmental at the edge. This has been interpreted as possible subvolcanic
intrusion with peperitic contacts that intruded the epiclastic unit.
Brecciated ultramafic flows are common on the shore of Sinclair Lake in Nursey Township, north of
Nugent and Halliday lakes, in the power line section as well as east of the Burrows–Benedict fault. The
angular to subrounded fragments in these brecciated flows vary in size from a few centimetres to several
decimetres and display different textures such as randomly oriented spinifex texture and cumulate texture
(Photo 6.2E). The matrix is beige to white in colour and consists of carbonates (mostly calcite) and is
similar to that seen locally in the matrix of the ultramafic debris flows. These flows are generally
unreliable in providing stratigraphic facing direction. In highly carbonate-altered outcrops, the rocks are
preferentially weathered, producing a contrast between dark brown to black ultramafic fragments and the
white to beige carbonate matrix.
The Archean inliers in Sothman Township east and south of Edleston Lake, expose ultramafic rock;
however, they are extensively altered to green mica and ankerite and are commonly schistose. Despite
this, spinifex textures were observed locally (Photo 6.2 F). Just southeast of Edleston Lake, these rocks
are crosscut by several quartz veins.

METASEDIMENTARY ROCKS
Several outcrops of non-ultramafic–bearing metasedimentary rocks also crop out throughout the
epiclastic package. One laminated to thinly bedded siltstone was observed east of the Burrows–Benedict
fault displaying minor mineralization. Locally, sandy to silty beds are observed in the epiclastic unit.
Specifically, one outcrop, located 300 m west of the power line, displays a contact between a clastsupported conglomerate, which appears to have been reworked, and a more gravelly unit, which appears
to have cut a channel into the coarser conglomerate. This would likely have formed as a result of
reworking of the epiclastic pile.

Supracrustal Package Z
Supracrustal Package Z is located in the northern part of the study area and continues to the north in
Semple and Hutt townships (see Figure 6.2). It lies conformably on top of Supracrustal Package Y and is
bounded to the west by the sediments of the Gowganda Formation. This package is dominated by
intermediate and mafic metavolcanic rocks, but several horizons of felsic metavolcanic rocks are present.
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This package is considered the youngest volcanic rock of the Halliday Dome in the study area. In
Halliday Township, the exposure is relatively good; in contrast, in Sothman Township, the exposure is
limited due to Quaternary cover.

MAFIC METAVOLCANIC ROCKS
The mafic metavolcanic rocks of Supracrustal Package Z are found in the very northern edge of
Sothman and Halliday townships with the largest concentration of outcrops in the northeastern corner of
Halliday Township. A second horizon of mafic metavolcanic rocks is found between the 2 felsic
metavolcanic units within Supracrustal Package Z near the power line.
The mafic metavolcanic rocks are mostly massive to pillow brecciated. The pillow breccias have a
distinct appearance in outcrop, containing a green chloritic matrix, and pale-coloured feldspar-rich
fragments. These fragments consistently have an irregular shape and are curvaceous presenting sharp
contacts with the chloritic matrix. The fragments are vesiculated to various degrees, and commonly display
fracture patterns unlike those present in the matrix. Most of the mafic metavolcanic rocks are highly
hematite altered, causing them to weather a dark pinkish brown. Magnetite development is also common
throughout the package, although not in an organized manner. One outcrop of amygdaloidal pillows is
located north of Campbell Lake, with pillows up to 1 m long and 70 cm wide, with 2 cm selvages.
Mafic and ultramafic metavolcanic rocks located in the southwestern portion of Sothman Township
are interpreted, until further investigation, to be part of this Supracrustal Package. The mafic rocks are
massive homogeneous fine-grained flows and the ultramafic rocks are carbonate brecciated similar to the
ultramafic flows found in Supracrustal Package Y.

INTERMEDIATE TO FELSIC METAVOLCANIC ROCKS
Two felsic horizons are exposed in northern Halliday Township near the power line. Their extents to
the east and to the west are unknown due to the limited exposure. Both of these units are dominated by
volcaniclastic rocks ranging from tuff to crystal tuff. They weather to a buff beige and are pale yellowish
green to pale green grey in fresh surface. Plagioclase and quartz crystals in the crystal tuff are no more than
a few millimetres in size and can compose up to 40% of the rock (Photo 6.3A). The felsic metavolcanic
rocks are commonly altered to sericite and ankerite; locally, quartz veins cut the volcanic units.

Photo 6.3. Typical lithologies of Supracrustal Package Z. A) Felsic crystal tuff with quartz and recessively weathered feldspar
fragments in a feldspar-sericite matrix, from the power line in northwest Halliday Township. Marker tip for scale. B) Pillowed
intermediate metavolcanic rock with sulphide in amygdules and in pillow selvages. Pillow shapes and amygdule distributions
give ambiguous younging directions. From the power line in northwest Halliday Township. Compass for scale, pointing north.

6-11

Precambrian Geoscience Section (6)

S. Préfontaine and S.J. Magnus

Similar to the felsic metavolcanic rocks, the intermediate metavolcanic rocks are relatively well
exposed in the central northern part of Halliday Township, near the power line; however, exposure is very
limited to the east and to the west. The intermediate unit is dominated by flows (generally massive) with
few outcrops of pillows (Photo 6.3B). The pillows are rounded, varying in size from 50 cm to 1 m with
thin selvages and, locally, the interpillow is mineralized by pyrite. The rare, more siliceous outcrops, are
either tuff or crystal tuff. The intermediate metavolcanic rocks weather beige to brown and are generally
pale green on fresh surface. Locally, feldspar phenocrysts were observed, and are generally less than a
few millimetres in size, comprising up to 10% of the rock.

Neoarchean Metasedimentary Rocks
A package of metasedimentary rocks, interpreted to be part of the Timiskaming assemblage (with an
age of <2689.6±6 Ma), unconformably overlies the volcano-sedimentary rocks of the Halliday Dome in
eastern Halliday Township (see Figure 6.2). The eastern portion, around Campbell Lake, has an apparent
thickness of about 2 km, whereas, on the western side of a north-south-trending fault, it has an apparent
thickness of only 200 m. An outlier of pillow-brecciated intermediate metavolcanic rock, interpreted to
belong to the Tisdale assemblage, is present on the eastern shore of Campbell Lake.
Conglomeratic rocks in the southern portion of this package are dominated by subrounded to
subangular fragments, supported by a silty matrix, with argillite fragments appearing to be the most
angular. The conglomerate beds contain felsic to intermediate metavolcanic clasts up to 5 cm, and a high
volume of smaller sulphide and argillite clasts up to 2 to 3 cm in size. Locally, up to 5% angular fuchsitealtered fragments are present, mostly concentrated in the southernmost outcrops. Locally, within this
conglomerate, argillites beds were observed.
The northern portion of this metasedimentary package is dominated by conglomerates with a few
horizons of sandstone, as well as a few outcrops of transitional units such as conglomeratic sandstones
and fine-grained conglomerates. The composition of clasts is similar to the units in the south, although
they are more dominated by felsic to intermediate metavolcanic rocks (Photo 6.4A). Quartzite clasts also
appear throughout the northern conglomerates, as well as a few mafic metavolcanic clasts. Argillite and
sulphide clasts are less abundant, but are still present throughout all of the units. Clasts in the
conglomerates are subrounded to rounded and are 5 to 7 cm, with the exception of some of the fine-

Photo 6.4. Sedimentary rocks found in the study area. A) Poorly sorted, clast-supported Timiskaming assemblage conglomerate
with dominantly felsic to intermediate metavolcanic clasts, subrounded to rounded clasts and a sandy, ankerite-hematite-altered
matrix. Quartzite, argillite, and mafic metavolcanic clasts are also present. From east of Campbell Lake. B) Poorly sorted,
matrix-supported conglomerate in the Gowganda Formation, with a variety of subrounded to rounded metasedimentary,
metavolcanic and intrusive clasts, east of Edleston Lake.
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grained conglomerates that contain subangular to subrounded clasts up to 3 cm. The sandstones are
generally quartz-arenites with variable feldspar content and up to 5% lithic fragments (argillite). The
conglomeratic sandstones are quartz rich, similar to the arenites, although they contain up to 10% felsic to
intermediate metavolcanic fragments up to 3 cm. The matrix in the northern units is mostly sandy,
although a few outcrops have a silty, sulphide-rich matrix.
Although the youngest detrital zircons within these rocks yielded an age of <2689.6±6 Ma (they are
within the Porcupine assemblage age range of 2690–2685 Ma), due to the dominantly conglomeratic
nature of this unit, it is interpreted to belong to the slightly younger Timiskaming assemblage (2677–
2670 Ma). The Timiskaming assemblage is composed mostly of conglomerates with minor sandstone,
turbidite and alkalic to calc-alkalic volcanic rocks as opposed to the Porcupine assemblage (2690–
2685 Ma) dominated by argillite and wacke turbidites sediments with minor pyroclastic felsic rocks.

Archean Mafic to Ultramafic Intrusions
Numerous mafic and ultramafic intrusive bodies intruded all of the supracrustal packages (see Figure
6.2). They are dominantly in Sothman Township with only 2 bodies in Halliday Township. Several of the
intrusions have both a mafic and ultramafic components. The contact between the ultramafic component
and the more gabbroic component is gradational. The gabbro is medium to coarse grained, massive and
homogenous, whereas the ultramafic portion can vary from pyroxenite to peridotite and is generally
medium grained displaying cumulate textures. The peridotitic units are generally serpentinized. The
largest mafic to ultramafic intrusive body is located in the western part of Sothman Township; it is poorly
exposed and, thus, was mostly defined by using the aeromagnetic survey (OGS 2003). A few gabbroic
outcrops were mapped within this body, but no ultramafic outcrop was observed. However, several
assessment file reports indicated that intersections of peridotite and dunite were observed in drill core.
Undifferentiated mafic intrusions in the area are generally medium grained, massive and
homogenous. Little to no fabric is observed and minor quartz veins crosscut these units. Minor
mineralization, mostly pyrite, was observed. A medium-grained Archean metagabbro is present in the
northern part of Sothman Township and, similar to the mafic metavolcanic rocks surrounding it
(Supracrustal Package Z), it is highly hematite altered, causing it to weather black (hornblende or
chlorite) and pink (feldspar).
The presence of ultramafic intrusions in the north-central part of Sothman Township is based on
interpretation of data from assessment file reports as well as aeromagnetics. The most northern ultramafic
intrusion is medium grained, massive, homogenous and strongly serpentinized. The southern ultramafic
intrusion varies in composition from pyroxenite to peridotite to dunite. This intrusion is generally medium
to coarse grained and massive often displaying cumulate texture in the ultramafic units.

Archean Intermediate to Felsic Intrusions
Several tonalitic intrusions cut Supracrustal Package Z in northwestern Halliday Township and are
present throughout northern Sothman Township (see Figure 6.2). Those in Sothman Township are
medium grained and sericitized, with both quartz and plagioclase phenocrysts up to 2 mm. The tonalites
in northwestern Halliday Township are also sericitized and contain quartz megacrysts up to 15 mm.
The Kenogamissi batholith is a large, composite tonalitic to granitic felsic intrusion (see Houlé,
Baldwin and Thurston 2008) and is located in the extreme northwestern corner of Sothman Township. In
the study area, the eastern margin of the batholith is dominated by gabbro and diorite crosscut by
potassium feldspar-rich granite. This mafic phase of the batholith is medium to coarse grained,
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equigranular, weathers pink and black reflecting the level of hematization of the rocks, and dark grey to
pinkish colour on fresh surfaces. The more granitic phase is pink on weathered surface as well as in fresh
surface. Locally porphyritic, the potassium feldspar crystals are up to a 1 cm in size. One outcrop also
exhibited the dark green, fine-grained amphibolitized metavolcanic rock in the thermal aureole
surrounding the batholith.

Gowganda Formation
The Huronian Supergroup sedimentary rocks in the area are interpreted to be part of the Gowganda
Formation of the Cobalt Group. The Gowganda Formation unconformably overlies the Tisdale
assemblage-age rocks in the western half of the Sothman Township (see Figure 6.2). Several Archean
“windows” are observed in the northern area and, due to recent stripping, the contact between the
Huronian sediment and the Archean rocks were observed in several places.
Polymictic, poorly sorted, matrix-supported conglomerates dominate this part of the Gowganda
Formation. Clasts are subrounded to rounded, comprise 5 to 60% of the rocks, and range from 3 to 50 cm,
with sparse clasts larger than 50 cm. Clast types include gabbro, granitoid, quartzite, felsic to mafic
metavolcanic, and metasedimentary clasts such as sandstones and siltstones (Photo 6.4B). The matrix in
these conglomerates is silty to sandy and chlorite rich, making it appear green on fresh surfaces. One
outcrop of polymictic, well-sorted, clast-supported conglomerate with clasts up to 10 cm was observed on
Loonwing Lake, with clast-composition similar to the previous conglomerates.
In several localities within the conglomerates, there are beds with laminations and beds of siltstone to
fine-grained sandstone. The fine-grained material is similar to that of the matrix found in the conglomerates.
The siltstones and sandstones also sometimes have solitary accidental clasts up to 5 cm, commonly of
granitic composition. One outcrop of shale was observed on the shore of Sinclair Lake in Nursey Township,
which was comprised of grey to green silty material, laminated with few accidental clasts.

Proterozoic Intrusions
Proterozoic intrusions observed in the study area are attributed to the Sudbury dike swarm and the
Nipissing intrusive suite (see Figure 6.2). The Sudbury dikes define a northwest trend and are observed
crosscutting Halliday Township and the northern part of Sothman Township. These dikes are fine- to
medium-grained orange-brown olivine gabbros that contain disseminated sulphides. They are moderately
magnetic and typically show a distinct aeromagnetic signature. The dikes commonly follow pre-existing
structures and zones of weakness, but are locally observed to bifurcate.
Several outcrops of gabbro were observed in western Sothman Township to the northeast of
Loonwing Lake. They were previously interpreted to be Nipissing gabbro (Ayer, Amelin et al. 2002).
Machado (2002) described similar rocks in Mond Township, south of Sothman Township, which were
also interpreted as Nipissing gabbro. In the study area, these gabbros are generally grey to black, massive,
medium grained, equigranular and homogeneous. One outcrop exhibits large, radiating crystals of
plagioclase giving the rock a glomeroporphyritic texture. This could correspond to the subunit 5 described
by Machado (2002) in Mond Township. A few outcrops are more leucocratic with a pale grey colour.
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STRUCTURAL GEOLOGY
Limited structural features were observed in the study area, which contrasts with the abundant
structures observed in Semple and Hutt townships. This is most likely because Hutt and Semple
townships are located on the margin of the Halliday structural dome (Préfontaine et al. 2009) where much
of the deformation was focussed, whereas Sothman and Halliday townships are located in the core of the
dome and, thus, experienced less intense regional deformation. Nonetheless, the Sothman and Halliday
townships area hosts one major fold and a few faults.
Three major fault trends were observed: north, northwest and northeast direction (see Figure 6.2),
which is consistent with the major trends observed both in the Bartlett Dome and the Halliday Dome
(Houlé 2006; Houlé and Solgadi 2007; Houlé, Préfontaine and Brown 2008; Préfontaine et al. 2009).
Each of these major trends has affected the Neoarchean rocks to various extents within Sothman and
Halliday townships.
The north-trending faults appear to be related to regional structures. The Burrows–Benedict fault is
the major north-trending structural break in this area, extending southward from the northern part of the
Shaw Dome crossing the central part of Halliday Township. Sinistral displacement of about 1 km is
evident along this fault, as is a penetrative foliation up to 500 m from the fault. Another locally significant
north-trending fault is located east of the Burrows–Benedict fault. It is discontinuous and seems to
originate in the southern part of Zavitz Township. Minor dextral displacement along this fault is inferred
by the offset of high magnetic anomalies.
The dominant northwest-trending fault follows one of the multiple branches of the Grassy River and
trends parallel to the Scott Lakes fault, which is a major fault crosscutting Fripp Township to the north
and continuing south into McArthur, Bartlett, English, Zavitz, Hutt and possibly Montrose townships.
The fault appears to have minor strike-slip sinistral offset, although the stratigraphy in Halliday Township
seems significantly different on either sides of the fault. This may, in part, be explained by the lack of
exposure on the western side of the fault.
The northeast-trending fault has limited extent in the study area and is mainly concentrated in the
northwestern corner of Sothman Township near Edleston Lake. This fault is the extension of the Semple
fault, which follows the trend of the regional syncline in Semple Township (Préfontaine et al. 2009).
Little or no strike-slip offset is observed at map scale.
Limited top indicators were observed in the study area. The few pillowed outcrops found in southern
Semple and in Hutt townships indicate north-facing stratigraphy. Farther west, a differentiated komatiitic
flow observed in the Archean inlier, south of Edleston Lake, in Sothman Township, suggests a
northwestern facing, whereas the pillowed mafic and intermediate metavolcanic rock in southern
Sothman Township indicate southwest-facing stratigraphy. Collectively, they define the westerly closing
nose of a large anticlinal fold located in the central part of Sothman and Halliday townships with a westto northwest-trending axial plane. A weak foliation is parallel to this fold axis, which increases in
intensity moving to the east.
Several outcrops of the Gowganda sedimentary rocks displayed steeply dipping foliations that
crosscut bedding, in one case accompanied by stretching of less competent clasts. Bedding undulates
throughout the formation, dipping a maximum of 30°. The fabrics found suggest that the Huronian
sedimentary rocks have seen a deformation event possibly due to reactivation of underlying Archean
faults. The undulating bedding may be in part due to deformation or due to an undulating paleosurface.
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PRELIMINARY INTERPRETATIONS
Rocks in the core of the Halliday Dome, with an age of 2710.5±1.6 Ma (Ayer, Amelin et al. 2002),
corresponds to the base of the Lower Tisdale assemblage (2710–2706 Ma). Most commonly, the Lower
Tisdale assemblage is composed of mafic tholeiites with local komatiites and intermediate to felsic calcalkaline volcanic rocks as well as minor iron formation (Thurston et al. 2008). The Bartlett Dome
(Supracrustal Package C of McArthur, Bartlett, Geikie, English, Zavitz townships: Houlé, Préfontaine and
Brown 2008; Houlé and Solgadi 2007) corresponds to this common stratigraphy where the base of the
Tisdale assemblage is composed of a komatiitic unit overlain by the dominant mafic metavolcanic
sequence with a minor intermediate to felsic unit. In contrast, the Halliday Dome is characterized by an
especially thick package of felsic to intermediate metavolcanic rock base, topped by ultramafic-bearing
epiclastic unit with minor ultramafic flows, followed by mafic to intermediate metavolcanic rocks.
Similarly, the Shaw Dome also has a felsic to intermediate rock base, although of a lesser thickness,
underlying the mafic to komatiitic metavolcanic rocks. It is interpreted that this intermediate to felsic base
in the Bartlett Dome first appears in Semple Township where stratigraphy flips from a north-south trend
to an east-west trend. This unit is possibly correlative to the intermediate to felsic metavolcanic rocks
located in Bannockburn Township and is fold repeated to the south in Sothman and Halliday townships.
The top of the Supracrustal Package X is dominated by graphitic argillite, especially in the central
part of the study area, which is then overlain and injected by felsic to intermediate rocks as well as minor
ultramafic rocks. Overlying Supracrustal Package X is the ultramafic-bearing epiclastic unit (Supracrustal
Package Y), which, due to the poor sorting and the lack of any internal structure, is interpreted to be a
debris flow. These sedimentary units represent a hiatus in the volcanism where non-deposition or low
rates of deposition dominate, and are comparable to the sedimentary interface zones of Thurston et al.
(2008). These sedimentary interface zones consist of graphitic argillite units intercalated with volcanic
rocks at geochemical transitions. Two of the sedimentary interface zone types have chert-bearing rocks
associated with them. In addition, the debris flow also contains fragments of chert which suggests that
chert-bearing rocks were in relative close proximity. Further studies are required to determine if the
argillite units in the study area represent true sedimentary interface zones and if they have implications for
mineral exploration.
Supracrustal Package Z, which is dominated by mafic metavolcanic rock with minor intermediate to
felsic metavolcanic rocks, is interpreted as correlative to Supracrustal Package C in the Bartlett Dome
(Houlé and Solgadi 2007; Houlé, Préfontaine and Brown 2008) as well as the central part of Semple and
Hutt townships. Supracrustal Package Z is though to be correlative to the more typical Lower Tisdale
assemblage stratigraphic base consisting of tholeiite mafic metavolcanic rocks.

ECONOMIC POTENTIAL AND RECOMMENDATIONS FOR
EXPLORATION
A variety of commodities have been reported in Sothman and Halliday townships, based on past
bedrock mapping and mineral exploration programs by mining companies and prospectors. A total of 23
mineral deposit inventory (MDI) sites are widely distributed throughout the study area (see Figure 6.2);
however, most of these reported only marginal assay values. Tables 6.1, 6.2 and 6.3 summarize the
known mineral occurrences according to nickel (see Table 6.1), base metals (see Table 6.2) and gold
occurrences (see Table 6.3) within Sothman and Halliday townships. Minor amounts of silver, platinum,
palladium and lead have been reported, as well as one significant occurrence of asbestos.
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Several nickel occurrences are found in the study area, which are locally accompanied by minor
amounts of gold, silver, copper, zinc, platinum and palladium. Most of these occurrences are hosted in
mafic to ultramafic units, of which the Sothman occurrence (see Figure 6.2, deposit number 12) is the
most important in terms of economic potential. There, mineralization is hosted in a thick ultramafic body
with a dunite core and peridotite to pyroxenite margins. The overlying komatiitic unit is embayed in the
underlying sulphidic intermediate metavolcanic rocks and, thus, is interpreted to be a channelized
ultramafic sill intruding the volcanic rocks (Houlé et al. 2010).
Several of the mafic to ultramafic bodies that intrude the volcanic packages at the margin of the
Halliday Dome where sulphides have been observed. Several of these intrusions have elevated values of
nickel, but most have had little to no exploration.
Few mineral occurrences are hosted in the ultramafic epiclastic unit where there is a close
association between ultramafic volcanic rock and graphitic argillites. Nonetheless, this volcanic hiatus
may be important for hosting nickel mineralization, as this unit is associated with a shift in geochemical
affinities in the supracrustal packages and is a potentially prospective geological environment in other
parts of the Abitibi greenstone belt (e.g., Dundonald deposit, Tisdale assemblage in the Shaw Dome)
(Thurston et al. 2008).
Table 6.1. Main characteristics of the Mineral Deposit Inventory for nickel deposits in Sothman and Halliday townships.
Occurrence

Map
ID*

Commodities

Best Historic Value

Hosted Units

Buffalo Ankerite Property
MDI41P14NW00008

2

Ni, Pb, Ag, Zn

Up to 0.25% Ni, 2.92% Pb, Quartz-carbonate-sulphide veining
1.68% Zn, 0.08% Ag
in sheared ultramafic rock

North Bardwell
/ Canex Aerial DDH 119-15
MDI41P14NW00013

7

Ni,
(Cu, Au)

Up to 0.30% Ni
(0.08% Cu, 0.01 oz/t Au)

Gabbro to peridotite within dacitic
metavolcanic rocks

Bardwell /
/ Canex Aerial DDH 119-12
/ Sirola Option
/ Serpentine Property
MDI41P14NW00012

8

Ni,
(Cu, Zn, Ag)

Up to 0.50% Ni
(0.08% Cu, 0.01% Zn,
0.02 oz/t Ag)

Gabbro to dunite within felsic and
mafic metavolcanic rocks

Dominion Gulf Block 3
/ Dominion Gulf No.3 Nickel
Showing
MDI41P14NW00017

10

Ni

Up to 0.66% Ni

Peridotite dike within a gabbroic
unit

Granges DDH H-48
MDI41P14NW00018

11

Ni

Up to 0.30% Ni

Peridotite

Sothman Deposit
/ Beauvale Mines Property
MDI41P14SE00005

12

Ni,
(Cu, Pt, Pd, Au)

Up to 4.68% Ni,
(0.16% Cu, 0.273 g/t Pt,
0.874 g/t Pd, 0.021 g/t Au)

Channelized ultramafic flow or sill
within intermediate metavolcanic
rock

Sedex DDH SDS-08-13
MDI000000000690

13

Ni, Cu,
(Zn)

Up to 6070 ppm Ni,
2968 ppm Cu,
(3176 ppm Zn)

Debris flow with ultramafic clasts,
graphitic/sulphide-rich argillite

Rio Tinto DDH A-1
/ Allerston Option
MDI41P14NE00055

16

Ni,
(Au, Cu, Zn)

Up to 0.16% Ni,
(0.01 oz/t Au,
0.006% Cu, 0.107% Zn)

Ultramafic volcanic rock in
graphitic argillite

Carlson Property
/ Pegg DDH H-01-01
MDI000000000863

20

Ni,
(Zn, Ag)

Up to 1830 ppm Ni,
Quartz-carbonate veining and
(0.64 oz/t Ag, 749 ppm Zn) komatiite

* refers to deposit number on Figure 6.2.
Source: Mineral Deposit Inventory (MDI2) recently updated by A.C. Wilson, Resident Geologist Office, Timmins, Ontario.
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Table 6.2. Main characteristics of the Mineral Deposit Inventory for base metal deposits in Sothman and Halliday townships.
Occurrence

Map
ID*

Commodities

Best Historic Value

Hosted Units
Conglomerate and felsic
metavolcanic rock proximal to
graphitic slate, ultramafic rock,
granite and granitic gneiss
Graphitic sediments below felsic
metavolcanic rock
Felsic metavolcanic rock

Dowa Mining Ltd. Edleston Lake
DDH No.2
MDI41P14NW00019

4

Zn,
(Cu)

Up to 3.0% Zn,
(0.08% Cu)

Allerston Option
MDI000000000865
Rio Tinto DDH A-4
MDI41P14NE00056
Rio Tinto DDH A-3
/ Allerston Option
MDI41P14NE00054
Chevron DDH T 83-2
/ Allerston Option
MDI41P14NE00003
Essex Minerals DDH 79-1
/ Allerston Property
MDI41P14NE00051
Larche-Rousseau Option Area A
/ Larche-Rousseau North
Showing
/ Lamothe Property
MDI41P14NE00031
Larche-Rousseau DDH LR-77-2
MDI41P14NE00047

14

Zn,
(Cu, Ag)
Zn,
(Cu)
Zn, Cu,
(Ag, Pb)

Up to 0.79% Zn,
0.27% Cu, 0.12 oz/t Ag
Up to 0.63% Zn,
(0.21% Cu )
Up to 14,500 ppm Zn,
4240 ppm Cu,
(2.1 ppm Ag, 361 ppm Pb)
Up to 5300 ppm Zn,
(0.01 oz/t Au)

15
17

18

Zn,
(Au)

19

Zn, Au,
(Cu)

21

Zn,
(Pb, Ag)

22

Zn, Au,
(Ag, Pb)

Up to 5400 ppm Zn,
0.03 oz/t Au,
(940 ppm Cu)
Up to 7.65% Zn,
(0.32% Pb, 0.29 oz/t Ag)

Graphitic argillite below felsic
metavolcanic rock
Graphitic argillite interbedded with
felsic to intermediate metavolcanic
rocks
Graphitic unit between felsic and
intermediate metavolcanic breccias
Quartz veining on sheared contact
between rhyolite and dacite

Veins within felsic metavolcanic
Up to 3.19% Zn,
schists
0.075 oz/t Au,
(0.27 oz/t Ag, 154 ppm Pb)

* refers to deposit number on Figure 6.2.
Source: Mineral Deposit Inventory (MDI2) recently updated by A.C. Wilson, Resident Geologist Office, Timmins, Ontario.

Table 6.3. Main characteristics of the Mineral Deposit Inventory for gold deposits in Sothman and Halliday townships.
Occurrence
Edleston Lake Fault
MDI41P14NW00016
Budd Lake South
/ Quote Resources
/ Budd Lake Claims
/ Manville
MDI41P14NW00005
Rhyolite Showing
/ Budd Lake Northeast
MDI41P14NW00015
Monpre Mining DDH S-2
MDI41P14NW00014
Sherwood Prospect
/ Shore Acres Prospect
/ Sirola
MDI41P14NW00003
Campbell Zone
/ Silams Property
/ Campbell Veins
MDI41P14NE00004

Commodities

Best Historic Value

Hosted Units

1

Au

Up to 0.02 oz/t Au

3

Au,
(Cu, Ni)

Up to 0.2 oz/t Au,
(0.06% Cu, 0.06% Ni)

Quartz veins in fuchsite-altered
ultramafic metavolcanic rock
Quartz-tourmaline-pyrite-fuchsite
veins in altered ultramafic
metavolcanic rock

5

Au

Up to 0.18 oz/t Au

Veins in sheared and brecciated felsic
metavolcanic rock

6

Au,
(Ag, Cu)
Au, Ag, Zn,
(Pd)

Up to 0.05 oz/t Au,
(0.23 oz/t Ag, 0.01% Cu)
Up to 6.1g/t Au, 4 oz/t Ag,
10% Zn, (134 ppb Pd)

Graphitic argillite within intermediate
to mafic metavolcanic rocks
Shear zones in ultramafic and felsic
metavolcanic rocks and along
contacts with felsic intrusive rocks

Au, Ag, Cu

Up to 4.976 g/t Au,
9 oz/t Ag, 2.5% Cu

Quartz-carbonate veining in
conglomerate

Map
ID*

9

23

* refers to deposit number on Figure 6.2.
Source: Mineral Deposit Inventory (MDI2) recently updated by A.C. Wilson, Resident Geologist Office, Timmins, Ontario.

6-18

Precambrian Geoscience Section (6)

S. Préfontaine and S.J. Magnus

Volcanogenic massive sulphide (VMS) deposits are associated with hiatus in volcanism; thus, the
top of Supracrustal Package X and Supracrustal Package Y are likely prospective horizons in the study
area. Indeed, base metals (Cu, Zn), accompanied by minor silver, gold and lead, have been reported in 2
main styles in the area. First, they are associated with felsic to intermediate metavolcanic rocks with
associated argillitic sediments. This type of mineralization is found across both townships, and is
proximal to the ultramafic debris-flow package, both stratigraphically above and below the unit.
Furthermore, there is significant silicification alteration near the Halliday Lake and several of the felsic
metavolcanic rocks are sericitized. The second style of base-metal mineralization is in shear-hosted quartz
veins, found just south of the Timiskaming metasedimentary unit in eastern Halliday Township.
Gold mineralization has been reported in both townships, accompanied by minor silver, copper, zinc,
nickel and palladium. These occurrences are mostly hosted within shear-hosted quartz-carbonate veins,
such as those in the Archean inlier just east of Edleston Lake in Sothman Township, or just east of
Campbell Lake, within the Timiskaming metasedimentary unit. These shear-zones host strong ankerite
alteration and, where they cross ultramafic rocks, also host strong fuchsite alteration. A unique gold
occurrence has been reported (see deposit number 6: Figure 6.2 and Table 6.3) from a drill hole east of
Lake Sinclair, which intersected a gold-bearing unit of pyrite-mineralized graphitic argillite situated
between intermediate and mafic metavolcanic rocks.
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INTRODUCTION
The Flinton Group (Moore and Thompson 1980) unconformably overlies rocks of the Grenville
Supergroup and was deposited after 1155 Ma, the age of the youngest detrital zircons present in
metasandstone of the Bishop Corners Formation (Sager-Kinsman and Parrish 1993; Peters 1993). The
Flinton Group was metamorphosed and deformed, along with the Grenville Supergroup rocks of
Mazinaw terrane, at circa 1020 Ma (Corfu and Easton 1995). Rocks of the Flinton Group are apparently
restricted in their distribution to Mazinaw terrane (Easton 1992).
The Flinton Group is significant as it was deposited on rocks of the Grenville Supergroup which
were metamorphosed, deformed and subjected to erosion prior to circa 1155 Ma. Thus, knowledge of the
distribution of the Flinton Group is important in understanding the geologic history of Mazinaw terrane.
Furthermore, unconformities can provide conduits for fluid movement associated within mineralization.
Consequently, improved knowledge of the distribution of the Flinton Group is of tectonic and economic
interest. This article reports on newly recognized Flinton Group exposures in southeastern Mazinaw
terrane. All Universal Transverse Mercator (UTM) co-ordinates noted in this article are in North
American Datum 1983 (NAD83), Zone 18.

THE FLINTON GROUP
Two distinct lithofacies packages are present in the Flinton Group: a conglomerate-sandstone
lithofacies (Beatty, Kaladar, Ompah and Norway Lake formations) and a pelite-limestone-dolostone
lithofacies (Bogart, Fernleigh and Myer Cave formations) (Easton 2006). The Bishop Corners and
Lessard formations contain rocks of both lithofacies. Rocks of the conglomerate-sandstone lithofacies are
found mainly in the Northbrook area, whereas rocks of the pelite-limestone-dolostone lithofacies can be
traced continuously as a linear belt, from Northbrook to the Flower Station, as well as occurring in the
Clare River structure east of Tweed. Rocks of the conglomerate-sandstone facies can be subdivided into
a proximal and distal facies, with the proximal conglomerates containing more calc-silicate material and
more granitoid clasts than the distal conglomerate facies (Easton 2006). Metamorphic grade increases
from greenschist facies in the Northbrook area to upper amphibolite facies in the Flower Station area
(Easton 2006).

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.7-1 to 7-8.
© Queen’s Printer for Ontario, 2010
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RESULTS
Outcrop Observations
Three main outcrop areas of Flinton Group rocks, all located adjacent to Highway 7 in Kennebec
Township, occur over a strike length of approximately 6 km (Figure 7.1). The most westerly outcrop
area, with a continuous strike length of greater than 700 m, is centred at UTM 342775E 4953360N (see
Figure 7.1, outcrop area 1). From base to top, the stratigraphic section consists of 1 to 1.5 m of calcsilicate rock, 40 to 60 cm of calc-arenite, and greater than 1 m of matrix-supported calcareous
metaconglomerate (Photo 7.1) and calc-silicate rock. The calc-silicate rock contains abundant epidote,
and all 3 main rock units present in this outcrop closely resemble the non-conglomeratic parts of the
Kaladar Conglomerate, which is exposed on Highway 41 north of Kaladar. The calcareous
metaconglomerate consists mainly of carbonate clasts, but does include a few clasts of arenite and
granitoid rock (see Photo 7.1). The contact with underlying layered amphibolite of the Grenville
Supergroup is exposed at UTM 343498E 4953127N. The contact is sharp, with no indication of
increased deformation at the contact, albeit the rocks on both sides of the contact are highly deformed.
Epidote-rich pods and layers are common within the layered amphibolite within 2 to 3 m of the contact
with the Flinton Group rocks (Photo 7.2), and may represent alteration of the underlying rocks during or
after Flinton Group deposition.
The central outcrop area, having a strike length of approximately 200 m, is centred on UTM
345100E 4955000N (see Figure 7.1, outcrop area 2). It contains numerous isoclinal folds, and consists of
2 main rock types, bounded to the east and west by layered amphibolite and carbonate-rich amphibolite of
the Grenville Supergroup. From west to east, the outcrop consists of 7 to 8 m of epidote-rich calcareous
metasiltstone to fine metasandstone, followed by another 7 to 8 m thick unit of biotite-muscovite

Figure 7.1. Distribution of Flinton Group rocks along Highway 7 in northeastern Kennebec Township (geology from Wolff
1982 and Easton, this study).
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metasiltstone to fine metasandstone. The calcareous metasiltstone contains abundant pink calcite clots,
and exhibits a pseudo-clastic appearance, similar in appearance to the calc-silicate rocks present to the
west along Highway 7. The biotite-muscovite metasiltstone to fine metasandstone is cut by thin (5 to
15 cm thick) quartz-muscovite veins that were emplaced perpendicular to the north-trending fabric in the
metasiltstone, but which are typical of quartz-muscovite veins present in the Flinton Group in the Plevna
to Ompah area. Relict porphyroblasts are present in the metasiltstone and include large, bluish-tinged
laths that in thin section appear to be cordierite. This sample also has the highest Al2O3 and lowest CaO
contents (Table 7.1, sample 10RME-0019) of any of the rocks sampled in this study, consistent with the
observed mineralogy.
In thin section, the calc-silicate rocks from outcrop areas 1 and 2 consist mainly of white micaactinolite-plagioclase-epidote-quartz. Carbonate grains are common, but typically constitute less than
5% modal of the rock. Titanite is a common accessory mineral in the calc-silicate rocks. The absence of
primary chlorite and diopside in these rocks suggests metamorphic conditions between 500 and 600°C;
however, the unusual bulk composition of the Flinton Group rocks along Highway 7 makes determination
of metamorphic conditions from the observed mineral assemblages problematic. The original calcareous
nature of the rocks suggests that the partial pressure of CO2 plays a major role in determining the mineral
assemblages present in these rocks. Small grains of tourmaline are present throughout all the rocks from
outcrop areas 1, 2 and 3. The presence of small, possibly detrital, tourmaline grains is common within
Flinton Group rocks, but is rare to non-existent within the Grenville Supergroup.

Photo 7.1. Calcareous metaconglomerate of the Flinton Group, containing sparse subrounded arenite and granitoid clasts, cropping
out on the south side of Highway 7. Hammer handle is 33 cm long. View perpendicular to lineation. UTM 342550E 4953166N.
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All 3 outcrop areas of the Flinton Group rocks occur at roughly the same stratigraphic position with
respect to the underlying Grenville Supergroup strata, that is, at or near the contact between a layered
amphibolite unit and an overlying dolomite marble unit. The most westerly outcrop area of the newly
recognized Flinton Group outcrops is 13 km on strike from the most easterly previously documented
occurrence of Flinton Group strata on Highway 41 south of Kaladar (Bright 1986), on the north limb of
the Clare River structure. It is also possible that Flinton Group exposures may also crop out along the
south limb of the Clare River structure east of Highway 41; however, a reconnaissance survey of roads
that cut across the south limb of the Clare River structure did not reveal any Flinton Group outcrops.

Stratigraphic Correlation
Within the Clare River structure, Chappell (1978) defined 2 stratigraphic units in the Flinton Group:
the Beatty and Bogart formations. Correlation of these units with Flinton Group strata to the north
defined by Moore and Thompson (1980) is problematic. The Beatty Formation contains rocks present in
the Bishop Corners and Lessard formations, and the Bogart Formation includes rocks present in the Myer
Cave and Lessard formations. If the Highway 7 exposures are the on-strike extension of the Flinton
Group rocks in the Clare River structure, then all 3 outcrop areas could be correlative with the Bogart
Formation, with the calc-silicate dominated outcrops being equivalent to Chappell’s (1978) calcareous
greywacke and calcareous shale units, and the meta-arenite with the calcareous sandstone unit of the
Bogart Formation. Alternatively, the Highway 7 exposures could also be correlated with the Lessard
Formation. Regardless, the Highway 7 exposures are likely members of the pelite-limestone-dolostone
lithofacies of the Flinton Group and the proximal conglomerate facies represented by units such as the
Kaladar and Ompah conglomerates.

Photo 7.2. Epidote-rich layers (light coloured at head and base of hammer) in layered amphibolite of the Grenville Supergroup
40 cm below the contact with calc-silicate rocks of the Flinton Group cropping out on the south side of Highway 7. Hammer
handle is 33 cm long. UTM 342450E 4953075N.
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Geochemistry
Van de Kamp (1971) studied 25 samples of the matrix to the Kaladar Conglomerate and noted that
the samples were low in silica and alumina (typically <60.0 weight % SiO2 and <11.0 weight % Al2O3)
and high in calcium (typically >10.0 weight % CaO) despite having low CO2 contents (<1.0 weight %).
If carbonate had been present in greater in abundance in the original sediments, it was expunged during
metamorphism. Alternatively, the high calcium content could be due to the presence of gypsum, rather
than carbonate minerals, in the original sediments. The high calcium content of these rocks is reflected in
alteration indices, such as the Chemical Index of Alteration (CIA; Young and Nesbitt 1983), which
commonly yield abnormally low values (35 to 50). Easton (2006) reported similar chemical trends from
the Ompah Conglomerate, which is another proximal-facies conglomerate unit. No chemical data are
available for rocks of the Bogart or Lessard formations.
On a ternary plot of CaO – Al2O3 – Na2O+K2O, developed by Easton (1997) to portray the carbonate
content of pelitic rocks, the samples studied by van de Kamp (1971) all plot in the calc-pelite field, similar
to calcareous mudstones of the Fernleigh Formation, and samples from the Ompah Formation and the
Table 7.1. Geochemical data for Flinton Group metaconglomerate and calc-silicate samples from Highway 7. Comparative
samples 95RME-0081 and 95RME-0096 are from Easton (2006). All analyses were performed at the OGS Geoscience
Laboratories, Sudbury. UTM co-ordinates are NAD83, Zone 18.
Sample
Number
Easting
Northing
Rock Name

10RME95RMEaverage of 26
95RME10RME10RME10RME10RME0001
0081
samples
0096
0002
0003
0005
0006
330186
330185
n/a
356901
342550
342602
342764
342784
4948797
4948810
n/a
4983010
4953166
4953223
4953360
4953376
calc-arenite, conglomerate conglomerate conglomerate conglomerate calc-arenite calc-silicate calc-arenite
matrix,
matrix,
matrix
matrix
Highway 41 Highway 41
Highway 41
Northbrook
Ompah Highway 7, Highway 7, Highway 7, Highway 7,
Formation or Northbrook Northbrook
area 1
area 1
area 1
area 1
Location
SiO2
60.91
58.24
58.30
53.87
49.56
55.48
52.18
52.69
TiO2
0.88
0.86
0.83
1.71
1.34
1.08
0.86
1.03
Al2O3
8.60
10.33
11.18
13.35
13.26
13.60
12.10
14.34
4.51
4.40
8.26
11.10
8.11
6.80
5.62
7.20
Fe2O3total
MnO
0.07
0.07
0.11
0.19
0.18
0.16
0.13
0.17
MgO
3.54
3.69
5.53
4.74
3.74
3.58
2.97
3.18
CaO
15.76
14.37
9.25
8.31
14.83
12.66
13.72
11.84
0.25
0.90
1.83
2.85
0.68
0.73
2.52
1.41
Na2O
K2O
2.27
3.02
2.92
1.64
2.18
2.71
2.25
3.48
P2O5
0.13
0.16
0.26
0.18
0.45
0.29
0.29
0.24
4.03
3.58
0.98
1.93
2.08
2.73
7.14
3.59
CO2
S
<0.01
0.01
0.11
0.01
0.01
0.07
<0.01
<0.01
LOI
4.26
4.63
n/a
2.56
6.02
3.58
8.24
4.74
Total
100.18
100.77
99.02
99.49
100.35
100.67
100.88
100.32
Mg Number
60.9
59.9
56.7
45.8
47.7
51.1
51.2
46.7
CIA
37.6
36.1
44.4
51.1
45.9
50.4
51.6
52.2
Ba
Pb
Y
Zr
Total REE

353
10
33
251

495
15
39
240

500
24
43
194

370
10
37
158

706
5
34
219

784
<3
34
252

411
<3
29
247

679
<3
35
346

Notes: * Major element oxides are in weight percent, trace element data are in ppm; Mg number = atomic Mg/Mg + Fe, where
Fe = total Fe expressed as ferrous iron. Mg number and CIA are dimensionless.
Abbreviations: CIA = chemical index of alteration, LOI = loss-on-ignition, n/a = not applicable.
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Kaladar Conglomerate. In contrast, mudstones of the Bishop Corners and Myer Cave formations plot in the
pelite field. On the CaO – Al2O3 – Na2O+K2O ternary plot, calc-silicate and conglomerate matrix samples
from the Highway 7 exposures plot in the calc-pelite field, occupying the same compositional range as the
van de Kamp samples. The Highway 7 samples differ from the Northbrook Conglomerate samples mainly
in containing higher calcium contents. The sandstone samples from Highway 7 at the Henderson turn off
(see Table 7.1, samples 10RME-0007 and 10RME-0009) do not plot in the calc-pelite or pelite fields, and
are more potassic than typical Bishop Corners Formation arenite. In spite of these minor differences, the
geochemistry of the Highway 7 samples is consistent with them being part of the Flinton Group.

TECTONIC AND METALLOGENIC CONSIDERATIONS
The newly recognized Flinton Group outcrops of Highway 7 extend the Flinton Group to within
4 km of the eastern boundary of Mazinaw terrane (Figure 7.2). In conjunction with work in northeastern
Mazinaw terrane (Easton 2009), it now appears that Flinton Group strata were present throughout all of
Mazinaw terrane (see Figure 7.2), and not just concentrated in the western and central parts of the terrane.
The majority of these newly recognized Flinton Group outcrops consist of rocks of the pelite-limestonedolostone and proximal conglomerate lithofacies, which are more difficult to recognize at higher
Table 7.1, continued.
Sample
Number
Easting
Northing
Rock Name

10RME0004
342569
4953195
litharenite

10RME0007
347692
4956220
micaceous
arenite

10RME0009
347369
4955936
micaceous
arenite

92RME1062
356277
4984623
quartz
arenite

91RME0175
340509
4976153
litharenite

10RME0019
345116
4954991
schist

Formation or
Location
SiO2
TiO2
Al2O3
Fe2O3total
MnO
MgO
CaO
Na2O
K2O
P2O5
CO2
S
LOI
Total
Mg Number
CIA

Highway 7,
area 1
62.65
1.26
15.22
7.52
0.03
2.55
1.52
3.54
5.82
0.33
0.15
<0.01
0.77
101.21
40.2
58.7

Highway 7,
area 3
75.10
0.26
13.41
0.86
0.02
0.40
1.47
4.12
3.87
0.04
0.95
0.13
1.42
100.97
48.0
61.2

Highway 7,
area 3
74.75
0.27
13.31
1.08
0.02
0.33
0.97
3.54
5.55
0.04
0.79
0.01
1.17
101.03
37.7
58.9

Ompah

Norway
Lake
66.55
1.26
13.63
9.35
0.07
1.61
0.99
2.64
3.15
0.23
0.03
<0.01
1.60
100.95
25.4
66.8

Highway 7,
area 2
58.64
1.59
15.73
10.41
0.03
3.15
1.09
0.53
6.88
0.39
0.16
<0.01
2.21
100.65
37.5
65.4

Ba
Pb
Y
Zr
Total REE

818
<3
46
329

535
18
26
240

68.64
1.01
10.73
5.60
0.06
1.30
5.63
0.85
3.32
0.14
1.6
<0.03
2.49
99.67
31.5
52.3

602
5
25
227

442
10
28
262

430
11
26
420

616
5
51
348

Notes: * Major element oxides are in weight percent, trace element data are in ppm; Mg number = atomic Mg/Mg + Fe, where
Fe = total Fe expressed as ferrous iron. Mg number and CIA are dimensionless.
Abbreviations: CIA = chemical index of alteration, LOI = loss-on-ignition, n/a = not applicable.
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Figure 7.2. Distribution of Flinton Group rocks and major volcanic centres and sedimentary basins in Mazinaw terrane.
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metamorphic grades than are rocks of the conglomerate-sandstone lithofacies. Thus, there may be other
outcrop areas of Flinton Group strata in eastern Mazinaw terrane that have gone unrecognized.
Nonetheless, all of the newly recognized Flinton Group outcrops show compositional, textural,
mineralogical and geochemical similarities with previously documented and defined Flinton Group units.
Calc-silicate rocks appear to become more abundant within the Flinton Group in southern Mazinaw
terrane (e.g., Lessard and Bogart formations, Kaladar Conglomerate), and may reflect a north-to-south
change in depositional environment. This change could reflect the presence of a shallow-water, coastal or
continental sabkha environment in the south. Such an environment would be favourable for the
development of sedimentary-hosted mineral deposits, including metals such as copper, lead and zinc,
especially if the underlying Grenville Supergroup strata were relatively impermeable.
The discontinuous map pattern of preserved Flinton Group strata in the higher metamorphic grade
eastern part of Mazinaw terrane suggests that Flinton Group rocks there may have once been more
widespread, but were subjected to greater erosion either soon after deposition or during the Ottawan
orogeny (1080 to 1020 Ma), or both.
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INTRODUCTION
The Pecors–Whiskey Lake map area covers approximately 400 km2; and includes all or part of
Deagle, Esten, Gaiashk, Gunterman, Joubin and Proctor townships (formerly townships 136, 148, 137,
149, 143 and 142, respectively). The Universal Transverse Mercator (UTM) co-ordinates (provided in
North American Datum 1983 (NAD83), Zone 17) of the southwest and northeast corners of the map area
are 374000E 5130000N and 400000E 5145000N, respectively. Approximately 2 weeks of the 2010 field
season were spent mapping in the area focussing on regional geological problems. The area was selected
for mapping due to uranium and nickel-copper-platinum group element (PGE) mineral exploration in the
area, as outlined in greater detail in Easton (2009a). All UTM co-ordinates presented in this article are in
NAD83, Zone 17.

GEOLOGICAL SETTING
Whiskey Lake Greenstone Belt
The southern half of the study area is underlain by the Whiskey Lake greenstone belt, a 40 km long
by 10 km wide, metamorphosed Archean greenstone belt, located about 25 km east-southeast of Elliot
Lake. The Whiskey Lake greenstone belt is bounded to the west, south and east by Archean granitoid
rocks. To the north, the belt is unconformably overlain by metamorphosed Paleoproterozoic supracrustal
rocks of the Huronian Supergroup present within the Quirke Lake syncline (Figure 8.1).
The Archean supracrustal rocks comprise metamorphosed komatiitic, tholeiitic and calc-alkalic
volcanic rocks, and interflow metasedimentary rocks, cut by metamorphosed subvolcanic calc-alkalic
porphyritic dikes, sills and stocks. The supracrustal stratigraphy is dominated by a calc-alkalic volcanic
pile centred on Kings Lake, which formed on a platform of tholeiitic and komatiitic basalts (Jensen 1994).
The Kings Lake calc-alkalic volcanic pile consists of mafic to felsic volcanic flows and proximal
pyroclastic rocks, including FII and FIII rhyolites (Byron, Whitehead and Davies 1994) intruded by mafic
to felsic subvolcanic dikes, sills and stocks. Marginal to the Kings Lake volcanic pile are metamorphosed
iron formation, chert, wacke and mudstone deposited with distal pyroclastic units that interfinger with the
uppermost tholeiitic and komatiitic flows.
Metamorphic grade of the supracrustal rocks range from amphibolite facies near Depot Lake to
lower greenschist facies near Whiskey Lake. All of the layered rocks dip north to northeast, and have
been folded about a syncline, centred on the Kings Lake volcanic pile, that has a north-northeast-trending
axis (Jensen 1994).
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.8-1 to 8-12.
© Queen’s Printer for Ontario, 2010
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Quirke Lake Syncline
Paleoproterozoic sedimentary and volcanic rocks of the Huronian Supergroup, metamorphosed to
lower greenschist facies, constitute the northern half of the area, and are located along the southern limb
of the east-trending Quirke Lake syncline (see Figure 8.1). All Huronian Supergroup units, up to the
Lorrain Formation, are found in the Elliot Lake area. Rocks of the Huronian Supergroup are intruded by
sills and dikes of Nipissing gabbro (2220 to 2210 Ma). In places, Livingstone Creek Formation
metaconglomerate and breccia, metamorphosed Thessalon Formation metamorphosed iron-rich tholeiitic
basalts and basaltic andesites, and metamorphosed conglomerate and feldspathic sandstones of the
Matinenda Formation unconformably overlie the Archean supracrustal and granitoid rocks. Economic
uranium mineralization within the Elliot Lake area is confined to pyrite-bearing, quartz pebble
conglomerate horizons deposited within ancient fluvial channels in the Ryan and Manfred members of the
Matinenda Formation (e.g., Pienaar 1963; Roscoe 1969; Robertson 1976, 1986).

Figure 8.1. Simplified geological map of the Elliot Lake area. For clarity, Nipissing gabbro intrusions and many faults are not shown.
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RESULTS
Age of the Whiskey Lake Greenstone Belt
Prior to this study, no geochronological data were available from the Whiskey Lake greenstone belt.
Consequently, a rhyolitic lapilli tuff from the stratigraphically uppermost part of the calc-alkalic sequence
present in the Kings Lake volcanic centre was sampled for geochronology in 2009 (UTM 384457E
5136895N). The felsic pyroclastic sample yielded a modest amount of pale yellow-brown, slightly cracked,
2-3:1 prismatic zircon grains with occasional flat morphologies, from which a selection highest quality
crystals were annealed and chemically leached (chemical abrasion). Four single grain zircon fractions from
this sample give a concordant upper intercept age of 2686.5±1.1 Ma (Hamilton 2010) (Figure 8.2). A fifth
fraction (Z2) has a slightly older 207Pb/206Pb model age (2691 Ma), may reflect slight inheritance, and is
excluded from the age calculation presented. A similar age of 2689.6±1.2 Ma (Hamilton 2010) was
obtained from a felsic volcanic rock from the Ompa greenstone belt located north of Elliot Lake. A volcanic
sandstone from the Ompa greenstone belt has a maximum age of 2694.8±2.0 Ma (Hamilton 2010). The
ages from the Whiskey Lake and Ompa greenstone belts are consistent with other data indicating Porcupine
assemblage age (2690 to 2685 Ma) volcanism throughout the southern part of the Abitibi Subprovince,
including the Benny and Temagami greenstone belts and in the greenstone fragments present beneath the
Cobalt Embayment (Ayer et al. 2008). The Porcupine assemblage age for the Whiskey Lake greenstone
belt is also consistent with detrital zircon data from the Huronian Supergroup in the Espanola area (Easton
and Heaman 2008), which indicates a preponderance of ages in the 2680 to 2640 Ma range, an interval
younger than most of the rock units present within the Abitibi greenstone belt to the north. Additional
geochronology samples from the Whiskey Lake greenstone belt are planned.

Figure 8.2. Concordia plot for a rhyolitic lapilli tuff from the Whiskey Lake greenstone belt (from Hamilton 2010).
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Geophysical Character of the Archean Basement
South of approximately 46°42′N, Matachewan swarm diabase dikes that intrude the Archean
basement as well as East Bull Lake suite intrusive rocks lose their magnetic character, with magnetic
susceptibility changing from 20 to 60 ×10–3 SI units in the north to 0.7 to 0.9 ×10–3 SI units in the south.
This change in magnetic susceptibility also corresponds to where a prominent belt of northeast-trending
Matachewan swarm dikes clearly visible north of 46°42′N in the regional total magnetic field data
abruptly disappear. This change in magnetic character of the Archean basement approximates the
northern limit of Huronian Supergroup strata (Figure 8.3), and is consistent with previous data indicating
that Archean and Paleoproterozoic mafic rocks proximal to the Huronian Supergroup, including the
Nipissing intrusive suite, typically have low magnetic susceptibilities (Easton 2006, 2007). These low
susceptibilities (<0.9 ×10–3 units) may be due to low-temperature alteration of the basement rocks related
to fluid movement through the Huronian Supergroup during the Penokean orogeny (e.g., Fedo et al. 1997).
The resulting broad area of subdued magnetic character in the Southern and Superior provinces
between the Sault Ste. Marie area and Sudbury (see Figure 8.3) is probably due to a combination of
alteration of the Archean and Paleoproterozoic basement rocks as well as the blanketing effect of
overlying Huronian Supergroup strata. This area of reduced magnetic character needs to be taken into
account when interpreting regional and detailed aeromagnetic surveys in and adjacent to the Southern
Province between Sault Ste. Marie and Sudbury.
An area centred on Elliot Lake, and approximately 150 km2 in size (see Figure 8.3), is distinct in
containing almost no Sudbury swarm diabase dikes. The reason for this lack of dikes is unknown;
however, this area also contains 2 deep-seated paired aeromagnetic and gravity anomalies (see Figure
8.3), and it is possible that the source(s) of these anomalies may have made it difficult for Sudbury swarm
diabase dikes to propagate through this area of the crust.

Figure 8.3. Major aeromagnetic features present within the Superior and Southern provinces in the area between Sault Ste.
Marie and Sudbury. Abbreviations: KMB = Killarney Magmatic Belt, SS = Sudbury Structure.
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Table 8.1. Lake sediment anomalies and their geological setting in and adjacent to the study area. Anomaly numbers are from
Dyer (2010a).
Anomaly
Number

Anomaly Name

Elements

Geological Setting

1

Southern Gaiashk Township

Au, Ag, Cu

Area of Whiskey Lake greenstone belt containing Au and
Cu assays (Byron, Whitehead and Davies 1994) and
Au grains in modern alluvium (Reid 2003)

5

Bock Lake area,
Deagle Township

Ag, Cu, Ni, Zn

Byron, Whitehead and Davies (1994) report elevated
Cu and Zn ~ 750 m south of Louttit Lake

12

May Lake to Pecors Lake

Cr, Ni, Cs, Li,
Mg, Th, Y

Mafic to ultramafic source and Matinenda Formation,
associated with northwest-trending aeromagnetic and
gravity high (Easton 2009a; Dyer 2010a)

16

North Nordic Lake area, Gunterman Ni, Zn, Co, Cd
Township

Mafic to ultramafic source and volcanogenic massive
sulphide source. Area underlain by Stone Ridge
Intrusion and assay result with volcanogenic massive
sulphide signature (Easton 2009a).

17

Whitefish Lake area

Ni, Zn, Cd, Pb,
Co, As

Unique sediment and landscape conditions (Dyer 2010a)

18

Cedar Lake to Square Lake area,
Thorp and Tweedle townships

U

Area underlain by radiogenic granite (this study)

19

North-central Poulin Township

Mo

Area underlain by radiogenic granite intruded into older
gneiss (this study)

Shear Zones in the Superior Province
Two regional shear zones were identified. The first occurs on the south side of the Ompa Lake
greenstone belt, and corresponds in part to the Little Quirke Lake fault of Rogers (1993a, 1993b). This
zone trends west-northwest, and is Paleoproterozoic in age as it deforms and alters metaconglomerate of
the Gowganda Formation. This shear zone may be the western extension of the Folson Lake deformation
zone, which cuts the Paleoproterozoic East Bull Lake intrusion (see Figure 8.1). If so, then this is a
significant regional structure that is poorly understood.
The second shear zone is located along the power transmission line in Gerow Township, where it
affects metavolcanic rocks of the Whiskey Lake greenstone belt. The shear zone is Archean in age, as it
is cut by Archean granitoid rocks that do not appear to be affected by deformation. Although in part
intruded and, thus, obscured by younger granitoid rocks, the east-trending shear zone can be traced
discontinuously over a strike length of at least 6 km east of the Gaiashk–Gerow townships boundary.
The economic significance of these 2 shear zones remains to be determined, although Rogers
(1993b) reported stringer pyrite and pyrrhotite mineralization was present within silicified zones along the
Little Quirke Lake fault.

Lake Sediment Geochemical Anomalies
Dyer (2010a, 2010b) identified 22 lake sediment anomalies in the Elliot Lake area, 5 of which are
located in the study area, with 2 others from outside the study area that are relevant to this study (Table
8.1). In the case of 4 of the anomalies in the study area, the geological controls responsible for the
anomalies had been identified prior to the release of the lake sediment data (Easton 2009a).
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The only uranium anomaly identified by Dyer (2010a, 2010b) in the Elliot Lake area was located in
southern Thorp and Tweedle townships, centred on Distant Lake. This anomaly lies 45 km to the
northwest of the Elliot Lake uranium deposits (Figure 8.4), and potentially may be part of the source area
for the uraniferous conglomerates of the Matinenda Formation. Consequently, the source of this anomaly
was investigated. The area of the uranium anomaly is, in part, overlain by thick till and glaciofluvial
deposits, and only part of the anomalous area is accessible by road. The area lies at the southwestern
edge of a large airborne gamma-ray uranium and thorium anomaly centred at UTM 37100E 5182000N
(see Figure 8.4). Three main types of granitoid rocks are present in the area of the anomaly: nonradiogenic equigranular monzogranite and potassium feldspar megacrystic granodiorite (1 to 4 ppm U,
Table 8.2), and radiogenic equigranular monzogranite (8 to 18 ppm U, locally higher, see Table 8.2). The
radiogenic monzogranite intruded the megacrystic monzogranite, and locally contains pegmatitic patches
that are also radiogenic (see Table 8.2). Similar age and compositional relationships have been observed
in the granitoid terrain north of Sudbury (J.A. Ayer, OGS, personal communication, 2010), where nonradiogenic potassium feldspar megacrystic granodiorite is intruded by a radiogenic equigranular
monzogranite, which forms a prominent regional airborne gamma-ray uranium anomaly (see Figure 8.4).
The difference in uranium content between the radiogenic and non-radiogenic granitic rocks in both areas
is moderate (typically only 2 to 4 times higher in the radiogenic granites), but the difference is uniform
over a broad area, and would be sufficient to account for the lake sediment anomaly in Thorp and
Tweedle townships.
A molybdenum anomaly in north-central Poulin Township (Dyer 2010a, 2010b) is associated with
an area containing numerous outcrops of both radiogenic and non-radiogenic granites. The granites were
intruded into older gneissic rocks that have been shown on previous maps as Archean metasedimentary
rocks. The area underlain by gneissic rocks has likely been exaggerated on the previous maps. The
molybdenum anomaly is likely related to the abundant granitoid rocks exposed in this area.

Figure 8.4. Major airborne gamma-ray spectrometric features present within the Superior and Southern provinces in the area
between Sault Ste. Marie and Sudbury. Outline of highs is defined by 3 ppm equivalent uranium (eU) contour. Abbreviations:
KMB = Killarney Magmatic Belt, SS = Sudbury Structure.
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Table 8.2. Representative scintillometer assay-mode readings for granitoid rocks in Poulin, Sagard, Thorp and Tweedle
townships, northwest of Elliot Lake.
Rock Unit
Non-radiogenic granites
Megacrystic granodiorite, Thorp Township
Megacrystic granodiorite, Sagard Township
Megacrystic monzogranite, Highway 810
Equigranular monzogranite, Thorp Township
Equigranular monzogranite, Sagard Township
Radiogenic granites
Equigranular monzogranite, Thorp Township
Equigranular monzogranite with pegmatitic patches, Thorp
Township
Equigranular monzogranite, north-central Poulin Township
Equigranular monzogranite, Tweedle Township
Equigranular monzogranite, Highway 144

K
(wt %)

U
(ppm)

Th
(ppm)

Total
K
U
(cpm) (cpm) (cpm)

Th
(cpm)

3.1
3.5
4.8
3.9
4.1

1.3
1.4
3.2
3.3
3.6

14.6
13.5
40.4
21.1
11.1

653
656
1170
838
761

114
125
200
152
148

23
22
65
38
26

14
14
38
21
12

4.4
2.9

18.2
32.7

39.8
20.3

1362
1581

221
252

87
132

37
20

3.4
5.5
4.5

23.8
8.4
15.3

23.7
37.5
36.6

1448
1339
1525

232
240
243

108
77
99

23
36
35

Abbreviation: cpm = counts per minute, ppm = parts per million, wt % = weight percent.
Notes: multiply K by 1.2046 for K2O, 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. Reproducibility, accuracy and precision data for this particular
instrument can be found in Easton (2009b) and Banman (2009).

Mafic Intrusions in the Superior Province
Existing detailed maps of the Elliot Lake region (e.g., Robertson 1962, 1970) show a variety of
mafic dikes cutting intermediate to felsic plutonic rocks of the Superior Province. For the most part, these
mafic dikes have not been subdivided or assigned to particular magmatic events in the region (e.g.,
Matachewan dike swarm, feeders to the East Bull Lake intrusive suite or the Thessalon Formation, etc.) in
part because of the lack of distinctive textural differences and the shear abundance of dikes within the
basement. Work continued during the 2010 field season to better understand the nature of these mafic
dikes and to develop criteria for distinguishing between gabbros of different ages and magmatic affinity
(e.g., Table 8.3). Use of a hand-held scintillometer to determine potassium, uranium and thorium
contents of rocks in the field, especially mafic rock units, has greatly assisted the mapping of mafic rocks
within the study area. Details on this technique, along with reproducibility and accuracy data, can be
found in Easton (2009b), Banman (2009), and Banman and Easton (2008).

MATACHEWAN DIKE SWARM
Work during the 2009 field season determined that in the study area, dikes related to the
Paleoproterozoic Matachewan dike swarm (2475 to 2455 Ma) are the most abundant mafic intrusive rock
within the Archean basement (Easton 2009a). South of Elliot Lake, Matachewan dikes constitute roughly
60 to 75% of the mafic dikes exposed in outcrop; whereas, southeast of Whiskey Lake, this percentage
rises to 90%. Dike width can vary from a few centimetres to 150 m. Several textural varieties are present
within the Matachewan swarm dikes in the study area, but they fall into 2 broad groups: non-phyric and
plagioclase-phyric. In the plagioclase-phyric dikes, the distribution of phenocrysts can vary greatly; in
some dikes, phenocrysts are uniformly distributed throughout the dikes; in others, phenocrysts may be
concentrated in either the cores or the margins. Phenocrysts can be laths, 1 to 3 mm in size, or
glomerocrysts, 3 to 10 cm in size.
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Table 8.3. Median scintillometer assay-mode readings for the major mafic rock units within the study area. Archean and East
Bull Lake intrusive suite rocks are characterized by low potassium, uranium and thorium contents. Thessalon Formation rocks
and feeders are characterized by higher potassium, uranium and thorium contents compared to other mafic units in the study area.
Scintillometer parameters are listed in Table 8.2.
Rock Unit

n

K
(wt %)

U
(ppm)

Th
(ppm)

Archean rocks
Tholeiitic mafic metavolcanic rocks
Calc-alkalic mafic metavolcanic rocks
Intermediate metavolcanic rocks
Metagabbro, type 1
Metagabbro, type 2

10
19
25
20
10

0.0
0.6
0.9
0.0
0.2

0.0
0.0
0.0
0.0
0.0

0.0
1.6
1.4
0.0
1.7

100
186
217
95
132

0
19
28
0
6

0
1
2
0
0

0
2
2
0
2

East Bull Lake intrusive suite
Stone Ridge metanorite
Tennyson sill metagabbro, Highway 553
Tennyson sill metagabbro, Tennyson Township
Plagioclase-phyric dikes, unknown affinity
Dikes, unknown affinity

47
14
8
9
6

0.2
0.2
0.2
0.1
0.0

0.0
0.0
0.0
0.0
0.0

0.9
1.4
1.6
1.0
1.1

132
146
135
111
103

6
7
6
2
0

0
0
0
0
0

1
1
1
2
1

Matachewan dike swarm
Matachewan dikes, plagioclase-phyric (all)
Matachewan dikes, higher K
Matachewan dikes, moderate K
Matachewan dikes, typical K
Matachewan dikes, low K

88
18
28
30
12

0.7
1.3
0.9
0.5
0.1

0.4
1.5
0.2
0.1
0.0

1.7
2.5
2.1
1.2
1.0

206
311
224
168
108

23
46
28
15
1

2
7
2
1
0

2
3
2
1
1

Other
Nipissing metagabbro

16

0.8

0.0

2.3

210

23

2

3

32
4

0.8
1.4

0.9
0.4

4.5
4.5

293
314

33
48

7
7

5
5

4

1.1

1.6

7.6

361

48

13

7

22
10

3.2
2.8

2.0
2.7

6.1
7.0

466
547

87
103

17
16

8
8

Thessalon Formation
Mafic metavolcanic rocks
Gerow Township dike
(feeder to Thessalon mafic flows?)
Lewis Township dike
(feeder to Thessalon mafic flows?)
Intermediate metavolcanic rocks
Vesicular dikes (feeders to
Thessalon intermediate metavolcanic rocks)

Total
K
U
(cpm) (cpm) (cpm)

Th
(cpm)

Abbreviation: cpm = counts per minute, ppm = parts per million, wt. % = weight percent.
Notes: multiply K by 1.2046 for K2O, multiply U by 1.1793 for U3O8.

Composite dikes, resulting from repeated injections of magmas into the same fracture system, occur
in several parts of the study area (Easton 2009a). Also observed were multiple dikes in the same outcrop,
commonly with different orientations and thin screens (5 to 100 cm thick) of country rock separating one
another. At one locality, summarized in Table 8.4, 5 individual dikes were observed. Of these 5 dikes,
there were 2 different compositional types, with 2 dikes containing slightly more potassium and thorium
than the others (see Table 8.4). Whole-rock geochemistry on the different dikes in this outcrop is in
progress in order to determine if there are other geochemical differences between these dikes.
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Table 8.4. Summary of features observed in an outcrop containing multiple Matachewan dikes that intruded Archean
granodiorite, metagabbro and metabasalt. Outcrop is located on Highway 108 in Proctor Township (outcrop centre UTM
379680E 512920 N). Potassium, uranium and thorium determined by scintillometer assay-mode measurement. Scintillometer
parameters are listed in Table 8.2.
Feature
Texture

Dike 1
Medium-grained

Dike 3
Medium-grained

Dike 2
Medium-grained

Weathered
surface colour
Plagioclase

Medium green

Medium green

Medium green

Non-phyric

Non-phyric

Non-phyric

Width
Nature of contact

7m
With mafic
country rock
315°/75°
0.89

6m
Dike 2-3 contact

8m
Dike 1-2 contact

9m
Dike 3-4 contact

280°/65°
0.78

305°/75°
0.78

295°/70°
0.91

abundant large
laths and
glomerocrysts
2m
With mafic
country rock
315°/75°
0.79

1.1
0
4.0
235

1.0
0
3.4
229

0.3
0
1.7
168

0.5
0
2.4
174

0.4
0
1.4
167

Trend of contact
Magnetic
susceptibility
K (wt %)
U (ppm)
Th (ppm)
Total count (cpm)

Dike 4
Fine- to mediumgrained
Medium green to
green-grey
10% large laths
and glomerocrysts

Dike 5
Medium-grained
Light green

Abbreviation: cpm = counts per minute, ppm = parts per million, wt % = weight percent.
Notes: multiply K by 1.2046 for K2O, multiply U by 1.1793 for U3O8.

Also observed in part of the study area were some plagioclase-phyric dikes of unknown affinity,
characterized by extremely low potassium, uranium and thorium contents typical of Archean mafic
intrusive rocks (see Table 8.3). Either these plagioclase-phyric dikes represent a third compositional
variant of the Matachewan dike swarm (low K and Th, versus moderate K and Th, see Tables 8.3 and 8.4)
or locally there are Archean plagioclase-phyric dikes. If the latter, then one can no longer assume that all
plagioclase-phyric dikes in the Superior Province in the Elliot Lake region are Paleoproterozoic. As
shown in Table 8.3, there is a range in potassium (0.1 to 1.3 weight % K) and thorium (1.0 to 2.5 ppm Th)
content within the Matachewan dike swarm. There is no correlation between potassium and thorium and
host rock composition (i.e., low K and Th contents are not associated only with dikes intruded into mafic
host rocks), so if the variation in potassium and thorium is, in part, due to interaction between the magma
and the country rocks, it is occurring prior to dike emplacement.

FEEDERS TO HURONIAN VOLCANIC ROCKS
Easton (2009a) reported the discovery of feeder dikes to basaltic andesite flows of the Thessalon
Formation located within Archean granodiorite to the south of Elliot Lake (see Table 8.3). Two
additional feeder dikes to Thessalon Formation flows were identified during the 2010 field season, both at
least 5 km distant from preserved outcrops of Thessalon Formation metabasalt flows (see Figure 8.1).
Feeders to the Thessalon Formation are characterized by a dark grey to black colour on weathered and
fresh surfaces, a slaty fracture pattern subparallel to dike contacts, the local presence of large sulphide
crystals, and higher scintillometer-determined potassium, uranium and thorium contents than other mafic
intrusive rocks in the region (see Table 8.3). A 35 m wide dike is exposed on Highway 108 in Lewis
Township (UTM 379290E 5123475N) strikes 130°/85°, and locally contains disseminated pyrite and
chalcopyrite. A dike with a minimum width of 10 m and trending 280°, is exposed along the power
transmission line in Gerow Township (UTM 404939E 5137445N) at the eastern end of the Whiskey Lake
greenstone belt. Feeder dikes such as these indicate that the original extent of the Thessalon Formation
volcanic flows was much greater than the present-day distribution of the formation.
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TENNYSON SILL
The Tennyson sill (Prevec 1993) is a roughly 650 metre-thick body of medium-grained gabbro
exposed on Highway 553 north of Massey (see Figure 8.1). The Tennyson sill intruded Archean
granodiorite, but is cut by diabase dikes of the Matachewan dike swarm, suggesting a late Neoarchean or
a Paleoproterozoic age for the sill. Prevec (1993) and Easton, Jobin-Bevans and James (2004) both
suggested, on the basis of geochemistry, that the Tennyson sill is a primitive phase of the East Bull Lake
intrusive suite. Apart from the Highway 553 outcrops, the geographic extent of this body was poorly
known. The extent of the sill cannot be determined using the existing moderate resolution aeromagnetic
survey of the East Bull Lake area (Geological Survey of Canada 2009) as the sill has low magnetic
susceptibility (<0.8 ×10–3 SI units). Nonetheless, outcrops of texturally and geochemically similar
gabbro, with a surface width of least 500 m, were identified and sampled by the author along strike
2.5 km to the east-southeast of Highway 553 (see Table 8.3). Interpretation of airphotos indicates that the
Tennyson sill may have a minimum strike length of 5 to 6 km.

UNDIFFERENTIATED MAFIC INTRUSIONS
Compilation maps of the Elliot Lake region show numerous mafic intrusions assigned to the
Nipissing intrusive suite present within the granitoid terrain of the Superior Province. During the 2009
field season, it was discovered that some of these “Nipissing” mafic intrusions actually belong to other
intrusive suites (e.g., East Bull Lake intrusive suite) (Easton 2009a). Consequently, several road
accessible localities were visited during the 2010 field season to examine some of these previously
mapped “Nipissing” mafic intrusions in order to ascertain their tectonic affinity.
A typical example is located west of Highway 639, immediately southeast of Samreid Lake (see
Figure 8.1), in the Ompa greenstone belt. Here, an approximately 2 km2 area is indicated on existing
maps (Giblin, Leahy and Robertson 1979; Rogers 1993a) as a Nipissing gabbro intrusion. Field
examination of this area revealed the presence of at least 5 different mafic rock types in this area, based
on mineralogy, texture, magnetic susceptibility and assay-mode scintillometer potassium, uranium and
thorium contents, as follows:
1.

plagioclase-phyric Matachewan diabase dikes

2.

non-plagioclase-phyric Matachewan dikes

3.

mafic intrusive rocks of unknown affinity with low magnetic susceptibility (<0.8 ×10–3 SI
units), possibly feeders to the Thessalon Formation based on potassium, uranium and thorium
contents

4.

mafic intrusive rocks of unknown affinity with high magnetic susceptibility (>20 ×10–3 SI units)

5.

mafic intrusive rocks with low potassium, uranium and thorium contents, either low-potassium
non-plagioclase-phyric Matachewan dikes or dikes related to the East Bull Lake intrusive suite

No rocks that could be definitely assigned to the Nipissing intrusive suite were located within this
area. Examination of road cuts along Highway 639 in the vicinity of Ompa Lake revealed a similar range
in mafic rock types to those listed above, in addition to Archean metagabbro, none of which could be
assigned to the Nipissing intrusive suite.
In summary, all of the above observations indicate a complex history of mafic intrusion subsequent
to emplacement of Archean granitic rocks within the Elliot Lake area; one that is difficult to unravel by
textural and mineralogical observations alone.
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IMPLICATIONS FOR EXPLORATION
Although the Matinenda Formation occurs throughout the area between Sault Ste. Marie and
Sudbury, significant radioactive mineralization appears to be localized mainly to the vicinity of Elliot
Lake area. This localization may be the result of several factors. First is the presence of a large area of
radiogenic granitic rocks in the Superior Province immediately north and northeast of Elliot Lake (see
Figure 8.4), which may represent the source region for the radioactive detritus present in the Matinenda
Formation. If the radioactive mineralization in the Elliot Lake area is indeed sourced from these nearby
granitoid rocks, such a gold-poor source region would result in low gold tenor in the Matinenda
Formation, especially when compared to the similarly age conglomerate ores of the Witwatersrand of
South Africa.
Second are the paleotopographic influences on deposition of the Matinenda Formation in the Elliot
Lake area that resulted in northwest-oriented channelization of sediment flow. This paleotopographic
influence may be linked to the orientation of 2 deep-seated paired magnetic and gravity highs present only
in the Elliot Lake area (Easton 2009a) (see Figure 8.3). Third, the transition between subaerial and
submarine deposition of metavolcanic rocks of the Huronian Supergroup is located in the Elliot Lake
area, and this transition may have been significant with respect to sedimentary depositional environments
in the Elliot Lake area. Thus, it may be no coincidence that Huronian Supergroup mafic metavolcanic
rocks are found in proximity to all of the past-producing uranium mines in the area, both in the Elliot
Lake area, as well as the in the vicinity of the Pronto and Agnew Lake mines.
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INTRODUCTION
The study area is located in the southwest corner of the area covered by National Topographic
System (NTS) map sheet 31 C/15 and includes parts of Clarendon, Kennebec, Olden, Oso and Palmerston
townships (all in the County of Frontenac). It covers over 270 km2 between 44°45′00″ to 44°52′30″N and
76°45′ to 77°00′W. The 1:20 000 scale mapping carried out during the summer 2010 is part of a one-year
project conducted in order to accomplish several objectives:
1.

update the geological knowledge of the area. Olden Township was mapped at 1:63 360 scale in
1945 by Harding (1947, 1951), Kennebec Township by Meen and Harding (1942) and Harding
(1944) and the entire area was compiled at 1:126 620 scale by Hewitt (1964). Adjacent areas
were mapped by Wolff (1982a, 1982b, 1985) and Pauk (1983, 1987, 1989a, 1989b) at 1:31 680
as part of the SOGS (Southern Ontario Geological Survey) initiative. The area mapped in 2010
was a gap left between the areas mapped by Wolff and Pauk.

2.

evaluate the mineral potential of the Robertson Lake mylonite zone (RLMZ) in the Hungry
Lake area. The RLMZ hosts numerous gold occurrences to the north, but few occurrences are
known along the southern part of the zone. Metamorphic grade increases to south along the
RLMZ, and the study area lies near the greenschist–amphibolite metamorphic transition,
commonly a favourable regime for gold mineralization.

3.

understand the setting and mineral potential of the pegmatite-hosted uranium and thorium
occurrences in the area and their potential environmental impact.

GENERAL GEOLOGY
The Central Metasedimentary Belt of the Grenville Province is dominated by supracrustal rocks,
deposited between 1300 and 1200 million years ago in an arc or back-arc setting. Subsequently, the
Central Metasedimentary Belt underwent at least 2 orogenic events. The first, known as the Elzevirian
orogeny, occurred at circa 1170 Ma and resulted from the collision of the Frontenac terrane to the east
and the Elzevir terrane (Mazinaw and Sharbot Lake domains) to the west. The second event took place
between 1070 and 1040 Ma and is referred to the Ottawan orogeny.
Figure 9.1 shows the location of the map area within the Central Metasedimentary Belt. The map
area straddles the boundary between Mazinaw domain to the west and Sharbot Lake domain to the east
(Figures 9.1 and 9.2). The boundary between these 2 lithotectonic domains is a late extensional structure,
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.9-1 to 9-24.
© Queen’s Printer for Ontario, 2010
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the Robertson Lake mylonite zone (RLMZ), which is known to host gold mineralization in association
with mylonitized mafic and carbonate rocks (Easton 1988, 1992). The RLMZ contains rocks belonging to
both Mazinaw and Sharbot Lake domains.
The Sharbot Lake domain is a marble-dominated domain intruded by felsic intrusions at circa 1155
and 1070 Ma. In the map area, it is metamorphosed from upper greenschist to lower amphibolite facies.
The Mazinaw domain is a volcanic-dominated terrane, consisting of supracrustal rocks generally older
than 1245 Ma, upon which the Flinton Group was deposited after 1155 Ma (Corfu and Easton 1997). All
the supracrustal rocks were then metamorphosed at middle to upper amphibolite facies at circa 1020 Ma
(Corfu and Easton 1995). In the Mazinaw domain, cooling below 500°C through hornblende-blocking
temperatures was estimated at circa 945 Ma (Cosca 1989); conversely, hornblende-cooling ages for
Sharbot Lake domain and Frontenac terrane to the east are greater than 1000 Ma (e.g., Cosca 1989).
Unlike the Sharbot Lake domain and the Frontenac terrane, the Mazinaw domain does not contain plutons
circa 1155 Ma. Within the Hungry Lake area, the granitic Addington pluton lies adjacent to the RLMZ.
This granite pluton (1245 Ma: van Breemen and Davidson 1988) has been metamorphosed to upper
amphibolite facies. The radiogenic character of the Addington granite is poorly known, but the body does
manifest itself on airborne gamma-ray maps of the area and constitutes a primary target for Rössing-style
uranium mineralization (Easton 2008).

Figure 9.1. Terrane and domain subdivisions of the Central Metasedimentary Belt (modified from Easton (1992) and Carr et al.
(2000)) showing the location of study area. The Central Metasedimentary Belt is composed of the Composite Arc Belt and
Frontenac terrane. Abbreviations: RLMZ, Robertson Lake mylonite zone; MSZ, Maberly shear zone.
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Figure 9.2. Simplified lithostructural map of the Hungry Lake area. Mineral Deposit Inventory (MDI) locations are listed and described in Table 9.1.
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LITHOLOGICAL DESCRIPTIONS
The northwestern two-thirds of the map area are dominated by plutonic rocks of the Mazinaw
domain. These plutonic rocks are more or less relatively autochthonous units with respect to the
structurally overlying units to the southeast. All of the northeast-trending boundaries between lithological
units are strongly deformed by polyphase shear zones and dip shallowly to the east-southeast. The intense
metamorphism and deformation in the study area makes the identification of protolith difficult if not
impossible in many instances, especially within the supracrustal rock units. From bottom to top and from
northwest to southeast, 6 main lithostratigraphic units are present, as illustrated in Figure 9.2.
1.

Metatonalite and metagranodiorite of the Big Gull Lake (formerly Cross Lake) and Northbrook
plutons are both part of the Elzevir Suite (Easton 1992; Praamsma, Wodicka and Easton 2000).
These felsic to intermediate intrusive rocks are associated with supracrustal rocks, mostly
composed of mafic metavolcanic rocks of the Kashwakamak Formation (1265 to 1280 Ma:
Corfu and Easton 1995) and of the Tudor Formation (older than 1276 Ma: Corfu and Easton
1995). All of these rocks belong to the Mazinaw domain.

2.

The Kennebec Lake unit is composed of the Addington granite and metamorphosed clastic
sedimentary rocks. (Mazinaw domain)

3.

A carbonate sediment unit composed predominantly of dolomite marble interfingered with
mafic metavolcanic flows, mafic sills and minor felsic sills. Some clastic metasedimentary
rocks are also present. (Mazinaw domain)

4.

A mixed volcanic-sedimentary unit composed of almost equal proportions of calcite marble and
mafic metavolcanic rocks, with minor gabbroic intrusions to the northwest and clastic
metasediments to the southeast. (Sharbot Lake domain)

5.

In the southeast corner of the map, a highly deformed metagabbro body with associated mafic
metavolcanic rocks structurally overlies the previous unit. (Sharbot Lake domain)

6.

The Flinton Group, deposited at circa 1157±10 Ma (maximum age of deposition, SagerKinsman and Parrish 1993) is only present on the northeast corner of the map area, although
Flinton Group rocks crop out on Highway 7 immediately southwest of the map area (see Easton,
this volume, Article 7). The Flinton Group unconformably overlies all the older rock units.
(Mazinaw domain)

Mazinaw Domain
INTERMEDIATE TO FELSIC INTRUSIVE ROCKS, ELZEVIR SUITE
These intermediate to felsic intrusive rocks of the Elzevir Suite are homogenous in composition
within the study area. They consist of a medium-grained, equigranular, grey, quartz- and biotite-rich
tonalite to granodiorite. Locally, some mafic enclaves, dioritic in composition, are present. The
deformation affecting rocks of this suite is heterogeneous and spans the full range between pristine
igneous texture, gneissic tonalite (the dominant texture) and mylonitized tonalite. The maximum degree
of deformation within plutonic rocks of this suite was observed along Big Gull Lake (Photo 9.1A). The
Northbrook pluton of this suite has an age of 1250 +10/–5 Ma (U/Pb on zircon, Corfu and Easton 1995).
For a more complete description of the Elzevir Suite, the reader can refer to Easton (2006).
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MAFIC TO INTERMEDIATE VOLCANIC ROCKS, KASHWAKAMAK AND TUDOR
FORMATIONS
The Kashwakamak Formation has been described in detail by Moore and Morton (1986), Harnois
and Moore (1991), Sethuraman (1970), Sethuraman and Moore (1973) and Easton (2006). Uranium-lead
geochronology conducted on the Kashwakamak Formation places a depositional age of 1276±2 Ma on the
upper part of the formation (Corfu and Easton 1995).
The Kashwakamak Formation is composed of calc-alkalic mafic to felsic metavolcanic rocks. In the
map area, this northeast-trending, steeply dipping, formation crops out on the north side of Big Gull Lake
and can be followed continuously over 20 km. Within the map area, this formation is never wider than a
kilometre. The Kashwakamak Formation is highly deformed and metamorphosed. The mafic volcanic
rocks have been metamorphosed into a dark grey to black, hornblende plagioclase–rich, fine- to mediumgrained, strongly foliated and lineated amphibolite gneiss. The intermediate and felsic gneiss are only
recognizable in that they contain more biotite and muscovite. Incipient partial melting locally affects all

Photo 9.1. A) Mylonitic fabric within tonalitic gneiss. The mafic enclaves are oriented and deformed parallel to the main
foliation. (Hammer handle is 35 cm long. Mazinaw domain, north shore of Big Gull Lake.) B) Outcrop view showing dolomitic
marbles interlayered with mafic rocks. The mafic rocks have been interpreted as anastomosing sills intruding into the marbles.
(Field assistant for scale (middle left). Mazinaw domain, Dolomitic Marble Unit, Highway 7.) C) Alternation of strongly
layered felsic (light coloured, likely derived form felsic subvolcanic intrusions) gneiss and mafic (dark coloured) rocks. In the
centre of the photograph, note the reverse offset of the fault crosscutting the outcrop and a pegmatitic dike emplaced along that
fault plane. (View looking to the south; hammer handle is 35 cm long. Mazinaw domain, Dolomitic Marble Unit, Highway 7.)
D) Pegmatite dike intruding amphibolitic gneiss. Notice the melt percolation along the main foliation plane causing assimilation
and contamination of the host rock. (Pen is 10 cm long. Mazinaw domain, Dolomitic Marble Unit, Highway 7.)
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of rocks of this formation according to their bulk chemical composition. More felsic compositions usually
display a greater amount of visible melt. Garnet porphyroblasts are also present and represent generally
less than 5% of the modal composition of the amphibolites.
Nonetheless, higher concentrations of garnet are locally present, especially for intermediate and
felsic compositions, and can represent up to 35% of the rock. Garnet-rich rocks, also high in biotite
content, sometimes have a schistose aspect. These anomalous garnet-bearing rocks were traced along
strike over 3 km and it is probable the strike length is actually greater as this belt is poorly exposed.
The protolith of this high-content garnet gneiss is uncertain and is provisionally interpreted as a
hydrothermally altered zone that formed prior to regional metamorphism.
The Tudor Formation contains tholeiitic mafic metavolcanic rocks. The age of this formation is not
precisely known, but it is slightly older than the Kashwakamak Formation (Corfu and Easton 1995), and
is at least 1280 million years old (Easton and Kamo 2005). As with the Kashwakamak Formation, this
formation can be traced northeast for over 20 km on the south shore of Big Gull Lake. Its thickness is
limited to less than 1 km. Unlike the Kashwakamak Formation, this belt of Tudor Formation rocks
displays a more homogeneous bulk rock composition. The main rock type is a well-foliated, fine-grained,
black, locally garnet-bearing, amphibolite gneiss. This highly deformed and metamorphosed rock is
probably derived from flows. Outside the map area, along Highway 41 south of Cloyne, the primary
features are preserved within the Tudor Formation, and show an interlayering of pillowed and massive
mafic flows (Easton 2006).

KENNEBEC LAKE UNIT AND ADDINGTON GRANITE
This unit is composed of a package of siliceous clastic metasedimentary rocks and a felsic intrusion
called the Addington granite. On the aeromagnetic map, this unit shows conspicuously as a continuous
high magnetic anomaly that can be followed over 20 km. In the field, magnetic susceptibility readings
indicate that both the Addington granite and the adjacent metasedimentary rocks are magnetic with the
metasedimentary rocks displaying the highest values (maximum values at 10 and 120 ×10–3 SI,
respectively).
The siliceous metasedimentary rocks are represented by a white to light grey weathering, fine- to
medium-grained, biotite-muscovite quartzofeldspathic gneiss. The quartz, feldspar and biotite content of
individual layers within the gneiss can vary strongly, which likely reflects differences in the chemical
composition of the sedimentary protolith. These granoblastic, poorly lineated, strongly foliated
paragneisses were likely derived from a package of sedimentary rocks that ranged in composition from
feldspathic litharenite to quartzarenite to litharenite. Where the deformation is more intense, these
paragneisses change into biotite-rich quartzofeldspathic schist. These clastic metasedimentary rocks are
interbedded with strongly foliated amphibolites of unknown affinity.
The northern part of Addington granite was studied in detail by Easton (1988). This pluton has an
age of 1245 +15/–10 Ma (U/Pb on zircon, van Breemen and Davidson 1988) and is part of the Methuen
Suite (Easton 1992). In the map area, the Addington granite immediately structurally overlies the
Northbrook pluton, except in the northeastern corner of the map where amphibolite of the Tudor
Formation is present between the tonalite and the granite. Mapping as part of this study found that the
Addington granite is narrower than was expected from Hewitt’s (1964) map, and is composed of at least
3 sheet-like bodies separated by thin slivers of supracrustal rocks (see Figure 9.2). The northern sheet is
continuous all over the study area and is never wider than 150 m, with this thickness remaining consistent
along strike. The southeastern sheet is located just southeast of Kennebec Lake and is about 1 km long.
It structurally overlies the metasedimentary rocks of the Kennebec Lake unit. The last sheet is present on
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the east side of the map area and is located at a different structural level in that it constitutes the footwall
of the RLMZ. The most abundant rock type in the Addington granite in the map area is a fine- to
medium-grained equigranular, pink, leucocratic, weakly to well-foliated muscovite-biotite monzogranite
to syenogranite gneiss. The eastern sheet displays a porphyroclastic texture, where pink potassiumfeldspar phenocrysts ranging in size from 5 to 10 mm are widespread. The overall geometry of the
Addington granite in the study area raises the problem of what were the initial relationships between the
host rock and pluton emplacement. The thinning of the Addington granite from the Tweed area to the
Hungry Lake area is likely a combination between shearing and the initial geometry of the pluton itself.
However, considering the different nature of the intruded supracrustal rocks (namely clastic
metasedimentary rocks and dolomitic marbles), it is also possible that the Addington granite might be
composed of several sheet-like independent bodies.

DOLOMITE MARBLE UNIT
This northeast-trending, southeast-dipping unit can be followed over 14 km toward the northeast
where it pinches out against the RLMZ (see Figure 9.2). This unit is dominantly composed of carbonate
metasedimentary rocks. However, a variety of rock types is interlayered with the purer carbonate
metasedimentary rocks, and is described in this section by order of abundance.
The carbonate metasedimentary rocks are represented by a medium- to coarse-grained, thick-bedded,
black weathering, white and almost pure dolomite marble. Some rare calc-silicate minerals are also
present (e.g., tremolite and diopside). Closer to the shear zones, this unit consist of fine- to mediumgrained, white, black-weathering, centimetre- to decimetre-scale layered, lineated dolomite marbles.
Where present, calc-silicates layers, tremolite pods or other interbedded rocks are strongly boudinaged
and sheared.
Mafic rocks are widely represented in this unit. The dominant type is massive to foliated, finegrained, dark grey-blue amphibolite. Although most of primary depositional features (igneous or
sedimentary) were erased by deformation and metamorphism, a variety of features suggest that a majority
of these amphibolites are igneous in origin. Along Highway 7, such amphibolites are interlayered with
dolomite marble (Photo 9.1B). Here, 1 m wide amphibolite layers interfingered with the marbles and form
an anastomosing network, sometimes enclosing entire layers of marble. This geometric relationship
strongly suggests that the amphibolites were emplaced as sills. Other minor lithologies, such as
interbedded felsic and mafic intrusive rocks (Photo 9.1C) and clastic metasedimentary rocks, are
sporadically interlayered with the dolomite marbles.

SYN- TO POST-KINEMATIC FELSIC INTRUSIVE ROCKS: PEGMATITE SILLS AND
DIKES
The various units of the Mazinaw domain are intruded by pegmatite and pegmatitic granite sills and
dikes. The structural relationships of these sills and dikes with country rock will be treated in “Structural
Geology and Kinematics”.
In the map area, only one pegmatitic body reaches a mappable size at the 1:20 000 scale, and it is
located in the northeast corner of the map area (see Figure 9.2). This sheet-like body is approximately
2 km long and 100 m wide. It is overthrust by the Addington granite and structurally overlies
amphibolites of the Tudor Formation.
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The majority of these syn- to post-kinematic pegmatitic rocks are sills emplaced more-or-less
parallel to the main fabric of the host rock along planes of weakness such as shear zones (see Photo 9.1C).
Dikes are also present. The contact between host rock and intrusion are often indistinct, and a significant
part of the melt has migrated into, and can contaminate, the host rock (Photo 9.1D). These felsic plutonic
rocks are characterized by coarse-grained to pegmatitic, pink or white granite. The mineralogy is
composed of potassium feldspar and quartz megacrysts up to 10 cm in size. More rarely, biotite
megacrysts are also present. In the southwest corner of the map area, a tourmaline-bearing pegmatitic sill
was found within the clastic metasedimentary rocks of Kennebec Lake unit. Some garnet-bearing
pegmatites are also sporadically present along the contact between the Northbrook pluton and the
Addington granite. Based on U/Pb geochronology on zircon (Corfu and Easton 1995), a maximum age of
1080 Ma was determined for pegmatite emplacement in northern Mazinaw domain. As noted by Easton
(2006), white pegmatite sills and dike within the study area appear to have preferentially intruded the
carbonate sedimentary rocks. Conversely, pink pegmatites are most common in plutonic and clastic
metasedimentary host rocks. These pegmatites sills and dikes locally contain radioactive mineralization
(see Figure 9.2). This aspect will be treated in “Economic Geology”.

FLINTON GROUP
Rocks of the Flinton Group are present in one occurrence in the northeastern corner of the map. It is
bounded to the east by calcitic marbles belonging to the Mazinaw domain and was likely overthrust upon
a garnet-bearing amphibolite. At this occurrence, the Flinton Group consists of a strongly deformed and
metamorphosed, clast-supported, polymictic, conglomerate (Photo 9.2D). This rock has a “migmatitic”like texture with segregation between ferromagnesian minerals such as biotite and felsic minerals. The
migmatitic aspect might result from the great amount of pegmatitic melt that is present along the main
fabric. This texture could be the result of melt that may have percolated along the fabric or, alternatively,
it may result from incipient in-situ melting within the conglomerate matrix. This conglomerate might
belong to the Bishop Corners Formation. Newly discovered Flinton Group rocks that crop out on
Highway 7 immediately southwest of the map area are described by Easton (this volume, Article 7).

Sharbot Lake Domain
The Sharbot Lake domain has been defined as a structural unit bounded to the west by the RLMZ
and to the east by the Maberly shear zone (see Figure 9.1; Easton 1992; Davidson and Ketchum 1993).
Herein, we consider that all the lithostratigraphic units in the map area located east of the location of the
RLMZ shown in Figure 9.1 belong to the Sharbot Lake domain. If the RLMZ has a more complicated
geometry than shown in Figure 9.1, then the assignment of some lithostratigraphic units to Sharbot Lake
domain (e.g., mafic to intermediate volcanic rocks immediately east of the RLMZ) may be incorrect.

CALCITE MARBLE
This supracrustal unit consists of finely layered, medium-grained, light brown weathering, light grey
calcite marble (Photo 9.2A). The marbles are generally fairly clean and homogeneous in composition and
are locally be interlayered with mafic metavolcanic flows. The prominent layering in these marbles is
likely of tectonic origin. Where exposure is favourable, isoclinal intrafolial folds and boudinage can be
observed in the layered calcite marbles. The calcite marbles have locally undergone a secondary
dolomitization that is the commonly discordant to the main layering (see Photo 9.2A). Notwithstanding,
at smaller scales, this secondary dolomitization can be concordant with respect to the older layering.
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CLASTIC METASEDIMENTARY ROCKS
This type of rock becomes predominant on the south shore of White Lake (see Figure 9.2).
The primary geometric relationships with the calcite marble unit are unclear, but they appear to be
interbedded. These clastic metasedimentary rocks are also interbedded with amphibolite, which can
represent up to 50% of the exposed rock in local areas. Those mafic rocks are described in “Mafic to
Intermediate Metavolcanic Rocks”. Despite intense deformation, primary bedding is still present in these
siliciclastic rocks. It consists of an alternation of a rare, 50 cm thick-bedded, white weathering, almost
pure quartzitic layers and a more abundant medium-grained, brown to light grey weathering medium- to
thick-bedded metawacke. A significant part of these metasedimentary rocks are likely composed of
reworked volcaniclastic rocks.

MAFIC TO INTERMEDIATE METAVOLCANIC ROCKS
Within Sharbot Lake domain, mafic metavolcanic rocks are abundant immediately above the RLMZ
and in the southeastern corner of the map area where they are closely associated with clastic
metasedimentary rocks. The 2 strips of mafic metavolcanic rocks connect with one another in the
southwestern corner of the area (see Figure 9.2) and define what seems to be a periclinal termination of a
recumbent fold. The mafic metavolcanic rocks display a great variety of types. The dominant type is a

Photo 9.2. A) Highly deformed layered calcitic marble (right) with discordant secondary dolomitization (left). (Hammer handle
is 35 cm long. Sharbot Lake domain, calcitic marble member, Highway 7.) B) Mafic metavolcanic rocks. (Pen is 10 cm long.)
C) Mylonitic gabbro. (Pen is 10 cm long. Sharbot Lake domain, southeast corner of the map area.) D) Highly deformed and
metamorphosed polymictic conglomerate of the Flinton Group. Note stretching of clasts in the vertical plane. (Notebook is
5.5 cm wide, northeast corner of the map area, south of Ardoch road.)
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strongly foliated, aphanitic to fine-grained, locally porphyroblastic, dark blue-grey amphibolite. These
amphibolites are well exposed along the Highway 7, where they are interbedded with clastic
metasedimentary rocks of the Sharbot Lake domain (see previous section). The origin of these rocks is
problematic. They could be mafic volcaniclastic sediments, massive flows or subvolcanic sills. Along the
RLMZ, mafic metavolcanic rocks are retrogressed to greenschist facies and are associated with late
mineralization (quartz veins, epidotization, carbonate veins, malachite staining). Nonetheless, some
features, such as epidotization, may be localized along what appear to be former pillow selvages (see
Photo 9.2B), or are former varioles, both suggesting strongly that a part of this sequence represented
pillowed flows. In the southwest corner of the study area, the amphibolites sensu stricto of this unit are
less abundant and are replaced by an intermediate rocks which has a medium-grained equigranular matrix
and is hornblende porphyroblastic. Although the protolith of this rock is uncertain, the porphyroblastic
texture (hornblende and subordinate biotite porphyroblasts) suggests an intrusive origin.
Rusty zones containing sulphides are common at the interface between the mafic metavolcanic and
the clastic metasedimentary rock units. Although some of these rusty alteration zones might be early,
others are clearly late, since they are associated with quartz veins that crosscut the main fabric. This late
hydrothermal veining might be associated with the offset of the RLMZ.
Evidence for an early hydrothermal event is present in the area 500 m south of White Lake, where a
5 to 10 m thick alteration zone trends easterly over a kilometre and marks the limit between amphibolitedominant rocks to the south and metawacke-dominant rocks to the north. The metawackes are affected by
massive silicification and sulphidation. The alteration zone, which was metamorphosed under upper
amphibolite-facies conditions, displays an abnormal content of garnet porphyroblasts (up to 50% in some
places) associated with cordierite, plagioclase, quartz, biotite, kyanite and green hornblende for the more
mafic composition. Another similar alteration zone, displaying the same metamorphic paragenesis was
found just above the RLMZ. This 3 m thick alteration zone is hosted in amphibolites similar to those
found in the south part of the area and can be followed along strike over 4 km.

MAFIC INTRUSIVE ROCKS
In the southeast corner of the map area, south of the Highway 7, is an area of blastomylonite to
ultramylonite which likely derive form a coarse-grained, strongly deformed gabbro. The blastomylonites
are composed of alternating, finely spaced layers of plagioclase-dominant rock and ferromagnesiandominant (green hornblende and likely relicts or pyroxene) rock (Photo 9.2C). Amphibolite is also
associated with the blastomylonites. The amphibolites are characterized by a more finely spaced
compositional layering. The amphibolites are interpreted as an ultramylonitic facies of the same original
gabbroic pluton.

FELSIC INTRUSIVE ROCKS
Within the Sharbot Lake domain in the study area, felsic intrusive rocks are represented by 2 types.
1.

The western portion of the Oso pluton crops out in the southeast part of the area. This pluton
has an age of 1154±2Ma (U/Pb on zircon, Davidson and van Breemen 2000). It is postkinematic with respect to the main regional fabric within Sharbot Lake domain. For a complete
lithologic description of the Oso pluton, refer to Davidson and van Breemen (2000).

2.

Syn- to post-kinematic pegmatite to pegmatitic granite sills and dikes that are concentrated in
the hanging wall of the nearby RLMZ. They are of the same generation and type as those
described previously in the section on Mazinaw domain.
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STRUCTURAL GEOLOGY AND KINEMATICS
The lithostratigraphic units of both the Mazinaw and Sharbot Lake domains were deformed by
several major tectonometamorphic events. During these events, most of the primary features of these units
were obliterated by the intensity of the deformation and the recrystallization. The metamorphism associated
with this polyphase deformation typically reached the upper amphibolite facies and perhaps locally, the
granulite facies. Later, these rocks were locally retrogressed into greenschist facies, especially in the vicinity
of the RLMZ. Evidence of clear overprinting relationships between the different tectonometamorphic
events is lacking and the interpretation of the few relationships observed in the field has remained
inconclusive so far. Thus, the succession of events presented in the next sections is provisional.

Large-Scale Structures
At 1:20 000 scale, the regional composite fabric (transposed bedding and different generations of
foliations) strikes to the northeast and plunges shallowly to the south-southeast. Approaching the
northeast part of the map area, the average 50° trend of the regional composite fabric trajectories adopt a
bearing closer to 20 to 30°.
All the large-scale structures in the map area are collinear with this regional composite fabric pattern.
For example, the different lithostratigraphic units are organized in a nappe stack displaying a consistent
vergence to the northwest. All the major lithostratigraphic units are separated by conspicuous shear zones
that exhibit polyphase history. Most of the shear zones display thrusting or strike-slip offsets. In contrast,
the Robertson Lake mylonite zone (RLMZ), which separates the Mazinaw domain to the west and the
Sharbot Lake domain to the southeast, shows a normal shearing to the southeast. The detailed kinematics
will be addressed later in this section.
In addition to the nappe stack pattern, several megafolds have been identified (see Figures 9.2 and
9.3). The first is a northeast-trending fold present on the north shore of Big Gull Lake (see Figure 9.2).
Based on dip reversals, this upright fold is interpreted as an anticline. The second megafold is located
between Hungry Lake to the south and Big Gull Lake to the north (see Figure 9.2). The northeastern
periclinal termination of this structure is easily seen on airphotos. This northeast-trending upright fold
reworks a highly sheared facies of the Northbrook pluton. Due to the absence of parasitic folds, and based
on foliation dip reversal, this fold is as an anticline. A highly sheared area localized in the core of the
anticline might be the result on an early thrusting event.
Another major upright fold has been identified in the Dolomitic Marble unit in Mazinaw domain (see
Figure 9.2). The fold axis trends 50° in the southern part to 30° in the northeastern part of the map area.
The axial plane plunges steeply to the southeast. The fold hinge can be followed for at least 10 km since it
has been seen in 3 different locations: first along Highway 7 (see Figure 9.2; Photo 9.3A) and at 2 other
locations further north, along strike. Based on dip variations (see Figure 9.3), this fold is interpreted as an
anticline. Cartographic patterns based on structure and lithology also allow us to delineate 2 second-order
parasitic folds on each flank of this anticline (see Figures 9.2 and 9.3).
It is worth noting that all of these upright megafolds are bounded on their flanks by shear zones.
Southeastward of the RLMZ, in the Sharbot Lake domain, 2 other kilometre-scale folds are present
(see Figures 9.2 and 9.3). In contrast to the Mazinaw domain megafolds, they are recumbent folds (see
Figure 9.3), with axial planes plunging shallowly to the southeast. The recumbent folds are inferred based
on the variation in the regional foliation trajectories. In the periclinal termination, foliations can form an
angle of 90° with respect to the regional trend. This rotation is especially conspicuous just northward of
Highway 7. Neither parasitic folds or top indicators were observed in these recumbent folds.
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Figure 9.3. Stereographic projection of the different structural elements in the area by sector.

Precambrian Geoscience Section (9)
M. Duguet et al.

9-13

Precambrian Geoscience Section (9)

M. Duguet et al.

The more northerly recumbent fold might be an anticline since dolomitic marbles similar to those
of the underlying unit have been found in the fold hinge. The second fold is located within the calcitic
marbles and displays a dip of 30° to the southeast (see Figure 9.3).

Early Thrust Event
Conspicuous evidence of a thrusting event is present in the southeastern part of the map area in the
lithostratigraphic units of the Sharbot Lake domain, where several intraformational, flat-lying shear
zones, were identified. The most prominent of these shear zones trends along the south shore of White
Lake between the calcitic marbles to the north and siliceous metasedimentary rocks to the south. The
southeast shallowly dipping foliation in the shear zone has a composite stretching and mineral lineation
oriented northwest and which plunges to the southeast (see Figure 9.3). The recumbent folds described in
the previous section are likely coeval with development of this shear zone since no change was observed
in the stretching lineation trajectories. On clean exposures and on sections parallel to the stretching
lineation and perpendicular to the foliation, shear criteria such as asymmetric boudinage of quartz veins
(Photo 9.3B) display a consistent top-to-the northwest shearing. A-type folds in calcitic marbles are also
well represented (Photo 9.3C). The previously described garnet-bearing assemblages in the Sharbot Lake
domain are likely coeval with this early thrust event.

Photo 9.3. A) Outcrop view of M-fold within dolomitic marbles. These folds are present in the hinge of a regional northeasttrending anticline. (View to the northeast, vertical surface. Hammer handle is 35 cm long. Dolomitic Marble Unit, Mazinaw
domain, Highway 7.) B) Asymmetric boudinage of quartz veins within calcitic marbles giving a top-to-the north shear direction.
View parallel to the stretching lineation. (Pen is 10 cm long. Sharbot Lake domain, White Lake.) C) Quartz veins isoclinally
folded; section perpendicular to the foliation and the stretching lineation. (Paddle for scale is 40 cm long. Sharbot Lake domain,
White Lake). D) Asymmetric boudinage within amphibolite showing a sinistral shear direction. (Horizontal surface. Pen is
10 cm long. Mazinaw domain, calc-alkalic metavolcanic unit trending to the northeast on the north side of Big Gull Lake.)
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Heading north, the features related to this thrusting event become sporadic and are commonly
obliterated by subsequent deformation.

Strike-Slip Shearing
A major strike-slip tectonic event affected the entire area. This deformational event is especially
widespread in Mazinaw domain. Along Big Gull Lake, both the supracrustal rocks and the tonalitic gneisses
are highly deformed. The steep northeast-trending foliation in these rocks (see Figure 9.3) exhibits a
subhorizontal stretching and mineral lineation. Mafic xenoliths within the tonalite are stretched and oriented
parallel to the main fabric (see Photo 9.1A). Where vertical sections are available, observation of mafic
xenoliths on those sections provides a constraint on the ellipsoid of deformation. The oblate shapes of the
xenoliths indicate that the rocks underwent significant coaxial flattening during the shearing. On sections
parallel to the stretching lineation and perpendicular to the foliation, shear criteria such as asymmetric
boudinage in amphibolite (Photo 9.4A) and shear bands in tonalite give a sinistral shear sense. In garnetbearing rocks hosted in amphibolite, asymmetric recrystallization tails around garnet give a sinistral
displacement, but it is unclear if these garnets are porphyroclasts or porphyroblasts. Thin section study
should provide additional insights into kinematic nature of the metamorphic assemblages.

Photo 9.4. A) Asymmetric boudinage of amphibolite layers within metagreywacke giving a strike-parallel top-to-the northeast
displacement. (View parallel to the stretching lineation. Pen is 10 cm long. Mazinaw domain, Kennebec Lake unit.)
B) Asymmetric recrystallization tails formed around garnet giving a strike-parallel top-to-the northeast displacement. (View
parallel to the stretching lineation. Pen is 14 cm long. Sharbot Lake domain, near the contact with the Mazinaw domain.)
C) Pegmatitic melts percolating into the regional fabric and subsequently isoclinally folded. (Hand for scale. Mazinaw domain,
Kennebec Lake Unit.) D) Shear bands within the Addington granite giving a southeast-side-down shear direction. (Pen is 10 cm
long. Robertson Lake Mylonite Zone, northeast corner of the map area.)
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Further south, all the lithostratigraphic units located between the Addington granite to the north and
the RLMZ to the south were affected by the same strike-slip shearing event. The southeast shallowly
dipping foliation displays a northeast-trending mineral and stretching lineation parallel to the trend of the
main shear zones (see Figure 9.3). All shear criteria in this area give a consistent sense of displacement to
the northeast, compatible with the previously described sinistral offset (Photos 9.4A and 9.4B). This
shearing along-strike is coeval with amphibolite-facies metamorphism. So far, the pressure–temperature–
time (P–T–t) path of these lithostratigraphic units is unclear, but evidence of dissolution of garnet by
cordierite has been found in the field, suggesting a complicated P–T–t path.
The strike-slip shearing event was contemporaneous with the emplacement of pegmatite and
pegmatitic granite sills and dikes, which preferentially intruded the units located between the Addington
granite and the RLMZ. In the field, pegmatite sills and dikes mappable at 1:20 000 scale are rare, and the
structural pattern is best described as a dense network of sills (more rarely dikes) ranging in thickness
from 50 cm to several metres. Southward, in the hanging wall of the RLMZ, these sills and dikes become
rarer and locally may completely disappear. One explanation for their disappearance is that the RLMZ
was structurally favourable for melt migration.
Sills that are slightly discordant to the main fabric locally show evidence of syn-emplacement
deformation. Some of them were clearly deformed at the sub-solidus stage both internally and externally.
Some asymmetric boudinage in these discordant sills give a top-to-the northeast shear sense. Isoclinal
folds were also observed in some of these discordant pegmatite sills (Photo 9.4C).
Further north, another pegmatite-rich zone just south of Big Gull Lake trends northeast for over
10 km. Even though the syn-kinematic features of the pegmatite bodies in this zone are far less
pronounced than the southern one (apparent absence of foliated pegmatite, pegmatite dikes more
abundant than sills), the close association between this concentration of pegmatite bodies with the
sinistral Big Gull Lake shear zone is striking.
The context of this sinistral top-to-the northeast strike-slip shearing event is likely to have been
transpressive. The upright folds previously described were likely coeval with this strike-slip shearing event.

Normal Ductile–Brittle Faulting
The map area is crossed by the RLMZ which has been recognized for a long time as a major
structural feature of the Central Metasedimentary Belt (Easton 1988). As defined, the RLMZ marks the
boundary between the Mazinaw domain to the west and the Sharbot Lake domain to the east and southeast.
The RLMZ likely reworks an earlier shear zone, which may have previously been a thrust. Indeed, the
structural style in the hanging wall (characterized by thrust displacement perpendicular to the trend of the
belt) and the footwall (characterized by strike-slip movement) is different. Moreover, sinistral top-to-the
northeast shearing retrogressed garnet-bearing rocks were found in one location close to the RLMZ.
In the study area, the RLMZ is hard to locate and its primary character as a shear zone and its
relationships with the other tectonic events in the area remains elusive. This is due to the rarity of outcrop
along the trace of the RLMZ, which is typically covered by several metres of Quaternary deposits.
Nonetheless, spectacular shear criteria were observed within the eastern strip of the Addington granite in
the northeastern corner of the map area. The most intense deformation was observed on the western
boundary of the eastern strip of the Addington granite where it is in contact with dolomitic and calcitic
marbles. Here, the main shear zone can be followed over 3 km along strike, and is oriented 30° and dips
of about 50° to the southeast. Shear bands and asymmetric recrystallization tails around potassium
feldspar porphyroclasts give a consistent southeast-side-down displacement (Photo 9.4D). The last
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tectonic movement along RLMZ is indicated by narrow shear zones (few metres wide at the most) that
form a likely anastomosing network. These narrow shear zones are characterized by a strong grain size
reduction in which the earlier amphibolite-facies mineral assemblages are strongly retrogressed to the
greenschist facies. This retrogression was assisted by hydrothermal fluids that caused epidotization and
hematization of the host rocks. Late sulphide mineralization discordant to the main fabric is also common
within the RLMZ.

Late Dextral Strike-Slip Faulting
Late dextral faulting constitutes the youngest deformational event identified in the map area. It is
characterized by a network of discontinuous faults displaying azimuths ranging from east-west to
northwest-southeast. The biggest faults are represented by strong lineaments on the airphotos. The
displacement along these faults is very limited (250 m at the most) and was inferred by offset of magnetic
markers on the aeromagnetic map. In the field, these late faults are characterized by a schistosity which in
the case of the first-order faults, only affects the rocks over a few metres. The regional deformation fabric
is commonly deflected along these late dextral faults.

PRELIMINARY TECTONIC INTERPRETATION
The thrust event described in the Sharbot Lake domain is most likely related to the top-to-the
northwest offset of the Maberly shear zone, which separates the Sharbot Lake domain from the
structurally overlying Frontenac terrane to the southeast (Davidson and Ketchum 1993; Easton and
Davidson 1997; Corfu and Easton 1997). Indeed, the thrust-related structures in the map area are only
about 4 km distant from the Maberly shear zone, which can be seen along Sharbot Lake just southeast of
the map area. The Maberly shear zone has been interpreted as a major thrust boundary between the
Elzevir terrane to the west and the Frontenac terrane to the east, which experienced contrasted histories
prior amalgamation (Davidson and Ketchum 1993; Carr et al. 2000). Juxtaposition of the 2 terranes
occurred during a collisional event that occurred between 1190 and 1175 Ma, slightly before and during
the intrusion of the Frontenac suite from 1175 and 1150 Ma (Davidson and van Breemen 2000). In the
Frontenac terrane, the collisional event was coeval with regional low-pressure granulite-facies
metamorphism circa 1168 Ma (Corfu and Easton 1997). Coevally, the Elzevir terrane in the footwall
locally underwent amphibolite-facies metamorphism.
The sinistral northeast-directed shearing described in the lithostratigraphic units of the Mazinaw
domain was coeval with the emplacement of felsic intrusive rocks composed of pegmatitic granite. No
geochronological data for this event are currently available from the map area, but similar intrusions have
ages circa 1080 Ma in northern Mazinaw domain (Corfu and Easton 1995). It is probable that the pegmatitic
granite sills and veins are part of the either the ultrapotassic Skootamatta–Kensington Suite or the granitic
Catchacoma Suite, both of which affected the entire Central Metasedimentary Belt between 1090 and
1070 Ma (e.g., Easton 2008). Albeit, clear evidence of overprinting relationships is absent and, based on the
regional geology, it seems reasonable to consider this pegmatite emplacement event as younger than the
thrusting event. The sinistral northeast-directed shearing in the area could be related to an intracontinental
transpressive regime that affected the hinterland of the orogen when the foreland was experiencing ongoing
thrusting. Evidence of thrusting in the foreland at circa 1080 Ma has been provided by different authors.
For instance, at that time, further west, the Central Metasedimentary Belt boundary thrust zone (CMBbtz)
acted as a moderate southeast-dipping ductile, northwest-directed thrust shear zone during the thrusting of
the Bancroft domain of the Central Metasedimentary Belt over the Central Gneiss Belt (Laurentian Margin)
(see Figure 9.1) (Davidson, Culshaw and Nadeau 1982; Easton 1992; Carr et al. 2000).
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Table 9.1. Main mineral occurrences within the Hungry Lake area, summarized from the Ontario Mineral Deposit Inventory
(OGS 2004). “No.” indicates numbers shown on Figure 9.2. Locations as UTM co-ordinates provided using NAD83, Zone 18.
No.

MDI Number

Easting
(m)

Northing
(m)

Commodity (MDI Terminology)

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

MDI31C15SE00204
MDI31C15SW00032
MDI31C15NW00129
MDI31C15SW00005
MDI31C15SW00035
MDI31C15SW00015
MDI31C15SW00030
MDI31C14SE00076
MDI31C15SW00043
MDI31C15SW00029
MDI31C15SE00251
MDI31C15SW00010
MDI31C15SW00008
MDI31C15SW00037
MDI31C15SW00041
MDI31C15SW00021
MDI31C15SW00004
MDI31C15SW00042
MDI31C15SW00013
MDI31C15SW00022
MDI31C15SE00042
MDI31C15SW00011
MDI31C15SW00017
MDI31C15SW00024
MDI31C15SW00046
MDI31C15SW00016
MDI31C15NW00074
MDI31C15SE00250
MDI31C15SW00026

358028
361158
358527
352495
344865
351851
360631
341927
352578
354628
360735
344061
358038
352149
360527
358526
359886
344927
348406
360027
361519
356769
357828
352778
360477
351817
350408
361562
356902

4957623
4968809
4969723
4957314
4962000
4957167
4964138
4966873
4957673
4958623
4965567
4958642
4957398
4957242
4963123
4959580
4959062
4963923
4957094
4960373
4965657
4968582
4957673
4957473
4963523
4958527
4966539
4962343
4966654

Marble (structural materials)
Uranium
Garnet (nonmetals)
Marble (building stones)
Uranium
Granite (building stones)
Molybdenum
Feldspar (nonmetals)
Uranium
Molybdenum
Uranium
Peat (nonmetals)
Sulphur/pyrite
Copper
Uranium
Miscellaneous stone
Marl
Zinc
Marble (building stones)
Marble (structural materials)
Granite (building stones)
Granite (building stones)
Marble (structural materials)
Marble (structural materials)
Uranium
Marble (structural materials)
Sulphur/pyrite
Magnetite
Thorium

ECONOMIC POTENTIAL
Previous exploration in the map and surrounding areas has focussed mainly on 2 main commodities,
gold and uranium. Nonetheless, other commodities such as building stone (granite and marble), industrial
minerals (garnet, feldspar), molybdenite and copper are also present within the map area, as summarized
in Table 9.1 and as shown on Figure 9.2.

Uranium Occurrences and Radiometric Surveys
There are 6 known uranium occurrences within the map area, a small number in comparison to the
number of anomalies displayed on the airborne gamma-ray map for the area. The majority of the
occurrences were discovered during the 1950s and were re-investigated during uranium exploration
booms in the late 1970s and in the early 1980s.
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The map area is covered by detailed (250 m cell size) airborne gamma-ray spectrometric surveys by
the Geological Survey of Canada (Carson et al. 2004a, 2004b, 2004c). Equivalent uranium (eU)
anomalies (Carson et al. 2004b) are scattered along 2 trends parallel to the regional structural pattern.
The first group is located along the south shore of Big Gull Lake and comprises 5 anomalies. The
southern group is located over the Addington granite and is bounded on the south side by the RLMZ.
The latter group is by far the more prolific, as at least 14 anomalies can be observed on the airborne map.
Although generally found in close association with the eU anomalies, distinct thorium anomalies are
present on the gamma-ray spectrometry maps (Carson et al. 2004c). One prominent thorium anomaly is
present within the northern strip within the Northbrook tonalite just 2.5 km east of Hungry Lake. South of
the Addington granite (southern group), 5 other Th anomalies are present, and display the same trend as
the eU anomalies for the same rock unit.
All of the airborne uranium and thorium anomalies are hosted by syn-orogenic pegmatites and
pegmatitic granites, not by the Addington granite, which is generally characterized by moderate uranium
contents (Table 9.2). As previously noted, these pegmatite intrusions are structurally controlled, as their
emplacement was syn- to post-kinematic of the regional sinistral top-to-the northeast shearing.
During the field season, approximately 140 scintillometer spot assay-mode readings were taken at
trenches, pits and pegmatite bodies within the area, as summarized in Table 9.2. Protocol for
measurements was taken from Easton (2007). Reproducibility, accuracy and precision data can be found
in Easton (2009) and Banman (2009). Potassium contents are not included in Table 9.2, because when
uranium and/or thorium contents exceed 100 ppm, potassium contents are underestimated due to the high
gamma-ray flux from uranium- and thorium-bearing minerals (Easton 2007). Not all of the anomalies
observed on the airborne gamma-ray maps could be tested on the ground for a variety of reasons,
including their location on private property or the inability to locate long overgrown trenches and/or pits.
The majority of the highest ground anomalies are localized in small spots not bigger than a few
square decimetres. Nonetheless, several anomalies with a larger surface extent (from 10 m2 to 200 m2)
were found (see Table 9.2). At these localities, both the highest measured anomaly and the average
background readings were both higher than those of the smaller occurrences. This difference in extent of
these anomalies does not appear to be related to the size of the plutonic body. Typically, biotite-rich
pegmatite sills and dikes appear to be more favourable hosts for a higher content of radioactive minerals
in an extended volume. The most prominent occurrences may or may not be associated with rusty and
hematitic alteration. Both pink and white pegmatites can host radioactive mineralization. Of the over
140 assay-mode gamma-ray measurements made, 8 were above 10 000 counts per minute (cpm) with a
maximum of 33 621 cpm recorded at one locality (see Table 9.2). These 8 measurements correspond to
uranium and thorium concentrations ranging from 286 to 1000 ppm U and between 68 and 627 ppm Th.
In the map area, U/Th ratios are in the range of 2 to 8, with uranium being dominant. In contrast, in the
Cavendish Township area in the western part of the Central Metasedimentary Belt, U/Th ratios are in the
range of 0.3 to 1, with thorium being dominant (Easton 2007).
There are 3 main hypotheses to explain the origin of late granite pegmatites in the Central
Metasedimentary Belt:
1.

derivation from syn- to late-tectonic granites that are not exposed (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)
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Table 9.2. Selected scintillometer assay-mode data for the major radioactive occurrences in Hungry Lake area. Locations as
UTM co-ordinates provided using NAD83, Zone 18.
Station
Background levels
10MD-0323
10MD-0346
10MD-0133c
10MD-0131
10RME-0016a and
05OGS-003
Average of 10
samples

Easting
(m)

Northing
(m)

Rock Type

356831
360297
352976
354788
346112

4961282
4964286
4969667
4968830
4957312

pegmatite, pink
pegmatite, pink
tonalite, Northbrook
tonalite, Northbrook
granite, Addington

n/a

n/a

U
(ppm)

Th
(ppm)

Total
(cpm)

Comment

6
7
1
2
8

31
23
2
3
6

37
1073
318
446
866

330 cps, background
320 cps, background
100 cps, background
134 cps, background
outcrop on Henderson Rd.

granite, Addington

4.4

8.4

686

Average of 10 sample sites,
Easton (2010)

57

52

3144

51
106

77
20

3712
4485

Anomalous levels
10MD-0341

359828

4963794

10MD-0284
10MD-0396a

361389
361233

4968188
4967630

pegmatite, white,
foliated
pegmatite, pink
pegmatite, pink

10MD-0277

361714

4969019

pegmatite, white

116

20

4678

Highly anomalous levels
10MD-0281
361558
10MD-0396b
361257

4968546
4967613

pegmatite, pink
pegmatite, pink

251
286

108
68

10 464
10 641

361558
361714
351066

4968546
4969019
4958416

pegmatite, pink
pegmatite, white
pegmatite, pink

407
604
919

258
166
204

17 903
22 893
27 538

361274
351072

4967626
4958416

pegmatite, white
pegmatite, pink

793
1020

153
215

29 494
30 793

346358

4963096

pegmatite, pink, in
Northbrook tonalite

910

627

33 621

10MD-0281
10MD-0277
10RME-0022 and
10SG-0093
10MD-0396c
10RME-0022 and
10SG-0093
10MD-0273d

1300 cps, anomaly,
background is 500 cps
1400 cps, anomaly
2000 cps,
background is 400 cps
2100 cps,
backgrounds is 400 cps
4900 cps
sulphides, hematite
staining, 5200 cps,
background is 400 cps
9300 cps
14700 cps
>18 400 cps,
K channel off
sulphides, hematite staining
sample site, >19 500 cps,
K channel off
>27 000cps,
background ~250cps

Abbreviations: cpm = counts per minute, cps = counts per second, n/a = not applicable.
Notes: Multiply Th by 1.1379 for ThO2, U by 1.1793 for U3O8.
All K, U and Th data were recorded using an Exploranium™ GR-135G MiniSpec gamma-ray spectrometer, serial numbers 4884
or 4885, both calibrated on February 22, 2006, using an NaI crystal and software version 501GEO. The instruments were
stabilized daily, and data were recorded using the assay mode with a 5-minute count time and automatic dead-time correction.
Dead time was approximately 50% for the highest readings, typical dead time for average rocks is less than 8%. 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. Reproducibility, accuracy and
precision data can be found in Easton (2009) and Banman (2009).

All 3 models may be applicable to different parts of the Central Metasedimentary Belt. For example,
Model 1 appears to be applicable to the Cavendish Township area in the Harvey–Cardiff domain (Easton
2008). Model 3 is most likely applicable to the granite pegmatites present in northernmost Bancroft
domain, which, coincidently, is where most of the pegmatites studied by Lentz (1996) are located.
Within the Hungry Lake area, Model 1 does not appear to apply because no plutons coeval with the
pegmatite sills and dikes have been identified within the map area. In situ partial melting of the
Addington granite (i.e., Model 2), which has slightly higher U and Th contents than the Northbrook
pluton, does not appear to be a viable mechanism given the thinness of the Addington granite in the map
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area, and the presence of numerous radioactive pegmatite sills and dikes in the Northbrook pluton
between Big Gull and Hungry Lake. Furthermore, although lit-par-lit in situ pegmatitic veins do occur
within the Addington granite in the northeast corner of the map area, these veins are rare and never
thicker than a few decimetres. If the pegmatite sills and dikes in the map area were really the result of the
metamorphism and melting of the Addington granite, then they would need to come from a subsurface
Addington-like granite present beneath much of the map area.
Previous workers (e.g., Ford 1982) have noted that, within Mazinaw domain, pegmatite sills and
dikes appear to be most abundant in areas of higher metamorphic grade, but it is unknown if this is due to
the pegmatites being the product of in situ partial melting, or if the higher metamorphic temperatures
simply make it easier for pegmatitic melt to migrate and be emplaced, or both. At present, we favour
melting of an unknown uranium- and thorium-enriched source deeper in the crust, with extraction and
migration of the melt along the main regional fabric and within shear zones as the most likely mechanism
for pegmatite emplacement with the map area. This mechanism is similar to Model 3.

Gold Potential
No gold occurrences had been reported within the map area prior to the 2010 field season. A
synthesis of gold “camps” and their types in the Central Metasedimentary Belt was performed by Easton
and Kamo (2005) and recapped in Easton (2006). Historically, 2 main types of gold mineralization are
likely to be encountered within the Hungry Lake area.
The first type of gold mineralization is hosted in concordant to subconcordant quartz veins in
dolomitic marbles (e.g., Star Mine, Boerth Mine in northern Mazinaw domain). These quartz veins
usually develop in the marbles, possess tremolite-actinolite alteration rims and contain chalcopyrite or
tetrahedrite, with minor bornite, sphalerite, pyrite and arsenopyrite. This kind of mineralization is more or
less related to major shear zones as the Swamp Lake shear zone in the Mazinaw domain (Easton 2006).
Such veins and alteration zones were found during field work this summer. The majority are hosted in
dolomitic marbles near the contact with the structurally underlying Kennebec Lake unit. Assay results
taken from these veins and alteration zones are pending.
The second type of gold mineralization is closely associated with the RLMZ (Lavant–Darling camp,
Easton 2006). Easton (1988) discussed the genesis of the gold-copper mineralization in the highly deformed
facies of the Lavant Gabbro in the footwall of the RLMZ. This mineralization is hosted by retrogressed and
hydrothermally altered amphibolites. There is still an uncertainty about the origin of the fluids which caused
the mineralization (metamorphic or magmatic fluids). Field party personnel did find copper mineralization
in close association with the RLMZ in the Hungry Lake area. The copper mineralization is characterized by
malachite-stained veins and discrete sulphides. Assay samples are being processed.
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INTRODUCTION
The status of this multi-year project (PU08-021, PU10-012) was most recently summarized by Smyk
and Hollings (2009) and Hollings et al. (in press). Mafic sills and dikes, extending over 300 km from
south of Thunder Bay to northeast of Lake Nipigon, represent the northern expression of the
Mesoproterozoic Midcontinent Rift. The sills had previously been collectively referred to as the Logan
sills and, until recently, were considered to be a relatively homogeneous package of rocks (Stockwell et
al. 1970). Work conducted as part of the Lake Nipigon Region Geoscience Initiative (LNRGI) showed
that the sills in the vicinity of Lake Nipigon can be subdivided into a number of discrete units with
distinct geochemical and isotopic characteristics (Hollings, Hart et al. 2007; Hollings, Richardson et al.
2007; Heaman et al. 2007). This work also suggested a geochemical difference between the sills to the
north and south of Thunder Bay (Hart 2003; Hart and MacDonald 2007; Hollings, Smyk and Hart 2007a).
In addition to these voluminous sill suites, there are a number of discrete mafic and ultramafic
intrusions and dike swarms that represent both some of the oldest and the youngest Midcontinent Rift
magmatism on the north shore of Lake Superior (Heaman et al. 2007; Smyk, Hollings and Heaman 2006;
Hollings et al., in press). Although the intrusions north of Thunder Bay were extensively studied during
the LNRGI, those near Thunder Bay have received limited study in the past few decades, despite the
presence of nickel-copper mineralization in some of these intrusions (e.g., Crystal Lake gabbro).

PROJECT UPDATE
This study represents a portion of the larger project, and reports on data for intrusive units on the
Sibley Peninsula, northeast of Thunder Bay. Mafic dikes and sills intruded sedimentary rocks of the
Paleoproterozoic Rove Formation and Mesoproterozoic Sibley Group. Reconnaissance geochemical
sampling was undertaken along Highway 587 through the peninsula in November, 2008. A total of 8
samples were collected from dikes, the results of which were reported in Smyk and Hollings (2009). The
present study was undertaken in order to follow up on the results of that study, which identified a suite of
northwest-trending dikes that were geochemically similar to the ultramafic intrusions of the Nipigon
Embayment. With the permission of Ontario Parks, Christian Carl undertook sampling in Sleeping Giant
Provincial Park in the summer of 2010 as part of an HBSc thesis study at Lakehead University, Thunder
Bay. A total of 28 samples were collected (Figure 10.1) and are currently being analyzed at the
Geoscience Laboratories in Sudbury.
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Figure 10.1. General geology of the study area, showing distribution of sampled intrusions (modified after Tanton 1928).
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The majority of samples were collected from dikes near the shore of Lake Superior and were
accessed either by hiking the Kabeyun trail or by boat adjacent to the peninsula’s coastline. Roughly
500 g of rock was taken from each site with efforts made to minimize visual impact to the outcrops. The
sample sites were selected so as to maximize coverage within the park while also sampling dikes of
differing orientation in order to test the preliminary results of Smyk and Hollings (2009) with respect to
the composition of the northwest-trending dikes. In addition, samples were collected from 3 elevations
within the sill that forms the Sleeping Giant landform in order to test for internal variations within that
sill. Wherever possible, dikes were sampled that showed crosscutting relationships with either the
Sleeping Giant sill or other dikes in order to examine magma evolution with time.
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INTRODUCTION
This contribution describes ongoing activities directed at development of a compilation and synthesis
of the geology of the western Wabigoon Subprovince in Ontario. The generalized geology of the area
being evaluated is illustrated in Figure 11.1.
The goal of the initial stages of the project are to compile existing geoscience data within a digital
database. These existing data include detailed geological maps, regional geophysical maps, geochemistry,
geochronology and mineral deposit data. This compilation of existing data is being used to identify areas
where geological mapping or thematic studies are required to update our understanding of the geology of
the region. As these new projects are undertaken, the results will be integrated with previously compiled
data and the process will be continued in an iterative manner.
Digital data will be made available in a variety of formats. The compilation is being developed in an
ESRI® ArcGIS® Geodatabase format (.mxd/.gdb) and these, together with shapefiles (.shp) will be made
available permitting the information to be accessed in any full-feature geographic information system
(GIS) software. A variety of point source data (e.g., geochemistry, geochronology) will also be made
available in standard office productivity software formats (e.g., .xls, .mdb) for use with a variety of
standard and specialized software. Although full utilization of the database will require a full feature GIS,
files for use in viewing software available for free download (ArcReader® .pmf files and Google Earth™
mapping service .kml files) will also be available.

COMPONENTS OF THE DATABASE
The database can be thought of as consisting of a number of georeferenced themes or layers (Figure
11.2). A number of these themes are discussed below.

Base Map
All geoscience information is georeferenced to a base map derived from information obtained from
the Land Information Ontario Warehouse.

Summary of Field Work and Other Activities 2010,
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Figure 11.1. Regional geology of the western Wabigoon Subprovince draped over a shaded (illuminated from north) image of the total magnetic field. Metavolcanic rocks
depicted in various shades of green; metasedimentary rocks in yellow and grey; mafic intrusions in blue; and intermediate to felsic intrusions in various shades of pink. The
heavy line approximately delimits the area of the project.
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Published Geological Maps
Much of the area is covered by geological maps published at a variety of scales by the Ontario
Geological Survey and its predecessor organizations. All published coloured geological maps are being
rubbersheeted to the base map and are available both with and without the map surround. In most cases,
this introduces minimal distortion; however, some older (i.e., pre-1950) maps have generalized base maps
that can only be approximately fitted to the new base map.

Remote Sensing Data
Remote sensing images currently planned for incorporation into the database include satellite
imagery (10 m resolution 2006–2008 SPOT imagery) and a digital elevation model (DEM) derived from
Ontario Basic Mapping 1:20 000 scale topographic data. Additional imagery from other sources may be
added subject to availability.

Geophysics
Geophysical data incorporated in the GIS synthesis is derived from numerous previously released
surveys that have been compiled, re-levelled and, in some cases, reprocessed to create a high-quality
regional data set. Detailed (generally 200 m line spacing) aeromagnetic surveys cover much of the area
with gaps (primarily within granitoid-dominated regions) covered by early, more widely spaced Federal–
Provincial survey data (Ontario Geological Survey 1999). Magnetic images will include colour plus

Figure 11.2. Themes or layers comprising the western Wabigoon database.

11-3

Precambrian Geoscience Section (11)

G.P. Beakhouse et al.

multiple greyscale shadow images of each of the total magnetic field and first vertical derivative. In
addition, a colour image of the second vertical derivative is provided for those areas covered by detailed
aeromagnetic surveys.
Electromagnetic (EM) data are available for much of the area covered by detailed aeromagnetic
surveys. Data provided will include picked EM conductive anomalies as well as a colour image of
resistivity–conductivity. In the case of the latter product, some “seams” between surveys are evident and
reflect the incorporation of data from both time and frequency-domain EM surveys.
Coarse gravity data are available from widely spaced stations acquired by provincial and federal
surveys (Ontario Geological Survey 1999). Colour images for both the Bouguer gravity and first vertical
derivative will be available as part of the database. Radiometric data from widely spaced (5 km line
spacing) airborne data flown by the Geological Survey of Canada (Geological Survey of Canada 2010)
are available and will be displayed as colour images for each of K, Th, U and K/Th.

Lithogeochemistry
A wide range of whole-rock lithogeochemical data is available for the western Wabigoon
Subprovince; however, it is dispersed across many different sources and, in some cases, is difficult to
access. The first of two major goals for the lithogeochemical portion of the western Wabigoon synthesis
is to assemble as much of this data as possible into a georeferenced database. A variety of difficulties are
associated with this process including disparate analytical packages (major elements versus major +
imprecise trace elements versus major + precise trace elements), differences in detection limits related to
the same element being analyzed by different methods, differences (not always discoverable) in sampling
methodologies and differing locational precision.
A second major goal of the lithogeochemical portion of the project is the acquisition of modern,
high-precision geochemical data to augment previously obtained geochemical data. Sampling is planned
to provide both general areal coverage as well as more detailed characterization of lithostratigraphic units.
The newly acquired data will be combined with recent, comparably precise and complete analyses.

Geochronology
A considerable amount of high-precision U/Pb geochronology data is available for the western
Wabigoon Subprovince. Additional U/Pb geochronology, and possibly other isotopic studies, is planned
to augment existing data and resolve geological complexity identified during the course of ongoing
investigations.

Mineral Deposit Data
The Ontario Mineral Deposit Inventory (MDI) database for the western Wabigoon Subprovince is
currently being revised within the Kenora District Geologist Office of the Resident Geologist Program.
Information from this database will initially form the basis of a mineral deposit layer for the project.
Additional information available within assessment and other files within the Kenora District Geologist
Office will not form part of the database; however, some of this information and new observations on
mineral deposits acquired during ongoing studies may be incorporated in the database at a later date
subject to availability of resources.
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Other Thematic Data
In addition to the foregoing, additional types of information extracted from historical work and
resulting from ongoing studies will be added to the database over time. Examples of themes that are being
developed or considered include structure, metamorphism (including barometry of plutons) and granite
petrogenesis.

ONGOING GEOSCIENCE INVESTIGATIONS
Ongoing investigations that further our understanding of the geology and mineral deposits of the
western Wabigoon Subprovince, and will annually augment the database, include detailed mapping,
regional synthesis and mineral deposit and other thematic investigations.
Detailed mapping is currently being carried out in the Bending Lake–Stormy Lake area (Stone, this
volume) and the Split Lake area (Lewis, this volume). The resultant maps and other geoscience data from
these studies will be incorporated in the synthesis.
Regional synthesis activities (e.g., Beakhouse 2009a) are undertaken in order to evaluate (and
upgrade where possible) existing maps, select samples for geochemistry and/or geochronology and study
geoscience problems having regional significance. This activity is being carried out in conjunction with
an ongoing thematic investigation of intermediate to felsic plutonism (Beakhouse 2007, 2009b).
Ongoing activities carried out by the Kenora District Geologist Office, Resident Geologist Program
are described annually in a report of activities (e.g., Lichtblau et al. 2010). Resultant data and
interpretations contribute to annual augmentation of the database, particularly with regards to mineral
deposit information.
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INTRODUCTION
The Lumby Lake greenstone belt, located 40 km northeast of Atikokan in northwestern Ontario
(Figure 12.1), was mapped during the 2009 field season. The focus of the project was to re-map the
western part of the greenstone belt at 1:20 000 scale and add new geochronological and lithogeochemical
data to the existing knowledge of the area. The bedrock mapping project and the geochronological work
was supported by the Atikokan Mineral Development Initiative through an agreement with the Northern
Ontario Heritage Fund Corporation, the Town of Atikokan and FedNor and administered by the Ontario
Prospectors Association.
The samples collected for this study were to help provide further insight into the tectonostratigraphic
nature of the greenstone belt. Previously, Buse, Lewis and Magnus (2009, 2010) suggested that the belt
consisted of 2 northern and southern tectonostratigraphic assemblages, separated by an east-striking thrust
fault, with the north assemblage facing south and the south assemblage facing north. Both assemblages

Figure 12.1. Location of the Lumby Lake greenstone belt study area in Ontario.
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were interpreted to consist of 2 depositional sequences, the Lumby North and the Pinecone depositional
sequences in the north, and the Lumby South and Bar Lake depositional sequences in the south. However,
the boundary between the depositional sequences was poorly constrained, specifically in the north, and
was interpreted from data by Tomlinson et al. (2003). Further geochronological work was required 1) to
determine whether there are 2 separate depositional sequences within the northern tectonostratigraphic
assemblage; 2) to better constrain the timing of felsic volcanism and sedimentation in the southern
assemblage; 3) to determine the timing of sedimentation for the Pinecone metasedimentary rocks; and
4) to determine the full age span of sedimentation and volcanism in the northern tectonostratigraphic
assemblage.
This article provides a summary of the geochronological ages determined for the Lumby Lake
greenstone belt. The accompanying data to this article is being published in December 2010 as
Miscellaneous Release—Data. For a detailed description of the lithology, structure, alteration and mineral
potential, consult Buse, Lewis and Magnus (2009, 2010).

SAMPLE DESCRIPTION AND RESULTS
Sixteen samples (Figure 12.2) were collected from the Lumby Lake map area in 2009 for U/Pb
geochronological analysis; however, 2 samples contained insufficient zircon. Age determinations on the
remaining samples were conducted at the Jack Satterly Geochronology Laboratory at the University of
Toronto, using both isotope dilution thermal ionization mass spectrometry (ID-TIMS) and laser ablation
inductively coupled mass spectrometry (LA-ICP–MS). See Table 12.1 for sample locations and a
summary of the ages and Figure 12.2 for sample locations in relation to the geology of the greenstone
belt. The data presented herein are from Hamilton and Davis (previously unpublished data). This section
provides a summary of the ages determined for the Lumby Lake greenstone belt and a brief description of
what these ages represent.

09SB020
This sample is a graded wacke taken from the central metasedimentary belt in the Lumby Lake
greenstone belt, known as the Pinecone metasedimentary rock. Age determinations were completed using
LA-ICP–MS. 28 out of 30 data cluster around a 207Pb/206Pb age of 2716±6 Ma with only 2 grains showing
significantly old ages at about 2.8 and 3.0 Ga. The primary source and maximum depositional age of this
unit is, therefore, about 2716 Ma.

09SB024
This sample is a quartz-feldspar porphyritic tuff taken from the centre of the southern
tectonostratigraphic assemblage. It was interpreted during field work to be correlative along strike with
the Bar Lake tuff that Tomlinson et al. (2003) determined to have an age of 2897±6 Ma and interpreted to
have erupted from the same volcanic edifice as the tuffaceous rocks lower in stratigraphy. A TIMS age
for this study yielded a youngest age of 2899±1 Ma, within error of the Tomlinson et al. (2003) age, along
with older zircon. An age of circa 2893±8 Ma is defined by a cluster of 5 LA-ICP–MS data, which also
gave older ages extending to 3.0 Ga. These are interpreted to be either inherited or detrital.
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Figure 12.2. Geologic map (modified from Buse, Lewis and Magnus 2010) of the Lumby Lake greenstone belt with the geochronology sample locations (see Table 12.1 for the
sample data that correspond with the numbers).
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09SB037
This sample is a quartz-feldspar porphyritic tuff taken from the lower succession of tuffaceous rocks
in the southern part of the Lumby Lake greenstone belt. This unit was interpreted through field
relationships to be the extrusive equivalent of the quartz-feldspar porphyritic intrusion at the base of the
greenstone belt, located between the felsic metavolcanic rocks and the Marmion batholith. The intrusion
is interpreted to be the magma chamber within the volcanic edifice that fed the overlying felsic tuffaceous
rocks and, as such, should be of similar age to the tuff that is being analyzed. A TIMS age of
3001±0.9 Ma was given by 3 single grain analyses of the same population of stubby zircon with melt
inclusions. This age of 3001±0.9 Ma is interpreted to be the eruptive age for the quartz porphyritic tuff.

09SB125
This sample was taken from the southern portion of the greenstone belt and is located
stratigraphically between the felsic tuffaceous rocks (circa 3001 Ma) to the south and the Bar Lake tuff
(circa 2899 Ma) and quartz arenite (circa 2958 Ma) to the north. Both LA-ICP–MS and TIMS analyses
yielded similar ages of 2974±7 Ma and 2973±9 Ma. The age of 2974±7 Ma is interpreted to be the
eruptive age of the felsic tuff.

09SB038
This sample is a quartz arenite located directly stratigraphically below the Bar Lake tuff (sample
09SB024 with an age circa 2899±1 Ma). All analyses from 72 grains scatter only slightly (MSWD = 1.2)
and give an average age of 2997±2 Ma. There are a few high Th/U values, but most scatter over a limited
range, suggesting that the unit had a single, probably proximal source, possibly in the Marmion batholith.

09SB253, 09SB311 and 09SB342
The following 3 samples (09SB253, 09SB311, 09SB342) are felsic tuffaceous units from the
northern part of the belt. All 3 samples yielded complicated results that are interpreted to be detrital,
indicating that these units may be volcaniclastic in origin. Sample 09SB253 yielded a range of ages from
circa 2936 Ma to 3009 Ma using LA-ICP–MS. Some of the older ages may be inherited from the
Marmion batholith, or from other tuffaceous units lower in stratigraphy. The youngest age of 2936 Ma is
interpreted to be the maximum age for deposition of this unit.
Sample 09SB311 yielded 7 ages clustering around 2959±9 Ma as well as a cluster around 3017 Ma
using LA-ICP–MS. This span of ages also likely represents a detrital source for this tuff with a maximum
age for deposition at 2959±9 Ma.
Sample 09SB342 Ma, also shows a span of ages, although fewer spots were analyzed using LA-ICP–
MS, so the statistical analysis may not be as reliable. This sample yielded a youngest age of 2789±26 Ma,
in an age range between 2789 and 2985 Ma. The age of 2789±26 Ma is significantly younger than the
other tuffs in the northern tectonostratigraphic assemblage; it is younger than a felsic tuff, from within a
komatiitic sequence that is higher in the stratigraphy, with a reported age of 2828±2 Ma (Tomlinson et al.
2003). If this young zircon is a contaminant or possibly of metamorphic zircon, the age for maximum
deposition of the felsic tuff is 2822±1 Ma, given by the youngest ID-TIMS analysis. Because of these
uncertainties, the age and nature of this tuffaceous unit remains unresolved.
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09SB254
This sample is from the Van Nostrand stock, located in the eastern central part of the greenstone belt.
This pluton is interpreted to be a late sanukitoid-like intrusion with compositional zoning. The sample
chosen for geochronology was a potassium feldspar porphyritic monzonite from the rim of the pluton.
A TIMS age of 2684.5±0.9 Ma is given by 3 single grain analyses. This is interpreted to be the age of
crystallization for this intrusion.

09SB278
This sample is from the Norway Lake pluton, located in the northwestern part of the map area. This
pluton, like the Van Nostrand stock, is a compositionally zoned, late, sanukitoid-like intrusion. A sample
of hornblende-bearing monzonite from one of the outer phases of the pluton was chosen for U/Pb
geochronology analysis. The TIMS analysis for this sample on 2 single grain analyses and 1 analysis of
2 grains yielded an age of 2685.9±0.7 Ma. This age is very similar to the age of the Van Nostrand stock
and both plutons are likely the result of a larger, late, magmatic event.

09SB408
This sample was taken from a previously unidentified sheet-like biotite tonalite at the base of the
eastern side of the greenstone belt. Dikes of this tonalite were found crosscutting the greenstone belt in
the eastern part of the map area. The TIMS analysis for this sample yielded an age of 2786.3±1.0 Ma
from 2 morphologies of zircon. This age is interpreted to be the crystallization age of the intrusion.

09SB409
This sample is of a massive hornblende gabbro taken from the northern part of the greenstone belt
that was interpreted to be a synvolcanic gabbro. A TIMS age of 2693±2 Ma was given by the youngest
grain, and a scatter of ages back to about 2.8 Ga was given by TIMS and LA-ICP–MS analysis.
A maximum crystallization age for the gabbro is given by 2693±2 Ma. Although originally interpreted as
a synvolcanic gabbro, the relatively young age suggests that it could be a later gabbro that intruded the
greenstone belt.

09SB215
This sample is a coarse-grained gabbro taken from a mafic to ultramafic pluton in the southern part
of the greenstone belt. It was taken in order to determine an age for the mafic to ultramafic plutonism in
the greenstone belt. There are several ultramafic sills in the Lumby Lake greenstone belt that range from
gabbro to peridotite in composition, but no minerals suitable for analysis were identified except in the
small southern pluton. An age of 2688±1 Ma was given by TIMS analysis on baddeleyite from this
sample. This age is similar to many late sanukitoid intrusions in the Wabigoon and Winnipeg River
subprovinces including the Van Nostrand and Norway Lake sanukitoid intrusions and the Lac des Iles
intrusive suite. This age is interpreted to be the age of ultramafic plutonism in the Lumby Lake greenstone
belt.
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INTERPRETATION
From the field and geochronological data collected during the 2009 field season, there appear to be
2 distinct stratigraphic blocks, separated by a thrust fault, that form the north and south parts of the
Lumby Lake greenstone belt. This differs from the original interpretation by Jackson (1985a, 1985b) who
interpreted the stratigraphy to be folded by a syncline with the synclinal axis coincident with the Pinecone
metasedimentary rocks. Lithogeochemical data from Tomlinson et al. (2003) and field observations from
Buse, Lewis and Magnus (2009, 2010) suggest that the stratigraphy in the northern and southern parts of
the greenstone belt are different, and represent 2 distinct blocks, and that stratigraphy is not repetitive on
either side of the Pinecone metasedimentary rock as was interpreted by Jackson (1985a, 1985b).
Tomlinson et al. (2003) suggest that each of these blocks are composed of 2 tectonostratigraphic
assemblages. This was not supported by the field observations of Buse, Lewis and Magnus (2009, 2010)
who interpreted each block to represent 1 tectonostratigraphic assemblage composed of 2 depositional
sequences.

Southern Block
The southern block of the Lumby Lake greenstone belt is situated between the southernmost
exposure of metavolcanic rocks at the contact with the Marmion batholith and the sheared southern
contact of the Pinecone metasedimentary sequence. This southern block formed on top of the Marmion
batholith (circa 3003 Ma: Davis and Jackson 1988) as one succession with a large felsic volcanic centre
on the Marmion batholith. Based on the geochronology presented in this article, the southern block of the
greenstone belt is separated into 2 depositional sequences, the Lumby South and the Bar Lake
depositional sequences. Lumby South is the lower sequence represented by the quartz-feldspar
porphyritic tuff (circa 3001 Ma), the felsic tuff (circa 2974 Ma) and the quartz arenite (circa 2958 Ma).
Source rocks for the quartz arenite may have been from a relatively restricted source with age of about
3.0 Ga such as the Marmion batholith and some of the overlying tuffaceous rocks. The deposition of the
quartz arenite was followed by a 60 million year period of non-deposition, possibly combined with
erosion, prior to the eruption of the Bar Lake tuff (circa 2899 Ma). This 60 million year age gap is a
disconformity that represents the boundary between the Bar Lake and Lumby South depositional
sequences. The southern block represents a relatively constrained succession of rocks that range over
100 million years in age. The tectonostratigraphic assemblage represented by the southern block will be
referred to as the Bar assemblage.

Northern Block
The northern block of the Lumby Lake greenstone belt is the area that extends from the northern
margin of the greenstone belt to the southern contact of the Pinecone metasedimentary belt and represents
over 300 million years of stratigraphy ranging from circa 3014 Ma (felsic tuffs at the base of stratigraphy;
Tomlinson et al. 2003) to circa 2717 Ma (Pinecone metasedimentary rocks). This represents a much
larger span of time than in the southern block. Tomlinson et al (2003) reported 2 ages from felsic tuff
units located near the base of the stratigraphy in the northern block: circa 3014 Ma and circa 2963 Ma,
both of which are interpreted to be eruptive ages. The age of circa 3014 Ma is much older than the age of
circa 3003 Ma for the Marmion batholith (Davis and Jackson 1988) and suggests that the north and south
blocks are allochthonous and unrelated.
Stratigraphically higher in the volcanic succession are felsic volcaniclastic tuffs that were analyzed
in this study, with maximum ages of deposition of circa 2936 Ma and 2941 Ma. Both of these units
contain older detrital zircons that may be derived from the older tuffaceous units in the northern block.
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The age of circa 2828 Ma reported by Tomlinson et al. (2003) is the youngest Mesoarchean age known in
the greenstone belt and is interpreted to represent the time of ultramafic volcanism. Overlying the
komatiitic rocks is a pillowed to massive mafic metavolcanic succession with interbedded chemical
metasedimentary rocks as well as thin local units of clastic metasedimentary rocks similar to those of the
Pinecone metasedimentary rock. This suggests that there was more clastic metasedimentary material
being deposited in the belt prior to the deposition of the Pinecone metasedimentary rocks located at the
top of the stratigraphy in the northern block. The Pinecone metasedimentary rocks have a maximum age
of deposition of circa 2717 Ma and were deposited more than 100 million years after the ultramafic
volcanism. These sediments also have detrital zircon ages that range up to 2990 Ma, with many
Neoarchean ages that are not represented in the data presented for the Lumby Lake greenstone belt. With
the overall south-facing direction of the sediments and the Mesoarchean and Neoarchean range of ages,
the provenance of the sediments is likely from the north in the Winnipeg River or western Wabigoon
subprovinces where rocks with these ages are more common.
There does not seem to be any evidence from field relations or the geochronology that suggest that
there are 2 depositional sequences in the northern block. Instead, it seems to represent a single
tectonostratigraphic assemblage, which will be herein referred to as the Pinecone assemblage.

Plutonism
External and internal plutonism associated with the Lumby Lake greenstone belt is Neoarchean. The
age of circa 2786 Ma for the biotite tonalite located at the eastern base of the greenstone belt is not a
common age in the Wabigoon Subprovince. However, Stone (2010) reports several locations to the
southeast and the west of the Lumby Lake greenstone belt with ages of circa 2780 to 2790 Ma, which he
refers to as the Dog domain. This tonalite is likely part of this plutonic event.
Between circa 2684 Ma and 2693 Ma, the geochronological data from this study suggest widespread
plutonism in the Lumby Lake greenstone belt. Specifically, the Norway pluton (circa 2685 Ma), the Van
Nostrand stock (circa 2684 Ma) and a gabbro intrusion (circa 2688 Ma), which represent mafic to
ultramafic plutonism in the greenstone belt, are part of this plutonic event. These ages are similar to other
sanukitoid suites in the Wabigoon Subprovince such as the White Otter batholith and the Lac des Iles
Suite. This has been interpreted to be due to slab break off and then melting of the mantle wedge during
northward subduction under the Wabigoon Subprovince (Beakhouse and Davis 2005).

DISCUSSION AND TECTONIC SIGNIFICANCE
A revised interpretation for the evolution and tectonostratigraphic framework of the Lumby Lake
greenstone belt has been determined based on the geochronology presented in this article as well as the
geochronology and lithogeochemistry of Tomlinson et al. (1999, 2003) and the field relationships
reported by Buse, Lewis and Magnus (2009, 2010). This revised interpretation involves the northern and
southern blocks of the greenstone belt forming as separate, allochthonous terranes that converged
together. The timing of the convergence is unknown, but is constrained by the maximum age of circa
2717 Ma for deposition of the Pinecone sediments and the age of circa 2828 Ma for the felsic tuff in the
komatiite sequence in the northern block.
Convergence between these terranes was likely northward, determined by the dominantly northdipping penetrative foliation. There may have been ongoing sedimentation and volcanism as collision was
occurring. The provenance of the Pinecone metasedimentary rocks is interpreted to be from the north, in
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the western Wabigoon or Winnipeg River terranes due to their overall south-facing direction. These
sediments would have been deposited in a trough created during the convergence of the 2 blocks. Because
of the presence of thin clastic sedimentary layers in the northern tectonostratigraphic assemblage, there
may have been some initial sedimentation dominated by iron formation deposition, mafic volcanism and
the beginning of the northward subduction.
This interpretation has an impact on mineral potential in the greenstone belt. Historically, the
southern portion of the belt has been explored, due to higher percentage of exposure and the presence of
gold-copper and zinc-lead-gold-silver occurrences at the base of the greenstone belt. The northern block
represents an underexplored area with unknown potential (for a summary of the known occurrences and a
discussion on the mineral potential of the Lumby Lake greenstone belt, see Buse, Lewis and Magnus
(2009, 2010)).
To better constrain the time of convergence, an age for the thin clastic sedimentary layers between
the komatiites at circa 2828 Ma and the Pinecone sedimentary belt at circa 2717 Ma is needed. This will
help to constrain the timing of volcanism in the greenstone belt that is stratigraphically above the
komatiites (is it Mesoarchean or Neoarchean?), and will also help to justify whether the convergence
began in the late Mesoarchean or occurred only in the Neoarchean.
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13. Project Unit 09-003. Geology of the Stormy Lake
Area, Northwestern Ontario
D. Stone1
1

Precambrian Geoscience Section, Ontario Geological Survey

LOCATION AND ACCESS
The Stormy Lake area is centred approximately 50 km west of Ignace in northwestern Ontario. Parts
of the area can be reached by a series of logging roads extending south from Highway 17 and including
the Snake Bay and Sandy Point roads. Typical of the Canadian Shield, this area has subdued but locally
rugged topography. The area is covered by overmature forests of jackpine, poplar and spruce interspersed
with lakes. Logging and limited tourism are commercial activities in the area.

REGIONAL GEOLOGIC SETTING
Card and Ciesielski (1986) subdivided Archean rocks of the western Superior Province into easterly
trending, belt-like subprovinces dominated by volcano-plutonic, sedimentary or high-grade gneiss
lithologies. Among these was the volcano-plutonic Wabigoon Subprovince in which the present area is
located. More recent work (Davis, Sutcliffe and Trowell 1988; Stott 1997; Percival et al. 2006) showed
that the Wabigoon Subprovince is divisible into a recycled, predominantly Mesoarchean Marmion terrane
and an isotopically juvenile Neoarchean western Wabigoon terrane. Plate tectonic models involving the
growth of the Superior Province by accretion of these various terranes at about 2.7 Ga have been favoured
by Percival et al. (2006).
The Stormy Lake area is part of a southeastward-trending arm of the Kakagi Lake–Savant Lake
greenstone belt, which, together with intrusive oval felsic plutons, constitutes the western Wabigoon
terrane (Figure 13.1). Several tens of kilometres southeast of the present area, various Mesoarchean
crustal blocks comprising the Marmion terrane have been defined (Stone 2010). The precise location of
the boundary between these terranes and whether the boundary is intrusive, a fault or an unconformity,
have proven difficult to establish by regional mapping.

PREVIOUS RESEARCH: LITHOSTRATIGRAPHIC SUBDIVISIONS
The Stormy Lake area represents the northwest quarter of the Stormy Lake map sheet (map 52 F/8)
of the National Topographic Series (NTS). Adjoining quadrants of 52 F/8 to the east and southeast were
mapped at 1:20 000 scale by Stone (2009). The present area was mapped previously by Thomson (1934)
and Kresz (1987). Satterly (1960a, 1960b) studied the Dyment area to the north and Blackburn (1981,
1982) mapped areas west of Stormy Lake. Trowell, Blackburn and Edwards (1980) provided a geologic
synthesis of the Kakagi Lake–Savant Lake greenstone belt and Davis (1989) did preliminary
geochronologic work. Parker (1989) reviewed gold mineralization and Felix (2006) completed a lakesediment survey of the Upper Manitou Lake area including Stormy Lake.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.13-1 to 13-12.
© Queen’s Printer for Ontario, 2010

13-1

Precambrian Geoscience Section (13)

D. Stone

Those who studied the Stormy Lake area previously (mainly Blackburn 1982; Trowell, Blackburn
and Edwards 1980; Kresz 1987) applied lithostratigraphic terminology and identified 4 major groups of
supracrustal rocks. This terminology is adopted here for the sake of continuity, although the new
mapping and interpretation has refined the spatial extent of the various groups. The 4 major
lithostratigraphic groups of supracrustal rocks in the Stormy Lake area include the Kawashegamuk, Boyer
Lake, Stormy Lake and Wapageisi Lake groups (Figure 13.2) and are discussed further below.

GENERAL GEOLOGY
The Stormy Lake area is underlain almost entirely by metamorphosed supracrustal rocks of the
Kakagi Lake–Savant Lake greenstone belt. Exceptions include a part of the Revell batholith that occupies
the Mennin Lake area (compare Figures 13.2 and 13.3) and various small felsic to mafic intrusions.

Figure 13.1. Tectonic subdivisions of the western Superior Province (after Stone 2010 and references therein) showing location
of the Stormy Lake area.
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Kawashegamuk Group
The Kawashegamuk Group 2 underlies approximately half of the Stormy Lake area (see Figure 13.2)
and extends southeastward through Bending Lake. Kresz (1987) traced rocks assigned to this group a few
kilometres north of the present area although the complete northern and northwestern extent is not known;
Trowell, Blackburn and Edwards (1980) included this group with their broad Wabigoon Volcanics.
The Kawashegamuk Group includes mafic to felsic metavolcanic rocks and related intrusions and
clastic as well as minor chemical metasedimentary rocks. The mafic metavolcanic rocks are variably
pillowed to massive and have a light to medium green colour with a generally medium grain size.
Breccias, probably representing flow breccias, are identified north of Long Lake, but extensive thick moss
cover on all outcrops precludes the analysis of primary features including top-determinations based on
pillow shapes. Several gabbro intrusions are identified within mafic volcanic sequences such as west of
Mennin Lake (see Figure 13.3). Elsewhere, outcrops of massive mafic rocks are identified, but it is often
difficult to determine if these outcrops represent centres of massive mafic volcanic flows or intrusions.

Figure 13.2. Distribution of lithostratigraphic groups and large felsic intrusions of the Stormy Lake area.

2

Kawashegamuk Lake is an old name for Long Lake and was used by Kresz (1987) to name this group.
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Intermediate to felsic metavolcanic rocks are mainly pale green, medium-grained volcaniclastic
breccias characterized by subangular to subrounded felsic clasts (up to 30 cm) in an intermediate matrix.
Intermediate tuffaceous material and rocks, probably representing flows, occur locally. Feldspar and/or
quartz porphyritic intrusions and dikes of tonalitic composition occur throughout this unit. At southern
Stormy Lake, intermediate volcanic rocks are transitional to clastic sedimentary rocks (these transitional
rocks belonging to the Kawashegamuk Group are shown on Figure 13.3). The zone of transitional rocks
is characterized by great lithologic variety in the types of clasts and more rounding of the clasts. For
example, whereas volcaniclastic rocks typically show one or two types of clasts, the epiclastic rocks can
have numerous types of volcanic fragments distinguished by grain size, texture and composition. Exotic
clasts such as those composed of quartz and sandstone occur locally and fine laminated to layered
material probably representing arkosic sandstone and siltstone is found widely in this unit. Probably, this
portion of the Kawashegamuk Group represents the distal flanks of a volcanic caldera complex where
volcanic extrusive rocks are extensively reworked and interbedded with sedimentary material.

Figure 13.3. Geology of the Stormy Lake area.

13-4

Precambrian Geoscience Section (13)

D. Stone

Fine clastic metasedimentary rocks including well-bedded siltstone and sandstone occur widely at
Stormy Lake where they are intruded by felsic to mafic sills and interleaved with mafic volcanic rocks
(see Figure 13.3). Two units of these metasedimentary rocks extend southeast of the present area to
Bending Lake where the clastic material within one unit is interbedded with chert and magnetite (Bending
Lake iron deposit). Black, magnetic argillaceous material probably representing a mixture of clastic and
chemical sedimentary rocks is noted at several localities on Stormy Lake and the sedimentary units in this
area are characterized by a high magnetic intensity (OGS 2001). In the Snake Bay area, 2 oval bodies of
bedded, strongly foliated and magnetic siltstone occur within coarse clastic metasediments of the Stormy
Lake Group (see Figure 13.3). These oval silty bodies probably represent domical sheath folds exposing
windows of the underlying Kawashegamuk Group within the overlying Stormy Lake Group. Evidently,
the sedimentary part of the Kawashegamuk Group extends west of Stormy Lake forming a basement to
other groups. Kresz (1987) considered the fine clastic metasedimentary units as well as the transitional
volcaniclastic–epiclastic unit of Figure 13.3 to be part of the Stormy Lake Group, but the present work
shows that the arkosic sandstone and conglomerate of the Stormy Lake Group unconformably overlies the
other strata. Accordingly, the fine clastic metasedimentary rocks and transitional volcaniclastic–epiclastic
rocks are herein included with the Kawashegamuk Group.
The Kawashegamuk Group contains the oldest volcanic rocks in the area that are intruded or overlain
by all other types of rock. Two intermediate pyroclastic units occurring in the Bending Lake area and
correlated with this group have an age of 2734 Ma (see Stone et al., this volume). Indeed, the biotite
tonalite phase of the Revell batholith also has an age of 2734 Ma, but clearly intrudes the Kawashegamuk
Lake Group at Mennin Lake. The fine clastic metasedimentary units are evidently tens of millions of
years younger than the volcanic rocks in this group as unpublished work by Davis and Falcon (discussed
in Stone et al., this volume) shows that the youngest detrital zircon grains in the metasedimentary rocks
have ages circa 2.67 Ga. Davis and Stone (unpublished data) suggested that the older volcanic rocks and
younger sedimentary rocks could have been tectonically interleaved by late-stage deformation.

Wapageisi Lake Group
Mafic rocks of the Wapageisi Lake Group underlie the southwest corner of the Stormy Lake area
(see Figure 13.2) and have been traced 10 km south and over a distance of more than 50 km east and west
of the present area (Trowell, Blackburn and Edwards 1980). The Wapageisi Lake Group forms a moreor-less crescentic domain on the southern side of the Kakagi Lake–Savant Lake greenstone belt.
Where exposed here and southeastward in the Bending Lake area, the Wapageisi Lake Group is
composed almost entirely of fine-grained, massive or pillowed, medium- to dark-green mafic volcanic
rocks. Like most other mafic sequences, it is often difficult to determine on the basis of small mosscovered outcrops whether the massive rocks are centres of volcanic flows or gabbro intrusions. A large
medium-grained gabbroic mass occurs at the north rim of the Wapageisi Lake Group within this map area
and has been sampled for geochronology. A similar gabbro mass in the Wapageisi Lake Group at
Bending Lake had zircon with an age of 2727 Ma (see Stone et al., this volume).
The geochronology supports field observations indicating the Wapageisi Lake Group to be younger
than volcanic rocks of the Kawashegamuk Group. For example, the Wapageisi Group volcanic rocks
have a less penetrative mineral fabric and less pervasive development of carbonate than those of the
Kawashegamuk Group. Although the contact is not well exposed, the mafic rocks of the Wapageisi Lake
Group appear to structurally overlie and blanket those of the Kawashegamuk Group. However, it is
unclear whether the Wapageisi Lake Group is autochthonous or if it developed elsewhere and has been
tectonically displaced into its present location.
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Structural and age relations between the Wapageisi Lake and Stormy Lake groups are likewise
unclear, although these units share a mutual but poorly exposed contact west of the Snake Bay road (see
Figures 13.2 and 13.3). A relevant observation is that the arkosic sandstone unit, which forms the
southern margin of the Stormy Lake Group, is thin or absent where it is in contact with the Wapageisi
Lake Group. This implies that the Wapageisi Lake Group could have been tectonically displaced onto the
Stormy Lake Group.

Boyer Lake Group
Mafic rocks of the Boyer Lake Group are very similar to those of the Wapageisi Lake Group and
occupy a large triangular domain in the present area (see Figure 13.2). The Boyer Lake Group is
composed of fine-grained, massive or pillowed, dark-green mafic volcanic rocks. Several massive
gabbroic intrusions are identified within this group.
The Boyer Lake Group has been traced about 20 km west of the present area to the Manitou fault
(Blackburn 1982). Within the present area, the south boundary of the Boyer Lake Group is not exposed
and probably faulted. The southern limit of the Boyer Lake Group on Snake Bay of Stormy Lake is
marked by steep cliffs of gabbro; age relations with the Stormy Lake Group, therefore, are undefined
except for the observation that there are few obvious clasts of Boyer Lake Group volcanic rocks in the
Stormy Lake conglomerate despite these rocks occurring adjacent to each other.
The eastern extent of the Boyer Lake Group is somewhat poorly defined because the typically finegrained, massive, dark-green mafic rocks of this group tend to become medium-grained, recrystallized
and more strongly foliated grading into similar mafic rocks of the Kawashegamuk Group. The eastern
limit of the Boyer Lake Group is probably north of Stormy Lake (see Figure 13.2), but could possibly be
farther southeast. In contrast, the northern limit of the Boyer Lake Group is quite sharply defined because
the typically massive dark mafic lavas of this group contrast with the more strongly foliated, brownish
and carbonate-bearing volcanic rocks of the Kawashegamuk Group in the northwest corner of the area
(see Figure 13.3).
The age of the Boyer Lake Group is interpreted to be 2722±5 Ma (Davis 1989) based on U/Pb zircon
studies of a gabbro west of the present area. This age determination supports field observations that
Boyer Lake Group volcanic rocks are probably younger than those of the Kawashegamuk Group because
of their structurally overlying position and lower degree of deformation. Another gabbro dike cutting
Kawashegamuk Group rocks at northwestern Long Lake (see Figure 13.3) appears on the basis of field
relations to be part of the Boyer Lake Group. This dike possibly represents one of several conduits
through which Boyer Lake magmas reached the surface; the dike provides meagre evidence that the
Boyer Lake Group is autochthonous.
Possibly the Boyer Lake and Wapageisi Lake groups are the same, although Kresz (1987) noted
differences in the major element chemistry of these groups. Further geochronology and trace element
geochemistry is planned to distinguish age and chemical characteristics of these mafic sequences.

Stormy Lake Group
The Stormy Lake Group represents late, coarse clastic metasedimentary rocks and a much smaller
component of mafic and felsic metavolcanic rocks within an oval domain west of Stormy Lake (see
Figure 13.2). Blackburn (1981) showed that sedimentary rocks of the Stormy Lake Group pinch out a
few kilometres west of the present area adjacent to the Taylor Lake stock, but possibly resume farther
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west at Mosher Bay of Manitou Lake. Kresz (1987) had interpreted the coarse clastic rocks of the Stormy
Lake Group to grade eastward into more distal turbidites and, therefore, to be more extensive than
indicated in Figure 13.2. The present mapping has defined a contact between the massive and weakly
metamorphosed basal arkosic sandstone unit of the Stormy Lake Group and more strongly foliated and
metamorphosed siltstone–sandstone sequences and volcanic strata of the Kawashegamuk Group.
Although the actual contact was not observed, the contact is constrained between adjacent outcrops of the
groups and is interpreted to represent an unconformity where the Stormy Lake Group overlies the
Kawashegamuk Group. The extent of the Stormy Lake Group, as proposed here (see Figure 13.2) is
somewhat more spatially restricted than was envisaged by other workers.
The northern boundary of the Stormy Lake Group is not exposed, but is almost certainly marked by a
fault. A component of late, south-side-down displacement on this fault has caused development of a
basin in which the Stormy Lake Group sediments were deposited. The southern boundary of the Stormy
Lake Group is marked by an unconformity where the basal arkosic sandstone overlies mixed volcanic and
sedimentary strata of the Kawashegamuk Group. The contact of the Stormy Lake Group with the
Wapageisi Lake Group is obscure and possibly tectonic.
Two principal units including coarse-grained massive arkosic sandstone and cobble to boulder
conglomerate are identified within the Stormy Lake Group (see Figure 13.3). Although younging
directions are rarely defined, the arkosic sandstone appears to occur as a thin unit at the base of the
succession and envelopes most of the southeastern flank of the group. The sandstone is typically massive
and grey to white with grains of 1 to 2 mm size and has poorly developed bedding. Feldspar is the most
common type of detrital grain with quartz comprising typically less than 20% of the rock. The sandstone
can be interbedded with pebbly sandstone and grades up-section to conglomerate.
The conglomerate is typically massive although some large outcrops show thick beds. The majority
of cobbles and boulders in the conglomerate are intermediate volcanic rocks probably derived from the
Kawashegamuk Group, but a lesser component of mafic volcanic, tonalite and quartz clasts are observed.
Cobbles of black and red iron formation are noted near the eastern end of the group. Despite their close
proximity, dark massive volcanic clasts possibly representing the Boyer Lake and Wapageisi Lake groups
are rare in the Stormy Lake conglomerate.
Small units of both mafic and felsic volcanic rocks occur in the Stormy Lake Group. Fine-grained,
black volcanic rocks containing megacrysts of quartz and biotite are exposed on Snake Bay (see Figure
13.3, “Alkalic basalt?”). These volcanic rocks show small breccia fragments suggesting that they were
erupted as tuffs and have a distinct phonolitic ring when struck with a hammer. At the eastern end of the
Stormy Lake Group, dark material similar to the tuffaceous volcanic rocks is interbedded with arkosic
sandstone at or near the unconformity. Probably, the black rocks represent mafic magmas that moved
through newly formed, fault-bounded conduits at the onset of basin development wherein they became
contaminated with crustal material and were erupted.
A thin unit of fine-grained black volcanic rock occurs within conglomerate west of Snake Bay (see
Figure 13.3, “mafic flow”). This volcanic rock is distinguished by abundant quartz-filled amygdules and
shows large but poorly developed breccia textures. Possibly the mafic flow represents an ‘a‘a flow that
was erupted subaerially during deposition of the conglomerate. This mafic flow seems to occur at a
higher stratigraphic level than the tuffaceous material discussed above; chemical tests are planned to
determine if the mafic flows and mafic tuffs could be derived from the same magma.
Thin units of medium-grained, pale green rock and showing possible flow banding and monolithic
breccia fragments suggestive of felsic volcanic flows occur within conglomerate of the western Stormy
Lake Group (see Figure 13.3, “felsic flow”). The source of the felsic volcanic material is unclear, but
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may represent extrusion from a distant volcano during deposition of the conglomerate or, alternatively,
the basement on which the Stormy Lake Group was deposited. Davis (1989) reported an age of
2703±3 Ma for a felsic tuff from near this locality. This age determination is problematic when
considered with geologic observations and other geochronology. For example, the Stormy Lake Group is
interpreted to unconformably overlie and, therefore, be younger than sandstone–siltstone sequences at
Stormy Lake. Yet, the youngest grains in the sandstone–siltstone sequences (see Stone et al., this volume,
samples 09DS208 and 09DS209) are about 2670 Ma, which is younger than the age of 2703 Ma in the
apparently overlying Stormy Lake Group.
Several factors may have contributed to the above quandary. For example, the geologic
interpretation that the Stormy Lake Group overlies the sandstone–siltstone sequences may be incorrect or
the age of 2703 Ma may represent an inherited zircon grain and the actual eruptive age of the volcanic
rock within the Stormy Lake Group is younger. Alternatively, the analyzed volcanic rock is actually the
basement to the Stormy Lake Group rather than an intrasedimentary flow. Still another possibility is that
the youngest zircon grains in 09DS208 and 09DS209 are metamorphic in origin and the actual age of
deposition of the sandstone–siltstone sequences is somewhat older than the youngest zircon grains.
Further geochronology on the felsic volcanic flow as well as detrital zircon grains in the basal arkosic unit
is planned to resolve the age of deposition for the Stormy Lake Group.

Felsic Plutonic Rocks
Felsic plutonic rocks are represented by the Revell batholith in the northeast corner of the area (see
Figure 13.2) and dikes and stocks at other localities. Mapping and geochronology discussed by Stone
(2009) and Stone et al. (this volume) showed 3 major phases of the Revell batholith including an early
biotite tonalite (2734 Ma), an intermediate hornblende tonalite (2732 Ma) and a late potassium feldspar
megacrystic biotite granite (2693 Ma). The part of the Revell batholith in the present area is composed
mainly of coarse-grained massive grey biotite tonalite and, therefore, is probably of 2734 Ma age.
Irregular stocks and dikes of biotite tonalite, the larger of which are shown in Figure 13.3, occur
widely in the Kawashegamuk Group, but are less common in other volcanic groups. Most intra-belt
plutonic rocks have feldspar megacrystic textures and are probably similar in age to intermediate volcanic
rocks of the Kawashegamuk Group (2734 Ma). A large tonalitic intrusion northwest of Long Lake and
extending north of the present area shows pervasive development of carbonate similar to neighbouring
volcanic rocks in that area.
Small granitic stocks and dikes and aplite dikes occur at scattered localities, but are otherwise rare.

STRUCTURE
The Stormy Lake area provides insight on structural evolution during an undefined but presumably
brief interval of the Neoarchean. Rocks of the old (2734 Ma) Kawashegamuk Group tend to be more
strongly foliated, recrystallized and metamorphosed than those of younger groups. For example, a
subvertical pencil structure and intense development of carbonate is pervasive in northern parts of the
Kawashegamuk Group. Although insufficient younging directions were obtained to accurately define
large folds, it is likely that large-scale folds also occur in the Kawashegamuk Group. In contrast, rocks of
the overlying Wapageisi Lake and Boyer Lake groups, both of which are 2722 to 2727 Ma, are
characterized by oval pillows and massive flows. These rocks show much less evidence of penetrative
deformation at the scale of an outcrop and, in the northwest part of the area, the Boyer Lake Group has
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escaped the intense development of carbonate that is seen in the Kawashegamuk Group. These
observations imply that a significant component of the overall bulk deformation of the area, at least such
as is observable at the scale of an outcrop, occurred in a few million years (2734 to 2722 Ma).
The latest stages of deformation involved faulting and fracturing perhaps as rocks were progressively
uplifted and cooled although the precise timing of this late deformation is, as yet, undefined. Many
outcrops of the Boyer Lake and Wapageisi Lake groups show small shear zones and fractures. At a larger
scale, a complex fault is interpreted to pass through the Stormy Lake area (see Figure 13.3) even though
this structure is almost completely unexposed. Blackburn (1981) traced a fault (Mosher Bay–
Washeibemega fault) west from this area to join the Manitou Straits fault at Manitou Lake. Stone (2009)
recognized evidence of faulting southeast of the present area in the Bending–Three Mile lakes area
although the southeastern extent of the fault is not well known.
The fault curves from easterly to southeasterly trend in the present area with the result that lithologic
contacts are disrupted and a complex pattern of splay faults are interpreted at Stormy Lake (see Figure
13.3). The kinematics of the fault and timing of the deformation are unknown except to note that at least
part of the faulting postdates the deposition of turbiditic sediments in the Kawashegamuk Group. A
component of south-side-down displacement on this fault caused development of the basin in which the
Stormy Lake Group sediments were deposited. The fault must have penetrated the crust to tap mafic
magmas and allow their passage to the surface where they erupted.
Major unresolved structural issues concern the tectonic history of the Boyer Lake and Wapageisi
Lake groups—namely, are they autochthonous or allochthonous. Poor exposure of their basal contacts in
this area precludes an assessment of whether of not they have been faulted in to place.

METAMORPHISM
Field observations suggest widespread development of greenschist-facies metamorphism in
supracrustal rocks of the Stormy Lake area. For example, mafic volcanic rocks typically show an
assemblage of chlorite ± epidote ± sericite + albititic? plagioclase + carbonate. The grade of
metamorphism increases at the margin of the Revell batholith and southeast of the present area where
amphibole and biotite are developed and carbonate disappears.
The greenschist mineral assemblage appears to be common to rocks of all groups with the possible
exception of the fine-grained dark volcanic rocks of the Stormy Lake Group whose mineralogy is
unknown. Despite a broadly common mineral assemblage, the proportion of certain minerals varies
substantially from one group to another. For example, all rocks in the northern Kawashegamuk Group
show extensive development of carbonate. The cause for extensive carbonitization of Kawashegamuk
rocks is unknown, but may be due to widespread alteration. Alternatively, Kawashegamuk rocks could
have been affected by more than one greenschist-facies metamorphic event, the latter of which promoted
the conversion of any remaining calcium-bearing silicates to carbonate. One metamorphic event could
have occurred before 2722 Ma and another event subsequently.
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MINERAL EXPLORATION
Previous Work
Gold is the principal commodity for which exploration has been done within and adjacent to the
Stormy Lake area. The “New Klondike” was a term optimistically applied to an area centred a few
kilometres north of the present area. The “New Klondike” included numerous gold occurrences situated
mainly within quartz-carbonate veins in carbonatized volcanic rocks. Two of these occurrences, the
Tabor Mine and Sakoose Mine produced a few thousand ounces of gold from 1899 to 1947 (Parker
1989). The Brockman occurrence (Brown Lake) and Long Lake–McCracken occurrence (see Figure
13.3, locality 1) are other examples of gold occurrences within quartz and carbonate veins adjacent to or
within the present area. These occurrences were explored initially by sinking shafts and subsequently by
stripping, trenching and drilling.
Gold has also been identified by trenching of quartz veins within sheared gabbro at the Church Lake
and New Church Lake occurrences (see Figure 13.3, localities 2 and 3). Low gold values were reported
with molybdenum from the Oldberg occurrence which is situated within quartz veins cutting the tonalitic
phase of the Revell batholith (see Figure 13.3, locality 4; Parker 1989). The area of the Oldberg
occurrence shows anomalous molybdenum in the lake-sediment survey of Felix (2006) and recent
trenching has identified numerous molybdenum occurrences within shallowly dipping quartz veins of this
area. Southeastward (see Figure 13.3, locality 6) several stripped zones and trenches are noted over
quartz veins which contain disseminated pyrite. These veins were probably explored for gold.
Exploration by Esso Minerals in the 1970s (Kenora District Geologist’s office, assessment file
52F/8NW R-5) identified several gold occurrences such as the Twilight, Old-Timer and Fiji showings
situated mainly within quartz-carbonate veins cutting gabbro and volcanic rocks at Katisha Lake (see
Figure 13.3, locality 5). Recent trenching reveals extensive development of carbonate within the hostrocks and pyrite within the quartz veins at these occurrences.
Iron and base metals have been explored southeast of the present area. The iron formation at
Bending Lake was extensively drilled since the 1950s and Bending Lake Iron Group Ltd. has compiled a
resource of 249 Mt of ore grading 28% Fe for the deposit (www.bendinglakeiron.com); this resource
estimate is not compliant with National Instrument (NI) 43-101.
In the 1990s, Noranda Ltd. did extensive exploration for base metals southeast of Stormy Lake
(Kenora District Geologist office, assessment files 52F08SE J1 to J7). A broad zone of sodium depletion,
garnet alteration and limited sulphide mineralization was defined and described by Lichtblau et al. (2001).
This zone apparently occurs where greenschist-facies metamorphism of the present area is transitional to
amphibolite-facies metamorphism to the southeast.

Recommendations for Exploration
Many gold occurrences are found in carbonatized rocks of the northern Kawashegamuk Group.
Although most known gold occurrences seem to be situated within quartz+carbonate veins, it is possible
that larger and probably low-grade gold anomalies might exist outside of the veins and in rocks that
otherwise show extensive carbonate development. An example is the tonalitic body near locality 1 (see
Figure 13.3). Although poorly exposed and probably gradational to volcanic rocks, this body seems to be
strongly carbonatized and should be prospected for low-grade gold potentially associated with shear
zones.
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Another prospect for gold is the unconformity at the base of the Stormy Lake Group. Although the
basal unit of the Stormy Lake Group does not seem to contain mature quartz-rich sandy sequences
indicating prolonged reworking of sedimentary detritus such as might be needed to concentrate detrital
gold grains, the unconformity is nonetheless worthy of exploration.
A cluster of gold occurrences are found near the north margin of the Wapageisi Group at Katisha
Lake (see Figure 13.3, locality 5). This area is somewhat unusual in that it has a northerly trending
mineral fabric and quartz+carbonate–filled shear zones oriented perpendicular to the boundary of the
group. Although the reason for this peculiar mineral fabric to have developed is not well understood, it is
a potential guide for exploration. For example, the northern rim of the Boyer Lake Group also shows
local development of a north-south mineral fabric although no quartz+carbonate shear zones were
observed there.
Evidence of base-metal mineralization is apparently rare in the Stormy Lake area. A possible
exception is north of Locality 5 (see Figure 13.3) where pyrite occurs within shear zones cutting
intermediate and mafic volcanic rocks. Possibly, the iron sulphide has been remobilized from the
intermediate volcanic host rock. Base metals and platinum group metals can also be associated with large
mafic intrusions of the area. Examples include the gabbro at the north side of the Wapageisi Lake Group,
the northwest-trending gabbro at northwestern Long Lake and the gabbro west of Mennin Lake.
The metasedimentary rocks that host the iron deposits at Bending Lake are traced northwesterly
through Stormy Lake. The metasedimentary rocks of this area are characterized by a high magnetic
intensity (OGS 2001) and, although poorly exposed, are a potential source of iron. The iron-bearing
metasedimentary rocks evidently extend westward beneath the Stormy Lake Group.
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INTRODUCTION AND LOCATION
Fourteen samples of rock were collected from the Atikokan region in 2009 for the purpose of
determining their ages. These samples were processed at the Jack Satterly Geochronology Laboratory,
University of Toronto (D.W. Davis and M.A. Hamilton, unpublished data) and funded by the Atikokan
Mineral Development Initiative through an agreement with the Northern Ontario Heritage Fund Corporation,
the Town of Atikokan and FedNor and administered by the Ontario Prospectors Association. The purpose of
this article is to present the geochronology and discuss implications for the geology of the area.
The geochronology samples were collected as part of 2 geologic research projects in northwestern
Ontario. One project, which was nearing completion, was regional in scope and centred broadly on an
area including Atikokan, Ignace and Upsala (central Wabigoon Subprovince area: Figure 14.1). Here, the
Marmion terrane, an area of complex Mesoarchean and Neoarchean rocks, was studied with extensive
geochronology to attempt to define various crustal blocks of different age (Stone 2010a). As with many
studies, the work raised questions as well as providing answers. Five of the samples discussed herein
were intended to help answer unresolved questions about the central Wabigoon Subprovince area.
The second project focussed on the Bending Lake area, which adjoins the central Wabigoon
Subprovince area (Bending Lake area: Figure 14.1). This project was more focussed and marked the first
detailed mapping in a part of the western Wabigoon terrane where rocks are thought to be mainly
Neoarchean in age. Here, the goal of geochronology is to provide a general understanding of the
distribution of ages for supracrustal and plutonic rocks as a basis for more specific studies.
A combination of lithostratigraphic and lithotectonic terminology has been applied to the study areas
and requires explanation. For example, Blackburn (1982) and Kresz (1987) studied areas west of the
Bending Lake area where they subdivided rocks according to lithostratigraphic groups and formations.
Many of these groups extend into the Bending Lake area, so lithostratigraphic terminology continues to
be used there for the sake of continuity.
At the scale of the western Superior Province (see Figure 14.1), various sets of lithotectonic terms
have been used to subdivide the area. For example, early models summarized by Card and Ciesielski
(1986) subdivided the region into subprovinces such as the Uchi and English River. Subprovinces were
defined mainly on the basis of variations in lithology and include volcano-plutonic, sedimentary and highgrade gneiss varieties. Some of these subprovinces are shown in Figure 14.1, but more recent work
(Thurston, Osmani and Stone 1991; Stott 1997; Percival et al. 2006) applied accretionary tectonic models
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.14-1 to 14-13.
© Queen’s Printer for Ontario, 2010
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to the western Superior Province and many subprovinces were variously redefined and reclassified as
tectonic terranes. A terrane is defined as a fault-bounded package of strata that is allochthonous to, and
has a geologic history distinct from, the adjoining geologic units (Thurston 1991).
Stone (2010a, 2010b) did geologic mapping and geochronology in the central Wabigoon
Subprovince area and identified several lithotectonic domains where a domain is defined as a volume of
rock bounded by compositional and structural discontinuities within which there is structural and
chronologic homogeneity. Domains can contain various types of rocks and are generally smaller than
terranes. Although characterized by an overall common age, the tectonic origin of a domain, such as
whether it is allochthonous or autochthonous, is less well known. Domain boundaries are typically
established at geologic contacts, zones of high strain and, in some instances, at changes in magnetic
patterns as seen on aeromagnetic maps.
As a case in point, the Marmion terrane (see Figure 14.1) is a largely tectonic entity, the extent of
which was defined on the basis of geochronology and the interpretation that it is allochthonous to country
rocks (see discussions of Stone 2010a and references therein). In contrast, the extent of the Marmion
domain (see Stone 2010a, Figure 3) is based largely on a common age for rocks within the domain and
without a clear distinction of their structural relation to country rocks.

Figure 14.1. Lithotectonic subdivisions of the western Superior Province showing the central Wabigoon Subprovince and
Bending Lake areas.
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CENTRAL WABIGOON SUBPROVINCE AREA
Previous work showed that rocks of the central Wabigoon Subprovince area have a considerable age
variation that spans parts of the Mesoarchean and Neoarchean. The available geochronology,
summarized by Stone (2010a) indicated approximately 8 magmatic events within the age range 3.0 to
2.7 Ga. In most instances, the magmatic events are geographically localized so that rock domains can be
defined. Central to the domain pattern is the Marmion domain represented by the Marmion tonalite
batholith and adjacent assemblages of the Lac des Mille Lacs, Finlayson and Lumby greenstone belts all
of which are 3.0 Ga in age. Other domains include the Whitton domain (2.96 Ga; mainly greenstone
belts), the central Wabigoon domain (2.93 Ga; mainly tonalite and gneisses), the Hillyer domain
(2.88 Ga; plutonic rocks), the Pinecone–Savoy domain (2.83 to 2.82 Ga; plutonic and supracrustal rocks),
the Dog domain (2.78 Ga; mainly plutonic rocks) and a host of supracrustal and plutonic rocks in the
Whistle, Mine Centre and western Wabigoon domains (2.73 to 2.68 Ga). The inferred distribution of
these domains is shown in Stone (2010a, Figure 3).
A major unresolved question on the basis of available data concerns the extent of the 2.82 Ga
Pinecone–Savoy domain. This domain was thought to be represented by the central part of the Lumby
Lake greenstone belt (located in the centre of the Marmion terrane of Figure 14.1) and adjacent plutonic
rocks, on the basis of a few age determinations. A single 2.83 Ga age as well as a 2.73 Ga age was also
available from intermediate volcanic rocks of the Lac des Mille Lacs greenstone belt located 50 km
southeast of the Lumby Lake greenstone belt (see Figure 14.1, “Lac des Mille Lacs (Fig. 14.2)”). These
data suggested that part of the Lac des Mille Lacs greenstone belt could be an outlier of the Pinecone–
Savoy domain on the southeast side of the Marmion domain; although the extent of 2.83 Ga rocks in the
Lac des Mille Lacs belt as well as the pattern of ages in plutonic rocks at the southeast side of the
Marmion batholith was poorly understood. Four samples (09DS220-223), the locations of which are
shown in Figure 14.2, were taken to address the distribution of rock ages in the area.
A second question involves the ages of rocks in the Finlayson Lake greenstone belt, which extends
northeasterly joining the Steep Rock and Lumby greenstone belts in the central Marmion terrane. The
Finlayson Lake greenstone belt was known to be made up of at least 2 assemblages based on
geochronology; the assemblages include the Finlayson east assemblage (3.0 Ga, eastern third of the belt)
and the Finlayson west assemblage (2.93 Ga, western third of the belt). On the basis of mapping, a third
assemblage of mafic volcanic rocks was thought to extend up the centre of the Finlayson Lake greenstone
belt. This central assemblage was interpreted as an extension of the Witch Bay assemblage (2.73 Ga) of
the Steep Rock greenstone belt to the southwest. Mafic volcanic rocks do not normally yield zircon
suitable for geochronological analysis, so a small sedimentary unit within the central assemblage was
sampled (09DS251) to constrain the age of the central assemblage.

09DS221
This sample is taken from greyish-green intermediate volcanic fragmental rocks with generally
centimetre-sized felsic fragments in a slightly darker matrix. A natural outcrop on a small island in central
Lac des Mille Lacs was sampled primarily to establish the distribution of ages in the belt (see Figure
14.2). Analysis of 12 zircon grains by laser ablation inductively coupled plasma mass spectroscopy
(LA-ICP–MS) gives an age of 2828±7 Ma, which is though to represent volcanism (D.W. Davis and
M.A. Hamilton, unpublished data).
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09DS222
The sampled material is an intermediate volcanic fragmental rock similar to that of 09DS221 and
was obtained from a small island in western Lac des Mille Lacs. The sample was taken to establish the
age of volcanic rocks in the western part of the Lac des Mille Lacs greenstone belt. Here, analysis of 8
grains by LA-ICP–MS yielded an age of 2817±8 Ma and the age is interpreted to represent volcanism
(D.W. Davis and M.A. Hamilton, unpublished data).

09DS220
This sample was taken from a sinuous unit of tonalite gneiss that mantles the eastern end of the
Marmion batholith (see Figure 14.2). The sampled material is an overall grey banded rock composed of
alternating layers of leucocratic biotite tonalite, mesocratic biotite tonalite and foliated amphibolite. The
gneissic unit was sampled to establish the age of rocks at the southeast side of the Marmion domain;
although typical of multi-component gneissic rocks, it was considered likely that the gneisses were
generated in more than one magmatic event.
Zircon grains, analyzed by chemical abrasion thermal ionization mass spectrometry (CA-TIMS),
gave ages around 2990 Ma and 2789±1 Ma, whereas clusters of analyses by LA-ICP–MS gave average
ages of 2932±10 and 2793±14 Ma. The older ages are thought to represent the protolith, whereas the
younger ages reflect a period of remobilization of the older material (D.W. Davis and M.A. Hamilton,
unpublished data).

09DS223
The Muskeg batholith is a large crescentic biotite granite intrusion that wraps around the eastern end
of the Marmion batholith (see part of the batholith in Figure 14.2). Most of this intrusion is represented
by a massive potassium feldspar megacrystic phase, with an age of 2686 Ma (Stone 2010b, number 110),
a few kilometres northeast of the area shown in Figure 14.2; however, a more strongly foliated and
equigranular, mesocratic biotite granite was identified in the southwest corner of the intrusion.
Geochronology analysis of the foliated biotite granite was proposed to constrain the range of magmatism
in the Muskeg batholith. However, the results of analyzing 3 grains by CA-TIMS produced an age of
2781.3±0.9 Ma (D.W. Davis and M.A. Hamilton, unpublished data) indicating that the foliated biotite
granite was emplaced during a much earlier magmatic event associated with the Dog domain.

09DS251
This sample of bedded sandstone and siltstone was taken from a small sedimentary unit at the
northeast end of the Witch Bay assemblage in the Finlayson Lake greenstone belt. The sample location is
shown as number 78 on the compilation map of Stone (2010b). As described above, the sample was
analyzed to constrain the age of rocks in the central Finlayson Lake greenstone belt. A total of 61 detrital
zircon grains were analyzed by LA-ICP–MS (A. Falcon and D.W. Davis, unpublished data) and gave
ages ranging from 2678 to 3031 Ma (Figure 14.3a). The data indicate that the sediments were deposited
after 2700 Ma and probably received detritus mainly from the Marmion domain as indicated by a peak at
roughly 3.0 Ga in the distribution of ages of zircon grains. Other peaks at 2.93 Ga correspond with
detritus from the central Wabigoon domain and a broad peak at 2.68 to 2.78 Ga may correspond with
detritus from various late Neoarchean domains and plutonic rocks.
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Figure 14.3. Distributions of ages for detrital zircon grains separated from samples of sandstone-siltstone and analyzed by LAICP–MS. The samples represent sandstone–siltstone sequences located a) in the north-central Finlayson Lake greenstone belt,
b) in the northern sedimentary unit of the Bending Lake greenstone belt and c) in the southern sedimentary unit of the Bending
Lake greenstone belt.
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THE BENDING LAKE AREA
The Bending Lake area is situated in the western Wabigoon terrane adjacent to the central Wabigoon
Subprovince area (see location in Figure 14.1). The area covers part of the Bending Lake greenstone belt,
which represents a southeast-trending arm of the larger Kakagi Lake–Savant Lake greenstone belt at the
central axis of the juvenile western Wabigoon terrane (Davis, Sutcliffe and Trowell 1988). Prior to the
recent survey (Stone 2009), the Bending Lake area had not been mapped and little was known about the
ages of rocks here beyond the supposition that they were Neoarchean and part of the western Wabigoon
terrane.
The Bending Lake area (Figure 14.4) includes parts of the Bending Lake greenstone belt and
adjacent Raleigh Lake greenstone belt as well as intervening felsic plutonic rocks of the Revell batholith
and several other intrusions such as the Islet pluton. The Bending Lake greenstone belt is made up of a
series of alternating units of mafic volcanic rocks, intermediate volcanic rocks, gabbro and clastic
sedimentary rocks. Working west of this area, Blackburn (1982) and Kresz (1987) identified 4 major
lithostratigraphic groups including the Kawashegamuk Group (various supracrustal rocks), the Boyer
Lake and Wapageisi Lake groups (mafic volcanic rocks) and the Stormy Lake Group (coarse clastic
sedimentary rocks and minor volcanic rocks). Based on field relations, rocks of the Kawashegamuk
Group are thought to be the oldest, most intensely metamorphosed and deformed. These are structurally
overlain by the Boyer Lake and Wapageisi mafic sequences; although, the nature of the boundary zone
(i.e., whether it is an unconformity or a fault) is not known from present mapping (see Stone, this
volume). In contrast, the Stormy Lake Group unconformably overlies the Kawashegamuk Group.
Among the various packages of rock occurring west of the present area, only the Kawashegamuk and
Wapageisi groups are though to extend into this part of the Bending Lake greenstone belt. Basically,
most of the Bending Lake greenstone belt is underlain by rocks of the older Kawashegamuk Group except
for a thin curved unit of dark-green mafic volcanic rocks belonging to the younger Wapageisi Lake Group
and lying adjacent to the Islet pluton (see Figure 14.4).
The Raleigh Lake greenstone belt has similar rocks to the Bending Lake greenstone belt and
geochronology indicates that intermediate volcanic rocks, located just east of the area of Figure 14.4 have
an age of 2730±7 Ma (Stone 2010b, number 82). The recent mapping revealed 3 major phases of the
Revell batholith including an early biotite tonalite, an intermediate hornblende tonalite and late biotite
granite. A series of 9 samples (shown by sample number in Figure 14.4) were collected for
geochronology and are discussed below.

09DS206
This sample was taken from the northern unit of intermediate volcanic breccia in the Bending Lake
greenstone belt (see location in Figure 14.4). The purpose of the geochronology was to establish the
range of ages in various units of the Bending Lake greenstone belt. Three zircon grains were analyzed by
CA-TIMS (D.W. Davis and M.A. Hamilton, unpublished data) and produced an age of 2734.6±1.1 Ma.

09DS209
A second unit of intermediate volcanic breccia occurs in the southern part of the Bending Lake
greenstone belt and was sampled adjacent to Highway 622. Three zircon grains were separated from the
rock and analyzed by CA-TIMS to give an age of 2734.5±0.9 Ma (D.W. Davis and M.A. Hamilton,
unpublished data). This age is the same, within error, as that of sample 09DS206 and also a sample of
similar rock from the Raleigh Lake greenstone belt (Stone 2010b, number 82).
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Figure 14.4. Geology of the Bending Lake area showing locations of samples for geochronology.
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09DS210
The dark-green mafic volcanic rocks of the Wapageisi Group locally are cut by medium- to coarsegrained gabbro that contains zircons suitable for geochronologic analyses. One such unit, apparently
representing an intrusive gabbro that was emplaced during eruption of the volcanic rocks, was sampled
adjacent to Highway 622. Eight zircon grains were separated from the gabbro and analyzed by LA-ICP–
MS giving an age of 2727±5 Ma (D.W. Davis and M.A. Hamilton, unpublished data). This represents the
only known age for mafic rocks of the Wapageisi Group.

09DS204
This sample represents the earliest phase of the Revell batholith and consists of a strongly foliated,
medium-grained biotite tonalite. Zircon was separated from the sample and 3 grains analyzed by CATIMS give an age of 2734.2±0.8 Ma (D.W. Davis and M.A. Hamilton, unpublished data). Notably, this
tonalite is the same age as intermediate volcanic rocks in the nearby Bending Lake greenstone belt
(samples 09DS206 and 09DS209).

09DS205
Crosscutting relations show that the early biotite tonalite of the Revell batholith (sample 09DS204) is
superseded by a later phase of coarse-grained grey mesocratic hornblende tonalite. A sample of the
hornblende tonalite was analyzed by CA-TIMS and 3 zircon grains give an age of 2732.3±0.8 Ma
(D.W. Davis and M.A. Hamilton, unpublished data).

09DS202
A coarse-grained, pink and massive locally potassium feldspar megacrystic biotite granite is the
youngest and most voluminous phase of the Revell batholith (see Figure 14.4). Analysis of 3 zircon
grains from this rock by CA-TIMS produced an age of 2694.0±0.9 Ma (D.W. Davis and M.A. Hamilton,
unpublished data). This latest phase of the Revell batholith is 40 million years younger than the early
biotite tonalite component of the intrusion.

09DS207
The Bending Lake greenstone belt contains 2 narrow units composed of fine-grained and typically
well-bedded sandstone–siltstone sequences. The clastic sediments are locally interbedded with chert and
magnetite iron formation. The northernmost of these units was sampled where it crosses Highway 622
(see location in Figure 14.4). A total of 99 detrital zircon grains were separated from the sample and
analyzed by LA-ICP–MS (A. Falcon and D.W. Davis, unpublished data). The detrital zircon grains give
a range of ages extending from 2669 to 3188 Ma with the majority of grains falling in a narrow range
from 2680 to 2780 Ma (see Figure 14.3b).
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09DS208
This sample represents the southern sandstone–siltstone unit within the Bending Lake greenstone
belt and was sampled where it crosses Highway 622. This unit is the host for the Bending Lake iron
deposit that is centred about 5 km southeast of Highway 622. Seventy-five detrital zircon grains were
separated from the sample and analyzed by LA-ICP–MS (A. Falcon and D.W. Davis, unpublished data).
Here, the detrital zircon grains have ages ranging from 2671 to 2828 Ma with the majority falling in a
broad cluster from 2680 to 2750 Ma (see Figure 14.3c).

09DS179
Archean rocks of the central Wabigoon Subprovince area are cut by a few diabase dikes. Most of the
dikes are a few tens of metres wide and are composed of black weathering-brown gabbroic material with
diabasic texture. One of these dikes, the “Wabigoon dike” extends discontinuously northwesterly over a
distance of about 100 km from Lac des Mille Lacs to the Bending Lake area (see Stone 2010b). Fahrig
and West (1986) and Osmani (1991) reported a K/Ar age of 1900 Ma for the Wabigoon dike, although the
error was not given. The dike was resampled where it crosses Highway 17 about 20 km west of Ignace in
the hope of obtaining a more accurate U/Pb age determination. The mineral baddeleyite was separated from
the sample and produced an age of 1887±13 Ma (D.W. Davis and M.A. Hamilton, unpublished data).

DISCUSSION
Central Wabigoon Subprovince Area
Results for samples 09DS221 and 09DS222 indicate that volcanic rocks with ages of 2.82 Ga are
fairly extensive in the Lac des Mille Lacs greenstone belt at Lac des Mille Lacs. By virtue of their
similarity in age, this area is thought to represent an outlier of the Pinecone–Savoy domain that occurs, to
the northwest, in the area of the Lumby Lake greenstone belt. Indeed, the Pinecone–Savoy domain may
have extended around the east end of the Marmion domain as indicated by an inherited zircon of 2.82 Ga
age in a sample of otherwise younger plutonic rock in that area (Stone 2010b, number 77). Perhaps the
rocks of age 2.82 Ga that might have existed at the east end of the Marmion batholith have been displaced
or are overlain by younger magmatic rocks.
The geochronology for tonalite gneiss sample 09DS220 is more difficult to interpret, but the 2 older
ages (>2992 and 2932 Ma) probably represent material that was generated by magmatism associated with
development of the Marmion and central Wabigoon domains. This material underwent strong
metamorphism and was heated sufficiently to crystallize new zircon grains (2793 and 2789 Ma) related to
magmatism in the Dog domain. Notably, the hornblende tonalite and biotite granite units adjacent to
these gneisses are 2781 Ma (see Figure 14.2; see below for discussion of 09DS223) and were possibly a
source of heat for remobilizing the gneisses.
The >2992 Ma grain in 09DS220 indicates that at least a component of the gneisses on the southeast
side of the Marmion batholith belongs to the Marmion domain (3.0 Ga). Evidence of Whitton domain
magmatism is absent here, but it is interesting that the age of another grain (with an age of 2932 Ma) is
characteristic of the central Wabigoon domain that otherwise is located mainly northwest of the Marmion
domain. These data, like those of 09DS221 and 09DS222 (above), seem to indicate that the older
Marmion domain was enveloped by a series of younger plutonic domains or, at least, that margins of the
Marmion domain were remobilized and metamorphosed at times of younger magmatism.
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The results for biotite granite sample 09DS223 are interesting for several reasons. Firstly, the age of
2781 Ma represents the oldest known age for a biotite granite in the central Wabigoon Subprovince area.
Most similar intrusions are 2.72 to 2.68 Ga and probably originated by melting older, largely tonalitic
material (Stone 2010a). The age indicates that at least small intrusions of granite developed much earlier
at the margin of the Marmion domain, in this case, probably due to heating and melting of the Marmion
tonalite at the time of Dog magmatism. Plutonic rocks of 2.78 Ga age may extend beyond the Dog
domain as, for example, detrital grains of this age are noted in basal sedimentary units of the Steep Rock
assemblage at Atikokan (Stone 2010a) and tonalite of similar age occurs near the Lumby Lake greenstone
belt (see Buse et al., this volume).
The 2781 Ma age of biotite granite together with an identical age for a nearby hornblende tonalite
intrusion (see locations in Figure 14.2) indicate that magmatic rocks of the Dog domain occur adjacent to
the east end of the Marmion batholith. Most of the Dog domain is situated several tens of kilometres
eastward and is separated from the Marmion batholith by the late biotite-granite of the Muskeg batholith.
The Muskeg batholith probably overlies or has otherwise intruded 2.78 Ga rocks of the Dog domain.
The results for sandstone sample 09DS251 clearly show that the small sedimentary unit in the central
Finlayson greenstone belt was deposited after 2700 Ma and that these sediments received detritus from
the nearby Marmion and central Wabigoon domains as well as late Neoarchean sources. Indeed, a large
body of data shows that many sedimentary units in Archean greenstone belts are much younger than
neighbouring volcanic units. Davis and Stone (unpublished data) suggest that this may be due to foreland
deposition of young sediments when the various older volcanic units are assembled in the Neoarchean.
The young sedimentary units may, in some cases, represent imbricate thrust panels interleaved with older
volcanic rocks during progressive crustal shortening.
The data from sample 09DS251 indicate that sedimentary rocks in the central Finlayson Lake
greenstone belt were deposited in the Neoarchean. This is consistent with the possibility that the
voluminous pillow lavas in the central Finlayson Lake greenstone belt are also Neoarchean. These
volcanic rocks are weakly deformed and metamorphosed in contrast to the strongly foliated and
amphibolitized Finlayson East and Finlayson West assemblages. The pillowed volcanic unit extending
along the central axis of the Finlayson Lake greenstone belt may, therefore, represent a klippe of the
Witch Bay assemblage (2.73 Ga).

The Bending Lake Area
The present study gives preliminary insight into the ages of rocks in the Bending Lake area. Here,
all crystallization and depositional ages are Neoarchean as opposed to a mix of Neoarchean and
Mesoarchean ages in the adjacent central Wabigoon Subprovince area.
2734 Ma was a critical time when intermediate volcanic rocks of the Kawashegamuk Group and
early phases of the Revell batholith were emplaced (samples 09DS204, 09DS206 and 09DS209). The
magmatism continued for at least a few million years as indicated by the 2732 Ma age of hornblende
tonalite in the Revell batholith. Mafic volcanic rocks of the Kawashegamuk Group seem to be intimately
interlayered with the intermediate volcanic rocks and were also probably erupted at this time.
A few million years after eruption of Kawashegamuk Group rocks, the mafic rocks of the Wapageisi
Lake Group crystallized at 2727 Ma, as indicated by the age of a gabbro (09DS210) that is though to have
been emplaced at the time of Wapageisi volcanism. Although it is unclear if Wapageisi volcanic rocks
developed in situ or were tectonically emplaced onto the Kawashegamuk Group, the data imply that
significant deformation and metamorphism could have occurred in this time interval because
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Kawashegamuk Group rocks are more intensely deformed and have stronger development of greenschistfacies mineral assemblages than Wapageisi Group rocks. Alternatively, if the Wapageisi Group rocks are
allochthonous, the data may simply indicate that the intensity of deformation and metamorphism varied
from place to place rather than being constrained to a certain time interval.
Magmatism spans a time interval of about 40 my within the Bending Lake greenstone belt between
the oldest volcanism at 2734 Ma to the emplacement of the voluminous granitic component of the Revell
batholith at 2694 Ma (09DS202).
The sedimentary rocks in the Kawashegamuk Group were deposited after 2.7 Ga based on the age of
the youngest detrital zircon grains (09DS207 and 09DS208). Here, as in many other Archean
supracrustal packages, the age of sedimentation appears to be much younger than volcanism within the
Kawashegamuk Group. As pointed out by Davis and Stone (unpublished data), this may indicate a latestage tectonic interleaving of older volcanic rocks with younger sedimentary rocks.
Finally, the age of 1887 Ma for the Wabigoon dike indicates that a significant brittle deformation and
magmatic event affected the central Wabigoon Subprovince area in the early to middle Proterozoic. The
Wabigoon dike is perhaps best correlated in terms of age with the Pickle Crow dike and members of the
Molson Swarm, although these other dikes are distant and have different orientation than the Wabigoon
dike (Buchan and Ernst 2004). Further work including geochemistry may be required to determine if the
Wabigoon dike is unique or part of a large dike swarm.
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INTRODUCTION
The Sioux Lookout greenstone belt is situated in the northern part of the western Wabigoon
Subprovince of the Superior Province. It extends for more than 100 km from Dinorwic to Sioux Lookout
(Figure 15.1). During the 2010 summer field season, an area in the northeast portion of the belt, located
between Botsford and Zarn lakes, was mapped at a scale of 1:20 000. This part of the greenstone belt,
referred to here as the “Split Lake area”, covers approximately 170 km2. This area was examined with
5 intentions:


update the previous lithological and structural mapping



provide a structural framework for gold mineralization



generate new geochemical and geochronological data



document and classify types and styles of mineralization



stimulate mineral exploration in the Split Lake area and elsewhere in the Sioux Lookout
greenstone belt

This article provides an overview of the new bedrock geology mapping of the Split Lake area. The
stratigraphy and structural geology have been revised and correlated based on outcrop exposure and
geophysical data.

PREVIOUS WORK
The earliest relevant reports are by Pettijohn (1936) and Horwood (1938), who described the geology
and mapped major structures in the northern part of the Sioux Lookout greenstone belt. Detailed 1:15 840
scale (1 inch = ¼ mile) mapping by Page and Moeller (1979a, 1979b) focussed on the Split Lake area.
They examined the mafic, felsic and intermediate metavolcanic rocks and local granitoid intrusions. They
also traced major structures based on younging criteria and/or stratigraphic dislocations. Devaney (2000)
mapped at a scale of 1:50 000 in the Sioux Lookout greenstone belt, to the southwest of the Split Lake
area, and refined the various lithotectonic and stratigraphic units. In addition, a structural framework for
the general area was proposed and described in detail. Exploration company reports completed during the
late 1990s by Cameco Corporation (Koziol and Babin 2001) and available at the Kenora Resident
Geologist office described detailed 1:10 000 scale mapping of the Black Lake property located in the
northwest part of the Split Lake area.

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.15-1 to 15-10.
© Queen’s Printer for Ontario, 2010
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REGIONAL GEOLOGY
The Sioux Lookout greenstone belt consists of 5 internal subdivisions: the Northern Volcanic Belt,
the Abram Group, the Central Volcanic Belt, the Minnitaki Group and the Southern Volcanic Belt
(Trowell, Blackburn and Edwards 1980; Devaney 2000). The Northern, Central and Southern Volcanic
belts are dominantly volcanic in origin, whereas the Abram and Minnitaki groups consist of sedimentary
rocks. The Split Lake area consists mainly of volcanic rocks and is interpreted to be a northern
continuation of the Northern and Central Volcanic belts from Minnitaki Lake (Devaney 2000).

Stratigraphy
The stratigraphy of the Split Lake area is dominated by mafic, intermediate and felsic metavolcanic
rock, with lesser gabbroic intrusions, late granitic intrusions and rare metasedimentary rocks. Since the
volcanic, gabbroic and sedimentary rocks range from greenschist- to amphibolite-grade metamorphism,
the prefix “meta” will be subsequently omitted in this article.
The volcanic rocks are similar across strike and, in the absence of any sedimentary hiatus and
pending future geochemical and geochronological work, they are tentatively interpreted as part of a single
depositional succession. For the purposes of this study, depositional successions are defined as
conformable units of genetically related rocks separated from other successions by unconformities
(Ontario Geological Survey 1992). Informally, the rocks in the Split Lake area are classified into the Split
Lake depositional succession.

Figure 15.1. Location map of the Sioux Lookout greenstone belt, highlighting the Split Lake area.
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The rock units of the Split Lake depositional succession wrap around the Split Lake stock, which is
located in the centre of the Split Lake area (Figures 15.1 and 15.2). All reliable younging indicators of
rock units (specifically stratigraphic facies changes, graded bedding and magmatic mineral segregations)

Figure 15.2. Geological map of the Split Lake area. Faults are traced with black dashed lines and the axial trace of the Split
Lake syncline is shown as a red dashed line.
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face toward the centre of the map area and imply that the Split Lake area is in the centre of a northeasttrending syncline; this structure is informally termed the Split Lake syncline. Rock units should be
relatively continuous across this structure and, therefore, correlative. Three stratigraphic sections, one on
each limb of the Split Lake syncline and one near the hinge, comprise the Split Lake depositional
succession (Figures 15.2 and 15.3).
On the western limb of the Split Lake syncline (see Figure 15.3A), the oldest rock unit is a mafic
volcanic flow located on the southeast shore of Botsford Lake. This aphyric, massive to pillowed mafic
flow is overlain by the Botsford Lake rhyolite, which consists of massive, flow-banded, quartz-phyric
rhyolite and tuff. This, in turn, is overlain by aphyric and variolitic mafic flows that include conformable
light coloured intermediate volcanic rocks. Medium-grained gabbro intrudes the upper part of this mafic
volcanic sequence.
Near the hinge of the Split Lake syncline (see Figure 15.3B), the stratigraphic section is similar to
the section along the western limb. Mafic volcanic rocks form the base of the succession and are overlain
by felsic volcanic flows. However, these felsic rocks are substantially thinner, suggesting either volcanic
flow thinning or deformational attenuation due to boudinage. These felsic rocks are conformably overlain

Figure 15.3. Stratigraphic sections in the Split Lake area. See Figure 15.2 for the location of these sections. A–A′ is located on
the west end, B–B′ is located in the north end, and C–C′ is located in the east end of the map area.
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by mafic volcanic rocks and are locally intruded by gabbroic plutonic rocks, which, in turn, are overlain
by a thin layer of felsic pyroclastic rocks. This felsic horizon is overlain by further mafic volcanic rocks at
the top of the Split Lake depositional succession.
On the eastern limb of the Split Lake syncline (see Figure 15.3C), the lowermost unit is aphyric
mafic volcanic rocks, overlain by intermediate and felsic volcanic rocks. The stratigraphic relationship
between the intermediate and felsic rocks is not clear because of folding and a lack of stratigraphic top
indicators and contact relationships. However, mafic volcanic and gabbroic rocks conformably overlie the
intermediate and felsic volcanic rocks. A thin felsic volcaniclastic horizon (partially offset and displaced
by gabbroic intrusive rocks) is interleaved within the mafic volcanic sequence.

Volcanic Rocks
Massive to pillowed mafic volcanic flows are accompanied by flow-top and volcaniclastic facies.
At greenschist facies, the mineral assemblage of the mafic flows consists of chlorite, green amphibole
(either tremolite or actinolite) and plagioclase. At amphibolite grade, the chlorite and green amphibole is
metamorphosed to hornblende. Although aphyric flows dominate the mafic rocks, at least one variolitic
flow was mapped. The varioles are subrounded and are 2 to 10 mm in diameter. Fine- to medium-grained,
massive mafic flows may display internal flow features, such as weak flow banding. On one shoreline
outcrop, at the north end of Walton Lake, internal concentric cooling fractures are preserved (Photo 15.1A).
There is occasional vesiculation near or at the flow contact (Photo 15.1B). The pillowed flows are generally
slightly finer grained than the massive flows and occasionally display flow features such as pillow budding
and pillow rupturing. Pillow selvage widths range from 1 to 5 cm and hyaloclastite and interpillow
sediment is common. The flow-top facies include slump breccias and autobreccias of the underlying
flows, and volcaniclastic flows frequently preserve pillowed and massive fragments. The flow-top
breccias differ from the volcaniclastic breccias in that the latter do not contain brecciated lithic fragments.
Bedding in the flow-top and volcaniclastic rocks is rarely preserved. Several pillow-facing directions
mapped by Page and Moeller (1979a, 1979b) were not found or verified during the present mapping.
In the vicinity of Kirk Lake is a succession of medium green rocks that are relatively unaltered and
continuous along strike, but have lighter green fresh surfaces than the normal mafic rocks. These rocks
were mapped by Page and Moeller (1979a, 1979b) as intermediate in composition. Based solely on
colour, the plagioclase content of these flows appears to be higher than the darker mafic flows and, since
the rocks are distinguishable, they are tentatively identified as intermediate rocks pending geochemical
analysis. These rocks consist of massive, pillowed and brecciated flow-top facies and define an upright
syncline–anticline pair between Kirk Lake and Star Lake (see Figure 15.2). A gradational transition from
massive to pillowed facies and then from pillowed to flow-top facies suggests that structural facing is
toward the north at Kirk Lake. Bedding is rarely preserved in these rocks (Photo 15.1C).
The felsic volcanic rocks are one of the most distinctive rock units in the Split Lake area. The most
prominent unit is up to 2 km thick and is a fine-grained to aphanitic rock consisting predominantly of
quartz, lesser plagioclase and varying quantities (1 to 5%) of medium-grained (2 to 4 mm) quartz
phenocrysts or “quartz eyes”. This felsic volcanic unit is interpreted to consist of several pulses of
volcanism, which is evident from the thick succession of massive, lapilli tuff to tuff breccia and pyroclastic
tuff that occurs southeast of Botsford Lake (Photo 15.1D). Quartz phenocryst content changes vertically
through the succession, but not laterally along strike, further suggesting that these are separate flow units.
Two outcrops of previously unrecognized iron formation were identified east of the Split Lake stock
during the present study. This unit consists of alternating bands of magnetite + garnet + hornblende +
quartz. The magnetite and quartz are fine grained (<1 mm), but the hornblende and garnet crystals range
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from 1 to 4 mm in diameter. The rock is highly magnetic and is in sharp contact with mafic volcanic
flows, which makes it ideal to trace remotely using geophysics. A second outcrop, located directly north
of the Split Lake stock, contains alternating bands of magnetite + hematite + quartz + hornblende. The
presence of hematite and magnetite in these rocks indicates that they are oxide-facies iron formation.

Photo 15.1. Photographs of rock types and textures in the Split Lake area of the Sioux Lookout greenstone belt. A) Mafic
pillowed rocks with concentric cooling fractures. B) Mafic vesiculated pillowed flow. C) Intermediate bedded pyroclastic rock.
The white dashed line is parallel to bedding. D) Felsic volcanic rock displaying internal flow banding. E) Felsic pyroclastic
fragmental rock. One volcanic fragment is outlined by the white line. F) Felsic pyroclastic rock cut by progressive quartz
veining. The black line is parallel to the dominant regional S1 foliation. The large deformed and folded quartz veins are oriented
subparallel to this foliation, whereas the thin, relatively undeformed quartz veins are oriented at a high angle to the foliation.
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A moderately thick band of felsic volcaniclastic rock is located 300 to 600 m southeast of the
Botsford Lake rhyolite in the vicinity of Black Lake. This band of felsic material contains felsic
fragmental clasts supported by a fine- to medium-grained quartz-phyric matrix (Photo 15.1E). Both the
matrix and monolithic fragments consist exclusively of felsic material and the fragments range up to
30 cm or larger in size. Bedding is sporadically preserved in the flow; graded bedding is rarely preserved.
At one isoclinally folded, stripped outcrop to the southwest of Black Lake, graded bedding faces both to
the north and south across strike and is interpreted as a parasitic fold to the Split Lake syncline.

Plutonic Rocks
The oldest plutonic rocks in the area are interpreted to be pretectonic (synvolcanic), fine- to mediumgrained, large gabbro sills and dikes that are commonly oriented oblique to bedding in the mafic volcanic
flow successions. A large gabbro intrusion, located south of Black Lake, is interpreted to be a large feeder
sill or magma chamber. Page and Moeller (1979a, 1979b) mapped such gabbro bodies as mafic volcanic
flows and underestimated the amount of intrusive rock that was present. This massive gabbro is variably
magnetic.
The Lewis Lake batholith, in the northern part of the map area, is a medium- to coarse-grained tonalite
to granodiorite containing quartz, plagioclase and potassium feldspar with phenocrysts of coarse-grained
quartz and potassium feldspar. Dikes extend from this batholith and intrude the volcanic rocks along
bedding contacts. One relatively large dike can be traced for 6 km along a contact with a felsic tuffaceous
unit. This dike has a contact metamorphic aureole that extends into the volcanic rocks for up to 100 m from
its contact. The volcanic rocks range up to mid-amphibolite grade metamorphism within this aureole.
The Split Lake stock is a medium-grained tonalite to granodiorite, composite intrusion located near
the centre of the Split Lake area. It is dominated by quartz and plagioclase with either biotite or
hornblende, and is typically quartz porphyritic. It is characterized by a marginal phase of hornblende
tonalite with an inner core of biotite tonalite.

STRUCTURAL GEOLOGY
In the Split Lake area, 1 regional foliation, 2 local foliations and 1 regional lineation affect the
supracrustal rocks. The regional foliation is the earliest and most dominant rock fabric in the belt (S1) and
it is defined differently in mafic and felsic volcanic rocks. In mafic and intermediate volcanic rocks and
mafic intrusive rocks, S1 occurs as a planar alignment of chlorite to form a continuous flattening foliation.
In felsic volcanic rocks, it is a spaced, discontinuous foliation defined by planar quartz and sericite. Of the
2 local foliations, 1 is spatially associated with the Miniss River fault and the other is spatially associated
with folding near Black Lake (see Figure 15.2). The foliation associated with the Miniss River fault (S2)
is a weak- to medium-spaced foliation that is oriented at a shallow angle, either clockwise or
counterclockwise, to the regional S1 foliation. It is interpreted to have formed as an S-C fabric
relationship with the S1 foliation, which is significant because the S2 foliation can be tied to the Miniss
River faulting event. The other local foliation (S3) is a spaced, crenulation cleavage that reorients the S1
foliation. It is associated with gentle local folding in the vicinity of Black Lake. The regional L1 lineation
is consistently oriented down-dip on the S1 plane. It occurs as mineral and stretching lineations defined by
aligned and elongate hornblende, crenulated chlorite and stretched clasts and fragments.
The orientation of rock fabrics changes drastically throughout the Split Lake area. The S1 foliation,
being the most dominant rock fabric, provides a pattern of regional foliation trends throughout the
volcanic rocks in the map area. In the southwest section of the Split Lake area, the S1 foliation trends
northeast and is oriented subparallel to bedding. In the northwest part of the area (near Black Lake), both
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bedding and S1 foliation measurements trend to the east, although the S1 foliation is typically oriented
counterclockwise to bedding trends. In the east part of the map area, both bedding and S1 measurements
trend northeast. These relationships between bedding and the S1 fabric, combined with the lithological
map pattern, suggest a synclinal, belt-scale F1 fold axial trace that trends parallel to S1 and potentially
connects similar rock types from the west to the east side of the map area. Furthermore, the trend of the S1
foliation is deflected by the emplacement and doming of the Split Lake stock, suggesting that the pluton
postdates the regional deformation.

Faulting
The Miniss River fault (see Figure 15.2) is a major regional structure that extends through the Split
Lake area. It is the structural contact between the gneissic rocks of the Winnipeg River Subprovince and
the granitic and supracrustal rocks of the western Wabigoon Subprovince (Bethune, Helmstaedt and
McNicoll 2006). In the vicinity of the Split Lake area, the Miniss River fault is poorly exposed; however,
deformational fabrics were used to infer the nature of the fault. The Miniss River fault trends northeast
through Botsford Lake (Ontario Geological Survey 2002; Bethune, Helmstaedt and McNicoll 2006), which
forms the western extent of the Split Lake area. The S1 foliation intensifies along the shore of Botsford Lake
and has the same orientation as the geophysical trace of the Miniss River fault, suggesting that either the S1
foliation is coeval with faulting or that faulting reactivated this planar weakness. Local rotation and
realignment of the S1 chloritic foliation forms a second spaced foliation (S2), which is interpreted as an S-C
fabric associated with shearing and suggests that there are 2 stages of displacement along the fault.

Folding
There are 2 areas of significant folding located in the vicinity of Kirk Lake and south of Black Lake.
The Kirk Lake area hosts largely mafic and intermediate volcanic rocks regionally folded about a
northeast-trending axial plane. This fold is recognizable in the regional aeromagnetic geophysical data
(Ontario Geological Survey 2002). In addition, Page and Moller (1979b) defined the folded outcrop
pattern of the intermediate volcanic rocks. If the geophysical signature is correct, the axial trace of this
newly defined fold is parallel to the S1 foliation. This Kirk Lake fold is interpreted to be coeval with
development of the S1 foliation and deformation along the Miniss River fault.
The second area of local folding is located directly south of Black Lake where the lithological
contact between a felsic pyroclastic tuff and mafic metavolcanic flow is tightly to isoclinally folded. The
folds are defined by a reversal in younging in graded pyroclastic units and the outcrop pattern of folded
rocks. The axial planes of these folds strike east and dip steeply north, consistent with the orientation of
the S1 foliation. Measurements of bedding relative to the S1 foliation are consistent with the asymmetry of
parasitic folding and can be used to determine the relative position of the larger fold pattern. These folds,
like the Kirk Lake fold, are interpreted to be coeval with the development of the S1 foliation.

METAMORPHISM
Rocks in the Split Lake area are metamorphosed to greenschist facies with local areas of higher
metamorphic grade. Amphibolite-facies contact metamorphic aureoles surround the Split Lake stock and
Lake of Bays batholith and extend for up to 400 m into the adjacent supracrustal rocks. The greenschistfacies mafic and intermediate volcanic rocks are typically composed of chlorite, plagioclase and varying
amounts of actinolite and epidote. At amphibolite facies, hornblende, biotite and plagioclase are the
dominant mineral phases.
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ALTERATION AND MINERALIZATION
The Split Lake area contains a significant number of historical gold showings, prospects and
properties. The mineralized occurrences are grouped into 2 regional areas: the northern occurrences near
Black Lake and the southern occurrences between Kirk and Forty Mile lakes (see Figure 15.2).
Gold mineralization in the vicinity of Black Lake is hosted by a highly altered felsic rock unit
interlayered with mafic volcanic rocks (Photo 15.1F). The felsic rock unit is an intensely folded fine- to
medium-grained, volcaniclastic rock with rare to abundant (0 to 10% by volume) subangular quartz
porphyritic felsic fragmental clasts and is interpreted to be pyroclastic in origin. Strong ankerite alteration
is pervasive throughout the rock unit, which is cut by 2 generations of quartz veins. The quartz veins are
related to the dominant S1 foliation: thick (5 to 20 cm wide) folded tension gashes are oriented subparallel
to the S1 foliation, whereas thin (1 to 5 cm wide) brittle crack-seal veins are oriented at a high angle to S1.
The tension gash quartz veins are highly folded and display both S- and Z-shaped asymmetry: tension
gashes oriented clockwise to S1 have Z-shaped asymmetry, whereas those oriented counterclockwise have
S-shaped asymmetry. While both vein sets contain sulphide mineralization (pyrite, minor chalcopyrite
and local arsenopyrite), the tension gashes contain higher concentrations. In areas where fold hinges can
be defined, an intensification of the S1 foliation and increased porosity results in green mica alteration
along S1 foliation planes.
The southern gold showings are located along sheared lithological contacts within the mafic rocks.
The historic Alcona Mine, a separate gold showing 600 m northwest of the shaft, and the Michaud Lake
showing are situated along the sheared contact between aphyric and variolitic mafic flows, and the gold
showing south of Enira Lake is situated along a mafic volcanic–gabbroic contact. Quartz veins are
oriented counterclockwise to the shearing and contain significant ankerite, pyrite and lesser chalcopyrite:
these veins and likely the margins of the wall rock are interpreted to host gold mineralization. The rocks
at the Alcona property are sheared oblique to stratigraphy, suggesting the gold-bearing fluids were
focussed through the structural corridor. Mineralization seems to be focussed at the intersection of shear
zones and lithological contacts.

RECOMMENDATIONS
In the Split Lake area, folds and faults are interpreted to have played a key role in focussing goldbearing hydrothermal fluids. The gold occurrences are largely centred on the intersection of fold hinges or
northeast- and east-trending faults and lithological contacts. South of Black Lake, the eastward
continuation of the felsic volcaniclastic unit is likely more folded than is shown in Figure 15.2 and
warrants further exploration. To the south, gold mineralization (including the past-producing Alcona
Mine) is spatially located near the intersection of lithological contacts and an east-trending shear zone.
It is possible that additional mineralization lies along this structure.
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INTRODUCTION
This article represents the first report of a four-year PhD thesis study designed to study the
geodynamic setting of volcanogenic massive sulphide (VMS) mineralization in the Shebandowan,
Vermilion, Winston Lake and Manitouwadge greenstone belts, which are relatively the same age (Davis,
Schandl and Wasteneys 1994; Peterson et al. 2001) and are found along the northern margin of the Wawa
Subprovince. This thesis work is supported by the Ontario Geological Survey and the Department of
Earth Science at Laurentian University through the OGS Graduate Mapping School Program.
Mapping this summer focussed on investigating the volcanology and geodynamic setting of the
Shebandowan greenstone belt (SGB). Mapping was completed along semi-linear transects oriented
perpendicular to regional stratigraphy throughout the SGB in areas of known VMS mineralization.
Understanding the depositional history and setting of the Shebandowan and other time-stratigraphic
equivalent (2720 Ma) greenstone belts is critical to understanding the assembly of the Superior Province
during the Neoarchean.
The SGB of the western Wawa Subprovince in northwestern Ontario is an approximately 200 km
long, arcuate greenstone belt located west of Thunder Bay, Ontario, which is bounded to the north by the
Quetico metasedimentary subprovince and is unconformably overlain to the south by Proterozoic strata of
the Animikie basin and Duluth intrusive complex (Figure 16.1). The SGB is a composite of the
Shebandowan and Saganagons greenstone belts. It has been proposed that these 2 greenstone belts were
once continuous (Williams et al. 1991) and have been interpreted to be of the same age (Corfu and Stott
1988). Williams et al. (1991) divided the SGB into 3 assemblages: the opposite-facing Greenwater and
Burchell assemblages, and the younger overlapping Shebandowan assemblage (Shegelski 1980).
Uranium–lead (U/Pb) geochronology (Corfu and Stott 1986, 1998) has shown that the Greenwater,
Burchell and Saganagons assemblages are virtually the same age (circa 2720 Ma). Accordingly, these
3 assemblages were recombined as the “Greenwater” assemblage (Corfu and Stott 1998), which is
associated with most, if not all, of the VMS-style mineralization described in the SGB (e.g., Farrow 1993,
1994; Osmani 1997a). Corfu and Stott (1998) also described the younger Kashabowie (2695 Ma) and
Shebandowan (Timiskaming-type, 2685 to 2690 Ma) assemblages associated with D1 and D2 events,
respectively.
Exploration and mining of base-metal deposits throughout the SGB have been ongoing since the
early part of the 20th century. Past-producing base-metal mines in the region have questionable origins
(North Coldstream copper-gold mine; e.g., Farrow 1995) or are associated with ultramafic sills and/or
komatiitic flows (e.g., Shebandowan nickel-copper mine; Morton 1982). Despite relatively continuous
exploration, the endowment of VMS-style mineralization for such a large belt is very small compared to
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.16-1 to 16-22.
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Figure 16.1. General geology of the Shebandowan greenstone belt showing location of mapped transects. Co-ordinates are in UTM Zone 15, NAD83.
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time-equivalent successions at Winston Lake and Manitouwadge, and known deposits are noneconomic
(total combined discovered VMS deposits <1.0 Mt: Farrow 1993, 1994; Hart and Trebilcock 2006;
Osmani 1996). Rocks of the SGB are interpreted to have been deposited in a submarine island arc to
rifted arc tectonic environment (e.g., Corfu and Stott 1998; Hart and Trebilcock 2006; Osmani 1996), a
common volcanic environment associated with economic VMS deposits elsewhere in the Superior
Province (e.g., Franklin et al. 2005; Galley, Hannington and Jonasson 2007). A better understanding of
the regional stratigraphy and tectonic history of the Shebandowan greenstone belt will aid in future
mineral exploration efforts.

ACCESS AND PREVIOUS WORK
The Shebandowan greenstone belt extends from Thunder Bay to the Quetico Provincial Park along
Highway 11 to the village of Kashabowie, where the greenstone belt bends southward and is accessed
through the logging road network from Route 802 South leading to the Greenwood Conservation Area.
Eastern parts of the belt were accessed through residential roads that extend northward between the town
of Kakabeka Falls and Highway 102. Southern transects were accessed through logging road networks off
of the Boreal and Adrian Lake roads approximately 13 km west of the town of Kakabeka Falls on Route
590. Central parts of the belt were accessed by Gold Creek Road, which is approximately 5 km west of
the village of Shebandowan on the Shebandowan Mine Road.
Most of the Shebandowan greenstone belt has been mapped by the Ontario Geological Survey within
the last 20 years. However, some areas, such as the Saganagons greenstone belt, have not been mapped
since the 1960s (e.g., Harris 1968). Field studies in the SGB have been regional, and township mapping
projects (e.g., Brown 1995; Hart and Trebilcock 2006; Osmani 1997a; Rogers and Berger 1995) did not
focus on detailed stratigraphic sections or regional variation in volcanic lithofacies. Studies that focussed
on VMS mineralization at the property scale (e.g., Farrow 1994, 1995; Franklin 2003, 2005; Osmani
1996) are essentially isolated studies that did not discuss or compare the lithofacies, geochemistry and
mineralization between adjacent properties, prospects or between greenstone belts.

MAPPING RESULTS
Nine transects (see Figure 16.1) were mapped and sampled at scales of 1:20 000 or in greater detail
where outcrop coverage was extensive enough to allow for more detailed observations. Mapping was
aimed at 1) defining and describing lithofacies and establishing a stratigraphy; 2) reconstructing the
tectonic history; and 3) sampling for geochemical, isotopic and petrographic analyses that will be the
framework for establishing the relationships between the SGB and time-stratigraphic equivalent
greenstone belts. Numbers assigned to transects represent the order of which they were visited. In the
description that follows, volcaniclastic nomenclature is based on the nongenetic granulometric
classification originally proposed by Fisher (1966) and is based on variations in the percentage and size of
clasts (>2 mm) relative to matrix (<2 mm).

Transect 1. Shebandowan–Duckworth
The Shebandowan–Duckworth transect is a predominantly north-to-south-oriented transect with
mapping completed along Gold Creek Road through Duckworth Township and around the village of
Shebandowan (see Figure 16.1). The section is dominated by near east-striking volcanic rocks, gabbroic
intrusions and 2 Timiskaming-like sedimentary basins. The sedimentary basins divided the transect into
3 main components: the northernmost Shebandowan village area, the central Conacher–Duckworth
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townships area, and the southernmost Gold Creek area in Duckworth Township. The transect terminated
at the contact with the Quetico Subprovince to the north and with the granitic Kekekuab Lake pluton to
the south. Late syenitic dikes are also present.
In the vicinity of the village of Shebandowan, rocks are predominantly fine-grained, aphyric to
plagioclase-phyric massive mafic flows to flow breccias with fluidal fragments in a chloritic matrix. Near
the contact with the Shebandowan pluton, the rocks were strongly cleaved with a schistose fabric and
primary textures in the flows were destroyed. Although no younging indicators were identified, previous
workers in the region have identified pillowed flows indicating a northward younging of strata (Morin
1970). At the boundary with the Quetico Subprovince, mafic rocks were isoclinally folded as indicated by
tightly folded, narrow bands of plagioclase phenocrysts in an otherwise massive green coloured mafic
flow. Sedimentary rocks, exposed amongst mafic flows near the contact, provide additional evidence for
folding at the Shebandowan greenstone belt–Quetico Subprovince boundary. Medium- to coarse-grained,
equigranular gabbroic intrusions, with locally developed weak cleavage, are present just north of
Highway 11 along the main transmission line. Other intrusions include a pink-weathering, feldspar-rich
monzonite dike.
The central region between the 2 Timiskaming-like basins in Conacher and Duckworth townships
are also dominated by mafic flows, pillows, and flow breccias and an irregular gabbroic intrusion (see
Figure 16.1). Mafic flows are fine grained, aphyric to coarsely plagioclase phyric (up to 3 cm crystals),
and are massive to moderately cleaved. The coarsely plagioclase-phyric mafic flow is an important
regional marker unit as it appears in several of the transects mapped this summer. Pillow shapes, mapped
in this study and in previous work (Rogers 1995b), indicate that the succession youngs southward.
Ultramafic flows or sills are common in the Shebandowan Mine–Greenwater Lake area to the west (see
below) and, due to lack of primary structures, the exact level of emplacement of these ultramafic bodies
remains uncertain (e.g., Morton 1982). However, 2 exposures of a mafic to ultramafic breccia with
spinifex-textured ultramafic and pillow fragments (Photo 16.1A) were mapped during this study and
comprise the only definitive evidence for ultramafic extrusive rocks in the Shebandowan Mine–
Greenwater Lake area. Gabbros are mainly medium grained, massive and nondescript.
The southern part of the transect between the southern Timiskaming-like basin and the Kekekuab
Lake pluton (see Figure 16.1) is composed of significantly different supracrustal assemblages than the
northern parts of the transect. Grading in monolithic felsic tuff-breccia lithofacies suggest a southwardyounging succession; however, regional map patterns and variation in cleavage are suggestive of folding
(Rogers 1995b). The transect is predominantly underlain by interbedded intermediate to felsic tuffs, lapilli

Photo 16.1. Field photographs from the Shebandowan–Duckworth transect: A) spinifex-textured pillow breccia fragments; and
B) rimmed lapilli in felsic tuffs associated with the Gold Creek occurrences.
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tuffs, tuff breccias and minor flows. Intermediate rocks are characterized by feldspar-rich tuffs, lapilli
tuffs and heterolithic tuff-breccia lithofacies interpreted to be debris flow units. Matrix to these tuffs was
typically chloritic and likely is the result of alteration of more felsic protoliths since fragments are often
felsic in appearance with up to 10 to 15% quartz crystals. A massive to autobrecciated feldspar-phyric
intermediate flow was described near the southern end of the transect. Felsic rocks are white in colour and
typically have quartz phenocrysts up 5 mm in size that compose up to 20% of the rock. Massive quartzphyric flows to hypabyssal intrusions are present near the Gold Creek mineralized zone and near the
northern contact with Timiskaming-type sedimentary rocks. Massive felsic rocks to the north are closely
associated with a thickly bedded, monolithic tuff breccia to autobreccia suggestive of a collapsed felsic
dome. Other felsic rocks include bedded lapilli tuffs, tuff breccias, and massive tuffs that are typically
matrix-supported and are thickly bedded and locally graded. In the vicinity of the Gold Creek
mineralization, patchy and fracture-associated yellow sericite alteration and pyrite mineralization is
common in the felsic tuffs and lapilli tuffs. These altered and mineralized lapilli tuffs have fragments that
are similar in composition to the matrix and the fragments have darkened rims (Photo 16.1B).
Structurally, the intermediate and felsic rocks of this part of the transect are variously foliated throughout
to locally highly fissile near the northern part of the transect. Clasts within lapilli tuffs and tuff breccias
have been tectonically flattened and stretched. A single mafic unit was mapped at the “top” of the
stratigraphic section where it is in contact with the Kekekuab Lake pluton. The mafic unit is fine to
medium grained and massive, possibly due to recrystallization associated with contact metamorphism.

Transect 2. Vanguard–Coldstream
The Vanguard–Coldstream transect was largely oblique to regional strike and concentrated on
exposures on Route 802 South and along logging roads that extend southeast toward Upper Shebandowan
Lake (see Figure 16.1). The Vanguard East prospect and additional exposures are located on private
residential roads near the village of Kashabowie on Highway 11. The transect terminates to the north at
Highway 11 and is cut off to the south by the Haines gabbroic complex and the Upper Shebandowan Lake
shear zone system (USSZ) approximately 10 km along Route 802 South (Osmani 1997c). As evidenced
by the strong foliation, kink bands and the presence several shear zones as mapped by Osmani (1997c),
determining the stratigraphy in this transect is not possible because of lack of outcrop and structural
complexity resulting in multiple fault and/or fold repetitions. Shearing and faulting are common because
of the close proximity of the transect to 2 major shear zones: the Crayfish Creek fault (Hodgkinson 1963)
and the USSZ (Osmani 1997c). However, graded bedding in mafic volcaniclastic rocks described in this
study and pillow shapes documented in previous work (Osmani 1997c) show a consistent younging
direction to the north and northwest.
The Vanguard–Coldstream transect is underlain by a predominantly mafic succession that has been
sheared, foliated and kinked at the north end near the intersection with 2 major shear and/or fault zones.
The southernmost part of the transect is represented by a succession of fine-grained, moderately to
strongly cleaved mafic flows with local carbonate-filled amygdules and flow-breccia units. Mafic flow
breccias or debris flows contain fine-grained to aphanitic, aphyric fragments up to 0.5 to 1 m long
(average 30 cm) that are fluidal in shape (Photo 16.2A). To the north (and stratigraphically above if the
stratigraphic succession is intact) is a 0.5 km thick succession of foliated and laminated mafic tuff with
millimetre-scale laminations noted by brown and dark green discontinuous layers that are likely
boudinaged and deformed. Similar tuffaceous mafic rocks are associated with the massive sulphide
mineralization at the Vanguard East and West prospects 7 km along regional strike. Tuffs are commonly
siderite altered with patchy stretched pyrite clusters with trace amounts of sphalerite. Stratigraphically
above the mafic tuffs is a 1 to 1.5 km thick succession of moderately to strongly foliated, massive mafic
flows that are commonly variolitic (Photo 16.2B). Locally, the flows are more appropriately described as
chlorite schists where shearing and deformation is intense and primary texture is destroyed. Flows are

16-5

Precambrian Geoscience Section (16)

R.W.D. Lodge

locally silicified and contain 1 to 2% large, irregular and elliptical quartz-filled amygdules. There are a
few exposures of pillows, or at least evidence for their selvages. At the base of these flows at the contact
with a gabbro is a thin 50 to 100 m thick unit of a sericite-chlorite schist that is probably intermediate in
composition. This rock has millimetre- to centimetre-scale light and dark grey bands that are caused by
differences in sericite abundance. The mafic flows are capped by a 200 to 300 m thick chloritic schist
zone with strong to intense foliation and little preserved primary textures. A 300 to 400 m thick unit of
felsic to intermediate volcaniclastic rocks overlies the chloritic schist to the north. These rocks have
cleaved and stretched quartz- and feldspar-phyric fragments averaging a few centimetres in size but as
large as 30 cm. The matrix is aphanitic and contains small feldspar crystals. The stratigraphy in this
transect is capped by an approximately 500 m thick succession of amygdaloidal to pillowed mafic flows
with weak to strong foliation. Where cleaved, the mafic flows are more siliceous, chlorite altered, and
mineralized with fine-grained, fracture-associated pyrite.
Intrusions in this transect are largely medium- to coarse-grained, massive, equigranular to
plagioclase- and/or pyroxene-phyric gabbros. The gabbros that intrude the southern part of the transect
tend to be massive and equigranular. Gabbroic intrusions that are in the middle and northern parts of the
transect tend to be pyroxene and plagioclase phyric, respectively. Locally, the gabbros are rich in
magnetite. In the East Coldstream gold prospect area, there are fine-grained felsic sills that are grey to
white in colour, are sparsely quartz-phyric, and are siliceous to almost cherty and typically contain thin
wispy chlorite clusters that are less than 1 to 3 cm in size. These have local weak siderite alteration.
Minor syenite dikes are also present.

Transect 3. Grouse Lake–Hermia Road
The Grouse Lake–Hermia Road transect was mapped using several logging road networks that
branch off of Route 802 South between 10 and 16 km south of Highway 11 (see Figure 16.1). These
logging roads are generally perpendicular to oblique to regional strike. They cross a 5.5 km thick section
of supracrustal rocks, between Greenwater Lake and the Burchell Lake pluton, and is bisected by the
USSZ (Osmani 1997c). Exposure was enhanced by recent logging activity and many primary structures
were visible. This transect can be subdivided into 2 sections: an upper part to the northeast of the USSZ,
and a lower part located to the southwest of the shear zone. The shear zone itself is a 1 to 1.5 km thick
zone comprised of several anastomosing shear zones through a predominantly mafic flow and tuff
succession with minor gabbroic to ultramafic plug-like intrusions. There are minor thin units of strongly
altered and foliated intermediate tuffaceous lithofacies that are very dark in colour and contain up to 30 to
40% garnet porphyroblasts up to 1.5 cm in size.

Photo 16.2. Field photographs from the Vanguard–Coldstream transect: A) mafic flow breccia; and B) variolitic mafic flow at
stripped outcrop at the Vanguard East prospect.
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The upper part of the Grouse Lake–Hermia Road transect is predominantly a sericitic, foliated and
deformed felsic to intermediate volcanic succession composed of sericite-altered felsic flows to
autobreccias, heterolithic lapilli tuffs to tuff breccias, and quartz-phyric felsic flows to flow breccias.
Younging directions toward the northeast are inferred from pillows in mafic flows by Osmani (1997c);
however, folding, shearing, and faulting within the adjacent felsic units suggest that there are multiple
reversals in facing. Assuming the succession is northwest younging, the lower portion of this part of the
transect is marked by a white-weathering quartz- and feldspar-rich felsic flow to autobreccia. Phenocrysts
are up to 2 mm in size and locally compose up to 20 to 25% of the rock. In some areas, there are
centimetre-scale quartz blobs that may be structural in origin, but also be could be vugs or clasts. Felsic
flows are overlain by strongly foliated, felsic to intermediate, matrix-supported lapilli tuffs to tuff breccias
that are fractured and quartz veined on fold axes resembling fold-thrust stacks, but with minimal
displacement. Poorly sorted fragments are typically very fine grained to aphanitic, and are yellow-white,
pink, green, and grey in colour, up to 3 cm in size, and compose 10 to 40% of rock. Locally, fragments
are as large as 15 cm. To the northwest, overlying the heterolithic debris flows, are moderately to strongly
sericite-altered felsic flows. There is frequently almost complete replacement of original rock with sericite
and silica except for a few “fragments” separated by anastomosing yellow sericite. Locally, sericite
alteration can be so intense that the rock has become yellow in colour, has a strongly kinked foliation and
displays fluorite-filled fractures. Above the sericitic flows are bedded heterolithic lapilli tuffs defined by
variation in lapilli size and composition. Sericitization is also prominent in these rocks. Matrix to the
lapilli tuff is rusty coloured, and contains fragments of aphanitic felsic to intermediate volcanic rocks to
minor cherty clasts. There are minor monolithic beds with predominately centimetre-scale intermediate
volcanic fragments. The sericitic felsic units are capped by an epidote-altered mafic flow with trace pyrite
mineralization and moderate epidote-quartz alteration in fractures and patches in the rock. There is also a
possible synvolcanic, medium-grained, irregular finger-like tonalitic dike in the mafic flows.
The lower part of the Grouse Lake–Hermia Road is highlighted by a southward-younging, seemingly
relatively intact, stratigraphic succession composed of a semi-conformable epidote-quartz alteration zone
within pillowed mafic flows underlying a thick unit of finely bedded felsic tuff to lapilli tuff with local
sericite alteration and local sulphide mineralization. This part of the transect has the regional
characteristics of a VMS-producing environment (e.g., Galley, Hannington and Jonasson 2007) and the
stratigraphic section is summarized graphically in Figure 16.2. The base of this succession is composed of
massive to pillowed and locally flow brecciated mafic flows with minor massive intermediate flows.
Foliation in these flows ranges in intensity and noted by stretched pillows and amygdules. Primary flow
textures and structures were destroyed in strongly cleaved zones. The amount and degree of deformation
and flattening seems to decrease to the southeast and stratigraphically upward. These flows are
moderately to strongly epidote-quartz altered (Photo 16.3A) in patches, fractures and pillow cores over a
strike length of approximately 4.5 km from Grouse Lake to Firefly Lake. Overlying the mafic and
intermediate flows is an approximately 200 m thick unit of bedded intermediate tuff to lapilli tuffs with
minor beds of heterolithic lapilli tuff or debris flows and magnetite-chert iron formation. Some of the fine
tuffaceous layers and the debris flow are chlorite and garnet altered and have associated pyrite
disseminations. A thin, discontinuous pillowed mafic flow partially separates the intermediate chloritic
tuff from the overlying bedded felsic tuff and lapilli tuff. The felsic tuff is the most prominent and
probably best exposed unit in this part of the transect. Beds range in size from less than 10 cm in tuff and
sandy tuff layers to over 1 m thick in more lapilli-rich layers. Tuffs are predominantly feldspar rich with
minor muddy fine-tuff beds and quartz-bearing tuff beds. Fine sandy tuff beds are often graded and fine
southward. Lapilli tuff layers range from matrix to fragment supported, have centimetre-scale monolithic
fragments that are typically aphanitic to fine grained, white-coloured and felsic in composition. Locally,
fragments are bomb sized. Bedding in the tuff unit is remarkably planar in both tuff and lapilli layers and
the contact between beds are sharp. Local zones of strong deformation in bedded units seem to be formed
prior to lithification because foliation and cleavage intensity do not increase in these zones of strong
internal folding. Rare bomb-sag structures are preserved in the tuff beds (Photo 16.3B). The felsic tuff
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unit has local pyrite patches and disseminations with rare sphalerite. Alteration is typically sericitic and
ranges in intensity from weak to moderate and locally strong in zones of mineralization. The felsic tuff
succession is overlain by locally foliated and deformed mafic flows that have moderate to strong epidote
alteration as boudinaged veins and patches.

Figure 16.2. Graphic logs of mapped stratigraphy in surface exposures in the lower part of the Grouse Lake–Hermia Road
transect. Younging direction is based on pillow shapes and graded bedding in tuffs. Abbreviations: chl = chlorite; epi = epidote;
py = pyrite; qtz = quartz; ser = sericite; sp = sphalerite.
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Gabbroic intrusions are common in both the footwall mafic to intermediate flows and in the hangingwall flows. A layered gabbroic intrusion, noteworthy for variations in pyroxene phenocryst size and
orientations, occurs in the lower part of the succession near the southwestern tip of Upper Shebandowan
Lake. Gabbros near Grouse Lake are often “knobby” textured with 2 to 4 cm knobs of gabbro separated
by 1 to 2 mm thick weak anastomosing cleavage interpreted to be the initial stages of foliation
development. Biotite lamprophyre dikes trending north are present in this section. Some of these dikes are
xenolith rich with abundant centimetre- to decimetre-scale, rounded actinolite nodules and blocky
xenoliths of medium- to coarse-grained gabbroic and granitic intrusions.

Transect 4. Mud Lake Road
The Mud Lake Road transect was mapped in order to establish the stratigraphic setting that hosts the
Mud Lake zinc occurrence (Farrow 1993) on Highway 102 in Oliver and Ware Townships (see Figure
16.1). Unfortunately, easily accessible outcrops were sparse and stratigraphy was difficult to determine
based on this study’s mapping alone. Therefore, to aid in stratigraphic reconstruction, regional maps were
consulted (Brown and Fogal 1995a, 1995b) and will be checked in the field in 2011. No younging
directions were found in this transect, but, regionally, are consistently northward based on pillows and
graded bedding in tuffs (Brown 1995). The transect was accessed via residential and logging roads north
of Oliver Road in Kakabeka Falls to Highway 102 and to the northern boundary of the SGB with the
Quetico Subprovince in Ware Township.
Based on younging directions reported by Brown (1995), the youngest rocks in the transect are
massive to pillowed mafic flows and pillow breccias. Minor massive pyroxene-phyric flows are observed
also. Outcrops were generally of poor quality and primary textures were difficult to identify. Pillow
breccias are composed of centimetre-scale fragments with thin fluidal glassy selvages or matrix.
Stratigraphically above the mafic flows are mafic to intermediate lapilli tuffs to tuff breccias that appear
to be andesitic in composition. Fragments are stretched, plagioclase-phyric and average 3 cm in size
hosted in darker green-coloured matrix. Fragments may compose up to 50% of the rock. Locally, these
are interpreted as flow breccias as blob-like flow fragments are hosted in matrix of hyaloclastite and
carbonate. Overlying these intermediate lapilli tuffs and tuff breccias is an approximately 1.5 km thick
succession of massive plagioclase-rich intermediate flows with minor interbedded mafic flows and flow
breccias. The intermediate flows are fine grained, feldspar rich and contain few mafic minerals.
Intermediate flows are overlain to the north by mafic to intermediate heterolithic, matrix-supported tuff
breccias. Fragments compose up to 30 to 40% of the rock and range from medium-grained mafic, purple

Photo 16.3. Field photographs from the Grouse Lake–Hermia Road transect: A) epidote-quartz altered mafic flows; and
B) bomb-sag structure in bedded felsic tuff.
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to white intermediate, and feldspar-phyric mafic clasts. The matrix is mafic in composition and has 1 to
2 mm feldspar crystals. Locally, more felsic to intermediate volcaniclastic units are present with primarily
white to pink, feldspar-phyric fragments. These intermediate to mafic tuff breccias are overlain by the large
and extensive felsic succession that hosts the Mud Lake zinc occurrence. This felsic unit is very extensive
along the boundary between Oliver and Ware townships (Brown and Fogal 1995a, 1995b); however, limited
outcrops were visited this summer and additional mapping is required to determine lithofacies variation
within the unit. The Mud Lake zinc occurrence is a thinly bedded to brecciated chert, magnetite and
sulphide (pyrite and sphalerite) horizon approximately 0.5 m thick at the contact between a dark grey
quartz- and feldspar-phyric felsic dome (that is locally autobrecciated) and a massive to autobrecciated,
feldspar-phyric felsic flow (Farrow 1993). The partly felsic unit that was visited west of the zinc occurrence
along strike is also autobrecciated felsic flows and lapilli tuffs with 1 to 3 cm subangular to subrounded
clast-supported fragments in a matrix of similar composition with coarse quartz and feldspar phenocrysts.
From the Mud Lake top of the felsic succession to the Quetico Subprovince–Shebandowan greenstone belt
boundary is a succession of weakly to strongly foliated, massive to pillowed mafic flows. Interlayered with
the mafic flows are thin units of intermediate heterolithic tuff breccia to tuffaceous conglomerate with a fine
lithic and crystal tuff matrix. Fragments are up to 20 cm in size and are composed of fine-grained mafic,
coarse-grained gabbro, chert and massive sulphides (pyrite). Z-kinked, pink-weathering intermediate to
felsic sandy tuffs with sparse medium-grained felsic fragments are also interlayered with the mafic flows.
These felsic tuffs are massive to weakly laminated noted by colour differences.
Several mafic dikes, less than 1 m thick, intrude the intermediate lithofacies. Very thin, parallel
aplitic dikes intrude the mafic to intermediate heterolithic lapilli tuffs and tuff breccias stratigraphically
below the Mud Lake felsic succession. A single outcrop of a felsic to intermediate intrusion with long,
acicular 3 to 4 cm amphibole needles was observed in the intermediate–mafic flow succession. Biotitelamprophyre and mafic dikes are observed in the mafic flows near the Shebandowan greenstone belt–
Quetico Subprovince boundary.
Structurally, the lithofacies of the Mud Lake Road transect were massive to weakly foliated, except
near the northern margin of the greenstone belt, where rocks were moderately to strongly foliated and
contained thin brittle faults with minimal displacement. Alteration is very weak to absent and consists of
finely disseminated and patchy chlorite and sericite. Even the felsic lithofacies that host the Mud Lake zinc
occurrence are very weakly altered, with only localized sericite alteration resulting in a faint lightening in
colour compared to unaltered felsic lithofacies. This suggests that the hydrothermal system that resulting in
the mineralization at Mud Lake was either short lived and localized or distal to the main hydrothermal vent.

Transect 5. Shebandowan Mine–Greenwater Lake
The Shebandowan Mine–Greenwater Lake transect was accessed via roads in the Shebandowan
Mine property (owned by Vale, as of October 2010) and from logging roads accessible from the property
that lead north to the margin of the Shebandowan pluton and south as far as Horseshoe Lake (see Figure
16.1). Additional outcrops were mapped in the Pinecone Lake area that is accessible by logging roads
south of Greenwater Lake. The succession is folded and is likely thrusted repeatedly based on multiple
reversals in younging directions documented in previous work (Morton 1982; Osmani 1997b). The
northern margin of this transect is structurally influenced by the Crayfish Creek fault and related shear
zones trending approximately east-southeast. Several fold axes and strike-parallel fault or shear zones are
mapped throughout the area covered by this transect (Osmani 1997b); further mapping and structural
analyses are required to determine the stratigraphy. Therefore, rocks will be described in terms of
lithologic domains rather than in terms of stratigraphic units. The transect can be divided into 3 lithologic
domains: a northern domain composed of mafic to felsic lithofacies, a “mine” domain in the middle of
the transect composed of mafic to ultramafic flows and/or sills and chert-magnetite iron formation, and a
southern domain composed of a succession of mafic to felsic lithofacies with minor iron formation.
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The northern domain is defined as the part of the transect that extends north from the first appearance
of intermediate to felsic rocks at near the boundary between Haines and Begin townships to the margin of
the Shebandowan pluton (Osmani 1997b). The largest unit of intermediate to felsic rocks are intermediate
lithic tuffs, pyroclastic breccias and flow breccias. Monolithic volcaniclastic layers contain subrounded to
subangular fragments of intermediate volcanic rocks up to 10 to 15 cm in a clast-supported framework.
Heterolithic volcaniclastic layers contain felsic to intermediate fragments and minor amygdaloidal, maficlooking fragments with wispy margins. Additional intermediate lithofacies are exposed near the middle of
the domain to the north. These are massive plagioclase-bearing intermediate tuffs or a flow with
anastomosing cleavage and 1 to 5 mm plagioclase crystals composing 60 to 70% of rock. Locally, these are
Z-folded and banded on millimetre scale with no obvious fragments. Mafic lithofacies in this domain are
massive, pillowed and pillow brecciated flows that are typically aphyric and, locally, have spherulitic pillow
margins and/or cores. Pillow selvages are typically thin and chloritic. Massive flows are weakly to strongly
foliated with local sparsely amygdaloidal zones. Ultramafic lithofacies, although more commonly associated
with the “mine” domain, are present as a thin layer of polygonally jointed and serpentinized flows and/or
sills with minor amounts of talc resulting in a soapy feel on fracture surfaces. Intrusions are most
commonly medium-grained, equigranular to plagioclase-phyric gabbros with minor tonalitic intrusions
containing only 10 to 20% mafic minerals. Small syenitic and lamprophyric dikes are also present.
The “mine” domain is defined as part of the transect encompassing the Shebandowan Mine property
and the region south of the northern domain to Horseshoe Lake. It is characterized by a lack of felsic to
intermediate lithofacies and relative abundance of mafic to ultramafic extrusive and intrusive lithofacies.
One pillowed mafic flow described within the mine property is characteristically coarsely plagioclasephyric with phenocrysts up to 3 cm in size and composing up to 20% of flow (Photo 16.4A). This
uniquely porphyritic flow was mapped in other transects during this study and may be a useful regional
marker unit. Other mafic flows in this domain are massive, pillowed and brecciated and are typically fine
grained and aphyric. Alteration is largely absent from the mafic flows with only local patchy chlorite and
epidote alteration associated with sparse fine-grained pyrite mineralization. The “mine” ultramafic body,
which is the host rock for the nickel-copper sulphides extracted from the Shebandowan Mine, is a
strongly cleaved, dark green, fine-grained crystalline rock to a waxy dark green serpentinite where
primary textures have been destroyed. Elsewhere in this domain, ultramafic lithofacies are brecciated,
noted by resistant-weathering, stretched fragments in a rusty-looking talc-bearing matrix. Fragments on
fresh surfaces were soapy feeling with serpentine and/or talc. Outside of the mine property, the ultramafic
rocks are typically more massive, fine grained, and dark green in colour. Whether or not these ultramafic
rocks are flows or sills remains debatable. The presence of talc-bearing breccias and strongly
serpentinized polygonal jointing suggest an extrusive origin to at least some of the ultramafic bodies. In

Photo 16.4. Field photographs from the Shebandowan Mine–Greenwater Lake transect: A) coarsely plagioclase-phyric pillowed
mafic flows; and B) tightly folded chert-magnetite-sulphide iron formation interbedded with mafic flows.
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other places, ultramafic rocks are on the same outcrop with gabbros and have no visible or recessiveweathering contact (poorly exposed due to heavy lichen cover) suggesting perhaps they are a product of
differentiation of the gabbroic magma. Differentiation of the gabbro body into ultramafic and mafic
components fits well with the interpretation that the coarsely plagioclase-phyric flows in the region would
require eruption of plagioclase cumulates in order to produce such large phenocrysts in the mafic flows.
Interbedded with mafic and ultramafic lithofacies in this domain are strongly folded and deformed, planar
bedded chert-magnetite-jasper iron formations (Photo 16.4B) with minor sulphide-bearing beds. These
are typically bedded on millimetre to centimetre scale and do not show much disruption of planar bedding
even when strongly deformed. These iron formations are folded on a regional scale (Osmani 1997b) and
their abundance in exposure may be a result of structural repetition. Intrusions are most commonly
massive plagioclase- and/or pyroxene-phyric gabbro sills with minor syenitic and lamprophyric dikes.
The southern domain is defined as the mafic to felsic lithofacies south the main road access near
Pinecone Lake. This domain was only briefly visited and additional mapping is planned for 2011.
Lithofacies that were observed include weakly to moderately foliated, massive to pillowed mafic flows
with local epidote alteration, “knobby”-textured medium-grained gabbros, and planar bedded chertjasper-magnetite iron formation. Felsic lithofacies are white to grey coloured tuffs to lapilli tuffs, but were
very poorly exposed.

Transect 6. Adrian–Aldina
The Adrian–Aldina transect, accessed from the Boreal and Adrian Lake roads (see Figure 16.1), was
mapped to determine the stratigraphic setting associated with the Stares–Calvert property and massive
sulphide occurrence documented by RJK Explorations Ltd. Outcrop coverage was relatively low because
of thick boulder and sandy glacial outwash where larger boulders may have been misinterpreted as
outcrops in some previous mapping (e.g., Berger 1995). Additional mapping is planned for next year to
obtain both better mapping coverage and a better understanding on the structure and stratigraphy of this
part of the SGB. Regional strike is primarily northwest with pillow shapes indicating that the succession
youngs to the west (Berger 1995). This transect is also characterized by the presence of younger
Timiskaming-like sedimentary successions that are intercalated with some of the volcanic lithofacies and
may be structurally repeated.
Assuming a westward-younging succession, the youngest volcanic lithofacies of the Greenwater
assemblage mapped in this transect were intermediate flows, monolithic tuff or flow breccias, and
heterolithic tuff breccias in the Adrian Lake area. Monolithic lapilli tuffs and tuff breccias are medium
grey with a medium-grained, feldspar-rich matrix. Light grey, matrix-supported fragments up to 15 cm in
size are pyroxene-amphibole phyric in an aphanitic matrix. Intermediate heterolithic lapilli tuff to tuff
breccias have a chloritic matrix and contain subrounded, matrix-supported mafic to intermediate
fragments. Heterolithic tuffs are in sharp contact with bulbous, pyroxene- and plagioclase-phyric mafic
pillow flows that contain pillows up to 1 m in size with 1 to 4 cm chloritic selvages. The transect is
bisected by a shear zone that trends north-northwest along the Weigand River through the mafic flows.
A fine- to medium-grained felsic dome or hypabyssal intrusion containing 10 to 15% quartz and feldspar
phenocrysts up to 3 to 5 mm in size occurs at the shear zone. The flow is light grey, has weak mineral
lineation shallowly plunging to the northwest, and has local, weak sericite alteration. To the west of the
fault are massive mafic to intermediate flows and mafic to intermediate, matrix-supported heterolithic tuff
breccias or tuffaceous conglomerates containing angular to subangular 10 to 20 cm fragments of mafic to
intermediate volcanic rocks, minor gabbroic and feldspar-phyric granitic compositions. Fragments are
moderate to poor sorted in a dark green chloritic matrix and the unit likely represents a debris flow unit.
There are other isolated outcrops of mafic flows that are difficult to place into the succession because
of low outcrop coverage and apparent separation of these exposures from the main mass of volcanic
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lithofacies by younger sedimentary strata (Berger 1995). Mafic flows to flow breccias are well exposed in
Marks Township near the lower contact of the SGB with the granite-tonalite basement rocks to the south.
Flow features include flow breccias and hyaloclastite. Calcite-filled, curvy fractures separate the flow
breccias into centimetre- to decimetre-scale fluidal blocks with a preferred alignment. These are in close
association with younger sandstones, greywackes and conglomerates (described below). Isolated exposures
of mafic flows occur in Aldina Township where they are bulbous or pillowed flows with epidote
alteration. No obvious pillow selvages were observed, but the surface is bumpy to hummocky. Because of
the proximity to younger granitic intrusions, locally mafic flows are coarser grained amphibolites.
Sedimentary lithofacies seem to have a slightly more west to northwest orientation to their regional
strike as previously mapped (Berger 1995) and are present as narrow, less than 100 m wide slivers in the
western part of the transect or as thicker sections in large basins as in Adrian Township. Many exposures
of the sedimentary lithofacies have been trenched because of associated pyrite mineralization in argillite
and silicified sandstones that were likely geophysical anomalies. In Aldina Township, trenching exposed
sphalerite-bearing massive sulphides hosted in a siliceous, and muscovite-rich, coarse-grained felsiclooking lithofacies that appears to have been recrystallized and appears volcanic in origin. However, close
examination of the lithologies present in the trenches has revealed that sulphide mineralization is hosted
in what appears to be a thickly bedded sequence of quartz-rich sediments with stratabound siderite
alteration and pyrite mineralization. Some beds have boudinaged siderite layers (Photo 16.5A). Wellexposed outcrops of sedimentary lithofacies in a recent clearcut in Marks Township are in contact with
mafic flows from the Greenwater assemblage. These sedimentary lithofacies are predominantly garnetbearing, mafic tuffaceous greywackes with a strong bedded appearance and have sandy quartz-rich,
garnet-poor layers. These beds are locally deformed and boudinaged with pronounced shear fabrics. At
the contact with the mafic flows is a thin bed of intermediate to felsic heterolithic lapilli tuff in a
plagioclase-rich matrix with crystals up to 3 mm in size. Fragments are white chert, fine-grained grey
mafic and quartz-bearing intermediate lithofacies. In Adrian Township, trench and roadside exposures of
the sedimentary lithofacies range from fine sandstone to greywacke and lesser gravel to pebble
conglomeratic beds containing rounded to subangular fragments of mafic to intermediate volcanic rocks
(Photo 16.5B). In Sackville Township, sedimentary lithofacies exposed in a trench are massive to thinly
bedded, intermediate tuffaceous sandstones with minor magnetite-chert iron formation beds.
During a preliminary visit, a sample (RL-10-19) of a dark grey, thinly to thickly bedded fine
sandstone to greywacke on Adrian Lake Road was collected to determine the maximum age of deposition
the sedimentary lithofacies in this part of the SGB. Knowing the age of these sedimentary rocks is critical
in interpreting the depositional and deformation history of this part of the belt. A total 170 detrital zircons

Photo 16.5. Field photographs from the Adrian–Aldina transect: A) siderite-bearing thinly bedded sandstone with boudinaged
bedding; and B) gravelly sandstones in a trench dug by RJK Explorations.
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were extracted and uranium-lead isotopes analyzed at the laser ablation inductively coupled plasma mass
spectrometry (LA-ICP–MS) laboratory at Laurentian University to determine their age. Of the zircons
analyzed, 77 grains were concordant, 54 grains were within 10% concordance, 16 grains required
common lead correction and were within 10% concordance, whereas the remaining grains were greater
than 10% discordant and were not used in the population analysis. The results of the analysis are
summarized in Figure 16.3. The 3 main populations of zircons have ages of 2680 to 2690 Ma, 2720 Ma
and 2750 Ma with ages as young as 2630 Ma and as old as 3300 Ma. This suggests a much younger
maximum age of deposition and a older provenance than what was previously interpreted based on thenavailable U/Pb ages (Corfu and Stott 1998). Alternatively, older detrital zircons may represent inherited
zircons in younger plutonic rocks.
Intrusions consist of mainly medium- to coarse-grained gabbros. Recent logging activity in the area
has increased the amount of well-exposed outcrops and some areas that did not have previously mapped
intrusions are now known to contain gabbro intrusions. In Aldina Township, some rocks previously
mapped as mafic flows (Rogers 1995a) are actually gabbro intrusions that contain xenoliths of other
gabbroic phases and coarse pegmatitic zones associated with shearing and fractures. The gabbros are
locally heavily fractured into decimetre-scale blocks by white, recessive-weathering, 1 to 2 cm thick
sheared fractures. Similarly in Sackville Township, rocks previously mapped as mafic flows (Rogers
1995c) are more appropriately classified as gabbro intrusions based on lack of flow textures and a
medium- to coarse-grain size. Minor intrusive rocks include syenitic and lamprophyric dikes containing
rounded actinolite nodules up to 10 cm in size.

Figure 16.3. Histogram showing distribution of U/Pb ages of detrital zircons from sample RL-10-19.
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Transect 7. Saganagons Greenstone Belt
The transect in the Saganagons greenstone belt was a series of north-south–oriented segments in the
eastern part of the belt and included broadly spaced sampling traverses in the western part that was
accessible by the logging road network that extends southward beyond the Greenwood Lake Conservation
Area on Route 802 South (see Figure 16.1). Mapping in this part of the SGB was last completed by the
Ontario Geological Survey in 1968 (Harris 1968). The succession is dominated by unaltered massive to
pillowed mafic lavas intruded by white coloured quartz- and feldspar-phyric dikes with sharp margins
(Photo 16.6A). These dikes are common in most locations and are likely related to the surrounding
granitic intrusions at Mowe Lake and Saganaga Lake. The mafic flows are remarkably undeformed in the
eastern part of the belt showing near perfectly preserved primary flow features such as intrapillow
hyaloclastite (Photo 16.6B), pipe-like amygdules perpendicular to pillow margins and spherulitic pillow
margins. Pillow shapes indicate that strata youngs to the north. Near the northern margin of the belt, rocks
are strongly lineated, plagioclase-bearing amphibolites with no preserved primary structures. Small,
medium-grained equigranular to pyroxene-phyric gabbroic intrusions are in the northeastern and southcentral parts of the belt. Along the northern margin of the belt at the top of the stratigraphic section is a
narrow massive to autobrecciated felsic flow and matrix-supported lapilli tuff. This was the only felsic
lithofacies observed. Harris (1968) mapped and described several packages of supracrustal felsic
lithofacies, but very few of these were intersected along the transects. One large previously mapped felsic
unit was targetted for geochronologic sampling, but only dark green to medium grey pillowed and
massive mafic flows were found at that locality. Further work is requires to confirm the existence and
location of the other felsic lithofacies mapped by Harris (1968).

Transect 8. Wye Lake Area
The Wye Lake transect was conducted along logging road networks that branched to the southwest
from the intersection of Hook Lake Road and Swamp Road and from the intersection northward along
Swamp Road to the granitic intrusion that separates the northern and southern arms of the SGB (Hart and
Metsaranta 2009) (see Figure 16.1). Few younging indicators were recognized and, based on grading
within tuffs and pillow shapes, suggest a southeastward younging of the succession; however,
deformation and faulting observed in the rocks suggest that the succession may be fault and/or fold
repeated. The transect covered the entire width of the southern arm covering approximately 2.2 km of
stratigraphic thickness. The results of this mapping are graphically summarized in Figure 16.4.

Photo 16.6. Field photographs from the Saganagons greenstone belt transect: A) contact between pillowed mafic flows (dark
coloured) and a feldspar- and quartz-phyric granitic dike (light coloured); and B) thick hyaloclastite pillow selvages in mafic flow.
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The lowermost strata on this transect, assuming a southeastward younging of the succession, is a
massive to flow-brecciated and magnetite-rich mafic flow. Despite poor exposure, flow breccias were
recognized based on weathering patterns on glacially polished and lichen-covered outcrop. Flow
fragments are matrix supported and are up to 3 to 5 cm in size. Other mafic flows at the base of the
succession are locally amygdaloidal (chlorite filled), pillowed and flow brecciated. There is weak to
moderate hematite and chlorite alteration. Amygdules compose up to 10 to 15% of rock and are more
abundant in pillowed flows. Deformation and flattening of the mafic flows is noted by stretched pillows
to 5:1 length:width ratios. Interbedded with the pillowed flows are chert-magnetite-sulphide iron
formations that range from 2 to 200 cm in thickness and are locally brecciated (Photo 16.7A). Overlying
the mafic flows is a felsic to intermediate volcaniclastic unit that, in the easternmost part of mapped
transect, is a thickly bedded, matrix-supported felsic tuff breccia to pyroclastic breccia with a chloritegarnet altered matrix that is interpreted as a debris flow (see Figure 16.4). Fragments include quartzphyric felsic, laminated felsic tuff and minor garnet-chlorite altered tuffs. Minor quartz- and feldspar-rich
tuff and monolithic felsic autobreccia beds (Photo 16.7B) are interbedded with the altered tuff breccias.
Approximately 150 m along strike with the altered tuff breccias is a felsic quartz-feldspar-phyric flow to

Figure 16.4. Graphic logs showing the mapped stratigraphy in the Wye Lake transect. Younging directions are based on pillow
shapes and graded bedding in debris flows. Abbreviations: chl = chlorite; epi = epidote; gt = garnet; hem = hematite; py = pyrite;
ser = sericite.
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flow breccia with faint lapilli- and bomb-sized fragments up to 15 cm in size. Alteration is less intense
with only local garnet-hematite alteration. Phenocrysts compose up to 20% of rock and are up to 3 mm in
size. Four kilometres along strike in the southwestern part of the transect, and still within this unit (as
mapped by Hart and Metsaranta 2009), are similar-looking bedded felsic tuff tuffs overlain by
amygdaloidal intermediate flows and minor monolithic lapilli tuffs that locally contain centimetre-scale
blocks noted by differences in amygdule concentrations and foliation patterns. The intermediate flows are
overlain by an intermediate heterolithic lapilli tuff to tuffaceous conglomerate that is most likely a debris
flow. Fragments are poorly to moderately sorted and are supported in a medium green fine sandy lithic
tuff matrix. Fragments are 1 to 10 cm in size and range in composition from white aphanitic intermediate,
chert, fine-grained rimmed mafic, to rare gabbro and granite. The intermediate heterolithic debris flow is
overlain by quartz-feldspar porphyritic felsic flow breccias and pyroclastic breccias. Fragments are
stretched to 1 to 50 cm in size, are monolithic and fine grained, poorly sorted and fragment supported.
The matrix is composed of feldspar crystals and finer lithic fragments. This rock is pink in colour due to
moderate pervasive hematite alteration. The succession of this transect is capped by a mafic flow to flow
breccia that is very fine grained and aphyric, with local chlorite alteration and/or devitrification. Flows are
interbedded with siliceous felsic tuff or cherty recrystallized sedimentary lithofacies where laminations
are defined by light and dark layers. Cherty layers are finely laminated and layered with local sericitealtered felsic tuff. Sericite-altered layers contain stringers of pyrite comprising up to 10 to 15% of the
rock with trace sphalerite.
Intrusions in the Wye Lake transect were primarily gabbro to leucogabbro that are medium grained
and overall massive to weakly foliated. In the northern part of the transect, and presumably lower in the
succession, the gabbros are massive and plagioclase phyric. Phenocrysts are subhedral, up to 8 mm in
size, and compose 10% of rock. Higher in the succession, and to the southeast, are fine- to coarse-grained
pyroxene-rich gabbros that locally contain up to 70% pyroxene crystals up to 4 cm long. Most gabbros in
this transect have a weak, fracture-associated epidote-hematite alteration. Minor mafic and syenitic dikes
are present throughout the rocks in the transect. Minor medium-grained, granitic intrusions were at the top
of the section where they are associated with the contact between gabbros and supracrustal rocks.

Transect 9. Hamlin Lake–Moss Lake
The Hamlin Lake–Moss Lake transect is oriented slightly oblique to regional strike and mapping
focusing on exposures along Swamp Road from the granitic intrusion that separates the north and south
arms of the SGB (Hart and Metsaranta 2009) northward to the Shebandowan greenstone belt–Quetico

Photo 16.7. Field photographs from the Wye Lake Area transect: A) chert breccias interbedded with pillowed mafic flows and
chert-magnetite iron formations; and B) felsic fragment-supported monolithic tuff breccia (autobreccia) in the immediate hanging
wall to garnet-chlorite altered tuff breccias.
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Subprovince boundary (Osmani 1997d) (see Figure 16.1). Possible grading in an intermediate tuff breccia
in the southern part of the transect suggest a northwestern younging direction, which is in agreement with
pillow shapes observed by Osmani (1997d). The succession seems to be relatively intact in the southern
part of the transect as no major structures or zones of intense deformation were recognized. At the
northern part of the transect, shearing and faulting were more prominent closer to the Shebandowan
greenstone belt–Quetico Subprovince boundary.
The southern, and presumably the oldest, part of the transect includes strata that host the Hamlin
Lake iron oxide-copper-gold (IOCG) deposit. The mineralization is hosted in a granitic breccia (Hart and
Trebilcock 2006) with a chlorite-garnet–altered matrix near the contact with the granitic intrusion
dividing the north and south arms of the belt. The base of the section is dominated by massive to pillowed
mafic flows that are moderately epidote-hematite-chlorite altered and contain up to 10% disseminated
pyrite locally. Alteration lightens the colour of the flows such that they resemble a more intermediate
composition. Mafic flow breccias have up to 15 cm fluidal fragments and blebby epidote nodules forming
pods and stretched veins. The mafic flows are overlain by intermediate to felsic lithofacies that include
white-weathering, siliceous and quartz-phyric flows, autobreccias, and lapilli tuffs and tuff breccias.
Flows and autobreccias contain quartz crystals up to 3 mm in size, composing up to 10% of the rock.
Intermediate tuff breccias contain 1 to 30 cm predominantly mafic to intermediate amygdaloidal
fragments with lesser chert fragments and green-grey fragments that are similar in composition to matrix.
Fragments are matrix supported in a light grey-green lithic lapilli-rich matrix. A thin unit of medium-dark
green chloritic mafic to intermediate flow breccias separates the felsic to intermediate lithofacies to the
south from a massive, fresh-looking hematite- and potassic-altered, dark grey, quartz-phyric intermediate
flow. Alteration is fracture associated, but, locally, gives the rock a fragmented appearance (Photo 16.8A).
This flow is overlain by strongly foliated, chloritic and sericitic, quartz-phyric intermediate tuffaceous
lithofacies containing stringers and disseminated pyrite. The thick intermediate succession is capped by a
pillowed mafic flow that has very large 1 to 3 m pillows or lava tubes with thick chloritic and zoned
selvages and epidote-quartz altered cores (Photo 16.8B). These large pillows grade northward into a
cherty, matrix-supported flow breccia that is in contact with planar bedded chert breccia with centimetrescale angular white chert fragments.
The northern part of the transect is composed of 2 major units: a thick mafic flow unit that hosts the
shear-related Moss and Ardeen gold deposits, and an underlying massive white felsic flow to flow breccia
unit. The massive felsic flow unit, that immediately overlies the pillowed mafic unit from the southern
part of the transect, consists of fine-grained to aphanitic flows with moderate to strong foliation and

Photo 16.8. Field photographs from the Hamlin Lake–Moss Lake transect: A) patchy hematite and potassic alteration in dark
grey felsic quartz-phyric flow resulting in fragmental-looking texture; and B) large epidote-quartz alteration in large metre-scale
mafic pillows.
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contain up to 20% 1 to 3 mm feldspar phenocrysts. Locally, the flows contain quartz-phenocrysts up to
3 mm in size. These rocks weather to a white colour, are pale grey-green on fresh surfaces and are
relatively homogeneous over a thickness of approximately 1 km. There are local minor tuffaceous and
tuff breccia layers within the felsic–intermediate flow succession. The overlying thick mafic flows are
continuous to the Shebandowan greenstone belt–Quetico Subprovince boundary. These flows are massive
flows that are relatively nondescript and, where sheared, are locally chloritic schists; some of the chloritic
schists may be altered intermediate rocks. Thinly bedded magnetite-chert iron formation is associated
with mafic flows.
The intrusions in this transect are typically pyroxene-phyric gabbros in the southern part of the
transect to abundant sill-like bodies of feldspar-phyric syenitic to granitic composition in the northern part
of the transect. These intrusions are medium grained and massive. Other minor intrusions are thin, finegrained mafic and syenite dikes.

RECOMMENDATIONS FOR EXPLORATION
The transects were located in zones of known mineralization. Therefore, most of the alteration and
mineralization mapped is associated with already discovered mineral showings. These include the Gold
Creek gold prospect (transect 1), Vanguard East and West zinc-copper prospects (transect 2), Mud Lake
zinc occurrence (transect 4), Shebandowan nickel-copper mine (transect 5), the Stares–Calvert zinc
prospect (transect 6), Wye Lake zinc-copper prospect (transect 8), Hamlin Lake iron oxide-copper-gold
prospect (transect 9), and the Moss and Ardeen gold prospects (transect 9).
However, an untested area that may have potential for VMS-type mineralization was recognized
during mapping in the Grouse Lake area of the Grouse Lake–Hermia Lake transect (see Figure 16.1,
transect 3). The quality and quantity of exposure was increased because of recent logging activity. Here,
the lithofacies and their succession share similar characteristics to those hosting other Archean VMS
deposits (e.g., Galley, Hannington and Jonasson 2007, and references therein) and are characterized by
moderately to strongly epidote-altered pillow flows in the hanging wall to sericite- and chlorite-altered
felsic tuffs and lapilli tuffs with stratabound pyrite and sphalerite mineralization (see Figure 16.2). Minor
magnetite-chert iron formation may indicate the presence of hydrothermal venting. Quartz-phyric tonalitic
intrusions and mafic sills intruding the felsic volcaniclastic lithofacies may indicate proximity to a
potential heat source for the hydrothermal system driving alteration and mineralization. Based on these
regional characteristics and their broad similarities to other Archean VMS-producing terranes, it is
recommended that this area be further explored for VMS-type mineralization.

FUTURE WORK PLANNED
Lithogeochemical data (with major, trace and rare earth elemental analyses from the Geoscience
Laboratories, Ontario Geological Survey) will be used to characterize lithofacies and construct a
chemostratigraphic section that will aid stratigraphic correlation between transects and tectonic
reconstruction of the Shebandowan greenstone belt. High-precision trace element data (to be analyzed in
the laboratory of Dr. B. Kamber, Laurentian University) and radiogenic isotope data (Sm/Nd, 207Pb/206Pb)
will be used to characterize the petrogenesis and magmatic evolution of the SGB, and amount of crustal
contamination. Isotopic and geochemical analyses will be necessary to fully establish linkages between
adjacent greenstone belt segments. Geochronologic analyses (U/Pb; location of samples to be determined)
will be used to better constrain the emplacement history of the SGB lithologies and to aid correlation with
the adjacent Vermilion greenstone belt in northern Minnesota. Transmitted light and reflected light
petrography will used to describe the lithofacies in greater detail including detailed mineralogy,
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descriptions of primary and secondary textures, and clast composition and provenance. Petrographic
analyses are an essential part of determining the temporal relationship between different alteration
assemblages, and also in determining the timing of mineralization.
Samples were collected from the younger Timiskaming-like successor basins throughout the
greenstone belt for detrital zircon age determinations at the LA-ICP–MS laboratory at Laurentian
University. These samples were collected because the cost-effective and statistically significant results
obtained by the analysis of more than 170 detrital zircons from a fine sandstone to wacke in Marks
Township (see “Transect 6. Adrian–Aldina”; see Figure 16.3) yielded a much larger range of ages than
previous geochronological analyses (Corfu and Stott 1998). A sample was collected from outcrops of a
pebble to cobble polylithic conglomerate with clasts of mafic to felsic intrusive and extrusive rocks,
jasper and sulphides on Shebandowan Mine Road. This sample is part of the most northerly regionally
mapped successor sedimentary basin. Another sample was taken from thickly bedded massive sandstone
to wacke in Duckworth Township representing the “middle” sedimentary basin in the SGB. The goal of
this sampling and the analyses is to determine if a similar range of detrital zircon ages are present in each
of the sedimentary basins to that of the southern basin in Marks and Adrian townships.
Mapping of the Vermilion, Winston Lake and Manitouwadge greenstone belts will commence in the
summer of 2011. Similar transect-style mapping will be used to compare the stratigraphy, geodynamic
setting and petrogenesis of the volcanic-plutonic rocks that host VMS-style mineralization and alteration.
Additional mapping in the eastern and southern parts of the SGB is also planned for 2011 to fill gaps in
the mapping coverage and to refine the stratigraphy.
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Compilation and Bedrock Geology Mapping Project
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Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION
This report describes preliminary work carried out on a multi-year compilation and bedrock geology
mapping project designed to better understand the geological context of various new metal discoveries in
the McFaulds Lake area of the James Bay Lowland. The project was initiated after a July 2009 meeting
between the OGS and representatives of 18 exploration companies identified a number of knowledge gaps
concerning the region. These include the lack of an up-to-date bedrock geology map.
Previous mapping efforts in the region were hampered by the lack of outcrop since much of the
region is covered by wetland and glacial overburden and the eastern portion is under the cover of flatlying, Paleozoic sedimentary strata. Extensive recent exploration activity in the area, including a
substantial amount of diamond drilling, has created a wealth of new geoscience data, but no publicly
available compilation and interpretation of the data have been carried out. As a consequence, the geology
of the region remains poorly understood.
Initial work on the project started in the spring of 2010 by compiling publicly available data from
assessment work reports and government publications and soliciting exploration companies for data.
Creating a database of diamond-drill hole locations and logs was of primary interest. This work was
followed in parts of July, August and September by field visits to a few exploration company camps to
log and sample diamond-drill core. Work focussed on diamond-drill core stored at the exploration camps
of Noront Resources Ltd. and Freewest Resources Canada Inc.–Cliffs Natural Resources Inc. and,
consequently, was limited primarily to the ultramafic to mafic complex hosting chromite and coppernickel-platinum group element (PGE) deposits held by these companies. Limited diamond-drill core of
the felsic intrusive rocks and the greenstone belt adjacent to the ultramafic complex were also examined.

PROJECT AREA
The project area is centred approximately 60 km east of the community of Webequie and roughly
280 km north of Nakina (Figure 17.1). Much of the area can only be accessed, in any practical sense, by
air. Float planes can be chartered from various highway-accessible northern communities, e.g., Nakina,
Geraldton, Armstrong, Hearst and Pickle Lake. Scheduled commercial flights service Webequie;
Webequie is also accessible by winter road. During ice break-up in spring and before solid ice is present
in the fall, the area could be accessed via helicopter from Webequie.
During the field season, 3 trips to the area were made via exploration company-chartered aircrafts
from Nakina. This involved a roughly 1.5 hour plane flight and a short ferry by helicopter to the camps.
Traversing in the area is impractical (because of the sparse outcrop and extensive wetland) and future
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.17-1 to 17-5.
© Queen’s Printer for Ontario, 2010
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mapping will be carried out with float-equipped helicopters. Some of the larger streams and lakes could
also be mapped with canoe or motor boat.
The area has been previously mapped by the Geological Survey of Canada (Bostock 1962) and by
helicopter-based reconnaissance-mapping programs of the Ontario Geological Survey, specifically
Operation Fort Hope and Operation Winisk Lake (Thurston and Carter 1969; Thurston, Sage and Siragusa
1971a, 1971b). Recently, the area immediately to the west was mapped by Buse et al. (2009) at
1:100 000 scale. Compilation and aeromagnetic interpretation maps of the northern part of the Superior
Province also cover the area (e.g., Stott 2008).

PROJECT SCOPE
The project is intended to be a multi-year project to conduct diamond-drill core–based geological
mapping that is multidisciplinary and similar to the mapping OGS has done in poorly exposed regions of
the Abitibi greenstone belt. Because of the limited exposed bedrock, the project will be based largely on
geophysics supported by diamond-drill core and outcrop data where available. Field work will primarily
involve systematic and consistent diamond-drill core logging at a regional scale, supported by
geochemistry, geophysics and geochronology.
Some basic goals of the project will be to refine the existing broad regional compilation maps, to
develop stratigraphic sections through the volcanic-sedimentary stratigraphy, to conduct geochronologic

Figure 17.1. Location map showing project area and tectonic subdivisions of the northern part of the Superior Province (from
Stott et al., this volume, article 20).
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studies to constrain the ages of various rock units and mineralization events, to develop a better
understanding of the size and distribution of the mafic to ultramafic intrusions and to develop a better
understanding of the structural and metamorphic history of the region. The project should also help to
constrain the broader tectonic evolution of the northern Superior Province, particularly the easternmost
exposed part of the Oxford–Stull domain (see Figure 17.1).
The total extent to be mapped will ultimately depend on the availability of diamond-drill core and
outcrop and, given the ongoing exploration efforts in the region, the geological understanding of the
mapped area will likely continue to evolve as new company data are generated. Figure 17.2 shows a
distribution of compiled outcrops from historic mapping programs and diamond-drill hole collar locations
as of September 2010. Although drilling tends to cluster around metal discoveries, there is a fairly high
regional density of diamond-drill holes, particularly along the greenstone belts and ultramafic to mafic
intrusions that wrap around the large batholith to the west. Outcrop density appears to be highest in the
southwestern portion of the area of interest and outcrops are most abundant along lakeshores and streams.
Although sparse, outcrop data should provide valuable information on units not likely to be targetted by
drilling programs, e.g., felsic intrusive rocks. The final mapping products of the project are planned to
include a regional map based predominantly on geophysical interpretation and more detailed maps for
areas with sufficient lithological data from outcrops and cored diamond-drill holes.

Figure 17.2. Generalized geology of the project area showing compiled outcrop and diamond-drill hole locations.
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PRELIMINARY FIELD OBSERVATIONS
Reconnaissance field work during 2010 was confined to a limited portion of the project area (see
Figure 17.2). Diamond-drill cores intersecting McFaulds Lake ultramafic complex, felsic plutonic rocks
to the west and supracrustal rocks to the east of the complex were examined. Below are some preliminary
observations on the rock units observed during the summer.
The McFaulds Lake ultramafic complex is a deformed, layered, largely ultramafic, sill-like intrusion
consisting mainly of dunite and peridotite with lesser pyroxenite, chromitite and possibly gabbro.
Ultramafic rocks are typically weakly to moderately foliated and are generally serpentinized and/or talccarbonate altered to varying degrees. Disseminated to massive copper-nickel-PGE-rich sulphide zones
occur in conduit-like peridotite bodies at or near the base of the intrusion. Chromite occurs in multiple
stratiform zones, largely hosted within peridotite and dunite, and consists of massive, disseminated and
layered facies. The intrusive complex strikes roughly northeast and dips steeply to the northwest. The
stratigraphic top of the intrusion appears to be to the southeast, indicating the stratigraphy is overturned.
The contact between the ultramafic complex and the tonalitic rocks to the northwest is, in places, a welldeveloped shear zone and, elsewhere, a sharp intrusive contact. The upper contact of the intrusion was
only observed in a limited number of diamond-drill holes, but, in general, also appears to be a zone of
high strain. In places, the upper part of the intrusion is in contact with deformed mafic metavolcanic or
metasedimentary rocks. However, toward the northeast, supracrustal material is less abundant and
sheared ultramafic rocks are in contact with strongly foliated, leucocratic gabbroic rocks that grade from
highly strained near the contact to more weakly deformed further from the shear zone. It is unclear
whether this gabbroic unit is co-magmatic with the ultramafic complex.
At least 2 lithologically distinct suites of gabbro were observed. The first occurs as a deformed,
largely leucocratic unit near the stratigraphic top of the ultramafic complex (as mentioned above). The
second consists of interlayered ferrogabbro, gabbro and leucogabbro, which is typically weakly deformed
and preserves original igneous fabrics. The first gabbro suite may represent the more evolved portions of
the ultramafic complex. The second suite may postdate the ultramafic complex as it appears significantly
less deformed. Both gabbro types have been sampled for geochemical characterization and
geochronology, which should help to determine whether the 2 gabbro phases are related and their
relationship to both the ultramafic complex and the greenstone belt.
The greenstone belt to the southeast of the ultramafic complex was examined in a limited number of
diamond-drill holes. Overall, the belt is highly deformed making lithologic interpretations somewhat
difficult. Based on the limited observations, the bulk of the greenstone belt, at least in the proximity of
the ultramafic complex, appears to consist of mafic metavolcanic rocks with lesser proportions of clastic
metasedimentary rocks, sulphide-rich magnetite iron formation and felsic metavolcanic rocks. The grade
of metamorphism in the greenstone belt appears to be greenschist to lower amphibolite facies.
Felsic intrusive rocks on the northwest side of the ultramafic complex consist primarily of weakly
deformed biotite tonalite, although variations from quartz diorite to potassium feldspar porphyritic
granodiorite are present. The tonalite appears to be intruded by the ultramafic complex. However, the
ultramafic complex, and at least one of the gabbro phases, are intruded by a biotite hornblende tonalite to
quartz diorite, suggesting that there may also be multiple ages of tonalite in the area. The age of the
crosscutting tonalitic unit should provide a useful constraint on the age of the ultramafic complex.
The overall structure of the area appears to have been influenced most by the presumably granitic
batholith lying to the west. Based on previous mapping and geophysical interpretations, the greenstone
belt appears to wrap around the batholith forming the prominent semi-circular magnetic anomaly dubbed
the “Ring of Fire”. Examination of 2 outcrops on the Freewest property revealed valuable structural
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information. The outcrops display a well-developed, subvertical foliation trending at 220 to 230° and a
mineral lineation plunging southwest at about 50°. A shear zone along the contact between talc-altered
peridotite and chromite trends northeast and displays dextral shear sense indicators. Brittle fractures
along the outcrop also show evidence of right-handed displacements. In diamond-drill core, the extent of
deformation in the ultramafic complex varies considerably and the rocks vary from narrow mylonitic
bands to relatively unstrained, suggesting that much of the overall strain in the intrusion was taken up in
narrow shear zones. Within the ultramafic complex, zones of more brittle faulting are also common. The
majority of the supracrustal rocks examined were highly deformed and felsic intrusive rocks are typically
weakly to moderately deformed.

SUMMARY
A large volume of exploration company data is now available for the McFaulds Lake area.
Preliminary work during 2010 involved the initiation of a compilation of available data for the region, and
limited fieldwork to log diamond-drill core and collect materials for geochemistry and geochronology.
The sizeable volume of company data, combined with outcrop exposures and regional geophysics, should
allow for the creation of a reasonably accurate map of the Precambrian bedrock geology of the area. The
density of data points (cored drill holes and outcrops) will likely define zones within the larger project
area that can be mapped at a more detailed scale.
In preparation for the 2011 field season, updating the compilation of exploration company data and a
preliminary geophysical interpretation (constrained by existing lithological data) will be a major priority
to define areas of focus for future mapping and diamond-drill core logging.
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INTRODUCTION
The Keezhik Lake area was mapped in the summer of 2010 as part of a multi-year bedrock geology
mapping project and a PhD thesis study by the lead author, which are designed to map the entire eastern
Uchi Subprovince, including the Fort Hope greenstone belt, the surrounding granitoid rocks to the north
and English River metasedimentary basins to the south. The project commenced with the Keezhik Lake
area, which had not been mapped since the 1930s. 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.

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

4.

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

5.

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

This article presents the results from the 2010 field season including descriptions of the
metavolcanic, metasedimentary and plutonic rocks, structural geology, mineralization and alteration as
well as an interpretation of the data.

REGIONAL GEOLOGY
The Keezhik Lake area is located in the eastern portion of the Uchi Subprovince, and is 215 km
northwest of the Town of Nakina (Figure 18.1 inset) and has no more than 2% outcrop exposure. Very
little bedrock geology mapping has been done in the area, with the exception of Prest (1939) who
completed the only published map for the Keezhik Lake area. Prest’s map covers Keezhik and Miminiska
lakes and is a general interpretation of the rock types and their associations with each other and the
Summary of Field Work and Other Activities 2010,
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Figure 18.1. Simplified geologic map of the Keezhik Lake area. The UTM co-ordinates are provided in NAD83, Zone 16. The inset in the upper right corner shows the
location of the Keezhik Lake map area.
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surrounding plutonic rocks. There is also no geochronology for the Keezhik Lake area, and the closest
known age determinations are from the Miminiska and Opikeigen Lake areas, which show eruptive ages
for intermediate and felsic metavolcanic rocks that lie between circa 2730 Ma and 2710 Ma (Corfu and
Stott 1993; Hamilton 2005) and are interpreted to be part of the St. Joseph assemblage, which can be
correlated westward to the Pickle Lake greenstone belt (Corfu and Stott 1993). The Keezhik Lake area,
which represents the northernmost portion of the Fort Hope greenstone belt, was interpreted to be a
Mesoarchean discontinuous extension of the Pickle Lake greenstone belt on the tectonic assemblage map
(OGS 1992); however, this correlation remains unconfirmed. A geological compilation of the entire Fort
Hope greenstone belt by Madon, McIlraith and Stott (2009) was based in part on an interpretation of the
airborne magnetic survey over the entire Fort Hope greenstone belt and surrounding granitoid rocks (OGS
2003). This compilation map helped to provide a better understanding of the lithologic boundaries in the
Keezhik Lake area, but the bedrock geology mapping in 2010 greatly improved our understanding of the
relationships between the volcanic units and provided insight into the structural geology, mineralization,
alteration, plus the depositional and tectonic setting of the entire area.

GEOLOGY OF THE KEEZHIK LAKE AREA
The Keezhik Lake area is composed of dominantly mafic and dacitic metavolcanic rocks (see Figure
18.1). There are 2 main stages of volcanism that will be discussed in this section, with the second stage
being separated into 2 parts. This section will provide descriptions of the rock types in the Keezhik Lake
area and the interpretation section will provide discussion on a possible depositional environment.
Stage one volcanism involves the deposition of the oldest units in the map area, comprising massive
to pillowed mafic metavolcanic rocks (Photo 18.1A). These form the arm of the greenstone belt extending
to the northwest along the North Caribou–Totogan shear zone (NCTSZ) (see Figure 18.1) and west to the
Talbot Lake area. The majority of these rocks are massive mafic flows and, due to their proximity to the
NCTSZ, they are moderately to strongly deformed. This succession of rocks, prior to deformation, was
likely quite thick. Evidence for this is in the westward extension of the mafic rocks that were previously
interpreted by Madon, McIlraith and Stott (2009) to be a felsic intrusive body. In the arm extending
northwest along the NCTSZ, the mafic metavolcanic rocks are highly amphibolitized, likely due to
contact metamorphism, but locally, pillow structures and varioles were observed. North of Keezhik Lake,
the metavolcanic rocks are preserved as fine-grained massive basalt. A magnetite iron formation extends
through the basal portion of the mafic volcanic succession from the eastern arm of Keezhik Lake where it
is preserved as magnetite banded iron formation with interbeds of recrystallized chert and magnetite, to
the Talbot Lake area where it is preserved as a 60 cm thick horizon of dominantly magnetite iron
formation and mud with no chert. Two horizons of felsic tuff were observed in this mafic metavolcanic
sequence, but only in the eastern portion of the map area. These tuffs are finely bedded and range from 3
to 15 cm thick. Most commonly, they occur as tuff composed of coarse ash, but crystal tuff with 2 to 3
mm size quartz phenocrysts were observed in 2 locations. In the Talbot Lake area, pillow basalts
dominate the volcanic succession with local massive mafic metavolcanic rocks. This area is strongly
deformed by the intrusion of the surrounding plutonic rocks and abundant synvolcanic, quartz-epidote
alteration was observed (Photo 18.1B). The mafic pillowed basalts range from 20 to 50 cm long and are
bulbous in shape, with 1 to 3 cm thick selvages. Spilitization of the pillow basalts is common, resulting in
epidote alteration around a quartz pod in the centre of the pillow structure. Recrystallized hyaloclastite is
observed in some of the interpillow material. Top direction indicators are found locally and are
consistently south facing.
Overlying the mafic pillowed to massive flows is a unit of dacitic pillowed metavolcanic rocks. This
unit extends from the north arm of Keezhik Lake to the east arm and is approximately 1.5 to 2.5 km thick.
Geochemical analyses will be used to determine if these are dacitic in composition, or altered basaltic
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rocks. However, the consistency of composition and colour, and lack of a patchy texture, which one
would expect to see associated with alteration, suggests that these are likely dacitic. The dacitic pillows
are generally 30 to 40 cm wide with 2 to 3 cm thick selvages. They are round in shape and evidence for
pillow budding is common. In several locations, draping and pillow tails were observed, indicating an
overall south-facing direction. Observed only north of the east arm of Keezhik Lake, within the dacitic
pillow sequence, is a unit of dacitic tuff breccia and tuff. The tuff is composed of coarse ash and is very

Photo 18.1. Select photos from the Keezhik Lake area: A) south-facing pillow basalts; B) epidote alteration of a pillow basalt
with crosscutting granitoid dikes in the Talbot Lake area; C) chert-rich iron formation; D) typical massive, vesiculated dacite
from the Keezhik volcanic centre; E) conglomerate with chert clasts; and F) typical quartz-ankerite vein in mafic metavolcanic
rocks.
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thinly bedded. The thinly bedded tuff breccia is composed of lapilli and rounded blocks of material of the
same composition as the groundmass. Both of these units are interpreted to be volcaniclastic as they
contain local subangular chert clasts that are interpreted to be eroded from proximal units of interbedded
chert and iron formation.
The upper portion of stratigraphy in the northern succession of rocks in the Keezhik Lake area is
felsic tuff and iron formation. The deposition of these units marks the end of stage one volcanism, which
will be discussed in the interpretation section of this paper. The felsic tuff unit is exposed only along the
east arm of Keezhik Lake and ranges along strike from a thick unit of laminated tuff composed of coarse
ash at its western extent, to a laminated crystal tuff with 1 to 3 mm quartz phenocrysts at its eastern
extent. Overlying the felsic tuffaceous horizon is a magnetite iron formation with interbedded,
recrystallized chert layers (Photo 18.1C). The chert layers are between 2 and 5 cm thick compared to the
thinner magnetite layers that range from 0.5 to 3 cm thick. This unit occurs as mappable beds and as
clasts in the previously discussed dacitic volcaniclastic sequence. This suggests ongoing venting of iron
formation and chert as volcanism continued. Directly overlying the iron formation is a bed of massive
chert that is approximately 1 m thick, where exposed. This chemical sediment represents a brief hiatus in
volcanism while the chert was accumulating.
Two distinct episodes of stage two volcanism are interpreted. The first episode began with the
deposition of a thin layer of mafic, massive to pillowed metavolcanic rocks. The pillows are well formed
with tops to the south. Evidence for hyaloclastite in the interpillow material is common and the selvages
are typically 1 to 2 cm thick. In a well-exposed section of this unit, a thin pillow-top breccia was
observed. Overlying these rocks is a succession of dominantly dacitic metavolcanic rocks comprising
massive tuff and tuff breccia. These are preserved in an interpreted lens-shaped volcanic centre located at
the centre of Keezhik Lake, which is referred to here as the Keezhik volcanic centre. Further evidence for
the location of the volcanic centre is the presence of a synvolcanic intrusion (see “Synvolcanic Intrusive
Rocks” for a description of this intrusion), which is interpreted to be the upper magma chamber for the
dacitic metavolcanic rocks. Thickly laminated felsic tuff composed of coarse ash with local 3 mm thick
interbeds of mafic tuff occurs at the stratigraphic base of the volcanic centre. Following the deposition of
this felsic tuff, there was prolonged eruption of massive and tuffaceous dacite, which makes up the
majority of the Keezhik volcanic centre. Massive, homogeneous dacite is the most common rock type
preserved, and it locally contains vesicles that range from 5 to 20% (Photo 18.1D). Autobrecciation is
preserved in several locations as jigsaw texture with varying sizes of clasts from 1 to 25 cm in small
zones in the massive dacite. Magnetite is a common feature in the massive dacite and may be an alteration
product, but it is only found in the dacitic rocks and appears to occur along horizons in the volcanic
succession, so it may be magmatic in origin. Near the base of the dacitic succession is a tuff breccia with
very angular clasts ranging from 1 cm to 1.5 m in size that are mostly dacitic in composition with local
felsic clasts of composition. Vesicles, 1 to 3 mm in size, are common in all of the clasts, and the clasts are
very similar in morphology to the massive, vesiculated dacite observed throughout the volcanic strata.
The clasts are arranged in a jigsaw texture, indicating that it is likely an autobreccia rather than a tuff
breccia ejected from a volcano. This unit is interpreted to have brecciated off of a moving lobe of
massive, vesiculated dacite. There are other local occurrences of pyroclastic tuff breccia found within the
Keezhik volcanic succession, with subangular fragments ranging from 5 to 15 cm of the same
composition as the groundmass. At the top of the volcanic succession is a massive felsic unit with thin
felsic tuffaceous interbeds. The deposition of this unit marks the end of part 1 of stage two volcanism.
Massive to pillowed mafic metavolcanic rocks overlie the Keezhik volcanic centre. The pillows are
bulbous in shape with rare top indicators; they often have thin selvages approximately 1 cm thick, and
they locally contain irregularly shaped and variably sized vesicles that are located around the selvages of
the pillows. Interbedded with these mafic volcanic rocks are at least 3 separate tabular sheets of
conglomerate that can be traced from south of Keezhik Lake to Nesting Lake. Electromagnetic
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conductors (OGS 2003) can be correlated with 2 of the conglomerate units, which can be inferred to
extend westward between Talbot and Nesting lakes. Each unit of conglomerate is several metres thick,
varies along strike and slight morphological differences between the units exist. Outcrop evidence for the
separate conglomerate units is found on the north shore of the South Bay of Keezhik Lake as well as west
of South Bay. At Nesting Lake, only 1 unit of conglomerate is exposed and is folded due to the intrusion
of the surrounding North Nesting pluton. The stratigraphically lower unit of conglomerate contains
abundant subangular chert clasts and few dacitic clasts (Photo 18.1E) at the Keezhik Lake exposure in
South Bay. The chert clasts exhibit bedding and the dacitic clasts are massive or vesiculated. This
conglomerate is matrix supported with 40% clasts and a silty matrix composed of dacitic material. It also
contains 2 large irregular-shaped blocks of dacite, 3 to 4 m in size, which shows internal fragmentation on
the north end of each block. These blocks are interpreted to be slump blocks that were carried southward
down slope with the conglomerate. Along strike, in the Nesting Lake area, this conglomerate bed contains
subrounded to subangular clasts that are 1 to 25 cm in size. The matrix is a very fine sand of dacitic and
mafic material and is clast supported with clasts of chert, mafic volcanic and dacitic composition. This
difference in clast shape and composition along strike may reflect further travel as well as erosion of
different rock types as the conglomerate expanded laterally. The upper stratigraphic layer of conglomerate
at its easternmost extent on Keezhik Lake in South Bay has a fine sand matrix that is dacitic in
composition, with smaller subrounded to rounded chert and locally metavolcanic clasts that are ovoid in
shape. The clasts are less than 12 cm in size and the conglomerate is matrix supported with local areas
that are clast supported. Along strike, on the west side of South Bay, the conglomerate is very similar, but
the matrix contains biotite that is interpreted to be metamorphic in origin.
The Nesting volcanic centre is interpreted to have been deposited on top of the pre-existing
stratigraphy and after the deposition of the conglomerate and further mafic volcanism. This is a smaller
centre than the Keezhik volcanic centre, but it is also represented in a lensoid shape and is dominantly
composed of dacitic metavolcanic rocks. The dacitic rocks are massive with local vesicles making up no
more than 8% of the rock. Local horizons of thickly laminated felsic tuff composed of coarse ash are
found within the interpreted volcanic centre. The eruption of the Nesting volcanic centre is interpreted to
mark the end of stage two volcanism.
To the south of the Nesting volcanic centre is a succession of pillowed to massive mafic
metavolcanic rocks that are characterized by the distinctive presence of quartz-filled amygdules. This
succession of rock can be traced from south of the Nesting dacites to the eastern side of the South
Keezhik pluton and at Bresnahan Lake. The pillows are typically ovoid and range from 20 to 60 cm with
2 to 3 cm thick selvages. Stratigraphic top indicators are rare, but occasionally tails and pillow draping
indicates an overall top direction to the north. This is the opposite of what is seen in the northern portion
of the greenstone belt, but there is no evidence for folding, so the reversal in facing direction may reflect a
thrust fault. This was not confirmed through the field work in 2010 and will be further explored during
future field investigations.

Synvolcanic Intrusive Rocks
FELSIC INTRUSIVE ROCKS
There are 2 synvolcanic intrusive bodies found in the Keezhik Lake area. The first is a trondhjemite
pluton within the Keezhik volcanic centre, and the second are quartz porphyritic sills on the western side
of the Keezhik volcanic centre. The trondhjemitic pluton contains dominantly plagioclase with some
quartz, and commonly 2 to 3 mm plagioclase phenocrysts. Less than 2% mafic minerals are found in this
pluton, but 2 outcrops exhibited up to 5% biotite, which may be an alteration product. Despite the lack of
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mafic minerals, a penetrative fabric is observed throughout the entire pluton, defined by oriented
plagioclase phenocrysts and sericite. A 500 by 175 m xenolith of dacite, that is very similar to the rocks
that make up the Keezhik volcanic centre, is found in the southern portion of the intrusion and is
interpreted to be a roof pendant. The pluton is interpreted to be a shallow level magma chamber that fed
the Keezhik volcanic centre.
The second synvolcanic intrusion is located to the west of the Keezhik volcanic centre and is
represented by 2 quartz porphyritic sills that range from 200 to 300 m wide and are separated by 1.5 km
of pillowed mafic metavolcanic rocks. They are trondhjemitic in composition, containing less than 2%
mafic minerals, and have up to 1 cm quartz phenocrysts and a medium-grained groundmass composed of
quartz and plagioclase. There are no recorded volcanic rocks with the same morphology as these sills, so
they may represent magma that rose to the near surface and then pooled and cooled as sills before they
had a chance to erupted.

Syntectonic to Posttectonic Intrusive Rocks
FELSIC INTRUSIVE ROCKS
There are 2 groups of syntectonic to posttectonic felsic intrusive rocks: tonalite to granodiorite suites
and granodiorite to granite and syenogranite suites. Due to the very low outcrop exposure in the area, the
geographic extents of these plutons were defined in part by the aeromagnetic geophysical data (OGS
2003) and mapping traverses into the plutons were used to determine their composition and structure. The
first group are located external to the greenstone belt and are generally tonalitic to granodioritic, with
local monzogranite compositions. They contain biotite ± magnetite, with the mafic minerals never
exceeding 15% of the rock. The North Keezhik pluton that is located along the NCTSZ (see Figure 18.1)
is a biotite-bearing tonalite to granodiorite that ranges from strongly foliated to gneissic even external to
the NCTSZ. As shown in Figure 18.1, the North Keezhik pluton is represented as a lensoid body, but the
suite includes the rocks to the north as well. Within the lens, which was likely created by shearing, the
rocks are granodiorite in composition, and to the north of the lens, the rocks are tonalite in composition;
they both bear similar morphological characteristics. Amphibolitized mafic metavolcanic xenoliths found
in the suite range from centimetres to several metres in size indicating that the greenstone belt may have
extended further north. The other intrusions included as part of the tonalite to granodiorite suite, are
dominantly granodioritic in composition with local monzogranite phases, weakly foliated and contain
between 10 and 15% biotite.
The second group of felsic intrusive rocks are granodiorite to monzogranite and syenogranite in
composition and they occur as round intrusions within, or directly adjacent to the greenstone belt. The
intrusions that lie within the greenstone belt occur in a linear string extending approximately 50 km and
have been named the South Keezhik plutonic complex. These intrusions are interpreted to be coeval and
their linear pattern and general location might reflect their original proximity to a north-dipping
subduction zone. All of the intrusions are I-type plutons, meaning that they are derived from an igneous
rock type as opposed to a more aluminium-rich S-type granite derived from melted sedimentary rocks,
with the exception of 1 pegmatitic intrusion with an associated biotite-muscovite granite phase that is
found in the Talbot Lake area as pods and dikes. The eastern extent of the South Keezhik plutonic
complex is the Bresnahan pluton (see Figure 18.1), which is monzogranitic in composition, contains up to
15% biotite and is weakly foliated. This intrusion also has 2 smaller intrusions within it, the Cluff stock,
located in the Opikeigen Lake area (Hall 2005), and a smaller stock that was identified using airborne
geophysical data (OGS 2003). The South Keezhik pluton is a complicated intrusion with many phases.
It ranges from syenite to quartz syenite, to syenogranite, granite and granodiorite and consists of a mineral
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assemblage of biotite + hornblende + magnetite with up to 20% mafic minerals. This pluton is zoned with
a coarse-grained, potassium feldspar porphyritic quartz syenite core, but, due to limited outcrop exposure,
the nature of the zoning is poorly understood. The North Nesting pluton is a monzogranite intrusion with
hornblende + biotite and the South Nesting pluton is a monzogranite intrusion with biotite + hornblende +
magnetite. Both of these plutons have weak magmatic fabrics interpreted to have formed at the time of
intrusion. The Troutfly batholith and North Troutfly batholith are the westernmost intrusions in the South
Keezhik plutonic complex and, although they are in contact with one another, they are very different. The
Troutfly batholith is a coarse-grained biotite + magnetite–bearing potassium feldspar and quartz
porphyritic intrusion with 15% mafic minerals. It exhibits a weak to moderate foliation defined by biotite
and locally potassium feldspar phenocrysts. The North Troutfly batholith is a biotite-bearing granodiorite
intrusion with 10% mafic minerals. The last intrusion that is considered part of the South Keezhik
plutonic complex is the Talbot intrusion. This is a syntectonic intrusion that is composed of syenogranite
with potassium feldspar phenocrysts and biotite + hornblende + magnetite. It occurs as a small intrusion
wedged between the Talbot Lake metavolcanic rocks and the plutonic rocks to the north, and it is
commonly found as dikes in the volcanic stratigraphy at Talbot Lake.

MAFIC INTRUSIVE ROCKS
Only 2 mafic intrusions were identified in the Keezhik Lake area. The first is exposed on, and north
of, Keezhik Lake as small sills and stocks composed of syntectonic non-magnetic gabbro with multiple
phases. The most felsic phase of the intrusion is exposed on Keezhik Lake and is a medium-grained,
equigranular hornblende gabbro. Associated with this gabbro is a melanogabbro-bearing hornblende ±
pyroxene that has both gradational and sharp contacts with the hornblende gabbro phase. Gabbroic
pegmatite phases, usually as small sweats or dikes, occur in both phases. The northern sill, exposed in
ridges north of Keezhik Lake, is very complicated with multiple phases of hornblende and pyroxene
bearing gabbro and gabbroic pegmatite. This sill intrudes dacitic metavolcanic rocks and chert-rich iron
formation and has a very irregular contact with the metavolcanic rocks. This intrusion was sampled
heavily for copper-nickel-PGE potential, although few sulphide minerals were observed.
The second intrusion, located on the west side of Keezhik Lake, is a hornblende gabbro that is
massive, but locally exhibits 3 to 4 mm subhedral to euhedral hornblende phenocrysts. This unit may be
the equivalent of the gabbro folded in the wedge of greenstone belt that extends to the northwest along the
NCTSZ. This gabbro is also massive, but it occasionally contains magnetite.

PROTEROZOIC DIKES
There are 2 Proterozoic dikes that crosscut the Keezhik Lake area: a northeast-trending dike and a
northwest-trending dike. The northeast-trending dike was only observed in one location, east of the east
arm of Keezhik Lake. It is a strongly magnetic, diabase dike composed dominantly of hornblende and
pyroxene. The airborne magnetic geophysics (OGS 2003) shows this dike crosscutting the northwesttrending dike.
The northwest-trending dike was exposed in several places within the Keezhik Lake area. The width
of the dike at its maximum is 200 m and it ranges from diabase to quartz diorite in composition. The
diabase phases are composed of hornblende, pyroxene and some plagioclase and exhibit pegmatitic
sweats with coarse-grained amphibole. The quartz diorite phases are medium grained, equigranular and
contain plagioclase, quartz and hornblende. Samples of both of these dikes were taken for
geochronological and lithogeochemical analysis.

18-8

Precambrian Geoscience Section (18)

S. Buse and C. Purdy

STRUCTURAL GEOLOGY
The Keezhik Lake area is comprised of homoclinal successions of volcanic rock that strike
predominantly to the west, dip moderately to steeply to the north and top to the south. The orientation of
this penetrative fabric is the result of a regional flattening and the steeply north-dipping foliation may
reflect an ancient north-dipping subduction zone. The penetrative foliation in the greenstone belt is often
warped due to the intrusion of the syntectonic to posttectonic South Keezhik plutonic complex plutons
that create strain aureoles in the greenstone rocks. Lineations in the area consistently plunge moderately
toward the east, and most often to the northeast, except in areas where intruding plutonic bodies cause
strain aureoles. The east-plunging lineation pattern is likely the result of the dextral transpressive event.
A large dextral transpressional shear zone is observed along the northern margin of the greenstone
belt. The orientation of this shear zone trends to the northwest and dips steeply to the northeast with
moderate east-plunging lineations. This fault, known as the North Caribou–Totogan shear zone (NCTSZ)
was first described by Osmani and Stott (1988) at Totogan Lake. There, they recognized dextral shear
sense indicators in a potassium feldspar megacrystic monzogranite and identified a deflection in regional
magnetic trajectory lines that they were able to interpret as a fault that extended from the North Caribou
greenstone belt to the northern margin of the Keezhik Lake portion of the Fort Hope greenstone belt. The
expression of this shear zone along the margin of the greenstone belt is approximately 2.5 km wide and
extends from the northern extent of Keezhik Lake, into the granitoid rocks of the North Keezhik pluton.
Shear sense indicators include small Z folds in the mafic metavolcanic rocks, clockwise rotation of quartz
phenocrysts in porphyritic felsic tuff, and the development of right-handed C-S fabric in felsic tuff. Kink
folds with S geometry are mapped on Keezhik Lake and this reversal of fold geometry is commonly
external to large regional faults and is the result of folds that have been fully rotated. Other effects of this
transpressional event are found in the North Bay of Keezhik Lake, where there is a foliation and local
shear zones that overprint the penetrative west-trending fabric. In this area, the local shear zones trend
between 275° and 300° with conjugate cleavages within 20° and 40° from the shear fabrics. These shear
zones are axial planar to buckling of the volcanic stratigraphy, which was recognized in the magnetic
trajectory lines on the west side of the North Bay of Keezhik Lake on the airborne geophysical maps
(OGS 2003). The only major fold in the area, a large syncline with a northwest-trending axial plane,
located in the northwestern portion of the greenstone belt is also a result of this transpressional event.
There are many other faults in the area, other than the NCTSZ, that range in extent and have
unknown sense of displacement. Due to low outcrop exposure in the area, most of these faults were
identified using the airborne geophysical maps (OGS 2003). The most prominent set of faults are
northwest-trending faults with small amounts of sinistral offset in the vicinity of Keezhik Lake. These are
interpreted to be late brittle faults.
In the Talbot Lake area, the structural geology is heavily influenced by the intrusion of the
surrounding plutons, indicating that the timing of plutonism is synchronous with the tectonism in the area.
There is both vertical and horizontal movement at the closing of this tectonism as evidenced by folding of
granitic dikes and sinistral rotation of pillow tails indicating horizontal movement. The small 5 to 20 cm
folds in granitic rocks in the Talbot Lake, specifically the two-mica granite and pegmatite, have Z-fold
geometry. This is the result of a strain aureole created as the plutons to the north and pressed against the
greenstone rocks, causing shortening that is preserved in the granitic dikes. North-side-up indicators in the
pillow basalts indicate that the northern pluton, the Talbot intrusion, is younger than the North Troutfly
batholith because it overprinted any other vertical fabrics that may have been created due to the intrusion
of plutons to the south. Evidence for horizontal movement comes from the rotated pillow tails showing
sinistral movement, and also from looking at the larger scale geometry of the rocks. The contact of the
Talbot intrusion with the greenstone rocks is deformed in a S-fold geometry. This, in combination with
the rotated pillow tails, indicates sinistral horizontal slip as the plutons rose upward, forcing the
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greenstone belt rocks downward and creating the strain aureole responsible for the folding. Foliations in
the Talbot Lake area trend to the east, dipping steeply to the south, which differs from the dominantly
north-dipping stratigraphy in the rest of the belt. This may be due to the intrusion of the plutonic rocks.
Lineations in the area vary, likely due to the intrusion of the plutons, but they are most commonly
recorded plunging moderately to the south between 111 and 257°.

MINERALIZATION AND ALTERATION
There are several mineral occurrences within the Keezhik Lake area, but, due to poor outcrop
exposure, the majority of these are from diamond-drill holes (for a summary of these up to 1995, see
Mason and White 1995). Claims in the area cover the northern portion of Keezhik Lake as well as the
Talbot Lake area and 3 companies have conducted work on this portion of the Fort Hope greenstone belt
since 2005. The first is Abbastar Resources Corp., which holds the Talbot Lake gold property on the
western side of the greenstone belt. The second and third, respectively, are SLAM Exploration Ltd.,
which conducted recent diamond drilling in spring 2010 on their Miminiska–Keezhik gold project, and
MetalCORP Limited, which conducted a survey of the known mineral occurrences on their claims in
2005. This section will briefly describe the different styles of mineralization and alteration observed in the
Keezhik Lake area, but, for more information on all the known mineral occurrences, please refer to
Mason and White (1995) and Madon, McIlraith and Stott (2009), which summarize all of the known and
documented mineral occurrences in the Fort Hope greenstone belt until 2009, or the web sites of the
aforementioned companies where more details on the nature of their properties and projects are available.
In the vicinity of Keezhik Lake, there are 2 main styles of mineralization and alteration. The first is
associated with the synvolcanic intrusion in the centre of the Keezhik volcanic complex, which is
currently held by SLAM Exploration Ltd. and MetalCORP Limited, and the second is quartz-ankerite
veining associated with localized shear zones. The synvolcanic intrusion exhibits sericite and ankerite
alteration as well as local quartz veining. The sericite alteration is found along foliation planes, indicating
that it was developed during or after tectonism. It is typically fine grained and anhedral and occurs
irregularly throughout the pluton, ranging in amount from 2 to 10%. The ankerite alteration is a finegrained patchy alteration found in some areas of the pluton. Locally in the altered zones, pyrite occurs
from 1 to 5%, is generally euhedral and disseminated. Local fine-grained chalcopyrite was observed in 2
locations in the pluton. Small local shear zones with unknown displacement sense are located in many of
the altered outcrops in the area and often have associated sericite alteration. Quartz veins ranging from 5
to 40 cm thick are found in consistent orientations in several of these outcrops, but do not appear to carry
sulphide minerals. In several pieces of float that were of the same lithology as the synvolcanic intrusion,
up to 12% fine-grained subhedral pyrite was disseminated along foliation planes and associated with
sericite alteration, but the source of this float was not found in the exposed outcrop. An undergraduate
thesis is being conducted on this synvolcanic intrusion by Dylan Wales at the University of Ottawa in
order to characterize its composition and to describe the nature of the mineralization and alteration.
The second type of alteration, quartz-ankerite veining, is found sporadically in outcrops in the
vicinity of Keezhik Lake. The quartz-ankerite veins typically occur in small localized shear zones, where
they are found along the shear plane. They are dominated by ankerite with 4 to 6 mm wide extensional
quartz veins that are oriented perpendicular to the orientation of the shear. There is not one particular
orientation of shear that contains these types of veins. One vein west of the north arm on Keezhik Lake
contained 3% disseminated, fine-grained pyrite and chalcopyrite in a shear zone with quartz-ankerite
veins. Other veins of this type in the area are barren or they contain 1 to 4% disseminated fine-grained
pyrite. In one location, these veins show both S- and Z-fold symmetry, which is the result of veins at
different orientations being rotated into the shear fabric. This suggests that the time of shearing was soon
after the formation of the veins.
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The Talbot Lake area, held by Abbastar Resources Corp., has a gold mineral occurrence associated
with a large west-trending quartz vein containing pyrite, chalcopyrite, sphalerite and visible gold.
Abbastar Resources reports that sampling by an previous property owner “indicated an approximate strike
length of the Main Zone to be 48 m with a weighted average grade of 13.8 g/t Au over a width of 3.3 m”
(Abbastar Resources Corp., www.abbastarresources.com/s/TalbotLake.asp [accessed October 15, 2010]).
This area also shows pervasive quartz-epidote-garnet alteration that has been interpreted to be synvolcanic
by crosscutting relationships between syntectonic granitoid rocks and the altered pillow basalts. This type of
alteration occurs as fine-grained pods of epidote and quartz in pillow basalts, both within the core of the
pillows, in the selvages and within massive flows. The epidote alteration is very patchy and ranges in size up
to 30 cm in width (see Photo 18.1B). Locally, in the epidote-altered metavolcanic rocks, 1 to 3% finegrained, disseminated pyrite was observed associated with the epidote alteration. Subhedral, 2 to 4 mm size
garnets were observed around some pillow selvages in the area. This type of alteration is typically
associated with hydrothermal volcanogenic massive sulphide environments. Lake sediment survey data
for the Keezhik Lake area shows few gold anomalies. One of these is found in the Talbot Lake area, and
is likely associated with the occurrence on the Abbastar Resources Talbot Lake gold property.

INTERPRETATION
The 2010 field season focussed on the northern stratigraphy of the Fort Hope greenstone belt.
Because of the lack of lithogeochemical and geochronological data at this early stage of the project, a
tectonostratigraphic breakdown of the greenstone belt will not be discussed in order to create an informed
hypothesis once the data collection is completed. Instead, the following text will discuss a possible
depositional environment for the previously described rocks.
Based on the observed geology, the Keezhik Lake area can be broken into 2 stages of volcanism. The
first stage of volcanism includes the northernmost portion of the Keezhik Lake area. This stage began in a
submarine environment with the extrusion of massive and pillowed mafic metavolcanic rocks building a
stable platform. There are at least 2 thin felsic tuffaceous units found within these volcanic rocks, and
they are likely from a distal source. The Talbot Lake area is included in this stage, which is interpreted
from the airborne geophysical maps (OGS 2003) and will need to be confirmed using lithogeochemistry.
This period of mafic volcanism is spatially extensive and likely quite thick, so it may have been fed
through multiple fissures on the sea floor. Following the period of mafic volcanism, there was a shift to
dacitic volcanism, represented by the extrusion of dacitic pillows as well as some tuffaceous dacitic
material. This volcaniclastic material may be the result of the initial building stages of a dacitic volcano
that would eventually become the Keezhik volcanic centre. The latter part of this stage of volcanism
includes the eruption of a felsic tuffaceous unit that extends along the eastern side of Keezhik Lake. The
origin of this tuff is unknown, but it may also have been erupted from the Keezhik volcanic centre.
Overlying the tuff and interbedded with some of the dacitic units is magnetite iron formation and chert.
Evidence for ongoing venting of chert and iron formation is interpreted due to the presence of chert clasts
within the dacitic tuffaceous units, thin iron formation beds within metavolcanic units and the abundant
chert clasts in the conglomerate. The deposition of the chert bed at the top of this succession of rocks
likely represents a break in volcanism and sedimentation for a few hundred or thousand years.
Stage two volcanism is divided into 2 parts. Part one involves the building of the Keezhik volcanic
centre; part two consists of the waning of the Keezhik volcano and deposition of the conglomerate. Part
one begins with the deposition of a layer of mafic volcanic rocks, less than a kilometre thick. Further
geochemical study of these rocks will determine if they are from the Keezhik volcanic centre and
represent bimodal volcanism. Following the deposition of mafic volcanic rocks, the Keezhik volcanic
centre erupted flows and tuffs. The top of the volcanic pile is represented by a felsic metavolcanic unit,
which would have been deposited as the volcanism at this centre began to wane. This marks the end of
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part one. The volcanic rocks from the Keezhik volcano are interpreted to have erupted from a chamber
that is represented by the synvolcanic intrusion preserved in the core of the dacitic rocks. This contains a
dacitic roof pendant that suggests that it was a high-level intrusion.
Part two of stage two volcanism involves the waning of the intermediate and felsic volcanism from
the Keezhik volcano as the conglomerate units were deposited. The conglomerate appears to be preserved
as at least 2 sheet-like, tabular units overlying each other, but separated by thin mafic volcanic units.
These conglomerates are likely the result of mass wasting off of the slope of the Keezhik volcanic centre
and the sheets of conglomerate entrained chert and dacite clasts. The location of the conglomerate and its
type of clasts also suggest that the direction of flow downslope was toward the west. Evidence for mafic
volcanism at the time of conglomerate deposition is found between the conglomerate sheets as pillow
basalts. The source for these basalts is unknown.
Following the deposition of the conglomerate and the end of volcanism at the Keezhik volcanic
centre, a smaller volcanic centre in the area of Nesting Lake deposited dacite and rhyolite creating a small
volcanic pile—the Nesting volcanic centre. The waning of the volcanism at this centre, represents the end
of stage two volcanism. The mafic volcanic rocks overlying the Nesting volcanic centre appear to be the
same as the ones that wrap around the southern edge of the South Keezhik pluton and extend to
Bresnahan Lake. These mafic volcanic rocks, although not always pillowed, appear to face to the north.
No folding is recorded in the area, but these volcanic rocks may be in thrust fault contact with the
northern volcanic rocks, which could explain the reversal in facing direction. This area will be explored
further in ensuing years of the project.

CONCLUSIONS AND FUTURE RESEARCH
The Keezhik Lake area represents a complex succession of metavolcanic and metasedimentary
rocks. This succession represents the building of a stable platform of mafic metavolcanic rocks, followed
by the building of an intermediate composition volcanic complex, the Keezhik volcanic centre, after
which there was mass wasting on the slope of this volcanic centre causing the deposition of conglomerate
units. Then, following a short period of mafic volcanism, the Nesting volcanic centre deposited more
dacite to the west of the Keezhik volcanic centre.
Mapping during the 2010 field season has greatly contributed to the understanding of the Keezhik
Lake area, but further work still needs to be completed. Mapping in the Miminiska Lake and Atwood
Lake areas is needed in order to relate the northern and southern portions of the greenstone belt and
further examine the nature of the change in stratigraphic-facing direction from south to north in the
northern portion of the Miminiska Lake area. As part of a PhD thesis by the first author, these will be
studied as well as the tectonostratigraphic assemblage framework of the area and correlating the
tectonostratigraphic assemblages from the western portions of the Uchi Subprovince to the eastern portion
using geochronological and geochemical analyses.
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FOOTNOTE
This article was produced as partial contribution to a PhD thesis being completed by S. Buse at
Carleton University under the supervision of Dr. B. Cousens.
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INTRODUCTION
The Sutton Inliers comprise a series of separate, large exposures of Paleoproterozoic sedimentary
rocks and gabbro sills surrounded by younger, Paleozoic rocks in the Hudson Bay Lowland (Figures 19.1
and 19.2). They formed on the Archean Superior Province margin during the Trans-Hudson Orogen
(Hoffman 1989) and represent a shallow-water sedimentary succession, capped by gabbroic sills (Photo
19.1). The inliers are most prominent as a chain of shallowly north-dipping cuestas with steep, southfacing escarpments. Other inliers farther north are less prominent as relatively flat outcrops of gabbro or
broad “whale-back” exposures surrounded by wetlands.
The inliers were previously described by Dowling (1905) and more fully by Hawley (1926) in detail
along the cuestas, and by Bostock (1971) as part of a reconnaissance mapping project. The visit to the
inliers in 2009 was an opportunity provided by a multi-year reconnaissance mapping survey of the
surficial geology of the lowlands (Barnett and Yeung 2009). The main purpose of the trip was to take
advantage of available helicopter time during a four-day period in August 2009 to briefly examine the
Sutton Inliers in relation to their aeromagnetic signatures, obtain representative samples for geochemistry
and geochronology and gain a quick assessment of the economic potential of the Sutton gabbroic sills.
Work was conducted on ridges near Aquatuk Lake, Sutton Lake and west of Sutton Lake at Birch Hill
(Hawley 1926). Samples were also obtained from outcrop exposures as far north as the abandoned Wachi
Mid-Canada Line base, east of Peawanuck. The purpose of this report is to provide some descriptions of
the geology and a preliminary summary on the structural setting and geochronological results arising from
extensive sampling of the inliers.

GEOLOGY OF THE SUTTON INLIERS
The Sutton Inliers form a series of cuestas (see Figure 19.2); these hills stand up to 90 m or more
above the peatland with a steep ridge facing south and sloping gently to the north. Some hills, dominated
by glacially sculpted columnar diabase, have been similarly formed as roches moutonnées.
Dowling, in his 1905 report, first drew attention to the presence of significant magnetite content in
the upper sedimentary beds exposed in the cliffs bordering Sutton Lake on the south end of the Sutton
River, which drains into Hudson Bay. An excellent, detailed descriptive report of the inliers, provided by
Hawley in his 1924 investigation of iron deposits for the Nipissing Mining Company, was subsequently
published in 1926 by the Ontario Department of Mines. Hawley provided descriptions of the stratigraphy
of the inliers and, subsequently, Bostock provided a formational subdivision of these Paleoproterozoic
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.19-1 to 19-14.
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sedimentary units in 1971 (Figure 19.3) with detailed descriptions of lithologic members. The reader is
referred to these publications for the stratigraphic details.
The sedimentary strata, which are dipping shallowly northward, are preserved by a thick overlying
gabbroic sill, which formed a cap and provides dramatic topography highlighted by the south-facing
ridges in a region that is otherwise noted for its low relief. Brief descriptions of the units (Figure 19.4) are
given below.

Nowashe Formation
The Nowashe Formation is the oldest formation of the Sutton Inliers and is composed largely of
dolomite and cherty dolomite with local stromatolitic features preserved and units of siliceous and
calcareous argillite. The stromatolites are illustrated and described by Hawley (1926) as crenulated chert
bands, which he concluded were algal in origin. The Nowashe Formation lies directly on Archean granitic
rocks and is only locally preserved, for example at Birch Hill and west of the Sutton Narrows; these 2
localities provide the most completely exposed stratigraphic sections above the Archean platform. The
south-facing outcrop ridge at Birch Hill, described by Hawley (1926), is one of a string of Proterozoic
rock inliers that rise dramatically above the surrounding flat wetlands and Paleozoic sedimentary rocks.
At its base, the Nowashe dolomite can be observed with cherty silica fracture and space fillings from a
chert-rich breccia layer above. The cherty silica appears to be infill within small karst-like spaces and
fractured areas of the Nowashe Formation.

Figure 19.1. Regional geology of eastern Hudson Bay Lowland showing the distribution of the Paleoproterozoic Sutton Inliers.
Locations (in enlarged figure) of sampling visits to several ridges and other outcrops are numbered (see also Figure 19.2). Site 1
is at the narrows between Sutton and Hawley lakes; site 2 is Birch Hill, described by Hawley (1926) and where most
geochronology samples were obtained; site 3 is a sloping ridge of columnar, diabasic gabbro sill from which oriented samples
were obtained for paleomagnetism work; site 4 is the whale-back–shaped outcrop of gabbro on which the abandoned Wachi MidCanada Doppler radar station was located.
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Figure 19.2. Sutton Lake area showing the Sutton cuesta hills and topographic features and locations referred to in the text.
Figure is modified from Hawley (1926).

Photo 19.1. Birch Hill, one of the better preserved sections of formations of the Sutton Inliers. Note the columnar jointing of the
gabbroic sill capping and protecting the underlying Proterozoic sediments of the Nowashe and Sutton Ridges formations from
erosion. Section to top of hill is approximately 90 m.
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Sutton Ridges Formation
The Sutton Ridges Formation, best exemplified at Birch Hill (see Figure 19.2; see Photos 19.1, 19.2
and 19.3), is composed of an upward progression of a base of chert breccia, conglomerate and quartzite,
light grey-buff arenaceous beds that are typically graded or cross-bedded, minor conglomerate and wacke
progressing upward to thinly interbedded wacke–siltstone and argillite, with increasing magnetite content,
which accentuates cross-bedding in the wacke. Underneath the capping mafic sill, the thinly bedded
magnetite-rich wacke and siltstone is typically weathered black to grey. Within parts of this dark coloured
wacke–siltstone, there are bright red, hematitic, cherty oolite beds, many of which have been boudinaged
or with segments of beds thrusted eastward, forming ramps within the interbedded wacke and siltstone
(Photos 19.3E and 19.3F). A thin bed of grey dacitic tuff lies within the thinly bedded dark grey slaty
siltstone close to the overlying gabbro sill at Birch Hill.

Figure 19.3. Table of formations of the Sutton Inliers (modified from Hawley 1926).
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Figure 19.4. Regional correlations of strata (modified from Chandler and Parrish 1989; Bostock 1971; Hamilton et al. 2009; Maurice et al. 2009).
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Gabbro Sills
Gabbro sills cap the Sutton Ridges and also form flat outcrops and local whale-back–shaped
outcrops north of the ridges. Above the Sutton Ridges Formation, the gabbro is typically up to
approximately 100 m thick and consistently columnar from top to bottom as exemplified at the Birch Hill
ridge (see Figure 19.2; see Photo 19.1). In areas of exposed bedrock north of the north-dipping cuesta
ridges, the gabbro is generally medium grained, equigranular and only locally feldspar porphyritic. The
large Wachi outcrop, east of Peawanuck, is the only exposure where a local, vein-like pegmatoidal gabbro
phase was observed.
The columnar gabbro intrudes and very shallowly transects the bedding of the magnetite-rich
mudstone and iron formation at the base of the sill (Photo 19.3B). The visually apparent thermal baking
of strata is typically fairly thin (several centimetres) and there is only local evidence of inclusions of
sediment caught up within the basal 3 m of the gabbro. The chill margin, shown by fine grain size within
the gabbro, is locally visible up to 1.5 m from the underlying wacke–siltstone beds.

GEOCHRONOLOGY
At Birch Hill, the main clastic sedimentary units were sampled for detrital zircon geochronological
analysis and one thin, grey tuff or volcaniclastic bed was sampled to establish the probable concurrent age
of deposition of this tuff-like unit within the Sutton Ridges Formation. The tuff was sampled just below
the mafic sill, within the shaly siltstone.

Photo 19.2. A) Cross-bedding in magnetite-rich sandstone within the quartzite section of Hawley’s original stratigraphy (see
Figure 19.3). Pencil, 15 cm long, for scale. B) Silty, magnetite-rich siliciclastic iron formation with jaspilitic cherty oolite beds.
Oolite beds are 6 to 14 cm thick. Hammer at top for scale.
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Photo 19.3. A) Oolites in slaty iron formation. Jaspilitic cherty oolites are 2 to 3 mm wide (for scale) and form around small
grains of magnetite. B) Typical contact of the gabbroic sill with finer grained chill margin against the underlying slaty,
magnetite-rich, clastic sediments of the upper Sutton Ridges Formation. C) Columnar steps of gabbroic sill, northwest of
Aquatuk Lake, east of Sutton Narrows on east side of a cuesta hill, the site of transect sampling for paleomagnetic and whole
rock geochemical assay. D) A typical cuesta hill dominated by a columnar gabbroic sill, looking eastwards from the air.
E) Eastward-directed thrusting of the strata is evident on southeast-trending rock faces where lenses of jaspilitic chert beds are
dismembered and ramp up into the shaly magnetite-rich beds. Mineral lineations on bedding surfaces trend eastward and
indicate, with the dismembered ramped chert beds, a regional sense of subhorizontal displacement localized especially within the
thinly bedded units. Birch Hill location. F) Shaly clastic magnetite iron formation interbedded with jaspilitic chert. Chert beds
are dismembered and ramp up, thrusting eastwards onto shaly beds. Birch Hill location.
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Sutton Gabbro Sills
A medium to coarse gabbro sample (09SB-018-3) was taken from the large gabbro sill outcrop upon
which the abandoned Wachi Mid-Canada Doppler radar base was built, east of Peawanuck (see Figure
19.1). Recovered baddeleyite grains were very sparse, small and not of good quality. The results, with
modest precision, can be interpreted by anchoring a regression through the origin, giving an age of circa
1870 Ma (Figure 19.5A). This compares with an age of 1870±2 Ma (Figure 19.5B) from baddeleyite of a
sill at the Sutton Narrows from H. Bostock’s (1971) collection (sample BK67-109), analyzed by
Hamilton (unpublished data; Hamilton et al. 2009). Hamilton et al. (2009) noted that the age of circa
1870 Ma for the Sutton gabbro sills corresponds to a relatively brief episode of mafic magmatism
recorded elsewhere (Figure 19.6) in the Haig mafic intrusive rocks on Belcher Islands and Sleeper Islands
(1870.3±0.7 Ma, 1870.1±1.1 Ma) and the Fort Albany dike (1871±1Ma; see also Figure 19.5C, and
Hamilton and Stott 2008). The age of 1870 Ma is also comparable to sills in the co-magmatic upper
Chukotat Group of the Cape Smith Belt (Maurice et al. 2009).

Sutton Ridges Formation: Clastic Sediments
Four samples of the clastic sedimentary succession were obtained at wide intervals from close to the
base upward to the uppermost sandstone below the gabbro sill at Birch Hill. The samples were analyzed
by laser ablation inductively coupled plasma mass spectrometry (LA-ICP–MS). Details of the
methodology are provided by Davis (2010). The results are described and summarized below for samples
listed from stratigraphic bottom to top:
1. Sample 09SB006-2: quartz breccia with sandy matrix from the lower Sutton Ridges Formation
2. Sample 09SB003-1: wacke, lower section of Sutton Ridges Formation
3. Sample 09SB007-2: magnetite-rich sandstone, Sutton Ridges Formation
4. Sample 09SB008-3: magnetite-rich sandstone, Sutton Ridges Formation, upper section
5. Sample 09SB010-4: distinctive grey tuff-like bed from the uppermost section of the Sutton
Ridges Formation
All 4 sandstones contain a small amount of detrital zircon that is generally equant to stubby in shape
and well rounded. Analyses were conducted on the widest possible range of zircon morphologies,
including prismatic and rare euhedral grains. Most grains from the 4 samples used in the age
determinations gave concordant or near-concordant (less than 10% discordance) data. All detrital grains
from the clastic sediments, including the grey tuff-like sample were derived from Neoarchean sources.
The fifth sample from a distinctive grey tuff-like bed also contains zircon grains from predominantly
Neoarchean sources, but with a single grain giving a near-concordant age of 1887±54 Ma that provides an
older age limit on the deposition of the tuff. If this zircon provides a date for contemporaneous volcanism,
its age would represent a younger age limit on deposition of the underlying sandstones, which comprise
almost the entire stratigraphic section beneath the capping gabbro sill at Birch Hill. The age probability
distribution of all 5 samples is broadly similar with principal peaks circa 2700 Ma and minor components
extending back to just after 3000 Ma (Figure 19.7).
There is no evidence of Paleoproterozoic zircons within the sandstones indicating that these sediments
did not receive any erosional input from Trans-Hudson magmatism within the main Trans-Hudson Orogen
to the north, which crosses western Manitoba and underlies Hudson Bay, north of Ontario. The zircons were
derived most likely from the south, off the Superior craton, which would have been exposed to erosion circa
1900 to 1870 Ma. The limited, circa 2.9 to 3 Ga zircons may have been derived from the core of the North
Caribou terrane to the south (see Stott et al., this volume, article 20), but the late Neoarchean zircons could
have been derived from younger terranes to the south, including the Uchi, Wabigoon and/or Wawa
subprovinces.

19-8

Precambrian Geoscience Section (19)

G.M. Stott et al.

Figure 19.5. Concordia diagrams showing results of geochronological analyses for baddeleyite grains, as shown, from
A) gabbro hill at abandoned Wachi Doppler radar base; B) gabbro sill sample from the Sutton Narrows; and C) Fort Albany
mafic dike sample from Puskwuche Point (see Fort Albany shown in Figure 19.6).
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PALEOMAGNETISM
Early work on the paleomagnetism of the Sutton gabbro sills, mostly from the Sutton Narrows, was
published in a brief note by Schwarz, Clark and Fujiwara (1982). The results showed that the virtual
geomagnetic pole position for the mafic sills is comparable to paleopole positions determined for the Haig
sills within the Eskimo Formation of the Belcher Islands (Schmidt 1980) and within the Flaherty
volcanics of Sleeper Islands in eastern Hudson Bay, plus the Sakami Formation red beds of the Richmond
Gulf area, east of James Bay (Schwarz and Freda 1980). New, oriented samples through a stratigraphic
transect were obtained along one large exposure of columnar gabbro sill (see Photo 19.3C) on the
northwest side of Aquatuk Lake for future paleomagnetic work.

Figure 19.6. Map of the regional locations of the Sutton Inliers and Fort Albany mafic dike. Also shown are the Belcher and
Sleeper Islands on which the Haig sills occur, and the Pickle Crow and Molson dike sets, which, together with the Fort Albany
dike, form a fan of dikes progressively younger eastward and radiating from a locus (star) in northern Manitoba. For further
discussion, see Ernst and Bleeker (2010).
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STRUCTURAL GEOLOGY AND TECTONIC SETTING
The cuesta hills of the inliers are dominated by the almost universally columnar structures of the
gabbro sills that cap the cuestas. It is evident that there are several gabbro sill sheets from the inliers north
to the Wachi whale-back outcrop. The distribution of the Proterozoic strata is evident from the regional
aeromagnetic data; regional-scale, Z-folds of apparently steeply dipping strata are interpreted (see Stott
2008) for strata largely underlying the Paleozoic rocks in the north closer to Hudson Bay, becoming very
shallowly, north-dipping at the cuesta inliers further south. At Birch Hill and west of Aquatuk Lake, units
of the Sutton Ridges Formation dip very shallowly northward. They show mineral and very fine crenularlike groove lineations striking consistently eastward on argillite or siltstone bedding planes, parallel to the
stretching direction of boudin nodes and thrust ramping of oolitic chert beds (see Photos 19.3E and
19.3F). The evidence suggests that the strata in the inliers collectively experienced some lateral
subhorizontal compression from the west and transported eastward slightly. This is modest evidence of
displacement, but consistent with the geophysical evidence of the more pronounced right-handed sense of
displacement of the above mentioned Z-folded strata, closer to Hudson Bay, probably formed at the time
of collision between the Superior craton and the Churchill Province during the Trans-Hudson orogeny,
circa 1.83 to 1.80 Ga (Corrigan et al. 2009).
The Sutton Inliers are regionally correlated (Figure 19.8) to other stratigraphic sections (see Figure
19.4) along the west coast of Quebec and the Belcher Islands and Sleeper Islands of eastern Hudson Bay
(e.g., Hawley 1926; Chandler and Parrish 1989; Hamilton et al. 2009). The age of 1870 Ma of the Sutton
gabbro sills also correspond to the age of mafic sills intruding the upper Chukotat Group of the Cape
Smith belt in northern Quebec.

Figure 19.7. Comparative probability distributions for spot analyses on all zircon grains of the sampled clastic sediments and
tuffaceous layer. The predominance of Neoarchean ages and the variable bimodal distributions in most samples indicate sources
from different provenance terranes or different crustal levels as the depositional system evolved. For sample descriptions, see
text under “Sutton Ridges Formation: Clastic Sediments”. Paleoproterozoic age for single zircon in tuffaceous bed not shown.
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Figure 19.8. The Paleoproterozoic Trans-Hudson Orogen wrapped around the northern margin of the Superior craton. The principal compression directions, during south and
southeastward orogenic compression and thrusting onto the craton are shown by black arrows. Evidence of subhorizontal, eastward-thrusting of limited extent is apparent in
the Sutton Ridges Formation. See Photos 19.3a and 19.3b). Figure after Hoffman (1989).
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ECONOMIC CONSIDERATIONS
The gabbroic sills that intrude the Sutton Ridges and form flat and whale-back outcrops further north
are comparable in age and tectonic setting to similar intrusions within the Povungnituk Group at the Cape
Smith–Raglan region of northern Quebec. The dominant feature of the thick sill along the length of the
Sutton Inliers is the presence of massive columnar jointing from the top to the bottom of the sill. Little or
no textural differentiation was observed in the sills, with the exceptions of a coarse pegmatitic phase at
the Wachi outcrop to the north and local feldspar porphyritic textures in a couple of observed outcrops
between Wachi and the Sutton Inliers. A geochemical assay sampling transect was completed from top to
bottom at one typical, columnar gabbroic sill, east of the Sutton Narrows. No anomalous metal values
were obtained.
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INTRODUCTION
The Superior Province, the largest coherent Archean craton in the world, has been subdivided in past
years into subprovinces based on lithological characteristics, as summarized by Card and Ciesielski
(1986) who reviewed the history of these subdivisions. Subprovinces still serve a purpose for
geographical reference, but have become less useful for tectonic analysis, especially in the northern half
of the Superior Province across Ontario, Manitoba and Québec. In the past 20 years, there has been
substantial progress toward defining tectonic terranes across this craton. These subdivisions, while based
in part on subprovinces, have incorporated developments in regional bedrock geology mapping coupled
with geophysical surveys and interpretations, widespread geochronological applications, and geochemical
and isotopic syntheses. The results have been assembled, particularly over the past 15 years, from the
regional mapping and compilation programs of provincial and federal geological surveys, and incorporating
the combined results arising from the Lithoprobe and Natmap programs (e.g., in Ontario: Percival et al.
2006; White et al. 2003 and references therein) and syntheses conducted in Québec (e.g., Simard 2008).
Considerable discussion continues to revolve around the relationships, history and tectonic
significance of the subdivisions shown in Figure 20.1. Whatever significance is attributable to these
tectonic features, there is a fundamental need to correlate as best as possible the major subdivisions
observed across the breadth of the Superior Province. For example, terrane and domain correlations
across James Bay are open to further revision, since our knowledge of this region is more limited; the
boundaries within the James Bay and Hudson Bay lowlands, in particular, are based on an interpretation
of composite images of the available aeromagnetic data sets (Ontario Geological Survey 1999, 2003;
Geological Survey of Canada 2003) and, since no publicly available airborne magnetic survey has been
completed across James Bay, there is a significant data gap in the basic crustal geology of this region
between Ontario and Québec. Also, the relatively flat-lying Hudson Bay and James Bay lowlands form a
broad, dominantly carbonate, Paleozoic to Mesozoic cover over a significant portion of the Precambrian
rocks in northern Ontario; this has impeded our understanding of the Precambrian geology and tectonic
framework across this region of Ontario and its relation to adjacent areas in Manitoba and Québec.
The purpose of this brief article is to present a map of terrane and domain boundaries across the
Superior Province, based on currently available data and interpretations, and to briefly describe and
speculate on some features of terranes in northwestern Ontario. This map is a product of an ongoing
iterative process. The terrane and domain boundaries of northwestern Ontario, shown in Figure 20.2,
incorporate and revise previous interpretations (e.g., Thurston, Osmani and Stone 1991; Stone 2005;
Percival et al. 2006; Stott et al. 2007).Variations of the map have been presented on several occasions
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.20-1 to 20-10.
© Queen’s Printer for Ontario, 2010
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over the past several years for review and discussion (e.g., Stott and Corkery 2006; Stott et al. 2007) and
earlier versions covering western Ontario and Manitoba were presented following the Natmap and
Northwestern Ontario Lithoprobe programs (e.g., Percival et al. 2006; Percival 2007). Meanwhile,
workers at Géologie Québec and their university colleagues had completed a substantial revision of the
geology of northeastern Superior Province (e.g., Leclair 2005; Simard 2008; Boily et al. 2009; Maurice et
al. 2009), which led to a corresponding revision of terrane subdivisions in Québec. Therefore, the map is
assembled from a range of contributions. It is intended that the current state of terrane subdivisions,
reflected in Figure 20.1, should encourage further research as our understanding of the tectonic
framework of the Superior Province evolves with continued mapping, especially across the more remote
parts of the Superior Province and in areas where correlation problems remain. The reader will note in
Figure 20.1 that several domains in northern Ontario and Québec appear to merge across the border, but
remain separately named until terminologies and the characteristics of these tectonic features can be more
clearly resolved. In this article, we also speculate on some implications of economic importance for the
Far North, notably in the Oxford–Stull domain.

Figure 20.1. A revised terrane map of the Archean Superior Province.
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Figure 20.2. Terranes and domains of the Superior Province in the northern part of northwestern Ontario. The simplified geological background is from Stott and Josey (2009).
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DEFINITIONS
In developing a tectonic map across the Superior Province, a consistent set of definitions were
formulated particularly in western Ontario as summarized in Percival (2007) and given below:
Superterrane – an amalgamation of 2 or more terranes before Neoarchean assembly of the Superior
Province. It carries metamorphic or deformational evidence of at least one amalgamation event
before Neoarchean assembly. (Not applied to the Superior Province.)
Terrane – a tectonically bounded region with internal characteristics distinct from those in adjacent
regions prior to Neoarchean assembly of the Superior Province
Domain – a typically younger, lithologically distinct part of a terrane, but either with juvenile crust
or sharing a common basement
Tectonic or Tectonostratigraphic Assemblage – distinct in lithology, time and tectonic setting and
composed of one or more stratigraphic groups or formations
There has been, thus far, inadequate evidence for amalgamation of terranes prior to Neoarchean
assembly of the Superior Province to justify the designation of any large crustal block as a superterrane in
the Superior Province. Tectonic assemblages provide a useful chronostratigraphic subdivision of
greenstone belts in Ontario and provide a suitable scale for correlating volcanic episodes for hundreds of
kilometres along the length of tectonic domains, such as the Uchi domain (Stott 1997).
Terranes and domains, containing greenstone belts and plutonic rocks, hundreds of kilometres long,
can be distinguished from adjacent ones by lithologies, age, isotopic character, geochemistry and
bounding faults (e.g., Skulski et al. 2000; Tomlinson et al. 2004; Rayner and Stott 2005; Percival et al.
2006; Boily et al. 2009). The following are brief descriptions and comments on several terranes in
northwestern Ontario, shown in Figure 20.2.

TERRANES IN NORTHWESTERN ONTARIO
Two sialic terranes, the Hudson Bay terrane and the North Caribou terrane (NCT), each have
complex, but distinct, episodic magmatic and tectonic histories: the Hudson Bay terrane contains zircons,
some inherited, from Paleo- to Neoarchean; the North Caribou terrane from Meso- to Neoarchean. Between
them, the narrower, ribbon-like Oxford–Stull domain (OSD) stretches from western Manitoba to the James
Bay Lowland in Ontario (see Figure 20.2). The OSD displays some evidence of Mesoarchean mid-ocean
ridge basalt (MORB)-like sequences concurrent with continental magmatic growth within Hudson Bay
terrane and North Caribou terrane margins to the north and south, respectively. For example, the southern
contact with the Island Lake domain of the NCT shows a prevalence of Mesoarchean zircon ages and
isotopic evidence for a shared constructive history with the OSD, across the Stull–Wunnummin fault.
High-resolution aeromagnetic data (Ontario Geological Survey 2003) and limited diamond-drill logs
(e.g., Stott et al. 2008) permit a clearer interpretation of the distribution of Archean supracrustal belts and
granitic batholiths under the Paleozoic cover of the James Bay Lowland. The Uchi domain greenstone
belts along the southern flank of the NCT appear to trend northeastward and wrap around the eastern end
of the NCT. The aeromagnetic expression of this greenstone trend continues and merges with McFaulds
Lake greenstone belt (see Metsaranta, this volume) of the OSD near the western margin of the James Bay
Lowland. This combined array of Neoarchean greenstone belts continues eastward, narrowing under the
James Bay Lowland, toward the La Grande and Eastmain greenstone–granite domains in Québec.
A northern greenstone limb of the OSD, near the North Kenyon fault boundary with the Hudson Bay
terrane, appears to be dextrally offset by the Winisk fault, but on strike toward the La Grande domain in
Québec. Consequently, a revised interpretation of major terrane and domain boundaries is proposed as
shown (see Figure 20.1) across a portion of the northern Superior Province from Manitoba to Québec.
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Hudson Bay Terrane
What was labelled as the Northern Superior superterrane by Skulski et al. (2000) in Ontario and
Manitoba is considered here to be part of the Hudson Bay terrane, extending from Québec and continuing
westward into northern Manitoba. The earlier superterrane label was proposed based on the interpretation
that this northernmost exposed part of the Superior Province in Ontario was a complex of separate
Mesoarchean and Paleoarchean terranes. However, apart from very limited inherited pre-Neoarchean
zircons (Skulski et al. 2000; Stone 2005), subsequent age determinations (e.g., Rayner and Stott 2005;
Stott et al., this volume, article 19; Stott, Hamilton and Kamo, this volume, article 21) demonstrate that
much of the Archean crust underlying the Hudson Bay Lowland in Ontario may be mid-Neoarchean and
lithologically comparable to the Bienville region of the Hudson Bay terrane of Québec.
It is interpreted here that the Hudson Bay terrane of Québec, which includes supracrustal rocks, older
than 3.8 Ga, in the Tikkerutuk domain (O’Neil et al. 2007), continues under the Hudson Bay Lowland of
Ontario into Manitoba. The Hudson Bay terrane forms a 1000 km long band of distinctively strong
aeromagnetic intensity across Ontario and Manitoba, attributable to both older crustal rock and younger
Neoarchean tabular plutons (see also Stott, Hamilton and Kamo, this volume, article 21). In Manitoba, the
terrane contains plutonic tonalite-trondhjemite-granodiorite (TTG) rocks in the Assean Lake block in
Manitoba with U/Pb zircon ages of 3.2 to 3.1 Ga, with detrital zircons in metasedimentary rocks up to
3.9 Ga. Neodymium model ages (TDM DePaolo 1988) range from 3.4 to 4.1 with εNd values to –11 at
2.7 Ga. Although the entire northern segment of the Pikwitonei granulite region of Manitoba, including
the Assean Lake block, has Mesoarchean signature, it includes an abundance of Neoarchean plutons,
circa 2705 to 2685 Ma. In Ontario, near the Manitoba border, Mesoarchean (2.846 and 2.814 Ga) and
Neoarchean plutonic rocks occur in limited exposures of the terrane with an inherited age of 3.572 Ga and
Nd model ages of earlier than 3.0 Ga (Skulski et al. 2000).

North Caribou Terrane
The central core of NCT is dominated by Mesoarchean batholiths and shows limited Neoarchean
magmatism north of the Uchi domain-associated magmatic arc that dominates the Berens River
Subprovince. However, the Island Lake domain, similar to the Uchi domain to the south, contains
widespread evidence of Neoarchean magmatism and sedimentation. Several, relatively narrow greenstone
belts, from 2.9 to 3.0 Ga, are preserved in the NCT, notably the Red Lake and North Caribou Lake
greenstone belts. Rift sequences, circa 2.9 Ga, occur locally in the central NCT and contain detrital
zircons, from 2.97 to 3.048 Ga, and subsequent marine volcanism. Two periods of plutonic and
metamorphic activity occur across the NCT at 2.89 to 2.895 Ga and 2.85 to 2.86 Ga. The NCT forms a
Mesoarchean core upon which subsequent Neoarchean crust has been added to the north and south margins.

OXFORD–STULL DOMAIN
In Manitoba, the Oxford–Stull domain (OSD) has been best studied in the Oxford Lake–Knee Lake
area where it includes 3 assemblages (ages are compiled in Manitoba Geological Survey 2006):


The “Hayes River Group” (2870 to 2830 Ma) is composed of volcanic rocks showing
geochemistry consistent with an oceanic collage of tectonic settings: the oldest sequence is
MORB-like, followed by island-arc volcanism, variably contaminated non-arc, non-arc with
possibly contaminated back-arc basin basalts, and picrites. All of these rocks show juvenile
isotopic character (T. Skulski and J. Whalen, Geological Survey of Canada, personal
communications, 2000), consistent with having formed in an oceanic environment.
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•

The Oxford Lake Group (2740 to 2717 Ma) includes calc-alkalic to alkalic volcanic arc rocks
and epiclastic sediments. The volcanic rocks are juvenile to slightly contaminated and reflect a
largely oceanic setting.

•

The Timiskaming-like Opischikona sediments, with detrital zircons ranging from 2707 to
3500 Ma, unconformably overlie the “Hayes River Group” and are composed of greywacke,
iron formation and pebble to cobble conglomerate.

Across the breadth of the OSD, in volcanic and plutonic rocks, there is a preponderance of
Neoarchean U/Pb zircon ages, analyzed by sensitive high-resolution ion microprobe (SHRIMP), near the
Manitoba–Ontario border (as young as 2710 Ma) and farther east near the James Bay Lowland in Ontario
(2737 to 2696 Ma) (Skulski et al. 2000; Rayner and Stott 2005). Also, in the same rock types, Neoarchean
to Mesoarchean Nd model ages, as well as positive εNd values, are present, which is consistent with
relatively juvenile crustal growth (Skulski et al. 2000; Rayner and Stott 2005). Inherited Mesoarchean
zircons in the eastern Oxford–Stull domain are scarce and are generally restricted close to the north and
south boundaries of the domain (Rayner and Stott 2005). Mesoarchean crystallization ages in the Oxford–
Stull domain of Ontario are mostly restricted close to the North Kenyon fault, marking the southern extent
of the Hudson Bay terrane, and close to the Stull–Wunnummin fault, near the core of the North Caribou
terrane (circa 3 Ga).
At the edge of the James Bay Lowland in Ontario, the OSD includes a calc-alkalic volcanic sequence
containing volcanogenic massive sulphide deposits at McFaulds Lake, with a U/Pb zircon SHRIMP age
of 2737±7 Ma (Rayner and Stott 2005). This is comparable in age to the Confederation assemblage in the
Uchi domain. In this respect, it is noteworthy that a discontinuous chain of greenstone belts, extending
from the Uchi domain, wraps around and joins the east side of the McFaulds Lake greenstone belt (see
Figure 20.2).
Overall, both the Meso- and Neoarchean supracrustal belts of the Oxford–Stull domain appear to be
dominated by juvenile, oceanic crust formed without significant input from adjacent older terranes except
close to the North Kenyon fault and the Hudson Bay terrane.

ISLAND LAKE DOMAIN
The Island Lake domain, on the north flank of the older core of the North Caribou terrane, includes a
complex of Meso- and Neoarchean crust and, to some degree, appears to share a common Mesoarchean
magmatic history with parts of the OSD. Isotopically, the Island Lake domain in Manitoba appears to
have incorporated some older crustal contaminants in contrast to the more juvenile OSD.

UCHI DOMAIN
The Uchi domain forms the southern margin of the North Caribou terrane where magmatic U/Pb
zircon ages and Nd model ages indicate the widespread presence of 2.8 to 2.9 billion-year-old crust,
comparable to the Island Lake domain forming the north flank of the NCT. The Uchi domain includes
Pembina tonalite (circa 2887 Ma) on Lake St. Joseph and Pickle Crow porphyry (2860 Ma) (Corfu and
Stott 1993), in addition to volcanic assemblages older than 2.8 Ga, indicating that Mesoarchean crust is
preserved locally across the Uchi domain. Neoarchean tectonic assemblages, forming the core of the Uchi
domain, appear to have built on or adjacent to this Mesoarchean crust to the southern edge of the NCT.
The eastern extent of the Uchi domain is interpreted to wrap around the eastern margin of the NCT core
and merge with the Oxford–Stull domain (Stott 2008b, 2009).
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English River and Quetico Metasedimentary Basins
The English River and Quetico metasedimentary basins are interpreted, from available mapping and
age determinations, as domains constructed on the margins of larger terranes. The geologically complex
eastern English River basin, west of the James Bay Lowland, displays evidence of narrow, curvilinear
greenstone belts separated by migmatized metasedimentary basins. Limited evidence of greenstone
remnants is preserved elsewhere in the English River, Quetico and Opinaca suggesting that these domains
each may have formed as an aggregate of inter-arc basins that were subsequently overwhelmed by
synorogenic sediment derived from erosion of adjacent, converging terranes. This remains to be evaluated.

Some Features of Note


Greenstone belts of the Uchi domain and the Oxford–Stull domain under the James Bay
Lowland appear to merge, based on aeromagnetic interpretations (Stott 2008a, 2008b, 2009),
and may continue eastward as a single domain across James Bay, on strike with the La Grande
and Eastmain domains. The relationships among the Oxford–Stull, Uchi, La Grande and
Eastmain domains remain unclear owing to the breadth of the James Bay Lowland cover and
the lack of aeromagnetic coverage across James Bay.



A large indentor-like feature underlies the James Bay Lowland, flanked by faults, and lying east
of where greenstone belts of the Oxford–Stull and Uchi domains are interpreted to merge (Stott
2008b); this feature is more typical of terrane collision boundaries elsewhere, for example, in
the northeast corner of the western Wabigoon terrane (see Figure 20.2). This apparent indentor
could be a piece of the North Caribou terrane isolated from the main NCT core to the west, but
this remains unresolved.



There is a separation of eastern English River and Quetico metasedimentary basins by a ridge of
felsic plutonic rocks, with high magnetic field intensity, extending toward gneisses of the
Opatica domain of Québec. The Opatica domain might extend to the Marmion terrane where the
latter is interpreted to underlie the eastern Wabigoon Subprovince, but the correlation remains a
problem to resolve and the tectonic status is speculative.



The Trans-Hudson Orogen underlies the northern half of the Hudson Bay Lowland and apparent
reworked Archean crust of the Hudson Bay terrane is interpreted to occur within the TransHudson Orogen (see Figure 20.2).



There is a potential correlation through the northern Hudson Bay terrane between the
Nuvvuagittuq greenstone belt (circa 4.3 to 3.8 Ga: David et al. 2002, 2008; O’Neil et al. 2007,
2008, O’Neil, Carlson and Francis 2010) in Tikkerutuk domain and the Assean gneisses
(>3.5 Ga: Böhm et al. 2000).

Areas interpreted to be part of the Paleoproterozoic Sutton Inliers are outlined where exposed (see
Figure 20.2). The Sutton “Inlier”, of shallow water sedimentary units and overlying gabbro sills, does not
appear to be one large area, but a set of inliers and should be referred to as the Sutton Inliers. The eastern
Sutton Inliers are shallowly dipping, northward concave and crescent shaped, based on aeromagnetic
patterns, which correspond closely with the distribution of outcrops observed by Bostock (1971) (see also
Stott et al., this volume, article 19; and Stott 2008b). Folded strata related to the Sutton Inliers are shown
from their regional pattern of magnetic susceptibility to extend discontinuously northward toward the
Hudson Bay coast upon apparently reworked Archean crust within the Trans-Hudson Orogen.
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ECONOMIC CONSIDERATIONS AND SPECULATIONS
Evidence thus far indicates that most of the Oxford–Stull domain comprises relatively juvenile,
Neoarchean crust, with limited Mesoarchean crustal exposures locally near the north and south margins of
the domain (Rayner and Stott 2005; Buse et al. 2009). This suggests a testable argument that the Oxford–
Stull domain was formed as a major intracratonic rift of an older crustal block, the Mesoarchean North
Caribou terrane. The northern margin in Ontario is currently defined to follow in part along the North
Kenyon fault (Stott 2008a). The southern rift margin might be marked by the presence of large mafic to
ultramafic–layered intrusions from Big Trout Lake, along the Wunnummin greenstone belt, to the
Fishtrap–Highbank intrusion.
The latter intrusion has an age of 2808 Ma, based on zircons obtained from coarse gabbro
(M.A. Hamilton, Jack Satterly Geochronology Laboratory, unpublished report to the Ontario Geological
Survey, 2008). This arguably could mark the time of rifting of the North Caribou terrane from
Mesoarchean crust along the southern portion of the Hudson Bay terrane to form the Oxford–Stull
domain. It could also mark the time of limited rifting within the core of the North Caribou terrane, along
the Island Lake greenstone belt for example (Corfu and Lin 2000; Parks et al. 2006). The North Caribou
terrane likely did not avoid some internal fracturing during this proposed episode of breakup of a once,
larger North Caribou craton. Fracturing conceivably would have occurred along some existing
Mesoarchean greenstone belts to form narrow zones of Neoarchean volcanism and plutonism. In this
scenario, these northwest-trending zones could focus later episodes of incipient Neoarchean rifting and,
subsequently, also serve to focus transpressive deformation and transcurrent faulting during convergent
Neoarchean assembly of the Superior Province.
The Oxford–Stull domain is a fairly linear domain that continues from western Manitoba through to
the equivalent, La Grande domain in Québec. The presence of a younger, circa 2736 Ma, episode of
layered (eastward-facing) ultramafic intrusions, coeval with volcanism in the McFaulds Lake greenstone
belt, argues for not only the likelihood that this sizeable synvolcanic ultramafic magmatism provides a
substantial heat-engine for synvolcanic hydrothermal activity that would have generated a volcanogenic
massive sulphide (VMS) suite of deposits, like the McFaulds Lake Cu-Zn deposits (Spider Resources Inc.,
www.spiderresources.ca/mineral-exploration-projects/mcfaulds-lake [accessed October 4, 2010]). It argues
also for the potential of this long, linear Oxford–Stull domain, initiated as an intra-cratonic rift, to harbour
similar, mantle-derived magmatic sulphide deposits in this frontier region from Manitoba to Québec.

CONCLUSION
The terrane map of the Superior Province is a work in progress. We encourage mappers and
researchers working in the Superior Province to test these tectonic subdivisions and assess the correlations
of domains, especially across James Bay and the Ontario–Québec border, where domains may differ in
their configuration and provincial usage of terminology.
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INTRODUCTION
Some U/Pb age determinations of granitoid intrusions in the Hudson Bay terrane are presented here
with interpretive discussions on their significance. The locations of the ages described here are shown in
Figure 21.1 and listed in Table 21.1. The purpose of these determinations was to contribute to assessing
the age distribution of granitoid rocks in the Hudson Bay terrane, which has been thought to contain a
potentially significant volume of pre-Neoarchean (>2800 Ma) crust.

GEOLOGICAL DESCRIPTIONS
Hudson Bay Lowland Granitoids
Two samples, 07GRS-009a and 07GRS-016a (sites 1 and 2, respectively, on Figure 21.1), were
taken in east-central Hudson Bay Lowland from drill core with the permission of De Beers Canada Inc.
The samples are representative of the 2 main rock types observed in De Beers drill core from several sites
in a large intrusive complex, which exhibits a relatively high aeromagnetic anomaly, one of several such
elliptical anomalies that characterize the Archean bedrock under the Hudson Bay Lowland. The dominant
rock is variably potassium feldspar-megacrystic biotite granodiorite and, locally, within and near the
margins of this broad granodiorite intrusive complex are diorite, quartz diorite and mafic intrusions that
resemble small aeromagnetic bulls-eyes. Both rocks appear relatively fresh with little alteration. This is in
spite of the major dextral, transcurrent shear zone, the Winisk fault, which trends southeastward across the
granodiorite intrusion and shows so prominently on aeromagnetic maps of this region (e.g., Stott 2008).
Two other samples were taken from the Archean granitoid basement exposed south of the Sutton
Inliers and are representative of an older, metamorphosed suite and a younger, unmetamorphosed suite.
Sample 09SB-019-1 (site 3, see Figure 21.1) is a grey foliated to gneissic, metamorphosed biotite tonalite
to granodiorite. Sample 09SB-020-1 (site 4, see Figure 21.1) is an unmetamorphosed, Archean potassium
feldspar porphyritic granite to granodiorite. The purpose was to provide additional age determinations in
rare Archean outcrops within the Hudson Bay Lowland, from older tonalite and younger granitic
intrusions that represent separate magmatic episodes before and after metamorphism. The younger,
granitic intrusion compares with rocks of late-tectonic, large tabular batholiths in the Berens River region,
north of the greenstone belts of the Uchi domain and with the large batholith at site 2 on Figure 21.1.

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.21-1 to 21-7.
© Queen’s Printer for Ontario, 2010
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U/PB GEOCHRONOLOGICAL METHODS
Sample processing and mineral concentration followed standard procedures involving jaw crushing,
disk milling, Wilfley table, magnetic and heavy liquid separation techniques, all carried out in the Jack
Satterly Geochronology Laboratory at the University of Toronto. Sample selection was by hand picking
under a microscope, choosing the freshest, least cracked grains of zircon.
Zircons from the sample were analyzed by isotope dilution thermal ionization mass spectrometry
(ID-TIMS). The method of chemical abrasion (Mattinson 2005) was used to improve concordance of
zircon analyzed by ID-TIMS. For chemical abrasion, selected zircon fractions were annealed in quartz
crucibles in a furnace at 1000°C for periods of approximately 48 hours. Annealed crystals were then
leached in hydrofluoric acid (HF) at 200°C in Teflon® bombs for several hours. Mineral grains were
washed prior to dissolution. A 205Pb–235U spike was added to the dissolution capsules during sample
loading. Zircon was dissolved using concentrated HF in Teflon® bombs at 200°C (Krogh 1973) and
subsequently redissolved in 3N HCl to promote equilibration with the spike. Anion exchange column
chemistry and isolation of U and Pb were carried out on some of the larger dissolved samples. Fractions
were dried down and loaded directly onto outgassed Re filaments using silica gel and analyzed with a
VG354 mass spectrometer in single-collector mode. Isotopic measurements were made using a Daly
collector in pulse-counting mode. Dead time of the measuring system during this period was 22.8
nanoseconds (ns) for Pb and 20.8 ns for U. The mass discrimination correction for the Daly detector was
constant at 0.07%/AMU. Daly characteristics were monitored using the SRM982 Pb standard. Thermal
mass discrimination corrections were 0.10±0.03%/AMU. All ages and errors quoted in the text and in
Table 21.1, and error ellipses in the concordia diagrams (Figures 21.2A to 21.2D), are presented at the 2σ
level. Plotting and age calculations were generated using Isoplot/Ex 3.00 (Ludwig 2003).

Figure 21.1. Locations of geochronology samples from the Archean basement of the Hudson Bay Lowland region.
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3.2
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3.5
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Pb/206Pb
Age
(Ma)

2705.0

2705.1

2704.7

2732.0

2741.6

2742.4

2742.5

2670.1

2704.3

2789.9

2694.5

2682.3

2686.8

2699.5

2694.3

2703.8

2708.1

2710.1

2709.0

2709.0

207

Notes: All locations are provided in Universal Transverse Mercator (UTM) co-ordinates using North American Datum 1983 (NAD83) in Zone 16.
Pbtot is total amount of Pb excluding blank.
Pbcom is common Pb assuming the isotopic composition of laboratory blank: 206/204 - 18.221; 207/204 - 15.612; 208/204 - 39.360 (2σ errors of 2%).
206/204 corrected for fractionation and common Pb in the spike; Pb/U ratios also corrected for blank where applicable.
Th/U calculated from radiogenic 208Pb/206Pb ratio and 207Pb/206Pb age assuming concordance.
% Disc is percent discordance for the given 207Pb/206Pb age.
Error correlation is correlation coefficients of X–Y errors on the concordia plot.

1.0

Z1

09SB-020-1 Potassium feldspar porphyritic granodiorite, Sutton Inliers area (UTM 682620E 6003261N)

1.2

Z1

09SB-019-1 Foliated biotite tonalite, Sutton Inliers area (UTM 690729E 5986999N)

4.5

Z1

07GRS-016a Potassium feldspar megacrystic granodiorite, Hudson Bay Lowland: DeBeers site FSN0094 (UTM 372388E 6072085N)

6.5

Z1

07GRS-009a Quartz diorite, Hudson Bay Lowland, DeBeers site FSN001 (UTM 373801E 6065609N)

Sample /
Analysis
No.

Table 21.1. U/Pb zircon ID-TIMS data for rocks of the Hudson Bay Lowland.
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RESULTS
07GRS-009a Quartz Diorite
This sample of quartz diorite yielded a modest amount of zircon. Four clear, colourless fragments
and single zircons were pre-treated by annealing and leaching and show a range in U concentration from
~50 to 200 ppm, yet give similar U–Pb and identical Pb–Pb ratios (see Table 21.1). Data for the 4
fractions (analyses Z1 to Z4) overlap each other on the concordia curve (Figure 21.2A) and have a
weighted mean 207Pb/206Pb age of 2709.1±0.8 Ma (2 sigma (σ) internal error, MSWD = 1.3; probability =
27%), which is considered the best age estimate for the intrusion. For the location of this sample, see
Figure 21.1, site 1 and Table 21.1.

Figure 21.2. Concordia diagrams of the results of U/Pb zircon age determinations: A) site 1, quartz diorite intrusion; B) site 2,
potassium feldspar (K-fsp) megacrystic granodiorite; C) site 3, foliated to gneissic biotite tonalite; and D) site 4,
unmetamorphosed, potassium feldspar (K-fsp) porphyritic granodiorite.
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07GRS-016a Potassium Feldspar Megacrystic Granodiorite
This granodiorite is characterized by a mixed population of zircon grains of varying quality.
Representative grains were selected for pre-treatment by annealing and leaching prior to dissolution,
although most chosen for eventual analysis represented better quality, colourless, equant to short, or
slender prismatic zircons. Chemical pre-treatment of grains from this sample did not result in isolation of
purely concordant domains, with the data showing discordance between 3 and 18% (see Table 21.1). All
analyses shown in Figure 21.2B and Table 21.1 represent single-grain fractions. Zircon fractions Z1 to Z6,
Z8 and Z9 yield 207Pb/206Pb ages younger than 2705 Ma, dispersing below concordia in a triangular array
that suggests variable accumulated time of Pb loss in the grains. The least discordant datum (analysis Z1)
has a 207Pb/206Pb age of 2704±1.5 Ma, which is a minimum age estimate; this analysis is collinear with data
for fractions Z3, Z6 and Z8, which together yield an upper intercept age of 2706.6±1.5 Ma (2, MSWD =
1.6, probability = 20%; see Figure 21.2B). A maximum age for the sample is possibly constrained by the
upper bounding fractions of the scatter, defined by Z1, Z2 and Z9, which, when regressed together, yield
an upper intercept age of 2717.2±2.6 Ma (see Figure 21.2B). Although it is difficult to distinguish the
reliability of one regression over the other, our preferred interpretation is that the age of 2706.6±1.5 Ma
likely represents the best (though minimum) age estimate for this granodiorite. This result is similar to
other, more robust ages based upon more concordant data presented for other samples in this report. We
also note that one single zircon fraction, Z7, yields a considerably older model 207Pb/206Pb age (circa
2790 Ma; see Figure 21.2B). This analysis is also slightly discordant (3.3%), but suggests that the host
granodiorite may have been contaminated by, or sourced in, a late Neoarchean or older crustal
component. For the location of this sample, see Figure 21.1, site 2 and Table 21.1.

09SB-019-1 Foliated Biotite Tonalite
Sample 09SB-019-1 yielded good populations of smaller and larger zircon grains of fairly uniform
morphology and good quality (mostly stubby and well-faceted prisms). The results for 3 annealed and
leached single-grain fractions are either concordant or slightly discordant, with 207Pb/206Pb ages
constrained narrowly between 2741.6 and 2742.5 Ma (see Table 21.1; Figure 21.2C). A regression of all 3
points, anchored through the origin—equivalent to a weighted average 207Pb/206Pb age for all 3 analyses—
yields an age of 2742.4±1.0 Ma. We interpret this age to best represent the primary age of emplacement
and crystallization of the tonalite. For the location of this sample, see Figure 21.1, site 3 and Table 21.1.

09SB-020-1 Potassium Feldspar Megacrystic Granodiorite
This sample contained a robust population of zircon with subequant to 4:1 elongate prism forms.
One grain has a model 207Pb/206Pb age of 2732 Ma (–0.3% discordant; see Table 21.1; Figure 21.2D) and
appears to reflect xenocrystic material, slightly younger, however, than the foliated biotite tonalite
sample, 09SB-019-1. However, all other analyzed (annealed and leached) single-grain fractions appear to
be magmatic, clustering on concordia with uniform 207Pb/206Pb ages at 2705.0±0.9 Ma (weighted average
of 3 fractions, Z2, Z3 and Z4). We interpret this date to represent the age of igneous crystallization of the
tonalite. For the location of this sample, see Figure 21.1, site 4 and Table 21.1.
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DISCUSSION
The large intrusive complex of dominantly massive to foliated granodiorite, with its broad, strong
magnetic susceptibility, is similar to other large granitoid bodies that have been mapped across the
northern Uchi domain and the Berens River region where the large, presumably “pancake- or tabularshaped” granodiorite to granite intrusions are notable for their fine- to medium-grained magnetite content
and relative compositional homogeneity. They are also locally accompanied by quartz diorite, diorite to
hornblendite intrusions along their margins, similar to what have been drilled in the Hudson Bay
Lowland. It has been argued (e.g., Stott and Corfu 1991; Percival et al. 2006) that these large granitoid
intrusions, circa 2700 to 2710 Ma, dominate a deeper crustal exposure of a magmatic arc lying to the
north of the Uchi domain greenstone belts, and mark a late thermal event during northward subduction
and collision along the southern Uchi domain boundary. The size and apparent tabular shape of these
broad granitic plutons are similar to those in post-Archean magmatic arcs (cf., Pitcher et al. 1985).
Thus, the age of circa 2705 Ma for the large, apparently tabular granitoid bodies under the Hudson
Bay Lowland might similarly mark a significant crustal melting event along a major magmatic arc
constructed inboard on a terrane behind a subduction zone. Whether the collision suture related to this
postulated magmatic arc lay to the south or north is undetermined.
Previous age determinations in the Hudson Bay terrane, north of the North Kenyon fault, are
summarized by Skulski et al. (2000), Stone (2005) and Rayner and Stott (2005), and compiled in a map
by Stott (2008). Although some inherited zircons of pre-Neoarchean ages have been reported north of the
North Kenyon fault near the Ontario border with Manitoba, and some Mesoarchean and Paleoarchean Nd
model ages have been obtained (Skulski et al. 2000; Rayner and Stott 2005), very few Mesoarchean
crystallization ages of intrusions have been reported in the Ontario portion of the Hudson Bay terrane,
generally just north of the North Kenyon fault, which may be a consequence of bedrock exposure and
sampling distribution. The 4 age determinations reported here suggest that much of the Hudson Bay
terrane, rather than representing an older, granulitic terrain of high magnetic susceptibility, may be
composed of a Neoarchean magmatic arc containing magnetite-bearing tabular granitic plutons, formed
during an episode in the assembly of the Superior Province, circa 2705 Ma, in a setting comparable to the
magmatic arc exposed north of the Uchi domain (see Stott and Corfu 1991; Percival et al. 2006). The
absence of pre-Mesoarchean inherited zircons in any samples obtained by Rayner and Stott (2005) or
reported here, and the absence of pre-Neoarchean detrital zircons in the clastic sediments of the Sutton
Inliers (see Stott et al., this volume, article 19), militates against the presence of accessible Mesoarchean
and older crust in this region. To argue for a connection between the very old crust of Tikkerutuk
(Quebec) and Assean gneisses in Manitoba, Paleoarchean and older crust might be constrained to the
unexposed northern part of the Hudson Bay terrane in Ontario, close to Hudson Bay and conceivably part
of what is interpreted to be deformed and metamorphosed Archean crust within the Trans-Hudson Orogen
(see Figure 21.1; see also Stott 2008).
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INTRODUCTION
The North Caribou greenstone belt lies in the heart of the North Caribou terrane in northwestern
Ontario (Figure 22.1; see also Stott et al., this volume, article 20). This terrane is composed of greenstone
belts and plutons, which are dominantly Mesoarchean, generally 2.8 to 3.0 Ga. The North Caribou terrane
has also been intruded by various Neoarchean plutons (circa 2705 Ma), mostly in its southern half where
large tabular intrusions appear to form a magmatic arc of intrusions inboard from the subduction zone
along the southern edge of the Uchi domain (Stott and Corfu 1991; Percival et al. 2006).
A conference and field trip organized by Goldcorp Canada Ltd. in June 2010, provided an
opportunity for discussions and to review ideas about the timing of emplacement of gold at the
Musselwhite Mine in the North Caribou greenstone belt. In 1989, Stott et al. suggested that the gold
mineralization and associated deformation of the host rocks may be synchronous with the emplacement of
the North Caribou pluton, circa 2.86 Ga. The purpose of this article is to briefly expand on this
suggestion, in light of the structural geology of the North Caribou greenstone belt and, locally, in the
vicinity of the mine, and to encourage future consideration of
1.

a review of the greenstone belt as a broad contact-strain aureole related to the emplacement of
the adjacent crescent-shaped North Caribou pluton and

2.

an assessment as to whether the gold mineralization at the Musselwhite Mine is temporally and
structurally related to this emplacement.

HISTORY OF THE MUSSELWHITE MINE
The Musselwhite Mine is located in the southern part of the North Caribou greenstone belt, on the
southern shore of Opapimiskan Lake, 480 km north-northwest of Thunder Bay. The first gold discovery
in the area was made in 1962 by brothers Harold and Allan Musselwhite of Kenpat Mines Ltd. who
discovered the Kenpat gold-quartz vein showing on the north side of the lake and several showings in the
iron formations on the south side. The Musselwhite brothers continued exploring the area intermittently
until 1973, when a syndicate of Dome Exploration, Canadian Nickel Co., Esso Minerals Canada Ltd. and
Lacana Mining Corp. agreed to finance further work and then began a major drilling program in 1976.
This work eventually led to the discovery of the West Anticline zone by 1983 and the T-Antiform zone by
1986. This latter zone was sufficient for the 2 remaining members of the syndicate, Placer Dome (68%)
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.22-1 to 22-12.
© Queen’s Printer for Ontario, 2010

22-1

Precambrian Geoscience Section (22)

G.M. Stott and J. Biczok

and TVX Gold (32%) (later acquired by Kinross Gold), to proceed with development of the Musselwhite
Mine. Commercial production began in 1997 and subsequent exploration programs led to the discovery of
major ore zones on the lower limbs of the PQ Deeps synform adjacent to the T-Antiform in 2003. As of
December 31, 2009, the mine had produced 2.837 million ounces of gold and had proven and probable
reserves of 2.109 million ounces plus measured and indicated resources (exclusive of reserves) of 270 500
ounces with a further 745 500 ounces of inferred resources. Goldcorp Canada Ltd. acquired Placer
Dome’s interest in 2006 (via Barrick Gold Corporation) followed by Kinross Gold’s interest in 2007, and
now owns 100% of the Musselwhite Mine.

NORTH CARIBOU GREENSTONE BELT
The North Caribou greenstone belt (Figure 22.2) was mapped by Satterly (1939a, 1939b, 1941) and
subsequently in 1984–1986 by Breaks and Bartlett (1991), Breaks et al. (1991) and Breaks, Osmani and
deKemp (2001). A detailed review of the geology of the Musselwhite Mine and interpretation of the
structure and setting of gold mineralization was given by Hall and Rigg (1986). The reader is referred to
these sources for details on the regional and local mine geology.
The volcanic belt is notable for its size, arcuate shape and apparent synclinal symmetry along its
length (see Figure 22.2). The limited volcanic geochemistry and sparse stratigraphic top directions in the
northern half of the belt have thus far inhibited a clear determination as to whether this belt is truly

Figure 22.1. Regional geology of the North Caribou terrane and the location of the North Caribou greenstone belt.
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stratigraphically symmetrical along a syncline or whether the tectonic assemblages on each side of the
central sedimentary assemblage are unrelated. For example, published maps indicate a change in the
tectonic assemblages on opposite sides of Opapimiskan Lake (Figure 22.3) and further lithogeochemical
study is required to determine if this is valid.
Two features are of principal interest to our purpose here: the regional structural framework and the
metamorphism. Breaks and Bartlett (1991) and Breaks et al. (1991) mapped the structural geology,
including shape and mineral lineations, along the length of the belt and showed a symmetric pattern to the
D2 lineations dominantly plunging moderately to shallowly as illustrated in Figure 22.4. The D2 lineation
is the dominant tectonic strain fabric and the ease of mapping these lineations reflects the intensity of this
fabric relative to that preserved in most parts of other greenstone belts. This strain intensity is also quite
evident in the region around the Musselwhite Mine. Such L2 fabric intensity is common within broad
contact-strain aureoles relatable to an adjacent pluton, but this argument remains to be demonstrated by
careful mapping of the structures in this region.
A distribution of metamorphic mineral zones was documented across the breadth of the belt,
especially north of North Caribou pluton by Breaks and Bartlett (1991) and Breaks et al. (1991). What
was notable was the relatively narrow contact metamorphic aureole of amphibolite grade along the

Figure 22.2. The North Caribou greenstone belt and North Caribou pluton and gneiss dome with some key age determinations
(based on Breaks et al. 1991; G.M. Stott (unpublished data); and modified from Lin 2005).
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Figure 22.3. Local geology in the vicinity of Opapimiskan Lake (based on mapping by Breaks, Osmani and deKemp (2001) and Musselwhite Mine geologists).
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internal arc of the belt bordering the North Caribou pluton, in contrast to the northward-prograding
metamorphism across the rest of the west half of the belt (Figure 22.5). The inference is that the North
Caribou pluton imposed a metamorphic aureole upon a seemingly older metamorphic gradient, which
increases northward, especially across the west half of the belt (Breaks and Bartlett 1991). This
distinction is less evident in the narrower southeast part of the belt, toward and near Opapimiskan Lake,
where amphibolite-facies metamorphism is predominant (Breaks et al. 1991).

GEOLOGY OF THE MUSSELWHITE MINE AREA, OPAPIMISKAN LAKE
The Musselwhite Mine geology of interbedded iron formation, siliciclastic sediment and volcanic
strata preserve a well-defined, distinctive pattern of folding, dominated by D2 deformation and
highlighted by the iron formation shown on Figure 22.3. Hall and Rigg (1986) provided a comprehensive
summary of the geology and structure of the Musselwhite Mine and, generally, their observations remain
valid today. Considerable underground development and mining since that time has identified several
principal constraining controls on the mineralization. Observations at the Musselwhite Mine on surface

Figure 22.4. The L2 mineral and stretch lineations along length of belt (modified from Breaks and Bartlett (1991) and Breaks et
al. (1991)).
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Figure 22.5. Reconnaissance map of metamorphic zones and isograds in the North Caribou greenstone belt (from Breaks et al. 1991).
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and underground this year confirm that the regionally imposed D2 deformation along the length of the
greenstone belt corresponds to the dominant shallowly northward-plunging folding of strata and
corresponding mineral and shape lineations parallel to the fold axis. The fabric of folds, axial planar
foliations, fold-associated lineations and transposed, sheared fold limbs are consistent with eastward
flattening imposed by the emplacement of the North Caribou pluton. We saw no evidence of a later shear
zone having played a role in the Musselwhite Mine, but, rather, were satisfied that all major, penetrative
structural features in the vicinity of the mine are broad scale and are dominantly inter-related to a common
deformation, identified as D2 by Breaks et al. (1991) and well described by Hall and Rigg (1986).
Of no significance to the main argument here is the smaller contact-strain aureole of a pluton, south
of the mine, with an age of 2.723 Ga, and the east-striking shear zones, also south of the mine. These
shear zones are likely a consequence of the south-southeast–directed Neoarchean transpressive
deformation that dominates the southern half of the North Caribou terrane, across the Uchi domain and
corresponds in timing with the collision of the North Caribou terrane with the complex of Winnipeg River
and western Wabigoon terranes to the south (e.g., Percival et al. 2006). Although there is discontinuous
evidence for a shear zone, with subhorizontal dextral displacement, along the north and east margins of
the North Caribou greenstone belt, the extent of its effect on the belt is rather limited. This shear zone is
similar to regional Neoarchean shear zones that occur across the Superior Province in western Ontario
(cf., Stott and Josey 2009), lying close to greenstone belt margins, but typically focussed largely within
the adjacent granitoids. They are attributed to late-stage response to the collisional assembly of the
Superior Province in this region of Ontario (Percival et al. 2006). No evidence for this shear zone or
splays off it was observed at the mine nor can the sheared limbs of the folded strata at the mine be
attributed to this later restricted shearing event.

NORTH CARIBOU PLUTON
The North Caribou pluton appears to be a rather large intrusion of crescent shape in plan view (see
Figure 22.2). It shows a generally lower magnetic susceptibility (Ontario Geological Survey 2003) than
the tonalite-granodiorite gneisses to the west, but a higher susceptibility along the pluton’s eastern
margin. The pluton, on North Caribou Lake and close to the greenstone belt, is largely composed of
massive, medium- to coarse-grained trondhjemite and is, at least locally, feldspar porphyritic along its
northeast margin (Breaks et al. 1999). This intrusion is partially separated, by a septum of amphibolitic
granodiorite gneiss extending from the west end of the belt, from the central tonalitic gneiss dome of the
batholithic complex (see Figure 22.2). The overall shape of the pluton has not been fully assessed, but the
geophysics plus limited observations by the authors across the granitoid complex and by Breaks et al.
(1999) suggest that the geometry of the North Caribou pluton is similar to crescent-shaped plutons
observed by the author and Schwerdtner, Stott and Sutcliffe (1983) in the southern half of the Superior
Province in Ontario. However, a structural analysis of the pluton in relation to the D2 fabric along the
greenstone belt has not been completed to date. Nevertheless, we suggest the following model for future
consideration.

IS THE NORTH CARIBOU PLUTON A SYNFORMAL CRESCENT
INTRUSION?
Schwerdtner, Stott and Sutcliffe (1983) presented a simple kinematic model, and some field
examples from northwestern Ontario, of crescent-shaped felsic plutons. These intrusions commonly occur
as younger, unmetamorphosed Neoarchean plutons in western Ontario, adjacent to an arcuate greenstone
belt. They tend to separate the belt from an older, typically gneissic terrain, which is sometimes domical
in structure. In plan view, these crescent-shaped plutons appear to have invaded the original interface
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between the volcanic belt and the granitoid batholith. What is so notable about these late tectonic,
crescentic intrusions is the prevalence of their internal, constrictive primary strain fabric, which form
mineral- and shape-lineations that plunge either steeply down-dip on the internal foliation or plunge
shallowly. These are mappable features and kinematic models, proposed by Schwerdtner, Stott and
Sutcliffe (1983) and schematically illustrated in Figure 22.6, can explain these magmatic fabric patterns.
The reader can refer to the original paper for further details, but, of interest to us, in the North Caribou
setting, is the model for a synformal crescent pluton and its contact-strain aureole. The basic elements of
the model are as follows:
1.

Crescent plutons are late tectonic from field relationships.

2.

They tend to occur injected along an arcuate interface between a greenstone belt and older
gneiss domains, sometimes domical gneisses.

3.

Most crescent plutons tend to impose contact-strain aureoles on the adjacent greenstone belt that
reflect the strain pattern, notably the lineation pattern within the pluton.

4.

The strain pattern within the crescent pluton is internally symmetrical and coherent to the
intrusive body; it is unrelated to externally derived, regional deformation.

5.

The typical prolate strain, recorded by minerals and shaped mineral aggregates, such as quartz
phenocrysts, likely reflects the last increment of magmatic flow as the pluton was emplaced.

6.

In synformal crescent plutons, the strain pattern is characterized by subhorizontal to shallowly
plunging lineations, which is reflected in lineations of the adjacent contact-strain envelope in
the greenstone belt.

7.

In the simplest case for a synformal intrusion, the contact with the greenstone belt dips inward
toward the pluton.

8.

In the model of a synformal intrusion, magmatic ascent along an arcuate crustal interface
follows a flow regime with diverging flow lines, as shown in Figure 22.6c, creating
subhorizontal lineations.

Other considerations
1.

Field observations by the senior author on crescent plutons elsewhere indicate that the breadth
of the contact-strain aureole in the greenstone belt may be up to half the plan-view width of the
crescent pluton. The width of the North Caribou greenstone belt, in that portion from the region
of Eyapamikama Lake to Opapimiskan Lake, is approximately half the adjacent width of the
North Caribou pluton.

2.

Breaks et al. (1991) mapped the foliation pattern along the eastern margin of the North Caribou
pluton and show a westward-dipping foliation, inward toward the pluton and consistent with the
typical geometry of a synformal pluton’s outer margin.

3.

The core of the batholithic complex is a gneiss dome centred southwest of the North Caribou
pluton (see Figure 22.2) and, presumably, the bulk of the compressive stress imposed by the
mostly crystalline pluton during final emplacement would have been imposed upon the
greenstone envelope. This is qualitatively evident from the observations by the senior author in
the envelopes of crescent plutons elsewhere. What most critically remains to be measured is the
strain pattern within the North Caribou pluton by both field measurements of silicate fabrics and
the anisotropy of magnetic susceptibility to complete the evaluation of the pluton as a candidate
for a large synformal crescent intrusion. It is also assumed that regional Neoarchean orogenic
deformation, so well preserved to the south along the east-trending Uchi domain but largely
absent in the core of the North Caribou terrane, did not leave a significant penetrative overprint
on the North Caribou pluton.
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Figure 22.6. Strain pattern of crescent-shaped plutons (modified from Schwerdtner, Stott and Sutcliffe 1983, with permission).
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DISCUSSION
In 1989, Stott et al. proposed that the gold mineralization at Opapimiskan Lake is possibly
Mesoarchean and related to the emplacement of the crescent-shaped North Caribou pluton. This
suggestion was based on a pattern of features, including the regional geometry of the belt and adjacent
North Caribou pluton, the structural geology and metamorphism of the greenstone belt, documented by
Breaks et al. (1991) and Breaks, Osmani and deKemp (2001).
There are several previously documented distinctive features about the North Caribou greenstone
belt that bear on the timing of gold mineralization. First is the symmetric synclinal nature of the belt,
featuring a clastic metasedimentary assemblage along the core of almost its entire length. Second, the
dominant mineral and shape lineations are notably strongly developed and were readily mapped by
Breaks et al. (1991) and Breaks, Osmani and deKemp (2001) (see Figure 22.4). Third, there is a contact
metamorphic aureole along the southern margin of the belt and overprinting an earlier, regional
metamorphism (Breaks et al. 1991) (see Figure 22.5). As noted above, the contact metamorphic aureole
on the margin of the belt facing the North Caribou pluton indicates a thermal overprint imposed by the
pluton during its emplacement, circa 2869 Ma, the U/Pb zircon age of the pluton (Davis and Stott 2001).
Thus, the main deformation and metamorphism of the belt was either earlier or contemporaneous with the
emplacement of the North Caribou pluton. Regional mapping by Breaks et al. (1991) and Breaks, Osmani
and deKemp (2001) plus aeromagnetic data (Ontario Geological Survey 2003) suggest that this pluton is a
very large crescent-shaped body that was emplaced between a tonalite gneiss terrain to the southwest and
the greenstone belt. As is evident from the contact-strain aureoles produced by other crescent-shaped
plutons (Schwerdtner, Stott and Sutcliffe 1983), the bulk of the contact strain is taken up by the adjacent
greenstone belt rather than the tonalite gneiss terrain in the broader external batholith. Measured evidence
from other crescentic plutons and their strain aureoles suggest that the contract-strain aureole within the
adjacent greenstone belt may be up to one-half the observed width of the crescent pluton.
The geometry of the tectonic lineations throughout the greenstone belt (see Figure 22.4) corresponds
with that postulated by Schwerdtner, Stott and Sutcliffe (1983) to be produced within the strain aureole of
a synformal crescentic intrusion (see Figure 22.6). Furthermore, given the internally consistent pattern of
shallowly plunging tectonic lineations mapped throughout the greenstone belt, one could argue that the
entire width of the North Caribou greenstone belt lies within the contact-strain aureole imposed by the
emplacement of the North Caribou pluton at 2869 Ma. The deformation responsible for this distinctive,
shallowly plunging lineation is also responsible for the fabric that hosts the Musselwhite gold deposit. An
alternative model proposed by Lin and Jiang (2001) for the Knee Lake greenstone belt in Manitoba can be
discounted since there is no evidence that the greenstone belt has been overprinted by a broad
transpressional shear zone, wherein moderate to shallowly plunging stretching lineations, related to
simple shear, steepen toward the margins of the shear zone; this scenario does not conform to
observations along the North Caribou greenstone belt.

CONCLUSIONS
We suggest that the predominant structural geology of the Opapimiskan Lake area and the
Musselwhite Mine is consistent with regional, eastward compression of the volcano-sedimentary strata
imposed by emplacement of the large crescent-shaped North Caribou pluton. The detailed structures in
the mine, including the dominant, shallowly north-plunging folds and transposed fold limbs, where
localized shearing is concentrated are consistent with lateral compression from the North Caribou pluton.
If the structures that host the gold mineralization can be shown to correspond temporally to the
emplacement of the North Caribou pluton, which currently is recognized to be late Mesoarchean, it
suggests that the gold mineralization in the belt is itself Mesoarchean and is an exception to the general
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pattern of Neoarchean gold deposition across the southern half of the Superior Province in Ontario. To
test this would include a re-assessment of the magmatic ages of the intrusions in this region around the
belt, the metamorphic history and mapping of the structural geology across the North Caribou pluton; the
latter is necessary to assess whether this pluton preserved a primary magmatic fabric corresponding to
known examples of synformal crescent plutons and, therefore, potentially responsible for the D2 strain
pattern of lineations along the length of most of the North Caribou greenstone belt.
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SUPPORT FOR THE BEDROCK MAPPING PROGRAM
This year saw an increase in the level of geophysical support given to the bedrock mapping program,
reflecting the greater number of field projects delivered by the Precambrian Geoscience Section.
Geographic information system (GIS) software compatible images and layers of regional geophysical
data, sourced from the ministry’s own publicly available data sets, were created for each of these projects.
Assistance with interpreting these projects was provided as required.
Geophysical support was provided for the following projects:
•

Normétal to Burntbush bedrock mapping

•

Fort Hope greenstone belt bedrock mapping (Keezhik Lake)

•

Stormy Lake–Bending Lake bedrock mapping

•

Hungry Lake bedrock mapping

•

Wabigoon Subprovince synthesis

•

McFaulds Lake region bedrock mapping and compilation

•

Split Lake bedrock mapping

•

Volcanogenic massive sulphide deposit metallogeny of the Shebandowan greenstone belt

SUPPORT FOR THE GROUNDWATER PROGRAM
In order to accurately locate the axes of buried river valleys (thalwegs), which are being investigated
for their groundwater potential, ground gravity surveys were carried out in the Orangeville area and the
southern portion of the County of Simcoe (“south Simcoe County”) in southern Ontario. The objective of
the surveys was to attempt to detect small decreases in the Earth’s gravitational field caused by the presence
of Quaternary drift within the buried valleys. The decrease in gravity is anticipated due to the lower density
of the drift relative to the limestone of the valley walls and floor. A total of 193 line-kilometres of survey,
comprising 1071 stations (including repeat values) were acquired over both projects.
The results from the twelve-line survey in the Orangeville area delineated 2 buried, nearly orthogonal
valleys. One valley, traced over a length of about 19 km, appears to broaden and deepen as it approaches
the Niagara Escarpment in a northeasterly direction. The second valley, which was traced over a length of
about 7 km, is indicated by the gravity to broaden and deepen as it nears the escarpment in a southeasterly
direction. The thalwegs, defined by well-developed gravity lows, are consistent with water-well records and
are estimated to be located to a horizontal accuracy of ±50 m. The results of this survey are being to used to
help locate boreholes targetted to investigate possible aquifers within the buried river valleys. The results of
the Orangeville gravity survey are described in greater detail (Burt and Rainsford, this volume).
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.23-1 to 23-6.
© Queen’s Printer for Ontario, 2010
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Table 23.1. Summary of geophysical data sets (GDS) released by the Ontario Geological Survey in 2010.
GDS

Survey Name

Year of Survey

1067
1232
1233
1234

Melchett Lake
Fisher Lake
Brooks Lake
Bancroft

2010
2004
2007
2007

Survey Type
Magnetic: horizontal gradiometer
Magnetic: total field (purchased survey)
Magnetic: total field (purchased survey)
Magnetic: total field (purchased survey)

LineKilometres

Line
Spacing

75 106
4 348
25 042
8 026

200
100
50
100

The three-line south Simcoe County gravity survey, carried out in the Barrie–Bradford area, was
designed to test whether the method would be effective in detecting broad, deeply buried bedrock
depressions that comprise the Laurentian buried river valley system. The test data showed good
correlation with some buried valleys already defined from water-well records. In addition to the
responses caused by buried valleys, the influence of density variations in the basement rocks was also
apparent. As a result of this study, it was concluded that the test survey should be extended by
commissioning a 2000-point 400 line-kilometres gravity survey to help locate buried-valley thalwegs in
advance of drilling planned in 2011. The south Simcoe County pilot gravity survey is described in
greater detail (Bajc and Rainsford, this volume).

GEOPHYSICAL DATA SET RELEASES FOR 2010
The 4 geophysical data sets (GDS) were released during 2010. Table 23.1 lists the geophysical data
sets and Figure 23.1 shows the locations of the geophysical surveys.
The data sets comprise a total of 112 522 line-kilometres of airborne surveys. Of the 4 data sets, the
Melchett Lake area survey was newly commissioned as part of the OGS core program, whereas the
Bancroft, Brooks Lake and Fisher Lake areas were purchased proprietary data sets.

REQUEST FOR DATA
The data from 13 airborne geophysical surveys were purchased from 6 companies in March 2010
(Table 23.2). These data were acquired in response to a Request for Data (RFD) issued in November
2009. The OGS purchases existing proprietary airborne geophysical surveys for the following reasons:
to complement the acquisition of new airborne geophysical data with data previously acquired by
industry; to avoid surveying areas that may have already been recently surveyed with airborne
geophysics; to acquire data at a lower cost than by commissioning new surveys; and to increase our
inventory of geophysical coverage in the province. The RFD process seeks to purchase data, that the
vendors have already obtained full value from, at a discounted cost.
Three surveys (Bancroft, Fisher Lake and Brooks Lake), purchased in 2009, were reprocessed to
conform to OGS standards and formats, and published in 2010.
Another RFD was issued in September 2010 to acquire proprietary geophysical data anywhere in
Ontario. The RFD is posted on the MERX procurement web site (www.MERX.com) and is soliciting
airborne geophysical surveys that are at least 5000 line-kilometres or cover an area of 500 km2. The
current RFD opportunity closes on December 17, 2010.
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Table 23.2. Summary of airborne geophysical data sets purchased in March 2010.
Vendor Name
Temex Resources Corp.
East West Resource Corporation
East West Resource Corporation
East West Resource Corporation
East West Resource Corporation
East West Resource Corporation
East West Resource Corporation
East West Resource Corporation
East West Resource Corporation
Trillium North Minerals
Trillium North Minerals
Terraquest Ltd.
Amador Gold Corp.

Survey Name
31L13/31M04/31M05/31M12/41P08
Marshall Lake 7024
Marshall Lake 7083
Norton Lake
Norton Lake East
Norton, Lindsey, Deaty A2003
Powell-Hamlin, Burchell 496
Hamlin 431
Tellee, Burchell 532
Vanguard A2003
Vanguard 497
B 269 Aerobus
Banting, Chambers township

Survey Type
magnetic gradiometer
VTEM, magnetic
VTEM, magnetic
Aerotem, magnetic
VTEM, magnetic
VTEM, magnetic
VTEM, magnetic
VTEM, magnetic
VTEM, magnetic
VTEM, magnetic
VTEM, magnetic
gradient magnetometer, XDS-EM, radiometric
VTEM, magnetic

Abbreviations: VTEM, versatile time-domain electromagnetic; XDS-EM, very low frequency electromagnetic survey using
Terraquest model XDS.

Figure 23.1. Location of geophysical surveys released as Geophysical Data Sets during 2010.
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MAGNETIC SUSCEPTIBILITY COMPILATION
Field geologists in the Precambrian Geoscience Section continued to collect magnetic susceptibility
measurements during the mapping programs, using Exploranium® KT-9 Kappameter instruments.
Compilation of data collected from the years 2001 to 2008 was completed and released on October 5,
2010, as Miscellaneous Release—Data (MRD) 273.
The MRD includes a Microsoft® Excel® spreadsheet and an ESRI® ArcGIS® geodatabase, which
incorporates data from 8 field seasons involving 27 projects, totalling 17 422 stations with up to 10
readings per station (general locations shown in Figure 23.2). Also included is a report with sections on
principles of magnetic susceptibility; particulars of the instruments used (e.g., precision, recalibration and
repairs or parts); data acquisition and processing; data sources; and possible uses of the data.

Figure 23.2. Location of stations where magnetic susceptibility measurements were taken from 2001 to 2008.
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Two principal uses of magnetic susceptibility data are modelling and delineating alteration. An
example of the statistical use of magnetic susceptibility data is shown for mafic metavolcanic rocks from
the North Spirit Lake area (raw data are from Préfontaine and Buse 2009). Figure 23.3 shows a frequency
histogram and Figure 23.4 presents selected statistical parameters. The histogram depicts a highly
positively skewed distribution, although it is almost normally distributed about a median value of about
0.6 ×10–3 SI if the tail is ignored. Revising the histogram to emphasize the tail (not shown) indicates the

Figure 23.3. Frequency distribution histogram for magnetic susceptibility values from the North Spirit Lake area. Raw data are
from Préfontaine and Buse (2009).

Figure 23.4. Statistical parameters for magnetic susceptibility values from the North Spirit Lake area. Raw data are from
Préfontaine and Buse (2009).
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data represent a unimodal distribution. The calculated statistics reveal the importance of the various
parameters. The bulk of the data reflects a near-normal distribution in that the mode and median are similar
in magnitude: 0.50 ×10–3 and 0.56 ×10–3 SI, respectively. However, the actual skewed distribution is
reflected in the significant difference between the average and the median values: 3.9 ×10–3 and 0.56 ×10–3
SI, respectively. These differences highlight the importance of the databases on which the published
average values for various rock types are based. The reader should be aware that average magnetic
susceptibility values, appearing in the literature, may be quite misleading without knowledge of the
distribution characteristics. Although beyond the scope of the presentation here, investigating the spatial
distribution of the high magnetic susceptibility values might reveal an area(s) of unusually high values,
which could indicate local zones of alteration.

OTHER ACTIVITIES
Presentations on OGS geophysical projects were delivered at the following meetings or symposia:
•

Canadian Exploration Geophysical Society (KEGS) in Toronto – January 2010

•

Northwestern Ontario Mines and Minerals Symposium in Thunder Bay – April 2010

•

Northeastern Ontario Mines and Minerals Symposium in Sault Ste. Marie – April 2010

•

Society of Exploration Geophysicists Annual Meeting in Denver – October 2010

The Web-based Geophysical Atlas (www.mndmf.gov.on.ca/mines/ogs/gpxatlas/default_e.asp),
which facilitates the discovery of published geophysical data in Ontario, has been maintained and updated
with newly released surveys. Work is ongoing to develop a more intuitive dynamic interface for viewing
basic information related to the published geophysical data using Google® maps and Adobe® Flash®. This
will improve ease of use, increase interactivity and simplify maintenance of the web site.
The GeologyOntario Web portal (www.mndmf.gov.on.ca/mines/geologyontario/default_e.asp)
allows the free download of the OGS geophysical data sets, except for profile and halfwave
electromagnetic (EM) data due to their large file size.
Alternatively, hard-copy (paper) maps and physical media (CD or DVD) of digital data (including
profile and halfwave EM data) continue to be available for purchase through
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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INTRODUCTION
The Melchett Lake airborne magnetic data were released in August 2010 by the Ontario Geological
Survey (OGS) (OGS 2010). The location of the survey is shown in Figure 24.1. The magnetic total field
and first vertical derivative images are shown in Figures 24.2 and 24.3, respectively.
The purpose of this note is to bring attention to this data release and highlight some features of
interest. Not only is this airborne magnetic survey of value in reinterpreting the existing regional geology,
it also reveals some important magnetic signatures of possible geological features of relevance for mineral
exploration.

MELCHETT LAKE SURVEY PARAMETERS
The Melchett Lake airborne magnetic gradiometer survey was performed starting November 21,
2009, and was completed March 14, 2010. The survey, which comprised 75 106 line-kilometres of data
acquisition, was flown in a north-to-south direction with 200 m flight line spacing and at a nominal terrain
clearance of 80 m. In order to extend the coverage of high-resolution aeromagnetics in the region, the
Melchett Lake survey was designed to tie into the Fort Hope area geophysical survey (OGS 2003) to the
north and the Albany River–James Bay area geophysical survey (OGS 2002) to the east. Fugro Airborne
Surveys carried out the work using a Cessna 208B Grand Caravan aircraft that was configured with a threesensor horizontal magnetometer system. Paterson, Grant & Watson Ltd. was contracted by the ministry to
provide quality assurance–quality control (QA/QC) oversight of the survey and data processing.
The magnetic data, thus acquired, included measured total field, in-line and cross-line gradients. The
gradient data were used to create “gradient-enhanced” magnetic grids that provided superior resolution
between flight lines than that which can be achieved from single-sensor total field data alone. In addition,
the second vertical derivative was calculated to better resolve near-surface features. The residual of the total
magnetic field along with the calculated second vertical derivative were published in map form. These,
along with measured gradient and survey databases, were published as a digital archive (OGS 2010).
The quality of the survey data was very good and it was possible to observe many geological features
that were not apparent in the existing magnetic coverage of the area. Some of these features are discussed
in the following sections.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.24-1 to 24-11.
© Queen’s Printer for Ontario, 2010

24-1

Precambrian Geoscience Section (24)

G.M. Stott and D.R.B. Rainsford

Figure 24.1. Regional map of northwest Ontario, showing location of the Melchett Lake survey area (specifically, the area
covered by the 2010 release of airborne magnetic data) in relation to the Trans-Superior tectonic zone. The Trans-Superior
tectonic zone is a corridor within which Keweenawan-age (circa 1100 Ma) intrusions occur, including diamondiferous kimberlite
pipes and related diatreme breccias.
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Figure 24.2. Image of the recently published gradient-enhanced residual magnetic field data (OGS 2010).
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Figure 24.3. Image of the recently published calculated second vertical derivative of the residual magnetic field data (OGS 2010).
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SOME FEATURES OF INTEREST
We chose several features in this aeromagnetic data to highlight (Figures 24.4, 24.5 and 24.6) and
describe briefly as follows.

Melchett Lake Metavolcanic Belt and Iron Formation
The Melchett Lake metavolcanic belt (see Figure 24.4) was previously mapped by Bond and Foster
(1981a, 1981b) and Devaney (1999). The new airborne magnetic survey provides more definition to the
outline of the metavolcanic belt and adjacent iron formation. The Melchett Lake greenstone belt is
dominantly composed of felsic volcanic rocks, which are weakly distinguishable in the aeromagnetic data
from the surrounding metasedimentary and granitoid rocks. The volcanic rocks have undergone some
synvolcanic hydrothermal alteration (Devaney 1999) and the extent of the volcanic rocks from previous
mapping corresponds reasonably well with the magnetic data, after some modifications to contacts where
outcrops were not available for mapping. Consequently, the higher resolution provided by this and similar
airborne surveys in gneissic terrains increases the likelihood of identifying other narrow volcanic belts,
with low magnetic susceptibility contrast to surrounding rocks, which would otherwise be missed in this
type of complex terrain. The airborne survey also provides an opportunity to revise the geological
boundaries of the surrounding Archean granitoid and sedimentary rocks in the “1:250 000 Scale Bedrock
Geology of Ontario” (OGS 2006 2).

Keweenawan (circa 1100 Ma) Sills and Potential Chonoliths
In the southwest corner of the Melchett Lake aeromagnetic survey, Keweenawan mafic sills (e.g.,
Hart and MacDonald 2007), comprising the northernmost extent of the Nipigon Embayment, are
preserved as irregular remnants, plus vertical feeder dikes. The magnetic signature of the Keweenawan
sills and dikes displays a very complex pattern corresponding to broader sills and narrower, sinuous dikes
(see Figure 24.5). Some features, as shown in Figure 24.5, resemble linear sinuous magma conduits,
underlying sills or extending out from them. There has been considerable interest in mafic to ultramafic
linear to sinuous magmatic conduits (chonoliths) bearing platinum-palladium ± nickel-copper since the
2001 discovery of such deposits (i.e., Magma Metals Limited, Thunder Bay North Project), close to the
Nipigon Embayment, approximately 40 km northeast of Thunder Bay (Goodgame et al. 2010).
Accordingly, we draw attention to a few linear, sinuous features shown in the Melchett Lake survey data
that are of the approximate size and shape of the Magma Metals Limited Current Lake intrusive complex
and other chonoliths defined in the local magnetic surveys, southwest of the Nipigon Embayment
(Magma Metals Limited, www.magmametals.com.au, Thunder Bay North project [accessed October 20,
2010]). Magnetic features resembling those known to correspond to magma conduits elsewhere may be
found from examination of the magnetic data from higher resolution surveys, such as the Melchett Lake
survey, beyond the greenstone belts in the vicinity of the Nipigon Embayment. Some examples of sinuous
features of interest are highlighted in Figure 24.5.

2

revisions in preparation by S.D. Josey and Precambrian Geoscience Section staff, OGS, “1:250 000 Scale Bedrock Geology of
Ontario”, to be published as Ontario Geological Survey Miscellaneous Release—Data 126–Revision 2.
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Figure 24.4. Revised bedrock geology in vicinity of the Melchett Lake greenstone belt and adjacent iron formation. Universal
Transverse Mercator (UTM) co-ordinates are provided in North American Datum 1983 (NAD83), Zone 16.
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Figure 24.5. Keweenawan-age (circa 1100 Ma) sills (unit 34a) outlined in the southwest corner of the Melchett Lake survey
area. This is the northern extent of the late Mesoproterozoic mafic (diabase) sills associated with the Nipigon Embayment (e.g.,
Hart and MacDonald 2007). Owing to the exploration of sinuous magmatic conduits (chonoliths) containing platinum-palladium
± nickel-copper in the region southeast of Lake Nipigon (outside the area depicted in this figure), there is reason to explore for
similar conduits northeast of Lake Nipigon. Magnetic features resembling potential conduits are shown as anomalies of interest.
Universal Transverse Mercator (UTM) co-ordinates are provided in NAD83, Zone 16.
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Proterozoic Mafic Dike Swarms
The higher resolution aeromagnetic imagery of the airborne survey provides us with much better
documentation of the various mafic (diabase) dike swarms in the Melchett Lake region (e.g., Figures 24.4
and 24.6). The quality of the airborne geophysical survey greatly enhanced the discrimination of individual
dike segments and the presence of more weakly magnetic dikes and reversely magnetized dikes.
There are several sets of mafic dikes in this region; from their orientations, we have interpreted their
possible association with known dike swarms based on previous work outside this area (e.g., Halls et al.
2008; Buchan and Ernst 2004; Stott and Josey 2009). A number of features are evident from this higher
resolution survey.
Many of the dikes show clear right-handed stepping of separate dike segments, indicating the
potential to document broad stress directions during specific periods in Proterozoic time recorded by the
dike swarms across the Superior Province. Such an investigation may be relevant to understanding part of
the history of post-Archean movement of the Superior craton.
Some of the sets of dikes are not easily assigned to a known dike swarm; some, for example, are
reversely magnetized and are categorized tentatively as reversely magnetized Pickle Crow dikes (Stott
and Josey 2009). The most prominent dike swarms include the northwest-trending, circa 2454 Ma,
Matachewan dike swarm, the north-trending Marathon dikes, circa 2101 to 2116 Ma and an older set of
dikes, circa 2126 Ma, of the Marathon swarm trending north-northeast (Halls et al. 2008). The effort to
identify dike sets has revealed those that, while tentatively assigned to the Marathon or Biscotasing or
Pickle Crow, for example, need further geochronological and paleomagnetic analyses.

Small, Subcircular Magnetic Anomalies: Priority Targets for
Kimberlite Pipe Exploration?
There are several small, subcircular magnetic anomalies occurring separately from the main
magnetic fabric that reflect stratigraphic features or granitoid fabrics. These subcircular anomalies are
most evident in the easternmost one third of the survey area (see Figure 24.6). Many resemble the size
and magnetic signature of kimberlite pipes and, similar to the Kyle kimberlite pipes (circa 1100 Ma) and
the Attawapiskat pipes (circa 170 to 190 Ma) farther north, they appear to be spatially related to older
Paleoproterozoic mafic (diabase) dikes, which likely provided easier access from the mantle through the
Earth’s crust (Stott 2003). The subcircular anomalies highlighted in Figure 24.6 lie within the northtrending Trans-Superior tectonic zone (Sage 1991), within which intrusions of Keweenawan age (circa
1100 Ma) are known to occur. An extension of this zone northward would include the Kyle kimberlite
pipes at the northernmost known extent of this zone (see Figure 24.1).

Regional Geology Re-Interpretation
A re-interpretation of the regional bedrock geology of the Melchett Lake survey area, including
Archean units, the Keweenawan mafic sills and numerous Proterozoic mafic dike swarms, is being
prepared by S.D. Josey (Precambrian Geoscience Section, OGS) and the senior author to revise the
1:250 000 scale bedrock geology of Ontario  map.



see footnote 2.
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Figure 24.6. Proterozoic mafic (diabase) dike swarms are well displayed in the high-resolution airborne magnetic survey of the
Melchett Lake area. The value of locating and understanding the distribution of these dike swarms is evident from the apparent
spatial correlation of kimberlite pipes with some dike swarms (Stott 2003). Several subcircular magnetic anomalies (circled),
proximal to Proterozoic mafic (diabase) dikes in the eastern half of the Melchett Lake survey area, are potential targets for
diamond-bearing kimberlite pipe exploration. Universal Transverse Mercator (UTM) co-ordinates are provided in NAD83, Zone 16.
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SUMMARY
The new airborne magnetic data for the Melchett Lake region provides us with much higher
resolution that permits examination of several features of interest for mineral prospecting worthy of
further investigation. These features include magnetic anomalies that may resemble those of
1.

typical mafic to ultramafic intrusions that are otherwise poorly identified amongst the granitoid
intrusions and gneissic rocks;

2.

kimberlite pipes, especially those close to Proterozoic mafic dikes and similar to the spatial
relationship observed between the Attawapiskat kimberlite pipes, including the Victor Mine,
and the northwest-trending Matachewan mafic dikes (Stott 2003);

3.

narrow greenstone belts, including felsic volcanic rocks, which are geophysically obscure
amongst the metasedimentary and granitoid gneisses of this poorly exposed and relatively less
accessible part of the English River Subprovince. The presence of the Melchett Lake felsic
volcanic belt and the curvilinear pattern of greenstone belt arms and extensions from the
southern part of the Fort Hope greenstone belt to the north suggest that this region of the
English River Subprovince might contain several, previously unidentified, narrow greenstone
slivers or screens bordering granitoid plutons and gneisses.

4.

sinuous magmatic conduits (chonoliths) underneath or spatially associated with the mafic
intrusive sills of the Nipigon Embayment in the southern part of the metasedimentary English
River Subprovince. Similar conduits have been discovered in a comparable setting in the
metasedimentary Quetico Subprovince, southwest of the Nipigon Embayment.

In addition, as highlighted in this note, various features in the Melchett Lake region, largely
comprising granitoids and metasedimentary gneisses, illustrate the potential economic value of
conducting airborne geophysical surveys beyond the traditional greenstone belts as well as providing
greater resolution in land-use planning programs.
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25. Project Unit 08-008. Far North Terrain Mapping
Project—Fort Severn
P.J. Barnett1 and K.H. Yeung1
1

Sedimentary Geoscience Section, Ontario Geological Survey

INTRODUCTION
In 2008, the Ontario government announced plans to permanently protect half of the Far North
region of Ontario and launched a planning process, the Far North Information Knowledge Management
(FNIKM) Plan, to support this goal. During the initial stages of planning, the need for primary landscape
data became apparent. For example, existing surficial material map coverage is at a scale of 1:250 000
and not sufficient for regional land-use planning.
A project to remotely predict surficial materials was initiated by the Ontario Geological Survey
(OGS) in response to this information need. Remotely sensed imagery, which is available at various
resolutions and degrees of coverage, and existing digital elevation models (DEMs) are being used as
proxies for the landscape. Combining information gained from the imagery, such as vegetation type and
moisture conditions, with landform recognition from DEMs, various landform–sediment relationships and
vegetation cover–material relationships can be determined and applied to remotely predict surficial
material distribution. “Feet on the ground” verification of these relationships is, however, vital.
Field work for the FNIKM Plan Terrain Mapping project (Barnett et al. 2008) began during the
summer of 2009 with helicopter-supported field surveys done within the homelands of the Constance
Lake, Moose Cree and the Weenusk First Nations (Barnett and Yeung 2009a) and continued during the
summer of 2010 within the homeland of the Fort Severn First Nation. Key components of the field work
include making observations of landform–sediment relations and observations of the associated
vegetation communities. The understanding of these associations is vital to the project’s goal of remotely
predicting the distribution of surficial materials in the Far North of Ontario. Observations of sediment
type were done primarily through using hand augers, digging test pits and examining natural exposures
along rivers, streams and the sea. Samples of selected sediments, primarily till, were collected for the
analysis of particle size, carbonate content and trace element geochemistry.
In the Hudson Bay Lowland, the Quaternary sediment succession is usually thick and consists of
several glacial and nonglacial sediment sequences, the details of which are exposed primarily along the
rivers and creeks of the lowlands (McDonald 1969; Skinner 1973; Thorleifson, Wyatt and Warman 1993).
A few river and sea exposures were visited during the 2010 field work: some to become familiar with the
stratigraphy, as it is known, and other exposures to collect new information. Field stops to investigate the
geological material and vegetation cover associated with various landforms throughout the lowlands
were also made. The distribution of field sites visited in 2010 as well as sites visited in 2009 is
depicted in Figure 25.1. In addition to stops at various types of wetlands and the extensive marine plains,
marine shorelines, drumlins and ice margin depositional features were also investigated.

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.25-1 to 25-5.
© Queen’s Printer for Ontario, 2010
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Remote prediction of the distribution of surficial materials continued throughout the summer. SPOT
imagery (4 colour bands and the panchromatic band), SRTM 1-arcsecond digital elevation data and its
derivatives, in particular System for Automated Geoscientific Analyses (SAGA) wetness index, and
CanVec vector drainage shape files are the primary data sources for this remote predictive mapping
exercise (Barnett and Yeung 2009b). Multiresolution segmentation algorithm, using different image layer
weights, scale parameters and homogeneity criterion, within Definiens® eCognition® Developer 8 objectbased image analysis software is used to achieve meaningful objects representing various surficial
material types. Objects are then classified based on digital signature, internal variability of signature and
proximity to certain vector layers and certain adjacent material types. For example in Figures 25.2 and
25.3, a SPOT image of an area along eastern James Bay, coastal mud-flat deposits are adjacent to oceans;
salt marsh deposits are adjacent to mud flats. Elsewhere, alluvium and older alluvium on abandoned
terraces occur adjacent to the vector coverage of river features. Digitizing of the numerous shoreline
features in the lowlands was completed last summer following release of the flow indicator map for the
Far North of Ontario (Barnett, Webb and Hill 2009) and will be used as a symbol layer on the surficial
materials maps that will be produced during this project.

FINDINGS
The details of the field observations made during this past field season are still being organized and
interpreted. Detailed descriptions of materials were made at 86 sites (see Figure 25.1) and over 1000
observations were made from the air during the field work. Some of the interesting findings resulting
from the field work are outlined below.

Figure 25.1. Location of sites visited during the summers of 2009 and 2010 and the location of the Sutton Ridges (oval).
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Figure 25.2. The proximity relationship between ocean, mud flat, and salt marsh shown using wetland false colour SPOT
imagery (RGB: band 3, band 4, band 2). In this image, ocean is represented by blue colour, mud flat has a light blue to white
colour and salt marsh has a bright green colour.

Figure 25.3. Remotely predicted surficial material distribution of the area shown in Figure 25.2. The materials include beach
and near-shore sand and gravel deposits in orange, wetland deposits in grey (bogs in light grey and fens in dark grey), salt marsh
deposits in light blue, mud-flat deposits in olive green and oceans and lakes in white.
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In general, the terrain in the vicinity of Fort Severn is dominated by gently sloping, low-relief plains
augmented by a series of low-relief (<5 m) discontinuous ridges; former shoreline features of Hudson
Bay. Marine waters, following deglaciation, inundated the land and reached elevations of 164 m asl in the
western most part of the study area. Few glacial features were not affected by the waves and currents
associated with this inundation. Rivers and creeks deeply dissect the landscape and expose a wealth of
information about glacial, nonglacial and preglacial history in this area (McDonald 1969; Thorleifson,
Wyatt and Warman 1993). Local relief can exceed 30 m along these incised river valleys. Two sites were
visited that expose nonglacial sediments believed to be from the last interglacial or a time when climatic
conditions in the area were as warm or warmer than today (McDonald 1969; Thorleifson, Wyatt and
Warman 1993). One site on the Beaver River was reported to consist of 35 cm of peat which was
investigated for pollen and plant and arthropoda macrofossils (Thorleifson, Wyatt and Warman 1993).
A metre of peat is currently exposed at this site and was sampled again for pollen and macrofossil
analysis. Along the Severn River, McDonald (1969; Thorleifson, Wyatt and Warman 1993) reported
several exposures containing nonglacial sediments beneath till. McDonald (1969) obtained a radiocarbon
age of >41 000 14C years BP (GSC-1011). A section of nonglacial sediments, in the area of the sites
described by McDonald (1969), contained approximately 1.5 m of organic-bearing sediments that were
sampled for pollen and macrofossil analysis. Three previously unreported sites were found, described and
sampled. These sites will be helpful in determining the environmental conditions in the far north of
Ontario during the last interglacial or when climatic conditions were possibly warmer than today.
Large retrogressive slides, similar to those that occur within Champlain Sea sediments along the
Ottawa River in southern Ontario, have occurred along the banks of the Severn River (Photo 25.1). They
vary in age and size, but appear to be associated with sediments deposited in a large delta that formed

Photo 25.1. Retrogressive landslides along the Severn River. The slide in the foreground occurred prior to the other two as the
material transported out into the river during the slide is all but removed. The other 2 slides likely occurred in the spring of 2010.
All 3 slides postdate a SPOT image acquired August 5, 2006.
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along the Severn River. The sediments associated with the delta coarsen upward from massive clayey
silts at the base, through silt with thin sand interbeds, up to interbedded gravelly sand and silt at the top of
the sequence. Minor rotational failures occur along the banks of several of the rivers and creeks as well
and appear to be related to material changes (stratigraphic breaks) within the banks. Significant
stratigraphic breaks include contacts between marine sands and gravels with underlying marine silts and
clays (piping failures); marine sands and/or silts and clays overlying till; and inter-till stratified sediments
(rotational failures).
The geological setting of the 5 abandoned Mid-Canada sites within the homelands of the Fort Severn
First Nation was investigated on the request of the First Nation. All of the sites are located on abandoned
shorelines of Hudson Bay, which consist of sand and gravel resting on fine-grained silts and clays.

CONCLUSIONS
A complete range of sediments were observed during the field work component of the Terrain
Mapping Project. Some of the oldest and youngest Quaternary sediments that occur in Ontario occur in
the region investigated. Progress in the process to remotely predict surficial materials should bode well in
the future production of surficial material maps using remotely sensed data for the Far North of Ontario.
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INTRODUCTION
Field investigations were undertaken for surficial mapping and till sampling in the Detour Lake and
Burntbush areas of northeastern Ontario in 2008 and 2009 (Gao and Day 2008; Gao and Kodors 2009).
This year, work was focussed on data compilation, including map drafting, sample processing and
laboratory analysis. In addition, one week of field work was undertaken to verify the geology in certain
areas and re-check some of the gravel pits where large sections are exposed. Apart from the mapping
areas mentioned above, the active gravel pits and road sections exposed by recent road work in Cochrane
were visited with a focus on sedimentology and stratigraphy work. The following are some notes on the
Cochrane Till and associated deposits. The major lithostratigraphical units observed in sections within the
study area are shown in Figure 26.1.

Figure 26.1. A) Composite section (not to scale) showing the major lithological units observed in sections in the study area.
It was constructed from 3 separate sections as indicated by the vertical bars with section locations indicated by numbers to the
right. B) The locations of these sections.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.26-1 to 26-5.
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COCHRANE TILL
The Cochrane Till is the most recent glacial deposit that has been mapped extensively in Cochrane
and the area to the north (Hughes 1965; Smith 1992; Gao and Day 2008; Gao and Kodors 2009). This till
and the older Matheson Till, as well as the deposits in between were directly observed in sections in the
field (see Figure 26.1). Till deposits older than the Matheson Till have been reported from boreholes
(Smith 1992; Gao and Day 2008); however, their stratigraphic status needs to be confirmed in the future.
The typical Cochrane Till has a clay-rich matrix, calcareous and brownish in color with various
portions of limestone pebbles, in striking contrast to the Matheson Till, which has a sand-rich matrix,
contains numerous boulders and is pale to grey in color with limited clay and limestone clasts. Where
these 2 tills are exposed together in sections, the contrast in texture and color between them is so striking
that they can hardly be mis-identified (Photo 26.1A). It is worth noting that the Matheson Till is often
suitable for aggregate material for use as road base or surfacing of gravel roads due to the lack of
excessive clay material in its matrix (Photo 26.1B). However, the oversized boulders in the till need to be
crushed or screened out. With the exception of the brownish color, the Cochrane Till may vary in texture
depending on the nature of the substrate material it has overridden and incorporated (Photo 26.2A).
Locally, concentration of boulders occurs at the base of the till (Photo 26.2B). Variations in till texture
can occur within a short distance, for example, in the same gravel pit and, apparently, they do not
necessarily mean stratigraphically different till units. Like the Matheson Till, the Cochrane Till has
developed strong foliation or fissile structures (see Photo 26.2B).
Large-scale deformation was observed below the Cochrane Till, including discrete, convoluted, large
sand blocks and vertically turned layers of clay with till (Photo 26.3). Deformation was probably caused,
under the loading of the ice sheet, by vertical injection of water-saturated glaciolacustrine clay that hydrofractured, fragmented and overturned the overlying glaciofluvial sand. The varved clay below the
Cochrane Till frequently shows tilted and distorted lamination with convolution structures in its upper
part, indicating increased strain toward the base of the ice sheet. Further upward, the varved clay grades
into a massive, glaciolacustrine clay (see Figure 26.1 for stratigraphy). Because faint lamination is still
visible locally, it is likely that the massive appearance of this clay resulted from deformation such as
churning and mixing under the loading strain of the ice sheet. Together, these aforementioned lines of

Photo 26.1. A) The brownish clay-rich Cochrane Till underlain by light-coloured sand-rich Matheson Till. Note the inclusion of
rafts of the Matheson Till at the base of the Cochrane Till (white arrows), and a glaciolacustrine sand-rich inclusion with
contorted bedding and a sheared upper tail at the top of the Matheson Till (black arrow). B) Typical Matheson Till with sandrich matrix and numerous boulders.
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evidence indicate the existence of a deformation layer about 1 to 3 m in thickness below the Cochrane ice
sheet. Such a strained substratum is often referred to as glacitectonite (e.g., Evans et al. 2006). Where the
Cochrane Till directly overlies the massive clay, a transitional contact between them was observed locally
in the field due to the upward increase of pebble clasts probably of dropstone origin in the clay.
A limestone clast about 10 cm diameter was collected in the massive clay, suggesting the Cochrane Till
was the likely source. As such, a proglacial lake where the glaciolacustrine clays were deposited
developed in front of the Cochrane ice sheet.

Photo 26.2. A) At this locality (off Tomlinson Road, Cochrane), both the Cochrane (upper, brownish) and Matheson (lower,
light-coloured) tills appear sandy in texture. However, the former always contains abundant clay material that makes the till
brownish in colour. B) Basal part of the Cochrane Till is sometimes stony with concentration of gravel to boulder clasts.
Note the foliation or fissile structures in till matrix. Coins 2.3 cm diameter.

Photo 26.3. Deformed layer containing convoluted sand with clay streaks and wisps, and vertical beds of clay mixed with till
below the Cochrane Till, probably resulting from vertical injection of water-saturated glaciolacustrine clay that hydrofractured,
fragmented and overturned the overlying glaciofluvial sand under loading by the ice sheet.
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Landforms or sedimentary features associated with the Cochrane ice advance include drumlins,
eskers and outwash to deltaic deposits. Where they have been cut through by roads, the drumlins were
examined in detail in the field. They are composed unexceptionally of a silt to clay-rich till with various
portions of sand and gravel clasts, comparable to the Cochrane Till. Eskers examined in the field contain
typically pea-sized gravel clasts, lacking cobbles and boulders, but with an abundance of limestone clasts,
having lithologies closely resembling those found in the Cochrane Till (Gao and Kodors 2009).
Conversely, the eskers associated with the Matheson Till are usually rich in cobbles and boulders, but
poor in limestone clasts. Another key piece of evidence for a Cochrane affinity is the presence of rolled
Cochrane Till blocks in the eskers (Gao and Kodors 2009). Previously, it has been suggested that the
eskers, drumlins and flutes resulted from the Matheson ice advance and that the subsequent Cochrane ice
advance only formed a capping till (Hughes 1965; Boissonneau 1966). The current study indicates that
this is not the case. The youngest but dominant south-southeast aligned striae measured in the field are the
likely ice flow directions of the Cochrane ice advance, corresponding well with the alignment of the flutes
in the study area.
Deposits of deltaic sand and gravel developed locally in front of the Cochrane ice. Intracalated
clayey till clasts resemble the Cochrane Till (Photo 26.4), indicating an association of these deltaic
sediments with the Cochrane ice advance. The Cochrane glaciation is believed to be a minor re-advance
of the retreating Matheson ice sheet and its age estimated to be 8300 years ago on the basis of the onset of
the Tyrrell Sea transgression in James Bay Lowland (about 7900 years ago) and varve-chronology studies
completed in this area (Terasmae and Hughes 1960; Hughes 1965). Although still in debate (e.g.,
Thorleifson 1989), the Cochrane Till has been correlated with the Kipling Till in the Moose River valley,
James Bay Lowland (Skinner 1973; Smith 1992). As indicated by pollen analysis (Smith 1992), by this
time, the climate was warm enough to support a boreal forest dominated by pine and spruce, similar to the
present in this region.

SUMMARY
A better understanding of the Cochrane Till is important in mineral prospecting inasmuch as this till
forms an extensive sedimentary cover in the study area and till sampling for indicator minerals is often
conducted in this deposit. During the Cochrane ice advance, eskers, drumlins, flutes and outwash fans or
plains developed in a way seemingly similar to other ice advances such as the preceding Matheson.

Photo 26.4. A) Tear-drop–shaped, rolled till clast in pebbly sand below the Cochrane Till. B) Internal texture of the till clast,
closely resembling the Cochrane Till. Coins 2.3 cm diameter.
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Measurement of striae and alignment of flutes in the study area indicates a south-southeast ice flow for
this ice advance. The presence of thick deformed layers or glacitectonites suggests significant ice loading
and, hence, a substantial thickness of the ice sheet. Future detailed mapping in the neighbouring areas and
better chronological control through direct radiometric analyses on the till are the keys for a better
understanding of this ice advance as to its depositional mode, age and regional correlations.
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27. Project Unit 10-024. Regional Till Sampling Survey,
Mowe Lake Area, Northwestern Ontario
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1
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INTRODUCTION
The first year of a two-year regional till sampling and Quaternary geology program was completed in
the Mowe Lake area of northwestern Ontario during the summer of 2010. The purpose of the program is
to extend regional surficial mapping and sampling in areas adjacent to the Shebandowan greenstone belt
and south to the Minnesota, United States border in order to explore the mineral potential of the region.
As exploration activities continue in this area, the Ontario Geological Survey (OGS) has undertaken the
current project to further evaluate the region’s mineral resource potential.
Data collected during the project will complement the regional till and humus sampling programs of
Bajc (1999, 2000) covering the western part of the Shebandowan greenstone belt and Jackson’s (2001)
lake sediment survey program of the Shebandowan area. These combined data sources can be used to
help assess mineral potential in the area and the Quaternary mapping can aid in characterizing surficial
materials, reconstructing ice-flow history, as well as providing background concentration values of
elements in till.
The study area is located approximately 90 km west of Thunder Bay and comprises 4, 1:50 000
National Topographic System (NTS) maps: Mowe Lake (52 B/7), Marks Lake (52 B/8), Saganaga Lake
(52 B/2) and Arrow Lake (52 B/1), and occupies an area of approximately 3552 km2 (Figure 27.1).
Currently, there are no active mining operations within the study area; although, active exploration
projects are ongoing in the western part of the region within the southern Shebandowan greenstone belt.
The existing OGS Mineral Deposit Inventory (MDI) has identified occurrences of copper and gold in the
northwestern part of the study area within the Shebandowan greenstone belt (Ontario Geological Survey
2004). Iron occurrences have been found in several locations along Highway 588 in the east, and
occurrences of copper, gold and silver exist in the north and outside of the current study area.
The lake sediment and water geochemistry survey conducted in and around Northern Light Lake
within the current study area identified several anomalous findings. Anomalies included nickel, copper,
chromium, silver and rare earth elements (Jackson 2001). Similar anomalies, along with nickelchromium-cobalt, were identified in till and humus by Bajc (1999, 2000) and Bajc and Crabtree (2001) to
the north and east of the study area, whereas bedrock mapping, to the north of the study area, identified
zinc, gold and base metal anomalies (Osmani 1992).

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.27-1 to 27-7.
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Figure 27.1. Location map of the study area.
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BEDROCK GEOLOGY
A comprehensive summary of the bedrock geology for the study area is contained in papers by
Williams et al. (1991) and reports by the Ontario Geological Survey, for example, Osmani (1992). The
study area is dominated by lithologies of the Wawa Subprovince (Figure 27.2). The northwest corner is
underlain by the Shebandowan greenstone belt. Lithologies within this belt have been divided into 2
suites: an older suite of mafic to felsic volcanic rocks of the Burchell and Greenwater assemblages
(>2733 Ma), and a younger suite of sedimentary and volcanic rock of the Shebandowan assemblage
(2689 Ma). The Burchell assemblage consists of massive to pillowed basalts that are interbedded locally
with magnetite-quartz iron formation and dacite to rhyolitic to porphyritic tuff to pyroclastic breccia. The
Greenwater assemblage comprises massive to pillowed basalts with dacite to andesitic to rhyolitic tuffs
and magnetic-quartz or jasper iron formation. The Shebandowan assemblage includes folded
metasedimentary rocks, conglomerates, arkose, mudstone, siltstone, wacke and jasper-magnetite iron
formation, as well as pyroclastic tuffs and debris flows.
Located centrally within the study area is the Northern Light–Perching Gull Lakes batholithic
complex, which comprises a series of foliated and gneissic tonalite suites. The complex is intruded by the
Saganagons belt, and the Icarus pluton. The Saganagons belt is a granodiorite, granite and mafic to
ultramafic metavolcanic intrusion, whereas the Icarus pluton consists of a diorite, granodiorite and
sanukitoid suite (Williams et al. 1991).
In the southeast, the Proterozoic Animikie Group, consists of relatively undeformed iron formation,
cherts and argillites of the Gunflint Formation and the overlying shale and greywacke of the Rove
Formation. These formations are derived from erosion of the 1.86 billion year old rocks of the Penokean
Orogen located to the south of Lake Superior (Sutcliffe 1991). The Gunflint and Rove formations are
intruded by the Keweenawan Logan and Nipigon sills, which are dated at approximately 1109 Ma. Basal
units within the Gunflint Formation consist of conglomerate, carbonate, chert, jasper, algal chert,
hematite, magnetic taconite, argillite tuff, overlain by thin-bedded chert, ferruginous carbonate, chert,
jasper, and silicate taconite. Visible mineralization within the Gunflint Formation include silica minerals,
oxides, carbonates, silicates and minor sulphides. The Rove Formation consists of basal black and locally
pyritic shale, which grade upward to shale interbedded with arkosic greywackes. The younger Logan and
Nipigon sills consist of mafic diabase and basalt and make up the flat-topped hills that are the dominant
landform in the southeast part of the study area.

GLACIAL GEOLOGY
The majority of the surficial materials in the area were most likely deposited during the Michigan
Subepisode (Late Wisconsinan) glaciation. The Quaternary geology mapping in the immediate area is
limited to a 1:1 000 000 scale map (Ontario Geological Survey 1991b), a Northern Ontario Engineering
Geology Terrain Studies (NOEGTS) (Mollard and Mollard 1980) 1:100 000 scale map produced for the
study area as well as undefined small-scale mapping by Zoltai (1965). The NOEGTs mapping is based
largely on aerial photograph interpretation and little field work was completed.
Ice flow across the area is indicated by the orientation of striae, and linear ice-margin parallel
landforms. These glacial ice-flow indicators have been used to interpret a southerly (180°) regional ice flow
in the eastern part of the study area with an arcuate progression to the southwest (215°) in the western part
(Figure 27.3). Additional evidence for the main south to southwest flow are the Brule Creek and Steep
Rock moraines, the long axes of which trend northwest. These moraines likely mark ice marginal standstill
positions and are composed of ice-contact debris and till (Bajc 1999). In the eastern part of the study area,
there is also evidence of a late, westerly (270°) flow. The main ice-flow directions commonly crosscut the
folds and faults of the underlying bedrock, allowing for the simple measurements of striae.
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Figure 27.3. Simplified Quaternary geology of the Mowe Lake study area (after Ontario Geological Survey 1991b).
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Bedrock-dominated uplands occupy the southeast portion of the study area, south of Highway 588.
Here, local pockets of thick drift exist in narrow bedrock depressions. In general though, surface
materials consist almost entirely of thin deposits of poorly sorted, weathered glacial drift.
The east-central to central part of the study area is characterized by a low relief, irregular bedrockcontrolled topography, that, locally, is overlain by thin to several metres of glaciofluvial outwash and icecontact sands and gravels. The thickest deposits of sand and gravel are found in bedrock depressions.
Till was identified in such depressions, most commonly underlying several metres of sand and gravel,
especially in the eastern areas. The till is commonly sand rich, compact and contains clasts reflecting the
underlying bedrock. Bedrock is exposed randomly throughout this area.
In the northwest, till deposits overlying bedrock units of the Shebandowan greenstone belt are more
extensive. Till in this area is compact, with a sand-rich matrix, and contains locally derived clasts.
In the northeast part of the study area, flat to gently undulating glaciolacustrine deposits consisting of
mauve coloured clayey silts are common. These deposits have been interpreted as being associated with
glacial Lake Kaministikwia (Bajc 1999).

FIELD WORK
A total of 110 C-horizon till and 4 modern alluvium samples were collected during the 2010 season
(see Figure 27.3). Sampling occurred along roads and bush trails accessed via truck and all-terrain
vehicle (ATV). Samples were obtained from hand-dug pits (up to 1 m deep), road cuts, and roadside
ditches. Sample density is patchy, as access to appropriate sampling media was limited.
Samples were screened in the field to remove the +5 mm fraction, and the screened material was
used for pebble lithology counts. At each sample site, 2 samples of C-horizon till were collected:
1) a 10 kg sample for heavy mineral concentration and recovery of gold grain, KIM (kimberlite indicator
minerals) and metamorphic/magmatic massive sulphide indicator mineral (MMSIM®2), and 2) a 2 to 3 kg
sample for –63 μm fraction geochemical analysis and determination. The sampling procedures followed
standard methodologies used by the OGS (e.g., Bajc 1999).
In addition to sampling, observations on the surficial materials, landform genesis and ice-flow
indicators were recorded.
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INTRODUCTION
During the summer of 2010, a two-year aggregate resources assessment study of the County of
Simcoe (“Simcoe County”) was initiated by the Sedimentary Geoscience Section of the Ontario
Geological Survey (OGS). Simcoe County occupies 484 056 ha along the southern shore of Georgian Bay
(Figure 28.1). It is bounded to the east by the City of Kawartha Lakes (formerly Victoria County) and the
District Municipality of Muskoka; to the west by Grey and Dufferin counties; and to the south by the
Regional Municipalities of Peel, York and Durham. The study area is covered by all or parts of the Bolton
(30 M/13), Alliston (31 D/4), Barrie (31 D/5), Beaverton (31 D/6), Orillia (31 D/11), Elmvale (31 D/12),
Penetanguishene (31 D/13), Gravenhurst (31 D/14), Dundalk (41 A/1), Collingwood (41 A/8),
Nottawasaga (41 A/9) and Christian Island (41 A/16) 1:50 000 scale map sheets of the National
Topographic System (NTS).

Figure 28.1. Location of the County of Simcoe.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.28-1 to 28-13.
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The purpose of the investigation is to delineate the aggregate deposits within the study area and to
assess the quality and quantity of sand and gravel, and bedrock-derived aggregate resources. This
information is required for infrastructure development and renewal, general construction applications and
land use planning purposes.

SURFICIAL GEOLOGY, PHYSIOGRAPHY AND RESOURCE POTENTIAL
The physiography and distribution of surficial material in Simcoe County, including the sand and
gravel deposits, are primarily the result of glacial activity that took place in the Late Wisconsinan (Barnett
1992). This period, which lasted from approximately 23 000 to 10 000 years before present, was marked
by the repeated advance and retreat of the massive Laurentide Ice Sheet (Barnett 1992). The direction of
ice movement in the study area is recorded by erosional ice flow indicators (striae, grooves, chattermarks)
and depositional forms (crag and tail features, fluted ground moraine, drumlins) and is generally in a
south to southwesterly direction (Barnett 1992). In the Lake Simcoe area, drumlin orientation generally
ranges from 200 to 240° (Chapman and Putnam 1984). In the Gravenhurst to Penetanguishene area, Bajc
(1994) reports a fairly consistent ice flow of 190° and, in the Barrie–Innisfil area, Barnett (1986) reports a
general ice flow direction of 213°.
Simcoe County is covered by 10 physiographic regions as defined by Chapman and Putnam (1984).
From the northeast to the southwest, these include the Georgian Bay fringe, Number 11 strip, Carden
plain, Peterborough drumlin field, Simcoe uplands, Simcoe lowlands, Horseshoe moraines, Schomberg
clay plain, Niagara Escarpment and the Oak Ridges Moraine physiographic regions.
As the ice advanced from the northeast, debris from the underlying soil and bedrock accumulated
within and beneath the ice. The debris, a mixture of stones, sand, silt and clay was deposited over large
areas of the county as till plains, drumlins and moraines. In the northern part of Simcoe County, the hard,
erosion-resistant Precambrian rocks provided little soil and weathered bedrock to the advancing glacier.
As a result, the northern part of the county (Severn and Ramara townships) belongs to the physiographic
region known as the Georgian Bay fringe (Figure 28.2), which is described by Chapman and Putnam
(1984) as rugged and characterized by thinly till-covered rock knobs and ridges. Outcrops of bare rock are
common and relief in the area is generally controlled by the Precambrian bedrock surface. These outcrops
impart a rugged appearance to the landscape, although, collectively, the outcrop belt represents a plain
with maximum relief of approximately 6 to 9 m (Deane and Pollitt 1950). The bedrock geology of this
physiographic region is described later in this article.
Low-lying areas between outcrops are covered by a thin veneer of glacial till composed of a loose,
reddish, stony, sandy till derived primarily from Precambrian bedrock material (Deane 1950). The rockknob lowland was subsequently inundated by glacial Lake Algonquin resulting in deposition of thin
glaciolacustrine sediments over the till. The till and glaciolacustrine sediments rarely exceed 2 to 3 m in
thickness. Other low-lying areas are filled with organic-rich sediments. During lower stages of glacial
Lake Algonquin, Precambrian outcrops were swept clear by wave action.
The Number 11 strip physiographic region as defined by Chapman and Putnam (1984; so named as it
closely follows Highway 11) is located in the southwest corner of Severn Township and the northern part
of Ramara Township (see Figure 28.2). This area is characterized by a relatively flat strip of land where a
low-lying valley, between 2 bedrock-dominated upland areas (part of the Georgian Bay fringe
physiographic region), was filled with sediment during glacial Lake Algonquin. The sediment was
deposited as outwash deposits formed by meltwater streams flowing away from the retreating ice margin;
glaciolacustrine plain deposits; and subaqueous fan deposits laid down when sediment-laden meltwater
discharged into a standing body of water from tunnels at or near the base of the retreating ice (Ontario
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Figure 28.2. The physiographic regions of the County of Simcoe (after Chapman and Putnam 1984).
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Geological Survey 1983). As a result, sand and gravel resources are available within this physiographic
region, but their distribution and quality may be quite irregular and variable. The deposits consist
primarily of stratified sand that may exhibit wide variations in grain size distribution. Coarse aggregate
material may occur in the lower portion of the central core of subaqueous fan deposits. Varying amounts
of silt and clay (fine-grained sediments) are associated with these deposits.
The Carden plain is located in the northeastern part of Simcoe County, primarily in Ramara and
Severn townships (see Figure 28.2). Named for the former township of Carden, located in the City of
Kawartha Lakes (formerly Victoria County) to the east, the limestone plain forms a narrow east-trending
band that increases in width from approximately 13 km just east of Orillia to 32 km farther east. The
landscape is generally flat with small escarpments rising 1 to 8 m. In general, the Paleozoic bedrock in
this physiographic region is covered by a thin veneer of till and glaciolacustrine sediments. Glacial drift
increases in thickness southward.
The Simcoe uplands consist of broad, gently rolling till-covered plains and moraines that are
separated by deep valleys (see Figure 28.2). The physiographic region is generally above 240 m asl
(glacial Lake Algonquin water level) and rises to over 328 m. Some valley cuts can be up to 60 m deep
and provide significant relief to the physiographic region. These broad, south to southwesterly trending,
U-shaped valleys are believed to be tunnel valleys carved subglacially by the catastrophic release of
ponded subglacial meltwater (Barnett 1986, 1989, 1990a; Bajc 1994).
The Niagara Escarpment dominates the physiography of the western part of Simcoe County. This
major bedrock feature trends in a south to southeasterly direction throughout the study area. Bedrock
occurs at, or near, the surface in the vicinity of the Niagara Escarpment. Bedrock can also outcrop along
the face of the escarpment as occasional, isolated outcrops in incised river valleys. The Amabel
Formation dolostone forms the caprock of the Niagara Escarpment, with the softer Queenston Formation
shale defining the base of the escarpment. More information on the bedrock of the Niagara Escarpment is
provided later in this article. The Niagara Escarpment rises nearly 350 m above the level of Georgian
Bay, reaching its highest elevation near Singhampton, in the western part of the study area.
As the Laurentide Ice Sheet continued to advance from the northeast, it overrode the Niagara
Escarpment and continued to deposit glacial sediment on top of the escarpment. Therefore, draping the
eastern face of the Niagara Escarpment and located to the west of the escarpment in Simcoe County is the
physiographic region known as the Horseshoe moraines as defined by Chapman and Putnam (1984). The
area is described as an area of glacial and glaciofluvial deposits with a highly irregular, hummocky surface
and deeply downcut river valleys (very irregular topography with relief in excess of 30 m). Bedrock outliers
have been cut and isolated from the Niagara Escarpment, for example, Ten Hill just north of Creemore.
Above the escarpment, this physiographic region includes the Gibraltar and Singhampton moraines.
Glaciofluvial outwash and ice-contact deposits are intermixed with the glacial sediments.
As the ice advanced southward through Simcoe County, it deposited till and formed the
Peterborough drumlin field (Chapman and Putnam 1984). This physiographic region is located south of
Kempenfelt Bay and extends westward through Adjala Township to the western boundary of Simcoe
County (see Figure 28.2). The drumlins are streamlined, elongated hills oriented in a southwest direction.
Pockets of sand and gravel are associated with drumlins and, if these pockets are identified, they can be
extracted for local aggregate production. The drumlins are composed of dense, stony, sandy silt to silty
sand diamicton referred to as the Newmarket Till (Gwyn 1972; Barnett 1986, 1990b).
Flat-floored valleys, 1 to 4 km wide and up to 50 m deep occur between the drumlins. These
erosional valley surfaces are believed to have formed as a result of large subglacial, catastrophic
meltwater discharge events, similar to the process that formed the Simcoe uplands as noted above
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(Barnett 1989, 1990a). These low-lying valley areas have subsequently been filled with glaciofluvial sand
and gravel; and glaciolacustrine sand, silt and clay; leaving the till to crop out primarily along the crests
of the drumlins.
Farther to the south, the Oak Ridges Moraine, reaching elevations in excess of 350 m, forms the
dominant landform in the southwest corner of Simcoe County (Township of Adjala–Tosorontio,
Township of Essa and the Town of New Tecumseth). The moraine is built on a regional erosional surface
consisting of the Newmarket Till and tunnel valleys. This pre-moraine surface partially controlled the
distribution and thickness of the sediments that form the moraine (Barnett et al. 1998). As the Laurentide
Ice Sheet began to melt and retreat from southern Ontario, it split into a number of glacial lobes that
behaved semi-independently. The moraine formed where the Simcoe and Lake Ontario lobes separated
during deglaciation, several kilometres north of the present-day Lake Ontario shoreline. As the ice lobes
melted, a re-entrant in the ice was created that acted as a focal point for meltwater flow and sediment
deposition.
The depositional history of the Oak Ridges Moraine is complex and is the result of the readvance and
retreat of one or both ice margins bounding the moraine. Overall, deposition occurred in 4 stages:
1) subglacial sedimentation; 2) subaqueous fan sedimentation; 3) fan to delta sedimentation and; 4) icemarginal sedimentation (Barnett et al. 1998). The moraine sediments represent proximal (high energy) to
distal (low energy) environments ranging from subglacial to proglacial lake environments. As a result, the
granular material that makes up the Oak Ridges Moraine is extremely variable, both horizontally and
vertically (Barnett and Rowell 2002).
Although the Oak Ridges Moraine is a major source of aggregate for the Greater Toronto Area
(GTA), not all of it is favourable for aggregate extraction. Sediments associated with the later stages
(3 and 4) of the Oak Ridges Moraine development are often too fine grained to satisfy the specifications
for many aggregate products. These late-stage deposits cap and/or flank the core of coarse-grained
sediments. Such coarse-grained sediments were deposited in glaciofluvial environments at or near the ice
front, and within or under the glacier, as well as subaqueous fan environments. These coarse-grained
deposits have the greatest potential for meeting high-specification aggregate products.
As the Simcoe lobe receded in a generally northward direction, water became trapped between the
ice margin and the Oak Ridges Moraine to the south. Therefore, located north of the Oak Ridges Moraine
are a series of stratified silt and clay deposits collectively called the Schomberg clay plains (Chapman and
Putnam 1984; see Figure 28.2). These sediments were deposited in a multi-phase series of high-level
lakes (Schomberg ponds). Well-developed shoreline features associated with the Schomberg ponds have
been mapped at elevations up to 320 m (asl). The Schomberg clay plain sediments are generally too fine
textured to be of value as an aggregate resource.
It is believed that the Simcoe lobe had a local readvance during the Port Huron stade where some of
these clay-rich sediments were incorporated into the glacial sediment load and later deposited as the clayrich Kettleby Till. The Kettleby Till is generally less than 2 m thick and occurs as a discontinuous sheet of
ground moraine overlying older sediments. Barnett (1997) has mapped the Kettleby Till in the Barrie–
Innisfil area. Burwasser (1974) describes a till that he has informally named the Allenwood Till, but
which he recognizes as probably a local variation of the Kettleby Till.
During the retreat of the Simcoe lobe, ice-contact deposits formed in cavities created by meltwater
flowing in and beneath the ice. Glaciofluvial outwash deposits formed by meltwater flowing from the ice
margin. Glaciofluvial subaqueous fans developed where sediment-laden meltwater flowed from the
glacial ice margin into water ponded in front of the ice. These types of deposits are noticeable throughout
Simcoe County: from glaciofluvial outwash channels east of the Niagara Escarpment, to ice-contact and
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outwash deposits south of Barrie. These deposits consist primarily of variably bedded, fine sand and
coarse gravel, but may also contain a broad range of material including large boulders, till lenses and silt.
These sediments may be suitable for the production a wide range of aggregate products and many have
been used for such a purpose in the past. Two examples are the large, ice-contact deposits near Midland in
Tay Township and the esker–ice-contact complex south and southeast of Hillsdale (the Oro Moraine).
As the glacier margin continued to recede, low-lying areas were submerged beneath the waters of
glacial Lake Algonquin, an ancestral glacial lake that occupied the Lake Huron basin. These areas form
the Simcoe lowlands physiographic region (see Figure 28.2). The Simcoe lowlands are situated along the
shore of Lake Simcoe, in the central part of the county along the Nottawasaga River, and extending from
slightly east of Wasaga Beach westward to Collingwood. The Simcoe lowlands rise from the current lake
level of 177 m to the Algonquin Bluff height of approximately 237 m. Generally, local relief is subdued
and rarely exceeds 7.5 m. The lowlands consist largely of glaciolacustrine sand, silt and clay with isolated
deposits of till and glaciolacustrine beach sand and gravel ridges.
In Ramara Township, the Simcoe lowlands comprise a relatively flat-lying glaciolacustrine plain,
interspersed with a drumlinized till plain. Drumlins in this area tend to form low-lying ridges rather than
the classical tear-drop and oval shapes associated with these landforms. They vary between 0.3 and
2.0 km in length and from 50 to 300 m in width. They seldom exceed 15 m in height and some project
only a few metres above the surrounding glaciolacustrine sediments (Finamore 1984). The drumlins are
moderately steep sided and the western exposures of some have been further steepened by wave action
(Deane 1950).
The Simcoe uplands formed islands in glacial Lake Algonquin and, hence, are also referred to as the
Algonquin Islands (Deane 1950). These uplands are commonly bordered by beaches, spits and shorecliffs.
Glaciolacustrine sand, silt and clay were deposited on the floors of the valleys between upland areas.
Valley bottom deposits are usually too fine grained for most aggregate applications and are best used as a
source of fill. Beach deposits are composed predominantly of well-stratified sand and gravel and provide
valuable sources of good quality aggregate.
Burwasser (1974) reports the glacial Lake Algonquin shoreline at an elevation of 237 m in the
Collingwood–Nottawasaga area. Bajc (1994) reports the glacial Lake Algonquin shoreline at 260 m in the
Penetanguishene area, whereas Barnett (1988, 1989) reports Algonquin shoreline elevations as high as
240 m in the Barrie area and 260 m near Coldwater. Two higher level shorelines of 290 m near
Warminster and 270 m near Gilchrist could represent even higher lake levels of glacial Lake Algonquin
(Barnett 1989). Barnett (1989) reports evidence of at least 6 glacial lake levels in the Barrie–Elmvale
area. Because of the prevailing winds, the beach deposits in the eastern part of the county are generally
better developed than in the western part of the county.
As the glacier margin continued to recede northward and drainage outlets changed from the
Kirkfield–Fenelon Falls outlet to more northerly outlets near Algonquin Park and later into the North Bay
area, the water level in the Lake Huron–Georgian Bay basin began to drop (Finamore 1985). At
approximately 4500 years BP (Bajc 1994), the water level in Georgian Bay began to rise again to a level
18 m higher (195 m) than today’s current level. This was known as the Nipissing Phase of the Upper
Great Lakes and many of the sand and gravel and beach deposits in the Edenvale, Wasaga Beach and
Collingwood areas are related to this lake level. The main Nipissing strandline nearly parallels the current
shoreline of Georgian Bay (Burwasser 1974). The beaches of the Nipissing Phase are typically thinner
and contain finer sediments than those of glacial Lake Algonquin. Following the Nipissing Phase, water
levels began to drop to their current level of 177 m.
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Postglacial erosional and depositional processes have been of minor importance in modifying the
physiography of the region. Recent organic and alluvial deposits have accumulated in low-lying areas and
there are many important wetlands and swampy areas in the county (e.g., Minesing Wetlands). Eolian
sand dunes and associated deposits are found along the shoreline of Georgian Bay. Sand within these
eolian dunes are generally too fine grained for aggregate use.
The main sand and gravel deposits that have been exploited by the aggregate industry in Simcoe
County are the Oak Ridges and Oro moraines and glaciolacustrine beach deposits that formed along
topographic highs (i.e., drumlin uplands).

BEDROCK GEOLOGY
The northeastern part of Simcoe County is underlain by metamorphic and igneous Precambrian rocks
of the Grenville Province, whereas the remainder of the county is underlain by a succession of relatively
flat-lying sandstones, limestones, dolostones and shales of Paleozoic age. The Paleozoic strata dip gently
in a south-southwest direction at less than 5 m/km (Armstrong 2000). Paleozoic rocks also occur as
outliers within areas dominated by Precambrian rock.
The Precambrian rocks include metamorphosed volcanic rocks, clastic and chemical sediments and
plutonic rocks of Mesoproterozoic (0.9 to 1.6 Ga), and Neo- to Mesoproterozoic age (0.57 to 1.6 Ga)
(Easton 1992). The rocks are part of the Go Home and Fishog domains of the Central Gneiss Belt (Easton
1992). Easton (1992) reports that the age of metamorphism is circa 1045 Ma for the Go Home domain.
Metamorphism in the Fishog domain is upper amphibolite facies although some retrograded granulitefacies rocks may be present in the north end of the City of Kawartha Lakes (formerly Victoria County) to
the east (Easton 1992).
The Precambrian bedrock surface, although not seen at the surface, begins to rise just west of
Creemore. This feature, referred to as the Algonquin Arch, is not visible because of the thick Paleozoic
and Quaternary cover, but it does affect the height of land and influenced drainage patterns.
The Precambrian basement is unconformably overlain by the Paleozoic Shadow Lake Formation.
The Precambrian surface upon which the Ordovician sea transgressed is generally thought of as being a
peneplain with a gently undulating surface. The Shadow Lake Formation is the oldest Ordovician
formation in central and southwestern Ontario (Johnson et al. 1992). The Shadow Lake Formation
consists of poorly sorted, red and green sandy shales; argillaceous and arkosic sandstones; minor sandy
argillaceous dolostones; and rare basal arkosic conglomerate (Armstrong and Carter 2006). These rock
types are commonly interbedded and gradational with each other. The upper contact of the Shadow Lake
Formation is generally gradational with the overlying Gull River Formation (Armstrong and Carter 2006).
The formation varies from 0 to 15 m thick and is generally friable and is not a potential aggregate source.
The Gull River Formation overlies the Shadow Lake Formation where it is present or lies directly on
the Precambrian basement where the Shadow Lake Formation is missing. The Gull River Formation
consists mainly of limestone, with lesser amounts of dolostone, shale and argillaceous sandstone
(Armstrong and Carter 2006) and has been subdivided into 3 informal members: the lower, middle and
upper. The lower member is the most lithologically variable containing light to dark grey to brown, finegrained dolostones; light grey to dark brown, very fine-grained limestones; green argillaceous sandy
dolostones; minor green-grey argillaceous dolomitic sandstone; and green to dark brown shale
(Armstrong and Carter 2006). The lower member is often capped by a green argillaceous dolostone
informally referred to as the “green marker bed”. The middle member consists of mainly grey, sparsely
fossiliferous lime mudstones that are commonly laminated. The upper member of the Gull River
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Formation consists of light grey to dark brown, thin- to very thick-bedded, bioturbated, fossiliferous
limestone. The Gull River Formation ranges in thickness from 7.5 to 136 m and is a valuable rock
formation in the production of aggregate material.
The Gull River Formation is conformably overlain by the Bobcaygeon Formation. The Bobcaygeon
Formation is divided into 3 informal members: the lower, middle and upper. The lower member consists
of light grey-tan to brown-grey, medium- to very thick-bedded, fine- to medium-grained, bioclastic
limestones, wackestones, packstones and grainstones. The lower member is sometimes divided into 2
parts, a lower unit informally referred to as the Moore Hill beds and an upper part that comprises the rest
of the lower member. The main difference between these 2 units is that the grain size of the matrix is
significantly coarser in the upper part (Armstrong 2000).
The middle member consists of thin- to medium-bedded, bioclastic, very fine- to fine-grained
limestones with green shale interbeds and partings. The upper member consists of fine- to mediumgrained, dark grey to light brown, thin- to medium-bedded, bioturbated, fossiliferous limestones, ranging
from bioclastic wackestones to packstones and grainstones. Shale content is limited to thin shaly partings
(Armstrong and Carter 2006). The contact between the middle and upper members is gradational
(Armstrong and Carter 2006). The Bobcaygeon Formation ranges in thickness from 7 to 87 m and has a
long history of use by the aggregate industry.
The Bobcaygeon Formation is conformably overlain by the Verulam Formation. The Verulam
consists of interbedded limestone and shale which have been divided into an upper and lower member
(Armstrong and Carter 2006). The lower member, ranging from 23 to 68 m in thickness, consists of
interbedded dark grey to grey, fossiliferous, fine- to coarse-grained limestone and green shale. The upper
member is a medium- to coarse-grained, buff to tan coloured, cross-bedded, bioclastic limestone, ranging
from 2 to 9 m in thickness. Although generally unsuitable for the production of high-quality aggregate
because of the high shale content, the Verulam Formation may be used for the production of Portland
cement.
The Verulam Formation is conformably overlain by the Lindsay Formation. This formation is up to
65 m thick and consists of a lower unnamed member and the upper Collingwood Member (Johnson et al.
1992). The lower member is fossiliferous, grey to greenish, fine-grained, argillaceous limestone. The
Collingwood Member consists of up to 10 m of fossiliferous, interbedded, black, organic-rich limestone
and highly calcareous black shale. In central Ontario, the Lindsay Formation is generally not suitable for
high-quality aggregate use because of numerous shale interbeds and partings. The formation is used
extensively for the production of aggregate products in eastern Ontario and is quarried near Bowmanville
for the manufacture of cement.
Conformably overlying the Lindsay Formation in the study area is the Blue Mountain Formation.
The Blue Mountain Formation consists of 40 to 60 m of blue-grey to grey-brown, poorly fossiliferous,
non-calcareous shale; with thin, minor interbeds of limestone and siltstone (Johnson et al. 1992). This
rock is unsuitable for road building or construction aggregate. It has been exploited in the past as a local
source of raw material for pottery and may represent a good potential resource for brick or other heavy
clay products where the overlying Quaternary sediments are thin (Guillet 1977).
The Blue Mountain Formation is conformably overlain by the Georgian Bay Formation. This
formation is exposed in very limited areas in the northwestern part of Simcoe County. The formation
consists of greenish to bluish-grey shale with interbedded limestone, siltstone and sandstone. The
formation thickness varies from 125 to 200 m (Johnson et al. 1992). This formation has been used in the
past in the manufacture of brick and tile in the Greater Toronto Area (Guillet 1977). It is not suitable for
road building or construction aggregate.
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Overlying the Georgian Bay Formation are the brick red to maroon, non-calcareous to calcareous
shales; with subordinate amounts of green shale, siltstone, sandstone and limestone of the Queenston
Formation. The formation ranges in thickness from 50 m at the north end of Bruce County to over 300 m
beneath Lake Erie. The Queenston shales are well suited for the production of structural clay products
such as brick and tile, and are a resource of provincial significance (Guillet and Joyce 1987). Shale has
been extracted from quarries at the base of the Niagara Escarpment for this purpose since the early 1900s.
These shales have low load-bearing strength and, therefore, are unsuitable for use as construction
aggregate.
The Queenston Formation is unconformably overlain by the sandstones of the Whirlpool Formation
or the dolostones of the Manitoulin Formation. The Whirlpool and Manitoulin formations as well as the
Cabot Head Formation, Reynales Formation and other minor formations form the Clinton and Cataract
groups, which form the face of the Niagara Escarpment. They have generally restricted lateral extent in
the study area and are generally covered by more than 8 m of drift.
The Whirlpool Formation is the lower unit of the Cataract Group. The formation has a thickness of 3
to 5 m (Hewitt 1972) and consists of thin- to massive-bedded, medium- to fine-grained calcareous quartz
sandstone. The formation often forms a low terrace at the base of the escarpment. The Manitoulin
Formation is a thin-bedded, blue-grey to buff-brown dolomitic limestone and dolostone. The Manitoulin
Formation is reasonably resistant to erosion and as a result often forms minor scarps along the face of the
Niagara Escarpment.
The Cabot Head Formation of the Cataract Group overlies the Manitoulin Formation. The formation
occurs as a subcrop band in the face of the Niagara Escarpment and is commonly covered with talus from
the overlying dolostone units. The formation consists of reddish to greenish-grey shale with calcareous
carbonate interbeds. The formation is between 11 and 41 m thick (Armstrong and Carter 2006). The shale
is not suitable for aggregate use, but Vos (1969) has indicated the potential to use this unit for expanded
lightweight aggregate and brick and tile production.
The Fossil Hill Formation of the Clinton Group is a thin-bedded, brownish-grey, medium crystalline,
fossiliferous dolostone. The formation is poorly exposed, but borehole information suggests a thickness of
approximately 4 to 5 m. There are no known exposures of the Fossil Hill Formation large enough to
support the development of an aggregate extraction operation.
The brow and upper surface of the Niagara Escarpment is formed by the tough, erosion-resistant
Amabel Formation. The Amabel Formation consists mainly of medium crystalline, fossiliferous, mediumto massive-bedded dolostone that is well suited for the production of road-building and construction
aggregate. It has also been used in high-performance concrete. The Amabel Formation is considered to be
a resource of provincial significance for the production of aggregate materials.
The Ontario Geological Survey is in the midst of a multi-year project to examine Early Silurian
stratigraphy in southern Ontario from a hydrogeological perspective. An important component of the
project will be a review of the Silurian stratigraphy including a refinement of the various formations
(Brunton 2009). The result of some of the early work from this project is the separation of the Amabel
Formation into a series of formations (e.g., Gasport and Goat Island). For the purpose of this article, the
name “Amabel Formation” continues to be used since the Amabel Formation is widely understood in the
aggregate industry. Future work will incorporate the re-defined formations.
The Silurian Guelph Formation is the youngest rock unit in Simcoe County. The Guelph Formation
consists mainly of buff-coloured, irregular, medium- to massive-bedded, fine- to medium-crystalline,
sucrosic dolostone. Its average thickness is about 40 m; however, because of its reefal nature, the unit
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may range in thickness from 4 to 100 m (Johnson et al. 1992). Some beds contain abundant fossils that
weather irregularly. In general, because of the rock’s primarily reefal origin, it tends to be soft and
weathers easily. Consequently, it is not well suited for high-quality road construction uses, such as hot
mix paving and Portland cement concrete aggregate. However, inter-reefal parts of the Guelph Formation
may be more competent and more resistant to weathering. In such locations, the rock may be acceptable
for some higher quality aggregate uses. The Guelph Formation dolostone does have value as an industrial
mineral resource due to its high chemical purity. Based upon chemical testing and meeting industry
specifications, it may provide valuable raw material for chemical and metallurgical stone products.
Structurally, the Paleozoic rocks are relatively flat lying with the regional dip to the southwest as
noted earlier. A few small bedrock faults or small displacements were noted in Ramara Township. It is
suggested that these are the result of vertical release following ice retreat because the positive topographic
relief formed by these faults have not been destroyed by glaciation (Finamore 1984).

BEDROCK RESOURCES
Precambrian bedrock may exhibit wide variations with respect to aggregate quality over relatively
short distances. Consequently, any site proposed for quarry development should be tested in detail before
extraction occurs. Highly weathered, brittle and friable Precambrian bedrock, which is unacceptable for
aggregate use, may occur in the report area. There are also areas underlain by more massive, hard 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) which 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.
No specific areas of Precambrian bedrock have been selected for possible resource protection
because Paleozoic bedrock is considered the preferred source of bedrock-derived aggregates in the area.
Precambrian bedrock is often quarried for use in the building and dimension stone industry. Of the
Paleozoic rock formations that underlie the county, the Gull River, Bobcaygeon and Amabel formations
are best suited for aggregate extraction and production.
Crushed stone from the Gull River Formation is extracted for a variety of aggregate uses in southern
Ontario, including concrete, asphalt and granular base. Detailed site-specific testing of the rock is
necessary because certain beds within the formation are chemically reactive with Portland cement mixes
(Rogers 1985; Ryell et al. 1974). The alkali–carbonate reaction can result in the premature deterioration
of concrete structures particularly those surfaces that are subject to weathering and road salt. Alkali–
carbonate reactive beds cannot be readily identified through visual examination in the field. Subjecting
the rock to concrete expansion testing, microscopic examination and/or chemical analysis can identify the
problematic beds (Rogers 1985; Ryell et al. 1974). Selective extraction of the nonreactive beds may be
required for production of concrete aggregates. Ryell et al. (1974) suggest that a dilution ratio of 4:1
(competent rock to alkali-reactive rock) may also provide an acceptable solution. The Gull River
Formation is generally well suited for use as hot-laid asphalt, but polishing of the stone may be a problem
if the rock is used for asphaltic surface course. Beds of shaly, silty to sandy dolostone may require
blending with the surrounding, more competent bedrock units for production of granular base. Similarly,
beds of calcitic dolostone at the base of the formation may only be suitable for granular base.
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Certain beds within the Bobcaygeon Formation may also be alkali reactive. In this case, an alkali–
silicate reaction occurs between Portland cement and the silica-bearing rock strata. Reactive beds within
the Bobcaygeon Formation usually contain less than 3% black chert along with microscopic chalcedony
(Rogers 1985). The shalier middle parts of the formation may not be as suitable for the production of
concrete aggregate as the surrounding strata. As a result, selective extraction measures may be required
for the production of concrete aggregate within the formation. The formation is generally well suited for
most other aggregate uses including asphaltic stone and granular base.
The Amabel Formation dolostone constitutes an aggregate source of both regional and provincial
significance. Because of its high resistance to abrasion and chemical weathering, the rock is suitable for a
wide range of applications including road building and construction aggregate (granular sub-base
material, asphalt and concrete stone). In addition, the formation also provides a valuable source of armour
and architectural stone.
The Verulam, Lindsay, Queenston and Guelph formations are generally not used for aggregate
production in central Ontario, but the Verulam and Lindsay formations have been used for the
manufacture of Portland cement. The Queenston Formation shale is locally well suited for the
manufacture of structural clay products such as brick and tile; whereas the Guelph Formation dolostone,
due to its high chemical purity, is potentially a valuable raw material for chemical and metallurgical
stone.

FUTURE WORK
During the first year of this two-year project, samples were collected for aggregate physical testing
and have been submitted to the Ministry of Transportation for analysis. Bedrock samples were collected
for geochemical analysis and till samples were collected for Grain Size Analysis (GSA), Chittick and
geochemical analysis to be completed by the Geoscience Laboratories.
The second and final year of this project will include further field examination and observations,
further sample collection and analysis, and possibly some shallow drilling using OGS equipment.
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29. Project Unit 10-022. Aggregate Resources Inventory
of the County of Lanark, Southeastern Ontario
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Sedimentary Geoscience Section, Ontario Geological Survey

INTRODUCTION
During the summer of 2010, an aggregate resources inventory was undertaken by the Sedimentary
Geoscience Section (SGS) of the Ontario Geological Survey (OGS) for the County of Lanark in
southeastern Ontario. The County of Lanark is located southwest of the City of Ottawa and occupies an
area of approximately 297 093 ha. It is bounded to the west by Frontenac County; to the north by
Renfrew County; to the east by the City of Ottawa; and to the south by the United Counties of Leeds and
Grenville (Figure 29.1). The study area is covered by all or parts of 10, 1:50 000 scale map sheets of the
National Topographic System (NTS). These maps sheets include Renfrew (31 F/7), Arnprior (31 F/8),
Clyde Forks (31 F/2), Carleton Place (31 F/1), Kemptville (31 G/4), Sharbot Lake (31 C/15), Perth
(31 C/16), Merrickville (31 B/13), Tichborne (31 C/10) and Westport (31 C/9).

Figure 29.1. Location of the County of Lanark.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.29-1 to 29-9.
© Queen’s Printer for Ontario, 2010
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The purpose of the investigation was to delineate the aggregate deposits within the study area and to
assess the quality and quantity of sand and gravel, and bedrock-derived aggregate resources. This
information is required for infrastructure development and renewal, general construction applications and
land-use planning purposes.

SURFICIAL GEOLOGY AND PHYSIOGRAPHY
The physiography and distribution of surficial materials in the County of Lanark, including the sand
and gravel deposits, were primarily deposited by glacial activity that occurred during the Late
Wisconsinan (Barnett 1992). This period, approximately 23 000 to 10 000 years ago, was marked by the
repeated advance and retreat of the Laurentide Ice Sheet across southern Ontario (Barnett 1992). Advance
of the Late Wisconsin ice sheet across the study area was in a predominantly west to southwest direction
as evidenced by the orientation of glacial ice flow indicators such as striae and drumlins (Kettles 1992).
Locally, glacial ice flowed in a southwestward direction around Perth, and to the west in the area
around Maberly in the northwest part of the county. The direction of ice flow appears to have been
strongly influenced by local topography. In the northern part of the county, ice flow was strongly
influenced by the Mount St. Patrick escarpment (Kettles 1992). As the ice advanced, it scoured the
underlying soil and bedrock, accumulating debris within and beneath the ice sheet. This entrained debris
consisted of a mixture of boulders, stone, sand, silt and clay. Retreat of the ice sheet resulted in the
deposition of till and drumlins over parts of the county (Barnett 1992).
In the western and central portions of the county, erosion resistant Precambrian rock provided little
soil and weathered material to the glacier. Both regions are described by Chapman and Putnam (1984) as
consisting of primarily rock knobs and ridges covered by a thin (<1.5 m) layer of till. These areas are
identified as physiographic regions known as the Algonquin Highlands and Georgian Bay fringe (Figure
29.2). The till covering the Algonquin Highland and Georgian Bay fringe areas is stony with a sand-rich
matrix (Kettle and Shilts 1987). The average texture of the till has been identified as 67% sand, 26% silt
and 7% clay with these values ranging from 34 to 97%, 2 to 55% and 1 to 29%, respectively (Kettles and
Shilts 1987). The till also exhibits a carbonate-rich matrix and contains a high weight percent of Paleozoic
limestone and dolostone clasts (Kettles and Shilts 1987). The carbonate-rich nature of the till indicates
distal transport of carbonate lithologies from regions to the north and east where carbonate-rich Paleozoic
rocks dominate.
Whereas the majority of the area is covered by a thin and discontinuous layer of till, locally, thicker
till deposits are found in bedrock depressions, valleys and ridges (Kettles 1992). In addition, thicker
deposits of till commonly take the form of drumlins. Drumlin fields occur north of Smith Falls and in the
Carleton Place and Village of Lanark areas (Kettles 1992).
Depression of the Earth’s crust caused by the weight of the Laurentide Ice Sheet, along with
blockage of drainage ways (e.g., St. Lawrence River) for the Great Lakes during retreat of the ice margin,
resulted in portions of the study area being flooded by both glaciolacustrine and marine waters.
Glacial Lake Iroquois formed with the flooding of the Lake Ontario basin 12 500 years ago as the St.
Lawrence River outlet was blocked by the retreating glacial ice. The glacial lake abutted the ice margin
and expanded with continued glacial margin retreat. At its most northern limit, glacial Lake Iroquois
extended to the Joes Lake area in the northwest part of the County of Lanark (Kettles 1992). The extent of
glacial Lake Iroquois has been inferred through the occurrence of specific freshwater species (molluscs)
found in laminated sediments located throughout the county and deposits that are associated with ice margin
and proglacial lakes (Kettles 1992). A large subaquatic fan deposit is located at Joes Lake. This material
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was deposited at the ice margin, underwater, in a proglacial lake environment. The surface of this deposit
is also marked by well-developed kettle holes indicating deposition close to the ice margin (Kettles 1992).
Glaciofluvial deposits occur, locally, as discontinuous, linear accumulations of sediment in bedrockcontrolled valleys. These deposits are generally oriented parallel to the direction of ice flow and were
deposited subglacially at or near the ice margin as water in subglacial meltwater channels flowed into
proglacial lakes (Kettles 1992). Two such deposits occur in the study area. One extends from southeast of
Elphin to a large deposit northwest of the town of Lanark. The second extends from Frontenac County
northeast to the Poland area.
Approximately 11 700 to 11 500 years ago, with the retreat of the Laurentide Ice Sheet, the St.
Lawrence River Valley was uncovered. This opened drainage outlets for the Great Lakes and allowed
water levels in the Lake Ontario basin to drop and permitted seawater to inundate the isostatically

Figure 29.2. Physiographic regions of the County of Lanark (after Chapman and Putnam 1984).
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depressed Ottawa, Champlain and upper St. Lawrence River valleys. This led to the creation of the
Champlain Sea that, at its most westerly extent, inundated the eastern portion of the County of Lanark
(Barnett 1992). The western limit of the Champlain Sea is hard to define due to the rocky terrain in the
study area. Beaches and stratified clay are present as indicators of the presence of the sea (Chapman and
Putnam 1984). The western extent of the Champlain Sea is also approximated through paleontological
evidence, mainly the presence of marine shells and whale bones found at sites near Carleton Place, Perth
and Smith Falls (Kettles 1992).
An alternative theory suggests that the area was undergoing deglaciation and inundated by the
Champlain Sea as early as 12 200 years ago. This conflicts with the above reasoning that Lake Iroquois
was present in the area until after 12 000 years ago and that the Champlain Sea did not form until after
Lake Iroquois was fully established (Fulton and Richard 1987). This theory of the development of the
Champlain Sea proposed by Gadd (1980, 1987) evolved out of radiocarbon ages obtained on marine
shells from beach deposits near the western marine limit of the sea. Tests on these shells consistently
resulted in ages several hundred years younger than those in the Ottawa and Gatineau valleys to the east.
It is suggested that a calving bay allowed the Champlain Sea to invade the Ottawa Valley area while ice
remaining in the upper St. Lawrence Valley confined fresh waters of Lake Iroquois to the Ontario basin
(Gadd 1980, 1987).
The majority of deposits associated with the Champlain Sea are located in the eastern portions of the
study area and predominately overlie the flat-lying Paleozoic rock. The southeast and east-central portions
of the region have been identified by Chapman and Putnam (1984) as being part of the Smith Falls
limestone plain (see Figure 29.2). This physiographic region is characterized by shallow soil overlying
limestone bedrock. Glaciomarine plains and beaches are common deposits overlying the thin soil. Ridges,
valleys and faulting in the rock provide the area with what little relief that is observed. These low-relief
areas are, in general, poorly drained and, with the accumulation of organic matter, have formed the
abundant bogs present in the area. These bogs are common in the southeast where the Paleozoic rocks
abut the Canadian Shield of the Algonquin Highlands.
The northeastern portion of the study area has been identified by Chapman and Putnam (1984) as
being part of the Ottawa Valley clay plain (see Figure 29.2). This area is described as a clay plain
interrupted by ridges of rock or sand (Chapman and Putnam 1984). The clay plains in the area are
juxtaposed against the rocky and highly variable Precambrian rocks of the Algonquin Highlands to the
west. The clay is grey in colour and being essentially noncalcareous is likely derived from the
Precambrian rock (Chapman and Putnam 1984). Glaciomarine plains and beaches are common deposits
overlying the clay plain.
With the retreat of the ice sheet and removal of all the weight of the ice, the Earth’s crust was able to
rebound (Chapman and Putnam 1984). The Champlain Sea is thought to have started receding from its
western limit in the study area by about 10 000 years ago, receding from west to east as the isostatically
depressed region began uplifting (Fulton and Richard 1987).

SAND AND GRAVEL RESOURCES
In the northwest and central parts of the County of Lanark, glaciofluvial deposits provide readily
available and the most accessible sources of sand and gravel in the county. These glaciofluvial deposits
were deposited as glacial meltwater flowed beyond the glacier’s margin. The deposits are, for the most
part, found in bedrock controlled valleys and tend to be linear and discontinuous in nature. The deposits
also exhibit a variety of grain sizes.
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In the eastern and southern parts of the county, the glaciolacustrine and glaciomarine sand deposits
are generally too fine grained to be used for aggregate products, although the material from these deposits
does find use as fill material.
A number of sand and gravel samples were collected over the course of this study and have been
submitted to the Ontario Ministry of Transportation (MTO) for standard aggregate testing.

BEDROCK GEOLOGY
The western and central portions of the County of Lanark are underlain by rocks of Precambrian age
belonging to the Grenville Province, whereas, in the eastern and southeastern portions of the county, a
succession of relatively flat-lying, Paleozoic strata consisting of sandstone, limestones, dolostones and
shales are found.
The Precambrian rocks found in the study area are part of the Central Metasedimentary Belt of the
Grenville Province. The bedrock is characterized predominantly by granitic rocks with lesser amounts of
metasedimentary and metavolcanic rocks. The metasedimentary rocks include crystalline limestones,
quartzites, amphibolites and paragneisses. Detailed mapping and discussion of the Precambrian rocks of
the County of Lanark are provided by Easton (2001a, 2001b), Kingston, Papertzian and Williams (1985),
Pauk (1984, 1989a, 1989b), Pauk and Robertson (1989) and Wolff (1981, 1985).
Unconformably overlying the Precambrian basement rocks is the Cambrian Covey Hill Formation.
This formation consists of interbedded noncalcareous feldspathic conglomerate and sandstone, with
conglomerate interbeds dominating. The sandstone and the matrix of the conglomerate are composed of
fine- to coarse-grained quartz and feldspar. The conglomerate consists of pebble- to boulder-sized clasts
derived from a variety of bedrock sources. The thickness of the formation is highly variable ranging from
less than 1 m to 14 m. Outcrops of the Covey Hill Formation have been identified in the south-central
portion of the county along the western boundary of the St. Lawrence Lowlands, although no extensive
occurrences of the formation are present in the study area (Williams 1991).
The Nepean Formation overlies the Precambrian basement and, when present, the Covey Hill
Formation. This Cambrian formation consists of interbedded quartz sandstone with some conglomerate
interbeds and rare shaly partings. The matrix of the conglomerate and the sandstone consists of fine- to
coarse-grained quartz sand. Fine-textured sandstone predominates in the upper part of the formation,
whereas the conglomerate beds are confined to the lower part of the formation. Small operations have
extracted the Nepean Formation for aggregate production, although historically the sandstones of the
formation have been used extensively as building stone (Derry Michener Booth and Wahl and Ontario
Geological Survey 1989). Neither of the Cambrian formations have been identified as having potential for
use in aggregate production.
A sequence of Lower Ordovician, dolostone-rich formations overlie the Cambrian formations in the
study area. The March Formation conformably overlies the Nepean Formation and crops out extensively
in the east-central portion of the county. This formation is transitional between the underlying clastic
rocks of the Nepean Formation and the dolostone of the overlying Oxford Formation (Derry Michener
Booth and Wahl and Ontario Geological Survey 1989). It consists of interbedded quartz-rich sandstone,
dolomitic quartz sandstone, sandy dolostone and dolostone. The sandstone beds of the March Formation
can be up to 10 m thick and consist of coarse-grained quartz. The dolostone beds are fine to medium
crystalline. The beds of intermediate lithologies are commonly blended with sandstone beds being
dolomitic and dolostone beds being sandy. The formation varies from white to light grey, brown to
reddish brown and green in colour (Williams 1991). The sandy dolostone beds of this formation have
been found to be a good source of skid-resistant aggregate (Rogers 1980).
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Overlying the March Formation is the Oxford Formation. This Lower Ordovician formation crops
out along the eastern and southeastern border of the study area and consists mainly of dolostone. The
dolostone is light to dark grey in colour, medium crystalline with shaly and sandy interbeds. The fine- to
medium-grained sandy lithologies occur in beds up to 30 cm thick. Calcite and quartz filled vugs are
present and common (Williams 1991). The Oxford Formation is used for the production of various
aggregate materials (Derry Michener Booth and Wahl and Ontario Geological Survey 1989).
Overlying the formations of the Lower Ordovician are a series of Middle Ordovician formations.
Unconformably overlying the Oxford Formation is the Middle Ordovician Rockcliffe Formation. This
formation consists of interbedded quartz sandstone, shale, limestone and silty dolostone. The Rockcliffe
Formation is subdivided into lower and upper members. Interbedded quartz sandstone and shale occur in
both members. The upper member is distinguished by the presence of limestone and silty dolostone
interbeds (Williams 1991). This formation is intermittently quarried for use as aggregate along the Ottawa
River, adjacent to the study area, because the higher calcium content in the limestone increases the
potential use as aggregate (Derry Michener Booth and Wahl and Ontario Geological Survey 1989).There
are no current or past quarry operation in the Rockcliffe Formation in the study area.
Overlying the Rockcliffe Formation is the Shadow Lake Formation. In southeastern Ontario, the
formation consists of a thin bed (3 m) of sandy and silty dolostone with shale and sandstone interbeds
(Williams 1991). The formation is not extensively quarried and no outcrops of the Shadow Lake
Formation are present in the study area.
Overlying the Shadow Lake Formation is the Gull River Formation consisting mainly of limestone,
with lesser amounts of dolostone, shale and argillaceous sandstone (Armstrong and Carter 2010). The
formation crops out along the northeast border of the study area and is informally subdivided in to 3
members. The upper member of the Gull River Formation consists of light grey to dark brown, thick- to
very thick-bedded, bioturbated, fossiliferous limestone to wackestone. The middle member of the
formation consists of grey, sparsely fossiliferous lime mudstones that are commonly laminated. The lower
member of the Gull River Formation is the most lithologically variable consisting of light to dark grey to
brown, fine-grained dolostone; light grey to dark brown, very fine-grained nonfossiliferous to moderately
fossiliferous limestone; green argillaceous sandy dolostone; and green to dark brown shale. The lower
member is often capped by a green argillaceous dolostone informally referred to as the “green marker
bed” (Armstrong and Carter 2010).
Conformably overlying the Gull River Formation is the Bobcaygeon Formation. The formation crops
out along the northeast border of the study area and is informally subdivided into 3 members. All 3
members consist of a base of interbedded lithographic to coarsely crystalline limestone with shaly
partings. The lower member consists of light grey-tan to brown-grey, medium- to very thick bedded, fineto medium-grained, bioturbated to current laminated, bioclastic limestones, wackestone, packstones and
grainstones (Armstrong and Carter 2010). The middle member of the Bobcaygeon Formation consists of
thin- to medium-bedded, bioclastic, very fine- to fine-grained limestones with green shale interbeds and
partings (Armstrong and Carter 2010). The upper member consists of fine- to medium-grained, dark grey
to light brown, thin- to medium-bedded, fossiliferous limestones, ranging from bioclastic wackestones, to
packstones and grainstones. It is commonly less shaly than the middle member as the shale content is
limited to thin shaly partings (Armstrong and Carter 2010).
Conformably overlying the Bobcaygeon Formation is the Verulam Formation. The Verulam
Formation has been divided into an upper and lower member. The lower member consists of interbedded
limestones and calcareous shale. Limestone beds include very fine- to coarse-grained, thin- to thickbedded, light to dark grey-brown, fossiliferous limestone, ranging from lime mudstones and bioclastic
and intraclastic wackestones to grainstones. The upper member consists of thin- to thick-bedded,
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medium- to coarse-grained, tan to light grey, fossiliferous limestones, dominantly bioclastic and
intraclastic grainstones (Armstrong and Carter 2010). While unsuitable for high-quality aggregate, the
Verulam Formation can be used for the production of Portland cement. No significant outcrops of the
formation occur in the study area.

BEDROCK RESOURCES
Precambrian bedrock tends to be highly variable over relatively short distances with respect to
aggregate quality. Sites being proposed for quarry development should undergo detailed testing prior to
extraction to ensure suitable quantities of high-quality aggregate. The study area may contain massive,
hard and durable rock suitable for a variety of aggregate applications; however, highly weathered, brittle
and friable Precambrian rock unsuitable for aggregate applications may also occur in the area. In addition,
Precambrian rocks with high mica, feldspar and quartz contents may have bonding problems because the
smooth cleavage and fracture surfaces of these minerals hinder adhesion in asphalt and cement mixes. As
well, granitic rocks have been reported to react slowly with alkalis from Portland cement resulting in
premature concrete deterioration (Rogers 1985).
Of the Paleozoic rock formations that underlie the county, the Gull River, Bobcaygeon, March and
Oxford formations are best suited for aggregate extraction and production. The Verulam Formation can
be used in the production of some aggregate products, although the high shale content of this formation
limits its use and specialized production methods may be required.
The March Formation has historically been quarried extensively for a variety of aggregate and
building stone uses. Blocks of dolostone and sandy dolostone beds have been quarried from this unit and
used as building stone across the St. Lawrence Valley area. The sandy dolostone beds have also been
found to be a good source of skid-resistant aggregate (Rogers 1980). The durability and texture of the
rock has proven to be a good source of aggregate for the paving of high traffic-volume roads.
Dolostone of the Oxford Formation is quarried for crushed stone and is used in a variety of aggregate
applications in the Ottawa area. The formation is generally well suited for most aggregate uses including
asphaltic stone, concrete and granular base.
The Gull River Formation is quarried for crushed stone and is used for a variety of aggregate
applications across southern Ontario. Certain beds of the formation are alkali-reactive, limiting its
application in concrete. The alkali–carbonate reaction in Portland cement mixes can result in the
premature deterioration of the concrete. Detailed site-specific testing of the rock is necessary to identify
the location and extent of any of these reactive beds (Rogers 1985). Selective extraction of the nonreactive beds or blending with non-alkali-reactive rock may be employed for the production of concrete
aggregate. The Gull River Formation is also used in hot-laid asphalt applications, but the polishing of the
stone presents a problem if the rock is used for asphaltic surface layers. Shaly, calcitic, and silty to sandy
dolostone beds within the formation may require blending with surrounding more competent bedrock
units for use in the production of granular base material.
As with the Gull River Formation, certain beds of the Bobcaygeon Formation may also be alkalireactive. Silica-bearing rock beds in the formation react with the Portland cement mix producing an
alkali–silicate reaction (Rogers 1985). Shale-rich beds are also present in the formation and may not be
suitable for the production of concrete aggregate. Selective extraction may be required to eliminate silicarich and shaly beds if the rock is to be used for the production of concrete aggregate. The formation is
generally well suited for most other aggregate uses including asphaltic stone and granular base.
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Bedrock samples were collected over the course of this study and have been submitted to the Ontario
Ministry of Transportation for standard aggregate testing. The results of these tests will be included in the
final report.
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INTRODUCTION
The Clean Water Act was introduced by the Province of Ontario to ensure sustainable and safe
drinking water for all municipal drinking water supplies across the province. This is being achieved by
the development of locally driven, watershed-based, source water protection plans. A good understanding
of the geology of the province and its effect on both surface and groundwater systems is essential for the
successful development and implementation of these plans. To this end, the Ontario Geological Survey
(OGS) has developed a program that delivers baseline geoscience information and products that act as a
foundation for and upon which these plans can be developed.
Three-dimensional (3D) mapping of both bedrock and surficial aquifers is an important component
of this program. The mapping and characterization of Quaternary aquifers and aquitards has been
ongoing since 2002 with projects either completed or ongoing in the Waterloo (Bajc and Shirota 2007),
Barrie–Oro (A.K. Burt, OGS, report in preparation), Brantford–Woodstock (A.F. Bajc, OGS, report in
preparation) and Orangeville–Fergus areas.
Lying almost exclusively outside of Ontario’s Greenbelt (Ontario Ministry of Municipal Affairs and
Housing 2005), the southern portion of the County of Simcoe (herein referred to as “south Simcoe
County”) is well poised to receive accelerated population growth in years to come. In fact, the population
of Simcoe County increased by 13% between 2001 and 2006 and may increase by as much as 50% over
the next 25 years (http://www.simcoe.ca/). With the exception of the towns of Alliston and Beeton, the
water supply needs of this area are serviced exclusively by groundwater. Increased pressures related to
growth may strongly impact on water quantity and quality within the aquifers, as well as on surface
waterways and sensitive ecosystems tied to them. Intensive agricultural practices heavily dependent upon
irrigation have also placed significant stresses on both the surface and groundwater resources of this region.
In response to the need for high-quality information on the distribution and characteristics of
subsurface aquifers, the OGS initiated a 3D mapping project in south Simcoe County during the summer
of 2010. The objectives of this project are to develop interactive 3D 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. The first phase of the project consisted of a
reconnaissance program of approximately 6 weeks duration to become familiar with the surficial geology
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.30-1 to 30-10.
© Queen’s Printer for Ontario, 2010
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of the region. A pilot gravity geophysical survey was also conducted to evaluate this method as a
possible tool for refining the bedrock topography in the region.

LOCATION AND POPULATION
The south Simcoe County study area is situated in southern Ontario and is bounded by Lake Simcoe
to the east, provincial highways 9 and 90 to the south and north, respectively, and the border between
Adjala–Tosorontio and Mono–Mulmur townships to the west (Figure 30.1). The study area is subdivided
into a number of administrative units including the City of Barrie, the towns of Innisfil, Bradford West
Gwillimbury and New Tecumseth, the townships of Essa and Adjala–Tosorontio and Canadian Forces
Base Borden. The study area has an aerial extent of approximately 1500 km2 and in 2006 was home to
about 255 000 people (http://www.simcoe.ca/). The vast majority of the population is concentrated

Figure 30.1. Location of the southern portion of the County of Simcoe study area in southern Ontario.
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within the City of Barrie and the towns of Bradford, Innisfil, Angus, Everett, Alliston, Cookstown,
Beeton and Tottenham. The main employers within this region include the manufacturing and retail
sector, business services, education, health care and agriculture. The Simcoe County District School
Board, Honda of Canada Manufacturing in Alliston and Canadian Forces Base Borden in Angus are the
largest employers of the region.

REGIONAL GEOLOGIC SETTING
Physiography
The south Simcoe County study area consists of an upland incised and fragmented by a number of
narrow, steep-walled, southwest- and south-trending valleys. This upland extends westward from Lake
Simcoe toward the Niagara Escarpment, the brow of which lies just west of the study area. Major reentrant valleys coming off of the Niagara Escarpment and into the study area are located at Hockley,
Mansfield and Terra Nova along which the Nottawasaga, Boyne and Pine rivers flow, respectively. The
benched bedrock surface below the escarpment is blanketed by variable thicknesses of terraced deltaic
deposits graded to former glacial lakes. The Oak Ridges Moraine lies within the extreme southwestern
corner of the study area in Adjala–Tosorontio and New Tecumseth where it abuts against the Niagara
Escarpment. A broad lowland extending southward from Georgian Bay into the northern end of the study
area consists of a low-relief glaciolacustrine sand plain modified by nearshore and eolian processes. This
plain has subsequently been deeply incised by the Nottawasaga River creating cut bank exposures of up to
30 m in height.
The eastern uplands of Barrie, Innisfil, Bradford West Gwillimbury, eastern Essa and southern New
Tecumseth form broad, low to moderate relief plateaus ranging in elevation between 245 and 325 m asl.
Drumlinized till plain with local relief of 30 m is not uncommon within the eastern and southern upland
regions. To the south and west, younger glaciolacustrine deposits blanket this drumlinized terrain thereby
reducing relief. The upland surface in Barrie, eastern Essa and western Innisfil is much more subdued
with local relief in the order of 5 to 10 m. Drumlins are uncommon within this area.
Steep-walled valleys, 3 to 6 km wide and greater than 100 m deep, trend south to southwesterly and
cut through the upland surface at Kempenfelt Bay of Lake Simcoe (Barrie) to the north, at Cookstown and
at Cook’s Bay of Lake Simcoe to the south, a valley which is now the site of the popular producegrowing region called the Holland Marsh. The bottoms of these valleys are generally flat lying as they
are infilled with younger glaciolacustrine deposits. The base of the Cookstown valley is, however,
different in that it rises out from the lake basin east of Highway 400 where it deflects to the north and
climbs 35 m to the southern limits of the City of Barrie. The Kempenfelt Bay and Cookstown valleys
extend westward toward the Niagara Escarpment and likely feed into the Hockley and Terra Nova reentrants. The Cook’s Bay valley trends southward where it is concealed by younger deposits of the Oak
Ridges Moraine. A prominent south-trending valley along which the Nottawasaga River flows extends
from the Minesing Swamp at the north end of the study area toward Alliston where it joins the Cookstown
valley. Less well-defined valleys occur along the west side of the study area and include a few short valley
segments trending west from Alliston and southwest through Everett into the Mansfield re-entrant.
Postglacial processes have modified the landscape throughout the study area. For example,
nearshore processes have cut steep cliffs into the sides of the uplands; significant groundwater piping
events, previously recognized by Barnett (1997), have resulted in large arcuate or amphitheatre-shaped
landslide scars up to 3 km in diameter on the flanks of the uplands; meltwater discharging to the east off
of the Niagara Escarpment has resulted in a series of stepped outwash terraces spanning 85 m in elevation
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and graded to various levels of proglacial lakes; and finally, eolian processes have modified the sandy
lake plains generating extensive fields of sand dunes, especially along the north end of the study area.
The Oak Ridges Moraine is characterized by a highly irregular landscape consisting of kame and/or
kettle, hummocky terrain and highly dissected landscape with local relief exceeding 30 m. Spillway
deposits following drainage channels inset into the moraine as well as local areas of glaciolacustrine
ponding have resulted in isolated areas of lower relief.

Paleozoic Geology
With the exception of a few outcrops along the southwest corner of the study area, the bedrock
surface is largely concealed by thick sequences of Quaternary deposits. Knowledge of the bedrock
geology, therefore, is largely inferred from widely spaced cored borings and water-well records. The
bedrock units consist of west-dipping, Ordovician limestones with lesser shales of the Verulam and
Lindsay formations to the east and shales with lesser siltstones and limestones of the Blue Mountain,
Georgian Bay and Queenston formations to the west (Armstrong and Dodge 2007). The Queenston
Formation shales and siltstones are generally red in colour and easily differentiated from the Georgian
Bay shales which are typically grey-green to dark grey in colour. The Blue Mountain Formation shales
are dark blue-grey to brown and black in colour. Distinctive flaggy clasts of red sandstone derived from
the Whirlpool Formation, which overlies the Queenston Formation west of the study area, have been
observed in glaciofluvial deposits along the west edge of the study area. Their presence confirms an
eastward transport direction for the deposits.

Quaternary Geology
Drift thickness within the study area ranges between 0 and 190 m (Gao et al. 2006). This range must
be considered a conservative estimate in that our current understanding of bedrock topography is
constrained by limited control points. The Laurentian buried-bedrock valley, a depression in the bedrock
surface extending from Lake Ontario to Georgian Bay, underlies the study area. It likely consists of a
complex of valley thalwegs whose positions are poorly defined. The presence of this valley, coupled with
the thick sediment pile in the uplands, has resulted in very few borings reaching bedrock. Aquifers
suitable for domestic water supply within this area are often reached well above bedrock in the
Quaternary sequence. Drift thickness is generally the greatest in the uplands on the eastern half of the
study area and diminishes to the west close to the Niagara Escarpment. Thicker accumulations occur
locally along the west edge beneath the re-entrants at Hockley, Mansfield and Terra Nova.
Most surficial deposits encountered during the reconnaissance assessment of the region were likely
deposited during the Michigan Subepisode (formerly Late Wisconsinan). Uplands are generally capped
by a silt to sand-rich, stone-poor till deposited by the Lake Simcoe Lobe of the Laurentide Ice Sheet. Till
thickness is generally greatest in areas of drumlinized till plain and diminishes to the north where lowrelief ground moraine prevails. Drumlins and striated boulders within the till sequence indicate ice flow
towards the southwest across most of the region. This till is correlated with the Newmarket Till of Gwyn
(1972). Deposits of fine-grained glaciolacustrine deposits, in places interbedded with fine-textured
diamictons, occur locally in low-lying areas of the uplands. The glaciolacustrine deposits were laid down
in glacial Lake Schomberg, a glacial lake that formed east of the Niagara Escarpment and north of the
Oak Ridges Moraine beyond the retreating Lake Simcoe ice lobe. Shoreline features, possibly related to
this lake, have been recognized on the uplands at elevations ranging between 265 and 315 m asl.
Corresponding deltas have been identified along the western edge of the study area below the Niagara
Escarpment. The fine-grained diamictons may either represent the deposits of late-stage reactivation of
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the retreating Lake Simcoe lobe (Kettleby Till) or simply retreat facies of Newmarket Till. The author
favours the latter interpretation.
Deposits of glaciolacustrine fine- to very fine-textured sand, silt and clay are exposed beneath
Newmarket Till on the flanks of most uplands. In places, the glaciolacustrine deposits are rhythmically
laminated or varved. A general fining-downward trend was observed at a number of localities. Springs
often flow from the flanks of the uplands where these fine-grained deposits are in contact with overlying
water-bearing sands. In fact, the erosion pattern on the flanks of uplands can provide useful information
on the stratigraphic sequence exposed as well as groundwater flow gradients. Large amphitheatre-shaped
scars produced by groundwaters piping out from the bases of uplands are readily identified on the digital
elevation model of the region. Of particular note is a large scar measuring more than 2.5 km in diameter
that occurs on the flanks of an upland east of Highway 400 on the Innisfil–Bradford West Gwillimbury
townline (Figure 30.2). Fresh roadcuts on the southern margin of the feature expose vertically bedded
and faulted rippled sands, rhythmically laminated silts and clays and highly deformed gravel and
diamicton suggestive of large scale failure of cohesive blocks of sediment. Barnett (1997) also noted the
presence of constricted V-shaped outlets in many of the larger piping features of the region along which
sediment was transported during the erosive event. It is highly likely that these features were formed
shortly following deglaciation and the decline of high level lakes that occupied the region.

Figure 30.2. Example of a large landslide scar caused by groundwater piping cut into the flanks of a drumlinized upland east of
Cookstown.
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Deposits of well-bedded sand and gravel, likely deposited in subaqueous fans adjacent to the
retreating ice margin, also occur locally beneath Newmarket Till. Paleocurrents generally indicate
southward flow in these deposits. The ages of these sub-Newmarket Till deposits are not known. It is
possible that they date back to the Elgin Subepisode (formerly Middle Wisconsinan) and correlate with
the Thorncliffe Formation of the Toronto area.
In a number of localities, a silt to sand-rich diamicton similar to that capping the upland surface, was
observed either at the base of the upland slopes or within the valleys separating the uplands. In a few
instances, this diamicton was overlain by rhythmically laminated silt and clay. A striated boulder
pavement at one locality along the Boyne River just west of Alliston indicates ice flow towards 250°. A
silt to sand-rich diamicton, not unlike the Newmarket Till, also occurs in a drumlin at the base of the
valley just south of Bradford along which the Holland River flows. The drumlin is oriented toward the
southwest, an orientation similar to drumlins that occur atop the upland to the north. It is not clear
whether the till at the base of the valley is simply Newmarket Till that drapes down into the valley or an
older till that extends beneath the uplands. Gwyn (1972) recognized an older, sandy, sub-Newmarket Till
at a few localities which he referred to as the Bogarttown Till. The occurrences encountered during the
2010 field season may correlate to this till. Stone-poor, silt to clay-rich diamictons have also been
encountered in association with rhythmically laminated silts and clays at the base of the uplands. The
regional significance of these remain unclear at this time.
The steep-walled valleys that cut through the uplands are interpreted to be tunnel channels resulting
from the catastrophic release of subglacial meltwater stored somewhere up-glacier to the north (Barnett
1990). They are an important element of the landscape north of the Oak Ridges Moraine from the
Niagara Escarpment in the west to the eastern end of Lake Ontario (Russell et al. 2003) and likely extend
beneath the moraine to the south forming a regional unconformity. The amount of downcutting and
backfilling is variable across the study area as is noted in the Cookstown tunnel channel. The upper part
of the sediment pile infilling the valleys was observed to consist of a coarsening-upward sequence of
glaciolacustrine deposits probably laid down in shallowing waters of glacial Lake Algonquin. Fossil
molluscs are commonly encountered in the silts and sands south and east of Alliston, as well as further
north in the vicinity of Angus. Southeast of Alliston, along the banks of Innisfil Creek, is exposed a unit
of fluvial, pebbly sand sandwiched between deep- or quiet-water lacustrine sediments. Paleoflow within
the fluvial unit is to the south. The significance of this possible low-water phase requires further
investigation. The lower part of the tunnel channel fill consists of coarse-grained glaciofluvial deposits
laid down during single or multiple outburst events. Aquifers within these units serve as important
sources of groundwater for the City of Barrie.
Glaciolacustrine features consisting of wave-cut notches, beach ridges, spits, bars and deltas have
been observed throughout the study area. The most prominent wave-cut notch occurs at the base of the
uplands and is related to the transgression to the Main Lake Algonquin level. The base of this notch
occurs at approximately 235 m asl at Barrie. Stepped terraces occur along the valleys of the Nottawasaga,
Boyne, Pine and Mad rivers. Six distinct levels have been identified along the Nottawasaga River valley
with the uppermost terrace occurring at approximately 325 m asl and the lowest grading to the Algonquin
level at approximately 235 m asl.. Remnant ice-block depressions are preserved within some of the upper
terraces. A late-stage transgression within the Huron basin at approximately 6000 years BP resulted in
the Nipissing Phase of the Upper Great Lakes. Waters transgressed up the Nottawasaga River valley to
the town of Angus cutting a notch at approximately 190 m asl. Fossiliferous terrace sediments within the
Nottawasaga River valley grade to this level and bury previously exposed soil horizons and peat-filled
depressions. A cutbank of the Nottawasaga River approximately 1 km south of Highway 90 exposes a
section of about 1.5 to 2.0 m of woody peat overlain by about 2.0 m of fluvial sands containing unionid
clams, gastropods and various pelecypod species. Detrital wood was also observed within the
fossiliferous sands. A wood sample collected from the base of the buried peat sequence yielded a
radiocarbon age of 5880±70 years BP (ISGS-6684).
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Hummocky and dissected topography associated with the Oak Ridges Moraine occurs along the
southwestern corner of the study area. The moraine consists almost exclusively of fine- to very finegrained sand with local accumulations of pebbly sand and gravel and discontinuous sheets of massive to
laminated pebbly muds. The limited exposures viewed as part of the reconnaissance mission suggest a
subaquatic fan depositional environment. This is not unlike that seen in other stratified moraines in
southwestern Ontario such as the Waterloo and Orangeville moraines. Paleoflows are consistently to the
west and northwest within the study area. At the James Dick aggregate operation on the 3rd Line of
Adjala Township, younger glaciofluvial deposits coming from the west are inset into the moraine and
capped by several metres of silty glaciolacustrine deposits. Clearly, a complex history of glacial lake
fluctuations occurred within this area as the ice margin pulled eastward off of the Niagara Escarpment.
At the base of the subaquatic fan deposits is exposed a knoll of stony, Newmarket Till with numerous
boulders striated towards 240 to 250°. Newmarket Till was similarly encountered beneath Oak Ridges
Moraine deposits further to the north along the 3rd Line on the southern flanks of the Nottawasaga River
valley.

PILOT GRAVITY SURVEY
A pilot, ground-based gravity survey, covering approximately 106 line-kilometres, was conducted
along 3 widely spaced roads oriented east-northeast in the study area. The road traverses were selected to
cross the presumed axis of the Laurentian buried-bedrock valley at an approximately perpendicular angle.
The objective of these test lines was to determine whether the thalwegs of the buried-bedrock valley could
be located on the basis of minute decreases in the gravitational field. Decreases in the observed gravity
could be caused by the marked difference between the density of the buried-valley fill and the Paleozoic
bedrock upon which it lies. Depending upon the geometry of the valley (i.e., width and depth of the
valley, depth of burial and steepness of the valley walls) and the density contrast between the valley
substrate and valley fill, a detectable gravity response could be expected.
The shape of the bedrock surface within the study area is approximately defined from both a sparse
distribution of water wells that reached bedrock as well as deep overburden wells. Prior to the collection
of the test gravity data, profiles of bedrock topography were extracted along the test line traverses and
used to model the gravity response that might be expected. The modelling suggested that the bedrock
valley should have a measurable gravity response. Earlier gravity work by the Geological Survey of
Canada (GSC) (Annechione, Chouteau and Keating 2001 ) also indicated that the Laurentian buriedbedrock valley could be detected with gravity. The aim of the test lines run during the summer of 2010
was to confirm the results of the modelling, to determine whether the existing gravity data are sufficient
for the targetting of possible aquifers in the thalwegs and to determine what the effect of density
variations within the basement rocks might have.
A total of 528 gravity data points (including a number of repeat stations) were acquired over the 3
test lines using a LaCoste & Romberg Model G gravimeter. High-precision elevation data, with an
absolute accuracy of ±2 cm was obtained using a Leica GS15 RTK Rover GPS unit linked to Leica
Geosystem’s SmartNet real-time differential correction service. Station spacing was 200 m except in
areas of heavy tree canopy or discontinuous road network. Standard data reduction procedures, including
terrain correction, were applied to the gravity results and the Bouguer gravity anomaly was calculated
using a density of 2.1 g/cm3. The density was chosen to represent that of the Quaternary sediments. The
accuracy of the survey is estimated to be ±0.05 milligal. In order to isolate the part of the gravity signal
most likely to be associated with a buried-bedrock valley, a regional field was subtracted from the
Bouguer gravity. The regional field was extracted from the original regional gravity data upwardcontinued to a height of 10 km and was adjusted manually (tilt applied) to better conform with the test
data.
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After subtraction of the regional field, the resulting residual gravity is less influenced by the effects
of deep-seated sources. In view of the width of the features under investigation (approximately 1 to
10 km), the regional field, that was removed, had to have a similarly long wavelength so as to preserve
the responses expected from the buried valleys. As a result, some of the effect of density variations
within the basement rocks may still be present in the residual response. The results of the test gravity
survey are displayed in Figure 30.3.
The results of this work showed a good correlation between known bedrock valleys and negative
residual gravity responses, particularly in the northern and eastern parts of the area. Some areas, where
the shape of the bedrock surface is not consistent with the gravity response, may be due to the fact that the
bedrock surface is poorly defined by borehole information. Also, it appears, from the apparent correlation
between high residual gravity values observed near the western end of the southern 2 test lines and
aeromagnetic anomalies, that these responses may be caused by features located within the basement.
The newly collected test line data and the earlier gravity acquired by the GSC compared closely, although
less noise was apparent in the current test line profiles.
From the results of the test gravity survey, the following conclusions were made:
1.

The gravity survey has detected buried-bedrock valleys.

2.

Variations in basement composition are apparent in the gravity results in some parts of the
survey.

3.

The test line data are consistent with the earlier GSC results.

4.

The tighter station interval (200 m versus 400 m) and better elevation control (digital global
positioning system (DGPS) versus barometric), provides for better resolution and higher data
quality than the earlier GSC survey.

5.

Extending the test survey in anticipation of drilling is warranted.

As a result, it is proposed that the test survey coverage be extended by commissioning a 12 line,
400 line-kilometres survey to acquire approximately 2000 new gravity points in the area. The proposed
survey has been designed to better define the north-northwest-trending thalwegs that follow the primary
alignment of the Laurentian buried-bedrock valley and also to detect buried re-entrant valleys incised into
the Niagara Escarpment.

NEXT STEPS
Following the acquisition and interpretation of the regional gravity data and the compilation of a
standardized subsurface database, a drill program will be implemented to obtain high-quality information
on the stratigraphic sequences present within south Simcoe County. The program will also help to refine
the location of the Laurentian buried-bedrock valley and assess its fill for hosting significant aquifers
capable of supporting municipal water supplies. This information will assist with the interpretation of the
lower quality water-well information and with the construction of a fully attributed 3D model of aquifers
and aquitards within the region.
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Figure 30.3. Results of gravity test survey lines showing the negative residual gravity (black-filled profile) superimposed on a
bedrock elevation image derived from water-well information.
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INTRODUCTION
In 2008, the Ontario Geological Survey (OGS), in partnership with the Nottawasaga Valley
Conservation Authority (NVCA), the Grand River Conservation Authority (GRCA) and the Credit Valley
Conservation Authority (CVCA), launched a regional-scale three-dimensional (3D) surficial mapping
project centred on the Orangeville Moraine (Burt 2008, 2009).
Work to date has focussed on overburden drilling. Sixteen boreholes, totalling 1430 m, were drilled
in each of 2008 and 2009 (32 boreholes). The principle objectives of these drill programs were to
examine the regional stratigraphy of the study area in order to define the extent and thickness of key
regional aquitards including Tavistock Till, Port Stanley Till, Catfish Creek Till and associated finegrained glaciolacustrine sediments; explore the thickness and properties of the Orangeville Moraine
within the context of the regional stratigraphy; and provide stratigraphic control for the extent and depth
of the Paris Moraine sediments between Blue Spring Creek and the Credit River.
Past work has identified an extensive network of buried-bedrock valleys in southern Ontario. These
valleys are evident as linear depressions on the regional bedrock surface (Figure 31.1; Gao et al. 2007).
The valley network has long been the focus of several water-supply investigations such as the ongoing
Dundas buried-bedrock valley study (Zwiers, Strynatka and Rainsford 2007; Zwiers, Rainsford and Bajc
2008; Bajc et al. 2009; Zwiers et al. 2009). As shown on Figure 31.1, several buried-bedrock valleys are
located within the Orangeville Moraine project area and the easternmost of these are the focus of current
field activities. Key objectives are to better define the location and depth of the valleys and characterize
the valley-fill sediments.

BURIED-BEDROCK VALLEYS
There are 2 reasonably well-defined buried-bedrock valleys in the easternmost portion of the
Orangeville Moraine project area. The first of these is located east of the city of Orangeville and extends
between Hockley Valley and the Credit River Valley. The second extends from Rockwood north past
Erin to the Credit River Valley. The approximate course of the valleys has previously been interpreted
from Ministry of the Environment (MOE) water-well records (Gao et al. 2007). As with many parts of
Ontario, the water-well records have a sporadic distribution and generally do not intersect bedrock in
thick drift areas. This results in bedrock features that appear as a linear series of depressions typically
centered on 1 or 2 domestic supply wells. The valley thalwegs are often missed unless the water wells
happen to be situated over the deepest part of the valley. The Dundas buried-bedrock valley study has
shown that ground-based gravity surveys can be an effective tool for predicting the thalwegs of buried
valley systems (see Zwiers, Rainsford and Bajc 2008).
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.31-1 to 31-6.
© Queen’s Printer for Ontario, 2010
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Ground Gravity Survey
Twelve lines totalling approximately 87 line-kilometres were surveyed with gravity along roads
selected to cross the targetted thalwegs at an approximately perpendicular angle. Prior to the start of field
work, the predicted Bouguer gravity response, along the proposed lines, was modelled using bedrock
elevation data obtained from water-well records. The modelling was performed using assumed densities for
the Quaternary sediments and bedrock of 2.1 g/cm3 and 2.6 g/cm3, respectively. The model study
indicated that negative anomalies with amplitudes between 0.7 and 1.5 milligals could be expected from
the buried river valleys in the survey area. As a result, it appeared likely that the gravity survey would be

Figure 31.1. Regional bedrock topographic surface derived from water well records. Bedrock valleys are shown as linear
features coloured yellow (orange zone), light blue (yellow zone) or dark blue (medium blue zone). The Orangeville Moraine
project area is outlined.
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effective in defining the thalwegs. It was also determined that a 200 m station interval near the ends of
the lines and a 100 m interval in the central part of the lines (near the predicted thalweg) would provide
sufficient resolution.
A total of 543 gravity data points (including a number of repeat stations) were acquired over the 3
test lines using a LaCoste & Romberg Model G gravimeter owned by the OGS. High-precision elevation
data, with an absolute accuracy of ±2 cm was obtained using a rented Leica GS15 RTK Rover GPS unit
linked to Leica Geosystem’s SmartNet real-time differential correction service. Station spacing was 200 m
except in areas of heavy tree canopy or discontinuous road network. Standard data reduction procedures,
including terrain correction, were applied to the gravity results and the Bouguer gravity anomaly was
calculated using a density of 2.1 g/cm3. The density was chosen to represent that of the Quaternary
sediments. The accuracy of the survey is estimated to be ±0.05 milligal. In order to isolate the part of the
gravity signal most likely to be associated with a buried-bedrock valley, a regional field was subtracted
from the Bouguer gravity. The regional field was obtained by upward continuing the Bouguer gravity to
a height of 2 km and applying a manual adjustment (tilt) to more closely fit the observed data.
The resultant residual gravity is displayed in profile form, superimposed on an image of bedrock
elevation derived from water-well records, in Figure 31.2. In this figure, the negative residual gravity,
highlighted by blue shading, appears to correlate with depressions in bedrock elevation. Observed
negative anomaly amplitudes range from 0.7 to 3.0 milligals and are consistent with, but are somewhat
higher than, those predicted by modelling. The expressions of 2 buried-bedrock valleys are apparent in
the residual gravity profiles. One passing about 2 km southeast of the village of Erin, has an
approximately northeast orientation and is traced over a distance of approximately 19 km. The widths
and amplitudes of the negative residual anomalies increase to the northeast, suggesting that the buried
valley is widening and deepening in that direction. A second thalweg, with a southeast orientation,
located near the communities of Alton and Caledon, is detected on 3 lines over a length of approximately
7 km. The negative residual anomaly widths and amplitudes increase to the southeast, indicating that the
buried valley is broadening and deepening in that direction as it approaches the Niagara Escarpment.
Although the correlation between the gravity- and water well–derived thalwegs is quite close, the
gravity results provide a more uniform coverage along the road traverses than does the irregular
distribution of water wells that reach bedrock. As a result, the positions of thalwegs are defined more
precisely by the gravity data and it is estimated that the horizontal locations, along the profiles lines, are
determined to within ±50 m, which is sufficient for the targetting of test boreholes. Although the gravity
survey delineated clear and unambiguous responses caused by density contrasts associated with buriedbedrock valleys in the study area, the survey results cannot be used to determine the nature of valley-fill
materials and whether aquifers or aquitards are present.

Overburden Drilling
In 2009, a continuously cored borehole (BH26-OF-2009) was drilled north of Rockwood over one of
the clearest depressions on the regional bedrock topographic surface (see Figure 31.2). The borehole was
drilled to 87 m below surface without intersecting bedrock. Water wells located on either side of the
valley record bedrock ranging from 5 to 25 m below surface and bedrock is exposed in many of the
nearby modern creeks. A conservative estimation places the buried-valley bottom somewhere between 65
and 80 m below the surrounding bedrock surface.
The valley fill is characterized by a series of sandy and occasionally gravel-rich sediment units
(classed as potential aquifers) fine-grained sand and silt and 3 fine-grained units considered to be
aquitards (Figure 31.3). The upper 7 m of core is dominated by a sandy to silt-rich till containing
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distinctive red shale clasts. Between the Orangeville and Paris moraines, Port Bruce Phase Port Stanley
Till is mapped at surface. The orientation of drumlins immediately south of the drill site and the clast
lithologies observed in the core are consistent with Port Stanley Till. This upper unit overlies a 7 m thick
coarse-grained sediment package consisting of dirty sand and gravel, sandy gravel, sand and rarely fine
sand to silt. These sediments are typical of deposits found in an ice marginal position. Below the coarsegrained sediment package, typically rhythmically bedded fine- or very fine-grained sand and silt extends
down to 2 fine-grained units identified as the middle aquitard.

Figure 31.2. Residual Bouguer gravity profiles superimposed on the regional bedrock topographic surface derived from waterwell records. Anomalous negative residual responses are shaded in blue.
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Figure 31.3. Preliminary graphic log for borehole BH26-OF-2009.
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The middle aquitard is approximately 3 m of silty till overlying slightly clayey silt. Below the
middle aquitard is approximately 55 m of ripple and cross-bedded fine-, medium- and rarely coarsegrained sand (potential aquifer units) separated by generally thick rhythmically bedded fining-upward
fine- to very fine-grained sand and silt. Throughout this section, individual beds as well as groups of beds
often display a fining-upward trend. The zone extending from 48 to 69 m below surface is of greatest
interest as a potential confined overburden aquifer. A monitoring well targetting this interval was
installed by the Grand River Conservation Authority.
The sediment package considered to represent the lower aquitard consists of approximately 6 m of
overconsolidated sandy silty till and silty till. The till contains numerous Shield-derived clasts which
suggests a northern ice source. This till is interpreted as Nissouri Phase Catfish Creek Till.
The basal coarse-grained package is composed of large boulders overlain by dirty sand and gravel.
Drilling conditions encountered including a loss of return circulation and the large volumes of drilling
mud required to stabilize the hole are typical of coarse-grained water-bearing units. Bedrock was not
intersected so it cannot be determined whether or not this overburden aquifer is hydraulically connected
to the bedrock aquifer.

Project Status
The Rockwood valley is currently under investigation by the Town of Erin as a source of municipal
water. Based on the results of the gravity survey, the interpretation of available water-well records and
the valley-fill sediments intersected in BH26-OF-2009, 3 additional target areas have been established for
continuous coring in the fall of 2010. It is anticipated that the results of the drill program will aid in this
assessment.
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INTRODUCTION
The Ontario Geological Survey (OGS) and the Grand River Conservation Authority (GRCA) are
currently wrapping up a collaborative study of the Dundas buried-bedrock valley which began in 2007.
The Dundas Valley is a prominent re-entrant of the Niagara Escarpment that is thought to be a preglacial
drainage system incised in bedrock and subsequently infilled with unconsolidated sediments (Singer,
Cheng and Scafe 2003; Figure 32.1). In parts of the Dundas Valley, especially near its eastern end at
Lake Ontario, sediment depths are greater than 100 m. The Dundas Valley extends westward from Lake
Ontario, through Burlington Bay and through the centre of the Grand River watershed. Portions of it are
interpreted to underlie the Waterloo, Cambridge and Paris–Brantford areas.
The purpose of this study is to better understand the distribution of the main valley and associated
channels as well as the geological and hydrogeological character of the infilling sediments. To
accomplish the goals set out, 4 phases of the study are being implemented. This report outlines the results
of the final stage of Phase 3 and the progress of Phase 4.
•

Phase 1: Data compilation / Preliminary conceptualization

•

Phase 2: Geophysical surveying

•

Phase 3: Drilling and hydrogeological testing

•

Phase 4: Development of conceptual three-dimensional (3D) geologic model

Phase 1 of the study was completed in May 2007, Phase 2 was completed in January 2008, and
Phase 3 was completed in March 2010. For a summary of the results of Phases 1, 2 and the first portion
of Phase 3, the reader is referred to Zwiers, Strynatka and Rainsford (2007); Zwiers, Rainsford and Bajc
(2008) and Zwiers et al. (2009), respectively.

FINAL DRILLING AND HYDROGEOLOGICAL TESTING CONDUCTED
WITHIN PHASE 3
The work completed in the 2009–2010 field season represents the final stage of the drilling and
hydrogeological testing portion of the study, or Phase 3. Within the initial Phase 3 work, 8 locations were
selected for drilling within priority areas. Over the 2009–2010 field seasons, 3 of the drilling locations
previously investigated were selected for further study (Figure 32.2). Site locations and justification for
additional study at these locations are described as follows.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.32-1 to 32-11.
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•

Site DV3 is located just north of the town of Paris on Highway 24A. Initial aquifer testing
results were inconclusive at the site, and further study was warranted because of the proximity
of the location to the town of Paris, and the promising potential aquifer sediments identified in
the core logging. These sediments consist of 7 m of interbedded fine- and coarse-textured sand
underlying a 15 m thick confining unit of silt and clay.

•

Site DV4 is located approximately 7 km southwest of the city of Kitchener on Cedar Creek
Road. The original well installed at this location was completed within a diamicton unit at the
bedrock and overburden contact. Further study was warranted at this location to evaluate the
hydraulic properties of a 15 m thick sand and gravel unit located at a stratigraphically higher
elevation than the basal diamicton that was screened in the original well. The 15 m thick sand
and gravel unit underlies a 12 m thick confining layer of diamicton.

•

Site DV5 is located approximately 5 km southwest of the city of Kitchener on New Dundee
Road. Much like at site DV4, the original well completed at this location was screened to target
a diamicton unit at the overburden and bedrock contact. Further up the stratigraphic column, a
12 m thick sand and gravel unit was identified, underlying 25 m of layered silts, clays and
silty/sandy diamicton. Further study at this site was warranted due to the water supply potential
of the deep sand and gravel unit.

Figure 32.1. Location of the Dundas buried-bedrock valley study area (outlined in red) in southern Ontario.
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Drilling for the final portion of Phase 3 included the installation of pumping wells in the immediate
vicinity of sites DV4 and DV5, with each pumping well screen placed in the thick sand and gravel aquifer
unit identified in the stratigraphic logs. To gain insight into aquifer storage and hydraulic connection
between aquifers, multi-level observation wells were installed within 60 m of the pumping wells at both
sites DV4 and DV5. Because the stratigraphy was already well understood at each location due to the
previous continuous coring and sediment logging, the new pumping and observation wells were installed
using mud-rotary drilling. Both pumping wells were constructed using 3-inch inside diameter (ID)
schedule 40 polyvinyl chloride (PVC) pipe with 10-feet long screened sections. Multi-level observation
wells were constructed using 1.25-inch ID schedule 40 PVC pipe with 10-feet long well screens.
Screened intervals within each nested multi-level observation well were selected to target permeable
zones within the stratigraphic column. Each screened interval was sand packed and isolated above and
below with grout seals. Upon completion, all wells were developed with air lifting.
Hydraulic testing was conducted in the form of a slug test at site DV3 and individual 8-hour long
pumping tests at sites DV4 and DV5. For the slug test at site DV3, the slug was induced using air lift and
the results were recorded live using a pressure transducer with direct-read capability. Several slug tests
were completed at site DV3 with repeatable results. The 8-hour long pumping tests at both sites DV4 and
DV5 were conducted using a Grundfos® SQE 3-inch submersible pump. Manual water level
measurements were collected throughout the testing and continuous monitoring was conducted using

Figure 32.2. Location of the 3 areas selected for additional study.
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data-logging pressure transducers. A half-day of step testing was conducted at both sites DV4 and DV5
in order to select the optimum pumping rate for the longer term tests.
Following the hydraulic testing at sites DV4 and DV5, groundwater samples were collected from
each pumping and observation well. For a discussion of groundwater quality at site DV3, the reader is
referred to Zwiers et al. (2009). Ontario Provincial Groundwater Monitoring Network sampling and
quality assurance–quality control (QA/QC) protocols were employed (Ministry of the Environment
2009). Field parameters collected on site included dissolved oxygen, pH, conductivity and temperature.
Sample collection was initiated when field parameters had stabilized and a minimum of 3 well volumes
had been purged. Samples were submitted to Maxxam Analytics in Mississauga, Ontario, for metals and
general chemistry, and to Isotope Tracer Technologies Inc. in Waterloo, Ontario, for enriched tritium
(3H), deuterium (2H or D) and oxygen-18 (18O).

Stratigraphy: Results from Mud-Rotary Drilling
Two mud-rotary boreholes were drilled within the vicinity of each of the existing cored wells at sites
DV4 and DV5. Observations regarding the overburden sediments and stratigraphy were based on drill
cuttings, as well as driller observations relayed to OGS staff. The behaviour of the drill as it passed
through various lithological units and examination of shavings materials were used to construct the
subsurface strata and logs (e.g., Figures 32.3 and 32.4).

SITE DV4
The original cored borehole (DV4) is located along Cedar Creek Road in the Township of North
Dumfries. The borehole extends to a depth of 78.8 m with bedrock encountered at 75.8 m. The upper
5 m of the stratigraphic sequence consists of a stone-poor silty to clayey diamicton with lesser silt and
very fine-textured sand. This unit is underlain by 16 m of interbedded medium- to very fine-textured sand
with lesser silt, clay and diamicton. Between 22 and 31 m depth, the sediment consists of silt with
occasional fine to very fine-textured sand. This unit is, in turn, underlain by 13 m of a massive, pebbly,
silty to sandy till. A fining-upward sequence of pebble to cobble gravel grading up from fine- to very
fine-grained sand underlies this till. This is the main overburden aquifer identified in the borehole.
Rounded clasts ranging up to 7 cm diameter were recovered from this unit. Below this aquifer, to a depth
of about 70 m is a package of silty very fine-textured sand interbedded with silty clay. Detrital organic
remains were observed within this unit. A thin sequence of interbedded sand and gravel, then sand-rich
till underlies this unit and rests directly on the bedrock surface.
The mud-rotary hole DV4-PW is located approximately 5 m east of the original cored borehole
(DV4), whereas borehole DV4-MW is situated 30 m to the south. All 3 borehole collars are at roughly
the same elevation. A similar stratigraphic sequence was observed in the mud-rotary borings, although
the level of detail reported is considerably less (Figure 32.3). An upper sand unit containing diamicton
beds overlies a finer textured glaciolacustrine sequence. These units rest on an overconsolidated, stony
till, which, in turn, overlies the aquifer of interest. Borehole DV4-PW was terminated in the gravelly
facies of this aquifer, whereas borehole DV4-MW was extended to the top of the lowest diamicton which
rests on bedrock. Minute stratigraphic details observed in the lower part of the cored boring (borehole
DV4) were not recorded in the mud-rotary logs as considerable mixing occurs as the cutting are
transported up to the surface in the drill muds.
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Figure 32.3. Simplified stratigraphy of the 3 boreholes at site DV4. Boreholes DV4-PW and DV4-MW represent the 2 mudrotary boreholes completed within 5 and 30 m, respectively, of the original cored borehole DV4-Original.
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SITE DV5
The original cored borehole is located in Kitchener on New Dundee Road just east of Trussler Road.
It extends to 109.7 m below surface and bedrock was encountered at 105.4 m. The sediment record is
typical of that encountered within the Waterloo Moraine as described by Bajc and Shirota (2007). The
upper 32 m consists predominantly of glaciolacustrine sand with minor clay and silt. This unit is
underlain by approximately 16 m of interbedded clay and silt with lesser amounts of sand and traces of
gravel. Underlying this unit, to a depth of 71 m, is approximately 23 m of a dense, silty to sandy
diamicton with interbeds of clay, silt, sand and gravel. The significance of the sand and gravel horizon
between 61 and 65 m is not known. This till package is underlain by about 7 m of glaciolacustrine silt
and then 16 m of well-bedded sand and gravel, which is the main aquifer of interest in this borehole. This
aquifer is underlain by a sequence of diamicton with interbeds of clay, silt and minor sand. A weathering
horizon with fossil mollusc remains was encountered at the top of this unit suggesting a significant break
in the depositional history of the sequence. This lower package of sediments rests directly on bedrock.
The overall sediment sequence encountered in borehole DV5 is similar although more variable than
that encountered in borehole DV4 (Figure 32.4). This complexity is very difficult to observe when
interpreting mud-rotary drill cuttings. Boreholes DV5-PW and DV5-MW were drilled 5 m west and 55 m
east of the original cored hole, respectively. The borehole collars are at roughly the same elevation so a
direct correlation of stratigraphy is possible. The upper 30 to 33 m of all 3 boreholes consist of sand
followed by a fine-grained sequence of glaciolacustrine clay grading downward to interbedded silt and sand.
In all 3 boreholes, the top of the diamicton sequence was encountered at a depth of approximately 50 m.
The unit of gravel observed in the cored hole at a depth of 63 m was also observed in the mud-rotary holes.
Some variation in the thickness of the diamicton sequence was observed in the mud-rotary holes with the
base of the unit occurring at a slightly greater depth. Nonetheless, the aquifer of interest was intersected
in the mud-rotary borings at a depth of about 78 m with a thick gravel package occurring at a depth of
about 84 m and extending to a depth of about 90 m. Both mud-rotary holes were terminated in this unit.

Aquifer Testing Results
SITE DV3
The hydraulic testing completed at site DV3 consisted of 3 separate slug tests. Between each
individual slug test, the water level recovered to static rapidly, within 3 minutes of the initial slug test
head displacement. Aquifer transmissivity was estimated by fitting with the Hvorslev solution, which is
appropriate given that the well screen at site DV3 is partially penetrating (Fetter 2000). The
transmissivity value estimated for the interbedded fine- and coarse-textured sand aquifer tested at site
DV3 is 13.5 m2/day.

SITE DV4
The hydraulic testing completed at site DV4 consisted of a half-day step test for optimal pumping
rate determination, followed by an 8-hour constant-discharge pumping test. The 2 observation wells are
located at 5 m (borehole DV4-Original) and a nested well with 2 piezometers at 30 m (boreholes DV4MWS and DV4-MWD) lateral distances from the pumping well (DV4-PW). Observation well DV4Original is the well that was installed in the earlier stage of Phase 3 of this study, and it is screened in the
diamicton located at the overburden and bedrock contact. The pumping well, DV4-PW, is screened in the
30 m thick confined sand and gravel unit identified above the basal diamicton unit. Nested observation

32-6

Sedimentary Geoscience Section (32)

E.H. Priebe et al.

Figure 32.4. Simplified stratigraphy of the boreholes at site DV5. Boreholes DV5-PW and DV5-MW represent the 2 mudrotary boreholes completed within 5 and 55 m, respectively, of the original cored borehole DV5-Original.
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Table 32.1. Summary of aquifer hydraulic testing results.
Well ID

DV3
DV4-PW
DV4-Original
DV5-PW

Screen
Interval
(m bgs)
55.6 to 58.7

Aquifer
Static
Water Level Thickness
(m)
(m bgs)
18.67

6.5

Testing
Method

Test
Duration
(hours)

Flow
Rate
(L/min)

Slug

N/A

N/A

Storativity Transmissivity
(m2/day)
13.5
–6

325
7.8

53 to 56

10.44

30

Pumping

8

57

7×10

72.7 to 75.4

10.65

30

Pumping

3

8

5×10–4

88 to 91

35.78

15

Pumping

4

15

0.1

37.37

20

Pumping

4

5.5

0.7

DV5-Original 100.9 to 103.9

Abbreviations: m bgs = metres below ground surface; N/A = not available.

wells DV4-MWS (shallow) and DV4-MWD (deep) are screened at the upper and lower extent of the
targeted aquifer. The pumping rate for the 8-hour test was 57 L/minute. The water level in the pumping
well reached steady state after about 25 minutes of pumping. At the end of the 8-hour pumping test,
response to pumping was measured at DV4-Original (30 cm of drawdown) and at DV4-MWS and DV4MWD (about 10 cm of drawdown each). After the 8-hour pumping test was completed, the water level in
the pumping well recovered to within 1% of the static water level after 4 minutes. Aquifer transmissivity
and storativity were estimated by fitting with the Cooper and Jacob solution (Kruseman and de Ridder
1990). The transmissivity and storativity values estimated were 325 m2/day and 7×10–6, respectively.

SITE DV5
The hydraulic testing completed at site DV5 consisted of a half-day step test for optimal pumping
rate determination, followed by a 4-hour constant-discharge pumping test. Two observation wells were
monitored throughout the testing and these included a nested well with 3 piezometers (DV5-MWS, DV5MWI, DV5-MWD) at 55 m from the pumping well, and a single well at 5 m from the pumping well
(DV5-Original). The pumping well, DV5-PW, is screened across the 12 m thick sand and gravel unit
identified from 78 to 90 m below ground surface. The piezometers within the nested observation well are
screened within the upper unconfined sand aquifer (DV5-MWS) and within the upper and lower extent of
the sand and gravel aquifer (DV5-MWI and DV5-MWD) that is also targetted by the pumping well. The
optimal pumping rate determined through step testing and, applied to the longer term testing, was
15 L/minute. After 4 hours of pumping, the water level in the well rapidly declined. At the end of the 4hour test, no water level change was measured in any of the observation wells. The rapid water-level
decline after 4 hours could indicate a boundary condition such as the dewatering of a discontinuous
pocket or lens of sand and gravel, disconnected from any major aquifer system. It is also possible that the
rapid water-level decline is the results of improper screen placement, if the screen depth was
miscalculated and placed below the sand and gravel aquifer in error. Water level recovery was monitored
after the testing was complete. The water level in the pumping well recovered to static 36 minutes after
pumping was stopped. A summary of hydraulic testing results is presented in Table 32.1.

Groundwater Quality Results
To assess the reliability of the water analyses, a charge balance was calculated to evaluate
electroneutrality. Differences in electroneutrality fell below 5%, which is an acceptable level of error.
Groundwater samples were analyzed for general chemistry and metals, and the results were compared with
the Ontario Drinking Water Quality Standards (ODWQS) (Ontario 2002). In general, groundwater
chemistry across the 3 study areas showed elevated levels of hardness, exceeding the ODWQS operational
guideline for drinking water systems. Elevated hardness levels are common across southern Ontario.
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Figure 32.5. Piper trilinear plot showing general chemistry trends at the site DV4 wells.

Figure 32.6. Piper trilinear plot showing general chemistry trends at the site DV5 wells.
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Groundwater quality at site DV4 varied slightly between aquifers screened in different sediment
packages. Water-quality data for the observation wells screened at the basal diamicton unit, and even the
lower portion of the sand and gravel aquifer showed elevated sulphate concentrations exceeding the
ODWQS aesthetic objective. The best quality water from a drinking water perspective was taken from
DV4-PW where the sulphate levels fell below the standard. Samples taken from all of the wells at site
DV4 exceeded the ODWQS aesthetic objectives for total dissolved solids (TDS), iron and manganese.
The difference in the geochemical signature of the waters collected from DV4-PW and those collected
from the observation wells is easily discernable within the trilinear plot (Figure 32.5).
In general, groundwater quality at site DV5 was quite similar between wells screened within
different sediment packages. The similarity is clearly outlined in the trilinear plot (Figure 32.6). Samples
taken from the pumping well, DV5-PW, exceeded the ODWQS for iron. Samples taken from observation
wells DV5-MWI and DV5-MWD both exceeded the ODWQS for manganese. The most unexpected
groundwater quality result was repeatedly elevated nitrate levels, exceeding the ODWQS, measured at
DV5-MWI. Observation well DV5-MWI is completed in the same sand and gravel aquifer that the
pumping well was installed to target, which was thought to be confined as it underlies more than 25 m of
layered silts, clays and silty/sandy diamicton. A second groundwater sample was collected from DV5MWI to further evaluate the seemingly anomalous nitrate value. The results of the second sample
confirmed the elevated nitrate value observed in the first round of sampling. The elevated nitrate at DV5MWI demonstrates the discontinuous nature of what appears to be confining sediments, and the
vulnerability of deep aquifers in this type of depositional environment.

DEVELOPMENT OF CONCEPTUAL THREE-DIMENSIONAL GEOLOGIC
MODEL
The aim of the conceptual 3D geologic model is to assess the stratigraphic information obtained
through the drilling programs and identify key aquifer units capable of yielding significant water supplies.
A computer-based 3D model, similar to that generated in the OGS groundwater resource studies of the
Waterloo Moraine (Bajc and Shirota 2007), is beyond the scope of this project; however, an assessment of
valley fills by cutting cross sections down valley thalwegs should provide a general understanding of the
extent and stratigraphic position of these potential aquifers. In general, a reproducible stratigraphic
sequence was observed in boreholes drilled north and west of site DV4 suggesting an exploration model
for groundwater resources is achievable within this region. A similar case exists for boreholes drilled east
and south of DV4 with deeply buried aquifers occurring at roughly the same stratigraphic position.
In this article, we have discussed the results of the final drill program of the 2009 season. Here is a
brief interpretation of the 2 cored holes at sites DV4 and DV5, which has revealed a promising aquifer of
medium- to coarse-textured sand and gravel at depth.
Boreholes at sites DV4 and DV5 each reached bedrock at depths of 75.8 and 105.4 m, respectively.
The upper sequence of stratified sand and minor silt observed in these 2 boreholes is thought to be
associated with the Waterloo Moraine deposits described by Bajc and Shirota (2007). In borehole DV4, a
thin cap of silty diamicton overlies these sands and is likely associated with Port Stanley Till, which was
deposited during the Port Bruce Phase. The Waterloo Moraine sands are underlain by glaciolacustrine
silts and clays that correlate with Lower Maryhill Till. Lower Maryhill Till consists of a package of
interbedded fine-textured diamictons and glaciolacustrine deposits, which generally isolate the Waterloo
Moraine deposits from underlying aquifers of the region. Catfish Creek Till, deposited during the
Nissouri Phase, underlies Lower Maryhill Till in both boreholes and consists of silty to sandy till with
associated stratified sands, gravels and minor fine-textured deposits. Together with the Lower Maryhill
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Till in both boreholes, the main confining unit isolating the deeply buried aquifer from the overlying
morainic deposits is approximately 25 to 45 m thick. The lateral extent and continuity of this confining
unit is not known. In borehole DV4, a silty very fine-textured sand unit underlying the main aquifer
contained detrital organic remains, including wood fragments with an age of 46 400±2000 years BP
(NZA-33617). Fossil molluscs contained within a paleosol and occurring at a similar stratigraphic
position in borehole DV5 suggest that the overlying aquifer may be of the same age as that in borehole
DV4. It is still unclear whether the 2 aquifers are genetically related and connected in the subsurface.
Preliminary results suggest that they are not. Additional drilling is warranted along the trend of sites DV4
and DV5 to assess the hydrogeological significance of this sub-Catfish Creek Till aquifer.

NEXT STEPS
The final report for the buried Dundas Valley study is currently in preparation, and is expected to be
released in early 2011. This report will encompass a detailed description of all 4 phases of the project.
Of greatest significance will be the discussion of Phase 4, which will synthesize the geophysics,
stratigraphy and hydrogeology into the development of a 3D conceptual model.
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INTRODUCTION
Results presented are part of a five-year study (2008 to 2012) to map the bedrock aquifers, karst and
Early Silurian sequence stratigraphy of the Niagara Escarpment region of southern Ontario. Hundreds of
wells and/or boreholes, including more than 60 PQ- and HQ-cored holes and numerous key outcrops have
been examined, spanning the upper Cabot Head Formation to the base of the Salina Group. The time
duration spans the late Llandovery through earliest Ludlow (?) with many discrete time breaks
represented within a predictable sequence stratigraphic framework. This study enables better correlation
of rock units between the northwestern subbasin of the Appalachian Basin and erosional edge of the
eastern Michigan Basin, and the development of a testable sequence stratigraphic and hydrostratigraphic
framework along the Niagara Escarpment region of Ontario (see Brunton 2009).
Key stratigraphic findings during the 2009 and 2010 field seasons confirm the regional pattern of
stratigraphic units and sequence stratigraphic architecture outlined in Brunton (2008, 2009), Brintnell et
al. (2009), Brunton, Turner and Armstrong (2009), Brunton et al. (2009) and larger scale packaging
outlined in Cramer, Loydell et al. (2010) and Cramer, Brett et al. (2010). A regional drilling program
spanning the fall of 2009 and late summer of 2010 has resulted in the collection of more than 20 deep
HQ-cores, some spanning the Ordovician–Silurian boundary (Figure 33.1). This work is a collaborative
effort between the Ontario Geological Survey (OGS), City of Guelph, Regional Municipality of Waterloo,
Halton Region, City of Hamilton, Town of Shelburne, Parks Canada, University of Guelph, and various
consulting firms (e.g., Golder Associates Ltd., Lotowater Technical Services Inc., Flexible Liner
Underground Technologies, Ltd. Co. (FLUTe™), Stantec Inc. and S.S. Papadopulos & Associates), and
with the co-operation of private landowners and quarry operators, to delineate the main geologic controls
on groundwater distributions and/or character within the Niagara Escarpment cuesta of southern Ontario.
This project is the first attempt by the OGS to systematically map and delineate discrete bedrock
aquifers and aquitards within Silurian carbonate strata along the Niagara Escarpment region of southern
Ontario (Niagara Falls to Tobermory, including FitzWilliam and Manitoulin islands). The foundation of
such studies is the development of a robust and testable sequence stratigraphic and structural framework
that integrates vertical and lateral changes in the physical character of the sedimentary rocks. Detailed
chemostratigraphic and lithogeochemical analyses of the stratigraphic succession (carbon, oxygen and
selective strontium isotopes, whole-rock and trace-element geochemistry on a 30 cm to metre scale) will
be integrated with the hydrochemistry of the water-bearing rock units in order to define discrete
hydrogeologic units (HGUs) and make inferences regarding local and subregional aquitards. Such an
approach also requires acquisition of detailed head profiles and hydrochemistry relative to the sequence
stratigraphic and lithogeochemical framework.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.33-1 to 33-7.
© Queen’s Printer for Ontario, 2010
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Figure 33.1. Paleozoic bedrock geology map of southern Ontario showing locations of key drill holes and outcrops examined
during 2008, 2009 and 2010 field seasons. The green triangles represent key outcrops, quarry sections and/or OGS deep-cored
drill holes (1982–1990). Light green dots (with thin black outline) represent key groundwater boreholes and more than 30
selected cored holes (2004–2008 core holes); 3 dark green dots (with wide white halo) to the northwest of DDH-6 represent deep
bedrock cored holes collared in upper Salina Group strata and extending downward to Late Ordovician Queenston Formation
strata. The more than 20 labelled blue dots represent 2009–2010 HQ-cored drill holes that form part of final phase of regional
bedrock aquifer mapping by the Ontario Geological Survey and select partners. Red dots represent cities and towns within main
southern Ontario study area. Mapping and core logging for this project also extend to north of map area, including FitzWilliam,
Manitoulin and Cockburn islands.
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BACKGROUND AND FIELD METHODS
This regional-scale groundwater mapping initiative builds upon previous studies concerning the
mapping of karst and groundwaters in southern Ontario (Brunton et al. 2007; Brunton and Dodge 2008;
Brunton 2008, 2009). In order to map out regional hydrogeologic units (HGUs) within Paleozoic
sedimentary rocks of southern Ontario, a detailed understanding of the sequence stratigraphy and
lithofacies changes from the northwestern Appalachian to southeastern Michigan basins is required (see
Brunton 2009; McLaughlin et al. 2008; Brett et al. 1995). Such regional-scale work also involves the
integration of conodont biostratigraphic studies (Stott and von Bitter 1999; Stott et al. 2001; von Bitter et
al. 2002, 2007; Bancroft 2008; Bancroft, Kleffner and Brunton 2008; Brunton, Bancroft and Kleffner
2008). The lateral facies changes of the Early Silurian Cabot Head, Dyer Bay, Wingfield, St. Edmund and
Fossil Hill formations succession from Cockburn Island, located to west of Manitoulin Island, through to
southern Bruce Peninsula are currently being summarized by Brintnell and will be published in an Open
File Report and journal articles. These strata record the responses of marine sedimentation to tectophases
and forebulge migrations occurring between the Appalachian and Michigan basins. Co-author Brintnell,
as part of an MSc thesis at The University of Western Ontario, is studying the regional character of the
Guelph Formation in outcrop and subsurface along the Niagara Escarpment region (see Figure 33.1)
through to the Lake Erie and the Sarnia–Lake Huron shoreline areas of southwestern Ontario.
This geologic framework will be integrated with key hydrologic and hydrogeologic data to acquire a
general sense of recharge and discharge areas, roles of various strata (sequences and smaller scale rock
units) as aquifers and aquitards, and integration of hydrochemistry and lithogeochemistry within a sequence
stratigraphic framework. The integration of hydrochemistry and lithogeochemistry requires collaboration
and implementation of innovative water-well sampling techniques. This program is collecting and
analyzing groundwaters using the ambient groundwater chemistry protocols outlined in Hamilton,
Brauneder and Mellor (2007), Hamilton and Brauneder (2008) and Hamilton and Freckelton (2009).
Many of the field methods and protocols employed in this OGS regional Silurian bedrock aquifer
mapping program are outlined in Brunton et al. (2007), with modifications outlined below:


collection of PQ- and HQ-diameter cores through Silurian sedimentary rocks including basal
Salina Group strata downward to the Cabot Head Formation and, in some holes, extending to
the Queenston Formation; therefore spanning the Ordovician–Silurian boundary (e.g., DDH-15
at Cyprus Lake, northern Bruce Peninsula; see Figure 33.1). Thicknesses of 2009–2010 cored
drill holes range from approximately 165 feet (50 m) in DDH-13 (Ledgerock Quarry, Owen
Sound) and 175 feet (53 m) in DDH-3 (Feversham) to unpredicted thicknesses of 425 feet
(~130 m) in DDH-6 (Luther Lakes area) and 490 feet (149 m) in DDH-5 (Elora Gorge area).



cutting and detailed core logging and correlation of formation, member, unit and sequence
boundaries to assist in delineating the local to regional geologic controls on the development
and distribution of hydrogeologic units (aquifers and aquitards). Key findings are outlined in
Brunton (2009).



sampling of half of core on a 30 cm- (1 foot) to metre-scale to assess whole-rock and traceelement geochemistry, carbon, oxygen and selected strontium isotope records, and make stained
thin sections of selected rock units for scanning electron microscopy and petrographic
examination of diagenetic mineral phases, and porosity and permeability characteristics of key
aquifer and aquitard rock units. The carbon and oxygen isotope chemostratigraphic data will
enable more refined correlations both regionally and globally of various Silurian stratigraphic
units as they change in character away from the forebulge or Algonquin Arch region. This work
is being done in conjunction with conodont biostratigraphy work from researchers at the
Geological Survey of Canada (Dr. Sandy McCracken), The Ohio State University (Alyssa
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Bancroft and Dr. Mark Kleffner) and the Royal Ontario Museum (Dr. Peter von Bitter and
colleagues). The chemostratigraphic study is much more time and cost effective than conodont
biostratigraphy of dolostones and will assist in delineating both the stratigraphic (vertical versus
time) and lateral (boundaries or transition zones) regional controls on Silurian bedrock aquifers.
Approximately 8000 samples are currently being sorted and processed to improve confidence of
the stratigraphic correlations and sequence stratigraphic architecture and paleoenvironmental
interpretations of the Silurian strata in question (see Brunton 2009).


conducting down-hole camera and geophysical surveys, including optical and acoustic
televiewer, gamma, caliper and resistivity logs. These logs are compared to the physical
stratigraphic and sedimentologic features of the rock cores to better characterize the location
and nature of karstic dissolution features, diagenetically controlled high-permeability and lowpermeability zones, pseudo-bedding plane-dominated and subvertical fractures, and to
characterize the gamma-ray signatures at a formation and member scale in order to correlate the
OGS high-resolution holes to the numerous regional water wells in Guelph and Cambridge
areas that generally have poor geologic controls (see Figure 33.1).



The current drilling program has enabled an approximate delineation of the southern, western
and northern boundaries of the karst-influenced crinoidal-reef mound architecture of the
Gasport aquifer system outlined in Brunton (2009). The eastern boundary is demarcated by the
present-day erosional edge of the Niagara Escarpment cuesta and this prominent landform also
influences the locations of highest rainfall in southwestern Ontario and, therefore, the
distributions of recharge areas. A more detailed discussion of the regional three-dimensional
(3D) geologic framework, including the production of a revised bedrock geology map, awaits
the integration of the chemostratigraphic and conodont biostratigraphic data.



Hydrogeologic characterization of the boreholes has involved the following field methods: flow
profiling; packer testing and water sampling of selected high flow zones and some lower flow
zones; selected pumping tests and dye tracer studies where closely spaced wells were drilled
and/or available, hydraulic conductivity K-profiling of entire holes using FLUTe™ liners; and
installations, in most locations, of Water FLUTe™ and, in selected locations, Westbay System
(Schlumberger Water Services) and Solinst® multi-level monitoring systems to enable discrete
water sampling of high-flow and some low-flow zones within various stratigraphic units. These
“golden spike” wells will provide better characterization of the regional bedrock aquifers within
the potable water-bearing region of the Niagara Escarpment region of southern Ontario. Rock
chemistry results will be compared with ambient groundwater chemistries from the various
discrete water-bearing zones to assess the evolution of groundwaters in the regional cuesta
plumbing system.

The majority of families in southern Ontario, on private water wells and municipal water supplies,
rely on karst-influenced carbonate-bedrock aquifers (Brunton and Dodge 2008; Brunton 2009).
Compilation of the data outlined in this paper provides the foundation for characterization of vital
bedrock groundwater resources as southern Ontario’s population continues to grow and global pressures
for water sharing increase.

SUMMARY AND FUTURE WORK
The main goal of this multi-year and multi-disciplinary bedrock aquifer mapping program is to
define and map out regional-scale groundwater flow systems that will lead to the delineation of discrete
hydrogeologic units (HGUs). Such an approach will eventually allow for improved estimates of
groundwater quantity and quality for the key Paleozoic sedimentary bedrock aquifers across southern
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Ontario. The OGS regional sequence stratigraphic geologic model (Brunton 2009; Brunton and Piersol
2009) has been incorporated into ongoing Source Water Protection Tier III groundwater studies for the
City of Guelph, Cambridge area of Region of Waterloo, Halton Region, City of Hamilton and smaller
towns and for Parks Canada investigations of groundwater resources. These data will form the foundation
for addressing fundamental questions concerning bedrock groundwater resources (groundwater quality
and quantity) in southern Ontario in the context of changing climatic conditions and implications for
long-term sustainability of these vital resources.
Preliminary data from this study suggest a disconnection of bedrock aquifers from surface water
flow patterns away from the Niagara Escarpment cuesta margin zone within the Grand River watershed
and adjacent areas on the Bruce Peninsula and Manitoulin Island. The implications of such observations,
once they are proven, may result in changes to how water budgets are defined for different areas of
southern Ontario. The final phase of FLUTe™ K-profiling and Water FLUTe™ installations is currently
underway, with an expected completion date of December 15, 2010. Data from the various rock and water
sampling strategies will be analyzed and integrated into a comprehensive OGS Groundwater Resources
Study report (fall of 2012), revised bedrock map of Niagara Escarpment, and various refereed journal
articles over the next 12 to 24 months.
The multi-disciplinary approach adopted in this study to evaluate and model the bedrock
groundwater resources of the Niagara Escarpment will create a template that will be employed by the
OGS to map and evaluate the groundwater resources throughout southern Ontario. The field-based
methodologies developed for this five-year project will be applied to other regions of southern Ontario in
order to develop regional bedrock aquifer maps for Devonian and Ordovician carbonate strata. These
maps and an improved regional-scale bedrock aquifer characterization will allow for improved
management of groundwater resources throughout southern Ontario.

ACKNOWLEDGMENTS
The compilation of stratigraphic units and regional correlations benefitted greatly from conversations
and field work carried out with Dr. Carl Brett (University of Cincinnati), Dr. Pat McLaughlin (Wisconsin
Geological Survey and Natural History Museum), Daryl Cowell, and Dr. Mark Kleffner and Alyssa
Bancroft (The Ohio State University), Dr. Brad Cramer (Kansas Geological Survey and Department of
Geology, University of Kansas) and Dr. Peter von Bitter (Royal Ontario Museum). Integration of bedrock
geology and groundwater benefitted from conversations with many consultants and, in particular,
collaboration with John Piersol (Golder Associates), Dave Belanger (City of Guelph), and Chris Neville
(S.S. Papadopulos & Associates), and assistance and guidance of ambient groundwater sampling by Dr.
Stewart Hamilton (OGS). Parks Canada staff Scott Parker and Cavan Harpur are thanked for their
logistical support (use of boats) for the sequence stratigraphic studies along the northern Bruce Peninsula
and nearby islands and for collaboration with karst studies on the Bruce Peninsula. Access to private land
is also acknowledged, to ensure minimal vandalism of multi-level monitoring systems; in particular, we
thank the Stobbe family and staff of Ledgerock Quarries in Owen Sound and Wiarton. Funding and
administrative assistance for this multi-year project is from the Ontario Geological Survey (MNDMF),
Ministry of Natural Resources (MNR), Ministry of Environment (MOE), the City of Guelph Water
Works Department, the Regional Municipality of Waterloo Water Services Division, Halton Region, and
City of Hamilton Division of Public Works, and the co-operation of the Grand River Conservation
Authority (GRCA).
C. Brintnell is currently an MSc candidate at The University of Western Ontario; this article
constitutes part of the requirements for her MSc thesis.

33-5

Sedimentary Geoscience Section (33)

F.R. Brunton et al.

REFERENCES
Bancroft, A.M. 2008. Silurian conodont biostratigraphy and carbonate carbon isotope stratigraphy of the Eramosa of
Formation of southwestern Ontario, Canada; unpublished MSc thesis, The Ohio State University, Columbus,
Ohio, 45p.
Bancroft, A.M., Kleffner, M.A. and Brunton, F.R. 2008. Silurian conodont biostratigraphy and δ13C stratigraphy of
the Eramosa Formation, southwestern Ontario, Canada; abstract in Geological Society of America, 42nd NorthCentral Section Meeting, Evansville, Indiana, April, 24-25, 2008, Abstracts with Programs, v.40, no.5, p.22.
Brett, C.E., Tepper, D.H., Goodman, W.M., LoDuca, S.T. and Eckert, B.Y. 1995. Revised stratigraphy and
correlations of the Niagaran provincial series (Medina, Clinton, and Lockport Groups) in the type area of
western New York; United States Geological Survey, Bulletin 2086, 66p.
Brintnell, C., Brunton, F.R., Brett, C.E. and Jin, J. 2009. Characterization of the Fossil Hill–Cabot Head formational
disconformity between Tobermory and Guelph, Niagara Escarpment region, southern Ontario; in Summary of
Field Work and Other Activities 2009, Ontario Geological Survey, Open File Report 6240, p.26-1 to 26-11.
Brunton, F.R. 2008. Preliminary revisions to the Early Silurian stratigraphy of Niagara Escarpment: integration of
sequence stratigraphy, sedimentology and hydrogeology to delineate hydrogeologic units; in Summary of Field
Work and Other Activities 2008, Ontario Geological Survey, Open File Report 6226, p.31-1 to 31-18.
——— 2009. Update of revisions to the Early Silurian stratigraphy of the Niagara Escarpment: integration of
sequence stratigraphy, sedimentology and hydrogeology to delineate hydrogeologic units; in Summary of Field
Work and Other Activities 2009, Ontario Geological Survey, Open File Report 6240, p.25-1 to 25-20.
Brunton, F.R., Bancroft, A. and Kleffner, M. 2008. Revised Early Silurian stratigraphy of eastern Michigan Basin,
Niagara Escarpment, southern Ontario; abstract in Canadian Paleontology Conference, Winnipeg, Manitoba,
Proceedings, No.6, p.15-16.
Brunton, F.R., Belanger, D., DiBiase, S., Yungwirth, G. and Boonstra, G. 2007. Caprock carbonate stratigraphy and
bedrock aquifer character of the Niagara Escarpment – City of Guelph Region, southern Ontario; in
Proceedings of the 60th Canadian Geotechnical Conference and the 8th joint Canadian Geotechnical Society–
International Association of Hydrogeologists conference, Canadian Geotechnical Society, Ottawa, Ontario,
p.371-377.
Brunton, F.R., Brintnell, C., Brett, C.E., Jin, J., Bancroft, A. and Kleffner, M. 2009. Update on Early Silurian
stratigraphy of eastern Michigan Basin, Niagara Escarpment, southern Ontario; in Canadian Paleontology
Conference, Sudbury, Ontario, Proceedings, No.7, p.13.
Brunton, F.R. and Dodge, J.E.P. 2008. Karst of southern Ontario and Manitoulin Island; Ontario Geological Survey,
Groundwater Resources Study No.5, 100p.
Brunton, F.R. and Piersol, J. 2009. Karst and Niagara Escarpment bedrock aquifer/aquitard mapping of southern
Ontario: a core workshop; in Groundwater & Geology – Foundation for Watershed Planning, November 17,
2009, Latornell Conference, including half-day core workshop.
Brunton, F.R., Turner, E. and Armstrong, D.K. 2009. A guide to the Paleozoic geology and fossils of Manitoulin
Island and northern Bruce Peninsula, Ontario, Canada; Canadian Paleontology Conference, Field Trip
Guidebook No.14, 77p.
Cramer, B.D., Brett, C.E., Melchin, M.J., Männik, P., Kleffner, M.A., McLaughlin, P.I., Loydell, D.K., Munnecke,
A., Jeppsson, L., Corradini, C., Brunton, F.R. and Saltzman, M.R. 2010. Revised correlation of Silurian
Provincial Series of North America with global and regional chronostratigraphic units and δ13Ccarb
chemostratigraphy; Lethaia, DOI: 10.1111/j.1502-3931.2010.00234.x [accepted for publication; published
online August 31, 2010].

33-6

Sedimentary Geoscience Section (33)

F.R. Brunton et al.

Cramer, B.D., Loydell, D.K., Samtleben, C., Munnecke, A., Kaljo, D., Männik, P., Martma, T. Jeppsson, L.,
Kleffner, M.A., Barrick, J.E., Johnson, C.A., Emsbo, P., Joachimski, M.M., Bickert, T. and Saltzman, M. 2010.
Testing the limits of Paleozoic chronostratigraphic correlation via high-resolution (<500 k.y.) integrated
conodont, graptolite, and carbon isotope (δ13Ccarb) biochemostratigraphy across the Llandovery–Wenlock
(Silurian) boundary: is a unified Phanerozoic time scale achievable?; Geological Society of America Bulletin,
v.122, p.1700-1716.
Hamilton, S.M. and Brauneder, K. 2008. The Ambient Groundwater Geochemistry Project: Year 2; in Summary of
Field Work and Other Activities 2008, Ontario Geological Survey, Open File Report 6226, p.34-1 to 34-7.
Hamilton, S.M., Brauneder, K. and Mellor, K.J. 2007. The Ambient Groundwater Geochemistry Project:
southwestern Ontario; in Summary of Field Work and Other Activities 2007, Ontario Geological Survey, Open
File Report 6213, p.20-1 to 20-9.
Hamilton, S.M. and Freckelton, C.N. 2009. Ambient Groundwater Project: Grey–Bruce counties and area, 2009; in
Summary of Field Work and Other Activities 2009, Ontario Geological Survey, Open File Report 6240, p.27-1
to 27-9.
McLaughlin, P.I., Cramer, B.D., Brett, C.E. and Kleffner, M.A. 2008. Silurian high-resolution stratigraphy on the
Cincinnati Arch: progress on recalibrating the layer-cake; in From the Cincinnati Arch to the Illinois Basin –
Geological Field Excursions along the Ohio River, Geological Society of America, Field Guide 12, p.119-180.
Stott, C.A. and von Bitter, P.H. 1999. Lithofacies and age variation in the Fossil Hill Formation (Lower Silurian),
southern Georgian Bay region, Ontario; Canadian Journal of Earth Sciences, v.36, p.1743-1762.
Stott, C.A., von Bitter, P.H., Kleffner, M.A., Tetreault, D.K. and Armstrong, D.K. 2001. Evidence for the
Wenlockian age of the middle Silurian Eramosa Member, Guelph Formation, southern Bruce Peninsula,
Ontario, Canada; abstract in Canadian Paleontology Conference, Program and Abstracts, v.11, p.50.
von Bitter, P.H., Purnell, M.A., Tetreault, D.K. and Stott, C.A. 2002. Natural conodont assemblages from the
Silurian Eramosa Member (Guelph Formation) of southern Ontario, Canada; abstract in Abstracts, 8th
International Conodont Symposium Held in Europe, ECOS VIII, Toulouse-Albi, France, June 22-25, 2002,
Strata, Série 1, v.12, p.66.
——— 2007. Eramosa Lagerstätte – exceptionally preserved soft-bodied biotas with shallow-marine shelly and
bioturbating organisms (Silurian, Ontario, Canada); Geology, v.35, p.879-882.

33-7

34. Project Unit 07-025. The Ambient Groundwater
Geochemistry Program: Completion of Sampling of
Southwestern Ontario
S.M. Hamilton1, C.N. Freckelton2 and R. Mariotti3
1

Sedimentary Geoscience Section, Ontario Geological Survey, Sudbury, Ontario P3E 6B5
Department of Earth Sciences, University of Western Ontario, London, Ontario N6A 5B7
3
7139 Hwy 17 West, Whitefish, Ontario P0M 3E0
2

INTRODUCTION
The Ambient Groundwater Geochemistry program is a multi-year initiative by the Ontario
Geological Survey to characterize the chemistry of natural groundwater throughout accessible areas of the
province (Hamilton, Brauneder and Mellor 2007; Hamilton and Brauneder 2008; Hamilton and
Freckelton 2009). This paper provides information on the 2010 study area, which extends from the
Niagara region in the southeast to near the town of Arthur in the northwest, and describes the other
activities on the program carried out in the last year. The 2010 study is the fourth since the inception of
the program and, once completed, the groundwater geochemistry of all of southwestern Ontario will have
been characterized at a consistent sample density and to a high degree of quality.

2010 FIELD AREA
The 2010 study area includes the Niagara Peninsula and extends west to Long Point and north to the
Elora–Arthur area (Figure 34.1). A total of 103 nodes were sampled, each encompassing a 10 by 10 km
block, covering a total of 10 300 km2. In this area, 98 overburden and 122 bedrock samples were not able
to be located. As with previous years, there was some difficulty locating both types of wells in every
node. In almost all nodes, at least 1 bedrock well was sampled; however, in some nodes, overburden wells
could not be located. In some areas, a bedrock well sample was taken in lieu of a missing overburden well
and, in others, extra bedrock wells were sampled to fill obvious holes in the sample distribution or to
augment the number of wells sampled in a particular formation.
Bedrock in the study area includes a wide swath of the Salina Formation that subcrops beneath the
glacial sedimentary overburden and covers more than a third of the 2010 study area. Some strata of the
Salina Formation contain evaporitic minerals such as gypsum and, most notably, thick beds of salt are
present locally. These minerals are known to impact groundwater quality in wells that are completed in
this unit and they are partly responsible for the infamously poor water quality in the southern part of the
study area. Field parameters measured in 2010 confirm the known poor quality. Well water in the region
north of Dunnville and west-northwest toward Brantford has electrical conductivity that is consistently in
excess of 3000 µS/cm, which corresponds to over 1500 mg/L total dissolved solids. Field test strips, used
to confirm the water being sampled is not softened, indicate persistent hardness in this area that exceeds
400 mg/L as CaCO3 (25 grains). Concentrations this high are indicative of gypsum dissolution.

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.34-1 to 34-4.
© Queen’s Printer for Ontario, 2010

34-1

Sedimentary Geoscience Section (34)

S.M. Hamilton et al.

Figure 34.1. Outline of the 4 study areas sampled between 2007 and 2010 and corresponding sample locations.
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Dissolved H2S is also extremely elevated in this area, but this is not restricted to the Salina
Formation. In the bottom half of the study area, south of Hamilton, well water from all bedrock
formations sporadically show extremely elevated H2S values. Concentrations over 0.2 mg/L were
routinely measured and several in excess of 30 mg/L were encountered. H2S has a smell similar to rotten
eggs and many people find it offensive at concentrations as low as 0.01 mg/L. The elevated H2S is not
restricted to a single bedrock formation, nor does it occur consistently in the formations where it was
detected. The north half of the study area (north of Hamilton), is underlain by the same formations, but
much more muted H2S concentrations. The reasons for the H2S occurrence are not clear, but the rocks in
which it occurs are overlain by a large clay-rich glaciolacustrine unit known physiographically as the
Haldimand clay plain.
A peculiar characteristic of the lower half of the study area is the preponderance of homes and
businesses that rely on cisterns. In much of Haldimand and surrounding counties, it was often difficult to
find wells for sampling because many homeowners had never owned wells or had abandoned them because
of poor water quality. Most new homes in the area that use cisterns have water trucked-in once or twice a
week. Older homes often augment water shipments by diverting rainwater into the cistern. Some homes
have multiple water supplies with a potable cistern, a non-potable cistern and possibly also a well for
outdoor purposes and/or the barn. Such a preponderance of cistern water supplies had not been encountered
during previous year’s Ambient Groundwater program sampling elsewhere in southwestern Ontario.

DATA INTEGRATION, 2007–2009
Throughout the previous year, analytical and field data from the first 3 years were integrated into a
single database. Data integration protocols were developed that will be used on all future data sets. This
exercise helped to identify problems and inconsistencies in the way field data are collected year over year,
which allowed further refinement of the sample form and data entry procedures. Digital data entry would
have prevented many of the inconsistencies, errors and occasional omissions that occurred in the previous
3 years of sampling; however, such as system could potentially cause additional problems. The merits of a
digital data entry system are being evaluated and digital data entry may be incorporated into future field
programs.
During compilation of the analytical data, it was determined that several chemical parameters were
difficult to compare year upon year. In one case, this was due to a lab error where data for 2 parameters
were switched. In other cases, improvements in analytical equipment between 2007 and 2008 at the OGS
Geoscience Laboratories resulted in significantly improved detection limits. This was problematic for
many elements that were found to be below detection for a significant percentage of the samples in 2007.
The lower detection limits in subsequent years resulted in a far lower percentage of samples being
returned below detection for those elements and a “map-boundary fault” in the geochemical results. Some
elements also had poorer precision in the 2007 data, the worst of which was the aluminum data by
inductively coupled plasma mass spectrometry (ICP–MS). Boron, another important parameter was not
reported at all in the 2007 data. Most of these problems were resolved by re-analyzing, by ICP–MS, the
2007 samples in early 2010, which now allows for direct comparison of the 2007 study area results with
the subsequent years for those parameters.
Improvements in the field testing of iodide after 2007 also resulted in better results in subsequent
years. The inclusion of nickel acetate in the iodide bottle removed sulphide from the solution, which had
caused major interferences with the iodide ion selective electrode in 2007. The presence of sulphide made
almost half of the 2007 iodide measurements suspect. Iodide has a 24-hour holding time so the 2007
samples could not be re-analyzed, but several phases of re-sampling of some of the wells, for various
purposes, has allowed a few dozen of the missing results to be recovered.
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During the data integration exercise, the quality control and reporting protocols were compiled into a
draft procedures manual. The Ambient Groundwater program quality-control procedures on field and
laboratory data are quite comprehensive. Through analytical redundancy, charge balance and the insertion
of analytical control samples (duplicates, standards, spikes and blanks), there are multiple ways of
independently checking the validity of almost the entire 80 parameters reported. These procedures have
been recorded, templates have been developed and flow charts generated that will allow for year-to-year
consistency and speed up the data processing procedures.

ANCILLARY STUDIES OF THE AMBIENT GROUNDWATER PROGRAM
The Ambient Groundwater program has spawned a number of spin-off projects. From its inception,
samples were collected for the testing of the isotopes of water (18O, deuterium and tritium) and these have
now been analyzed in samples collected during the first 3 years. The majority of these analyses were
conducted by the Geological Survey of Canada (GSC) as part of a joint study that also includes the OGS
and the University of Arizona. Related work includes analysis of the composition and isotopes of natural
gas found in well water in southwestern Ontario. One of the objectives of this study is to understand the
origin of shallow natural gas in overburden and the shales in southwestern Ontario and to test the “pickled
shale hypothesis” (McIntosh, Walter and Martini 2002).
Another project that has spun off the program is an investigation of a large, 1000 km2 area of
breathing wells north of London that was first encountered during the 2008 sampling program. This is
part of an MSc thesis at the University of Western Ontario by the second author (Freckelton, Hamilton
and Longstaffe, this volume). A third project, as part of a Bachelor’s thesis at Laurentian University,
involves comparing the quality of water derived from the 3 principal well types sampled: drilled, bored
and dug wells. These projects follow an earlier MSc thesis by a student at the University of Birmingham,
England, on the controls on water quality in the 2007 study area (Mellor 2008).
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INTRODUCTION
Breathing wells are water wells that respond to atmospheric pressure changes causing them to either
inhale or exhale. For such a phenomenon to occur, the un-cased part of the well must encounter confined
and unsaturated conditions above the primary water-bearing horizon. During periods of high atmospheric
pressure, air is transferred into the unsaturated zone; when a drop in atmospheric pressure occurs, gas is
exhaled from the wells. The amount of ambient air that enters the subsurface is partly dependent on the
atmospheric event. Preliminary studies have shown that these events can last over several days. Almost
all domestic wells are capped to prevent breathing since inhaling in winter can cause freezing of watersupply pipes.
An apparently contiguous area of breathing wells occurs in southern Ontario in Huron and Perth
counties, where land use is heavily agricultural. However, the distribution and interconnectivity of this
system is not well documented. One of the primary bedrock aquifers in this region comprises bedrock of the
Devonian Lucas Formation. As the breathing phenomenon requires a significant volume of unsaturated void
space above the water level, karstic caverns are presumed to exist within the limestone and dolostone strata
of the Lucas Formation. Initial investigations of well and stratigraphic records suggest that the majority of
the water wells affected by the breathing phenomena are drilled through the Dundee Formation and finished
in the underlying Lucas Formation. Deep static-water levels, commonly greater than 100 m, exist below the
Dundee Formation and near the top of the Lucas Formation. It is typical for karstic environments to have
short groundwater response and residence times following meteoric events and, therefore, are highly
sensitive to surface contamination. Accordingly, it is very important to understand this direct connection
between the surface and subsurface, so that the vulnerability of this bedrock aquifer to contamination can be
assessed.
It has also been recognized that breathing wells can emit anoxic gases during phases of atmospheric
low pressure, which can pose serious health risks during exhalation. Hill (2004), for example, documented
instances where Albertan homeowners with breathing wells located in well huts or basements suffered
major health problems related to such gases, sometimes resulting in death. Characterization of the extent and
nature of the breathing-well phenomenon in this area of southern Ontario will also create awareness of the
potentially associated health risks.
While local drillers have known about the breathing-well region in this area of southwestern Ontario
for many years (R. Hopper, W.D. Hopper Well Drilling Limited, personal communication, 2009), the
phenomenon has not been studied formally. Here, we begin to remedy that situation.

Summary of Field Work and Other Activities 2010,
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STUDY AREA
Location
The breathing-well area encompasses approximately 1000 km2 and is located in the central part of
southwestern Ontario, north of London and west of Stratford. Some aspects of the investigation require
that the breathing-well zone be investigated in a larger context. The limits of the larger study area are
shown in Figure 35.1, as is the outline of the breathing-well zone, which is the focus of this current paper.
The study area lies within the Ausable Bayfield Conservation Authority and the Upper Thames River
Conservation Authority regions.
Ten breathing wells were chosen for study, from the 2008–2009 database records of the OGS
Ambient Groundwater Geochemistry Program, which, in turn, were selected randomly from the
thousands of wells that exist within the boundaries of the 2 conservation authorities. Permission was
obtained from private homeowners to sample their domestic water for a time-series research study
spanning about 1 year. Sample collection began in November 2009 and is expected to continue until
November 2010.

Hydrostratigraphy
The majority of water wells within the study area have been drilled into Middle Devonian Paleozoic
bedrock. Throughout this area, thick glacial overburden overlies the Dundee Formation, which in turn, is
underlain by the Lucas Formation. The Dundee Formation is composed of fossiliferous and sometimes
bituminous, medium- or thick-bedded limestone with minor dolostone and reaches a thickness of 35 to
45 m. The Dundee Formation is underlain disconformably by the Lucas Formation, which consists of
limestone, locally of high purity, and dolostone, interbedded with beds of evaporite, primarily anhydrite.
The thickness of the Lucas Formation decreases in a southeastwardly direction, from the Michigan Basin
to central Lake Erie. The greatest measured thickness is 96 m in the Sarnia region. The Lucas Formation
lies conformably on the Amherstburg Formation, which is a succession of bituminous limestone up to
60 m thick (Armstrong and Carter 2010; Brunton and Dodge 2008).
The breathing-well zone is characterized by deep static-water levels in wells finished in the Lucas
Formation. This behaviour contrasts with the much higher static levels of wells completed in the
overlying Dundee Formation and overburden. Down-hole videos (R. Hopper, W.D. Hopper Well Drilling
Limited, personal communication, 2009; Union Gas Ltd. staff, personal communications, 2009) of the
Lucas Formation from within or adjacent to the breathing-well zone have confirmed the presence of
caverns both above and below the water table. The breathing-well zone terminates to the west, near Lake
Huron and to the east near the Lucas Formation subcrop boundary.

METHODOLOGY
Water samples are collected on a monthly basis from all 10 wells in the study area. Raw well water
is retrieved through the existing domestic pump and distribution systems, ahead of any domestic water
treatment. Notes are taken regarding the nature of the water, for example, turbidity and the presence of
gaseous phases. Samples for measurement of dissolved oxygen are collected along with samples for
analysis of stable hydrogen (δD) and oxygen (δ18O) isotopic, cation and anion compositions. Temperature,
pH, conductivity, oxidation–reduction potential and dissolved oxygen are also measured in the field on
those occasions when the necessary equipment is available.
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Figure 35.1. Well locations and outline of study area. The box that defines the study area is based on the Universal Transverse
Mercator (UTM) grid, 1983 North American Datum (NAD83), Zone 17 North and the co-ordinates for the northeast and southwest
corners are 520000E 4860000N and 430000E 4752300N, respectively. Red stars indicate the location of the wells studied in detail
here. Blue dots indicate the location of bedrock wells sampled as part of the OGS 2008–2009 Ambient Groundwater Geochemistry
Program (AGGP). All locations indicated by blue dots within the yellow outlined area are breathing wells. The yellow outline
depicts the area of known breathing wells, as provided by R. Hopper of W.D. Hopper and Sons Limited.
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Before sampling, water is purged from the well for a period of time normally determined by
monitoring the physical and chemical parameters of the water. Temperature, pH, oxidation–reduction
potential (ORP) and conductivity are continuously measured using a multiparameter flow cell until a
background free of the effects of the plumbing system is achieved. On average, 200 L of water is purged
before sampling. When the multiparameter flow cell is not available, the quantity of water previously
required to reach stability is purged from the well prior to sampling. Two multiparameter instruments
have been used. One is a YSI® model 600LXM sonde with an Archer® hand-held field personal computer
interface equipped with HydroPlusCE® logging software. The second is a Hanna® model HI9828
multiparameter instrument with a standard Clark-Cell dissolved oxygen probe. Both instruments collect
data for pH, conductivity, oxidation–reduction potential and temperature. It was determined during the
2009 Ambient Groundwater Geochemistry Program that temperature is the most reliable indicator of
stability for sampling of groundwater (Hamilton and Freckelton 2009).
During periods when the field parameter logging equipment is used, chemical parameters such as
alkalinity, and hydrogen sulphide (H2S) and dissolved oxygen (DO) contents are also measured at each
site. Alkalinity is determined by titration in the field using a HACH 16900-01 digital titrator. Hydrogen
sulphide is determined using the HACH model 2238-01 test kit and the methylene-blue method.
Dissolved oxygen is measured using a HACH Azide modification of Winkler method 8215 with a 16900
digital titrator and a 300 mL biological oxygen demand (BOD) bottle.
At each site 3, 60 mL bottles are collected each month for analysis of cation, anion and stable isotope
(oxygen and hydrogen) compositions. A 250 mL sample was also collected from each site, once for
measurement of tritium content. Samples used for chemical analysis are filtered onsite using a 0.45 μm
Millipore™ Durapore® (polyvinlidene fluoride (PVDF)) membrane filters embedded in rubber-free
polypropylene syringes. The samples are immediately placed over ice and subsequently maintained at
4°C in a refrigerator. Samples for cation analysis are subsequently acidified using 1% (vol.) J.T. Baker®
Ultrapure HNO3. Cation and anion concentrations are determined at the Geoscience Laboratories (Geo
Labs), located in Sudbury, Ontario, using inductively coupled plasma mass spectroscopy (ICP–MS) and
inductively coupled plasma atomic emission spectroscopy (ICP–AES). Anions are analyzed using ion
chromatography (IC). Ten percent of the samples submitted are blind duplicates (selected at random),
standards and/or spiked standards. The stable hydrogen (δD) and oxygen (δ18O) isotopic compositions are
measured at the Laboratory for Stable Isotope Science (LSIS; at the University of Western Ontario), using
a Picarro® L1102-I Water Isotope Analyzer. Duplicate analysis is performed on 10% of these samples.
Measurement of barometric pressure changes within the subsurface caverns is also being conducted
at all 10 sample locations. The main objective of performing this barometric–time series study is to
determine the nature of the relationship between atmospheric pressure fluctuations and barometric
changes within the subsurface. Accordingly, down-hole barologgers in each well are being used to record
temperature and pressure differences within the subsurface over a designated period of time. A Solinst®
LT Barologger® has been emplaced approximately 30 m down-hole from top of drill casing of each well.
Each barologger is programmed to record barometric pressure and temperature inside the wells at 15minute intervals. To limit the potential for air exchange between the atmosphere ambient air and the well
casing, the wells are sealed with silicone around the edges of all the well caps. One barologger has also
been placed outside the casing at test well site BW06, to measure atmospheric pressure and temperature.
Static water-level measurements are performed manually using a water-level tape whenever the well caps
are opened.
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PRELIMINARY RESULTS AND DISCUSSION
Hydrogeological Characterization
Overburden in the study area comprises a heterogeneous mixture of till, clay, sand, pebbles and
boulders deposited during Pleistocene glaciation. This material has a low vertical permeability, which
decreases the interaction between surface and groundwater. The northeastern extremity of the breathingwell region contains numerous sinkholes and a few disappearing streams (Karrow 1977; Hurley et al.
2008). The sinkholes are circular, with diameters ranging from 1 to 35 m, and form a funnel-shaped
depression of depths up to 6 m (Hurley et al. 2008). The sinkholes and disappearing streams provide
topographic indicators of subsurface karstic networks, which enable a direct connection from surface into
the groundwater aquifers below. Hurley et al. (2008) studied the geology of east Huron County and west
Perth County, and concluded that the underlying karst extends over a much greater area than directly
indicated by the sinkhole locations.
To evaluate the degree of interconnectivity among the breathing wells, global positioning system
(GPS) elevation readings were taken at the top of the well casing at each well location (and then corrected
to ground elevation) using a Leica Viva GNSS GS15 unit GPS receiver with a CS15 controller. The
device functions as a real-time kinematic (RTK) rover and was connected, via cellular telephone, to the
Leica Geosystem’s SmartNet real-time differential correction server. Those measurements are illustrated
in Figure 35.2.
Static water levels were also measured at each well location (Figures 35.3a and 35.3b) and
piezometric elevations determined. A broad piezometric gradient appears to be present in the northeastern
part of the breathing-well region, suggesting groundwater flow to the southwest. It appears that recharge
occurs in the north to northeastern part of the region with a groundwater flow direction toward Lake
Huron. A steeper piezometric gradient is present in the centre of the study region – perhaps because of a
change in transmissivity of the bedrock aquifer. In the southwestern sector of the study area, the
piezometric surface flattens at piezometric elevations of less than 180 m asl. The present elevation of
Lake Huron is approximately 177 m asl, which indicates the possibility of hydraulic connection between
the Lucas Formation karstic aquifer and the lake. This will be further investigated. Additional work will
also focus on the definition of piezometric surfaces relative to the Paleozoic bedrock units, with special
attention to the Dundee, Lucas (Upper and Lower) and Amherstburg formations, and the preparation of
isopach maps for each formation.

Structure and Air Flow
Certain conditions must exist for breathing wells to take in and then emit large volumes of air on a
cyclical basis. First, the well must be completed in a partially saturated aquifer containing large net void
space above the water table. Second, the well should be completed in bedrock overlain by a confining unit
that does not permit direct exchange with the atmosphere. Third, the unsaturated zone must be in contact
with the atmosphere through an open zone, that is, an un-cased part of the well (Hill 2004). Such
conditions appear to be met in the study area. Figures 35.4 to 35.8 show the barometric pressure changes
in the wells plotted with the altitude-corrected atmospheric pressure for the same period. Atmospheric
pressure was recorded using Barologger 7 at the BW06 site (see Figure 35.1) near the centre of the site.
After altitude correction to mean sea level, the BW07 atmospheric pressure changes are very similar to
those recorded at the London and Goderich airports. All of the barologgers record a decrease in
barometric pressure over the 11-month experiment, reflecting a long-term trend in the natural atmospheric
pressure during this same period as indicated by the airport data (not shown).
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The data illustrate the degree of interconnectivity between each breathing well and the atmosphere.
Five groupings of results can be recognized, based on the magnitude of barometric fluctuations and the
degree of interconnectivity with the atmosphere suggested by the pressure data. Group 1 includes sites
BW08 and BW09 and is considered to be the group most connected to the atmosphere, as measured by
the high degree of correlation between the down-hole and atmospheric pressure variations (Figure 35.4).
The data for Groups 2 (BW01, BW04; Figure 35.5), 3 (BW02, BW06, BW10; Figure 35.6), 4 (BW03,
BW05; Figure 35.7) and 5 (BW11; Figure 35.8)—in succession—suggest a decreasing degree of
atmospheric influence.
The overall interconnectivity of the breathing-well system can be assessed using the barologger data.
Figures 35.9a to 35.9d illustrates the system’s response to a marked drop in atmospheric pressure over
one 24-hour period (April 20, 2010); wells BW08 and BW09 experienced a much stronger response to the
pressure change than the other breathing wells.

Figure 35.2. Ground surface elevation for the breathing-well region. Contours are shown in metres above sea level (m asl) at
5 m intervals. Co-ordinates system as per Figure 35.1; see Figure 35.1 for the geographic context of the outlined areas.
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Figure 35.3. Piezometric water-level measurements for the breathing-well region showing A) piezometric surface of the bedrock
aquifer and B) groundwater flow direction. Contours are shown in 5 m intervals in metres above sea level (m asl).

Figure 35.4. Barometric pressure cycles for Group 1 (BW08 and BW09). The 2 down-hole barologgers, which are located
43 km apart, show a very similar pattern to each other and to the atmospheric pressure trend (BW07) recorded in the centre of the
study area and which is plotted behind the Group 1 trends.
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Figure 35.5. Barometric pressure cycles for Group 2 (BW01 and BW04). These data suggest only moderate interconnectivity
between the atmosphere and subsurface. In these 2 wells, which are located 37.5 km apart, the same overall cycling pattern
observed in the atmosphere (BW07) is demonstrated, but it is dampened compared to Group 1.

Figure 35.6. Barometric pressure cycles for Group 3 (BW02, BW06 and BW10). The data for these 3 wells suggest only
moderate interconnectivity between the atmosphere (BW07) and subsurface, and less so than exhibited by the wells in Group 2.
BW06 is 22 km from BW02 and 27 km from BW10.
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Figure 35.7. Barometric pressure cycles for Group 4 (BW03 and BW05). There is a strong interconnectivity between BW03
and BW05, which are located approximately 17.5 km apart, but very low connectivity with the atmosphere (BW07). Only the
most extreme atmospheric pressure events are measurable in these wells and only after a lag of at least 12 days.

Figure 35.8. Barometric pressure cycles for Group 5 (BW11). Results for BW11, which is located in the central of the study
area, indicate very low connectivity with the atmosphere. Only the 11-month downward trend in atmospheric pressure over the
course of the study suggests any connection between this well and the atmosphere.
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In summary, the barologger data show that the pressure differences in the vadose zone result from
changes in atmospheric pressure. Changes in the piezometric surfaces throughout the breathing-well
region are small compared to those measured for barometric pressure.

Figure 35.9 (a to d). Altitude-corrected barometric pressure changes in the breathing-well region on April 20, 2010.
Atmospheric pressure fell from 101.6 to 100.8 kPa over this 24-hour period. Pressure drops at sites BW08 and BW09 (~101.9 to
101.2 kPa) tracked this change in atmospheric pressure most closely. The other wells showed less change, with the wells located
closest to the centre of the breathing-well region being affected the least.
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Groundwater Geochemistry
Preliminary field measurements suggest that expelled air from the wells has lower concentrations of
oxygen during periods of low atmospheric pressure. During inhalation, the wells draw in atmospheric
concentrations of oxygen (20.9%) and carbon dioxide (0.038%). During exhalation, the gases are highly
depleted of oxygen (1.7 to 18.2%) and enriched in carbon dioxide (0.1 to 3.4%). These results suggest
that oxygen is being consumed and carbon dioxide generated in the subsurface, although not in equal
molar ratios. We note that the wells, in some cases, inhale greater than 15% more gas than they exhale,
and that much of the oxygen depletion of these gases requires an explanation other than carbon dioxide
production. Measurable levels of dissolved oxygen have been recorded for groundwater in the breathingwell region and dissolved oxygen concentrations exceeding approximately 12% of saturation are known
from the southwestern portion of the study area. In the region as a whole, measurable dissolved oxygen in
bedrock-derived groundwater is rare.
Ongoing geochemical investigations include i) determination of groundwater saturation indices for
various mineral phases; ii) hydrogen and oxygen isotopic analysis of the groundwater; and iii) analysis of
the sulphur isotope composition of evolved gases and the carbon isotopic composition of dissolved
organic carbon, dissolved inorganic carbon and evolved carbon dioxide. These measurements will help to
understand the extent of rock–water interaction and microbial activity in the breathing-well system, and to
trace responsiveness to infiltration from various water sources.
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INTRODUCTION
The Ontario Geological Survey (OGS), in co-operation with the Ministry of the Environment (MOE)
and the Ministry of Natural Resources (MNR), conducted a stream-sediment sampling survey in southern
Ontario during 2008–2009 that covered an area of approximately 95 000 km2. The primary objective of
the study was to collect sediment for geochemical analysis to determine baseline and anthropogenic levels
of organic and inorganic elements and/or compounds. The results of this survey have direct relevance in
the assessment of the environmental health of watersheds, management practices and the establishment of
baseline conditions for setting stream-sediment–quality guidelines.
Sampling occurred during the months of October to December 2008 and was conducted by 2
consulting firms, Conestoga-Rovers & Associates and XCG Consultants Ltd. Areas not sampled due to
inaccessibility in the winter months were sampled by the OGS in June 2009. Details regarding sampling
methodology were previously described by Baker et al. (2009). Additional sampling at 16 sites was
carried out in July 2010, primarily to replace samples that were lost or compromised during laboratory
processing. In total, samples were collected at 2293 sites (Figure 36.1) resulting in an average density of
one sample per 41 km2.

STATUS OF SAMPLE ANALYSES
A total of 286 samples have been submitted for determination of the organic compounds listed in
Table 36.1. The geographic distribution of these samples are shown in Figure 36.2. Further organic
analyses will be completed as budgetary resources allow. Inorganic analysis of the samples is being
undertaken by the OGS Geoscience Laboratories (Geo Labs) for the parameters listed in Table 36.2. At
the time of writing, analyses were 90% complete. The data sets are undergoing quality-control (QC)
review prior to statistical and graphical analysis.
Below is a brief description of the organic compounds being analyzed for and listed in Table 36.1.

Polychlorinated Biphenyls (PCBs)
Perhaps the best-known persistent organic pollutant (POP), PCBs were banned from import and
production in the 1970s. They were not banned from use, although there are voluntary timelines for
removal. They were used in transformer fluids (some still have them), in light ballasts for fluorescent
lighting, in caulking and sealants and in paints.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.36-1 to 36-5.
© Queen’s Printer for Ontario, 2010
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Organochlorine Pesticides (OC Pesticides)
Almost all of these compounds are now banned, many since the 1970s. However, many are
persistent and bioaccumulate in food webs. They include dichlorodiphenyltrichloroethane (DDT) and its
breakdown products, chlordane and related compounds, HCHs (lindane; which was used as a seed
treatment up until just a few years ago, and is still used in lotions and shampoos for the treatment of head
lice) and endosulfan and related compounds, which is still currently in use.

Figure 36.1. Distribution of stream sediment sample sites in southern Ontario.

Figure 36.2. Distribution of sample sites that are currently undergoing analysis for organic compounds.
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Polycyclic Aromatic Hydrocarbons (PAH)
Polycyclic aromatic hydrocarbons are produced through combustion process (e.g., electricity
generation, home heating, burning diesel fuel and wood burning). These do not bioaccumulate, unlike
many other POPs, but are broken down into more toxic compounds. Engine exhaust from internal
combustion engines are a common source of PAHs (e.g., U.S. Environmental Protection Agency 2002;
Childers et al. 2000).

Table 36.1. Organic compounds to be determined and method of analysis.
Organic Compound
Method of Analysis
1
2
3
4
5
6
7
8
9

Polychlorinated biphenyls (PCBs)
Organochlorine pesticides (OC Pesticides)
Polycyclic aromatic hydrocarbons (PAHs)
Perfluoroalkyl compounds (PFCs)
Polybrominated diphenylethers (PBDEs)
Polychlorinated dibenzo-p-dioxins (PCDDs)
Polychlorinated dibenzofurans (PCDFs)
Polychlorinated naphthalenes (PCNs)
Dioxin-like PCBs (dlPCBs)

Gas chromatography
Gas chromatography
Gas chromatography
Liquid chromatography
Gas chromatography
Gas chromatography
Gas chromatography
Gas chromatography
Gas chromatography

Detected Using
Electron capture
Electron capture
Mass spectrometry
Tandem mass spectrometry
High-resolution mass spectrometry
High-resolution mass spectrometry
High-resolution mass spectrometry
High-resolution mass spectrometry
High-resolution mass spectrometry

Table 36.2. Inorganic elements to be determined by Geoscience Laboratories at the Ontario Geological Survey.
Methods of Analysis: Aqua Regia Digestion (AR) followed by
Inductively Coupled Plasma (ICP–) Mass Spectrometry (MS) or Optical Emission Spectroscopy (OES)
Element Detection Limit Units
Element Detection Limit Units
Element Detection Limit Units
Ag
0.01
ppm
Hf
0.05
ppm
Sb
0.06
ppm
Al
10
ppm
Hg
0.01
ppm
Sc
0.5
ppm
As
0.8
ppm
Ho
0.01
ppm
Se
0.4
ppm
Au
2
ppb
In
0.002
ppm
Sm
0.06
ppm
Ba
0.1
ppm
K
35
ppm
Sn
0.04
ppm
Be
0.04
ppm
La
0.8
ppm
Sr
1
ppm
Bi
0.01
ppm
Li
0.03
ppm
Ta
0.004
ppm
Ca
8
ppm
Lu
0.003
ppm
Tb
0.02
ppm
Cd
0.02
ppm
Mg
3
ppm
Te
0.01
ppm
Ce
2
ppm
Mn
1
ppm
Th
0.07
ppm
Co
0.03
ppm
Mo
0.03
ppm
Ti
1
ppm
Cr
1
ppm
Na
14
ppm
Tl
0.003
ppm
Cs
0.02
ppm
Nb
0.02
ppm
Tm
0.004
ppm
Cu
0.7
ppm
Nd
0.5
ppm
U
0.01
ppm
Dy
0.06
ppm
Ni
0.7
ppm
V
1
ppm
Er
0.01
ppm
P
21
ppm
W
0.02
ppm
Eu
0.03
ppm
Pb
0.2
ppm
Y
0.3
ppm
Fe
3
ppm
Pr
0.2
ppm
Yb
0.02
ppm
Ga
0.004
ppm
Rb
0.15
ppm
Zn
1
ppm
Gd
0.15
ppm
S
70
ppm
Zr
0.2
ppm

36-3

Sedimentary Geoscience Section (36)

R.D. Dyer et al.

Polybrominated Diphenylethers (PBDE)
Polybrominated diphenylethers are a class of brominated flame retardants that have been largely
phased out (voluntarily or by regulation) in the last 5 years. They can be found in fabrics, plastics,
carpeting, furniture (foam cushions) and mattresses. In recent years, it has been noted that concentrations
have been increasing in wildlife and humans worldwide (e.g., Chernyak et al. 2005; Schecter et al. 2007;
Zhu and Hites 2004), which has prompted their removal from common use.

Perfluoroalkyl Compounds (PFCs)
These are surface treatment compounds used to protect carpets and furniture fabric (e.g., 3M’s
Scotchgard™), which utilized PFOS (perfluorooctane sulfonate), and Stainmaster® by DuPont™, with
perfluorinated carboxylic acids (PFCAs). The deleterious effects of PFCs on laboratory animals are well
known; the effects on humans are still unclear (Betts 2007).

Polychlorinated Dibenzo-p-Dioxins and Polychlorinated Dibenzofurans (PCDDs
and PCDFs)
These are well-known by-products of combustion (waste incineration), especially when chloride ions
(from burning polyvinyl chloride (PVC) plastic for example) is present. They are also naturally present in
wood smoke. These chemicals are also formed as by-products from leather tanning chemicals,
pentachlorophenol (PCP) production (a wood preservative), and pesticide production (2,4,5-T and 2,4-D).
They are often referred to as the most toxic of the persistent organic pollutants. There are other
compounds, such as some PCBs, which are “dioxin-like” because they have a similar mode of toxicity. It
is dioxin-like PCBs that account for most of the fish consumption advisories in the Great Lakes (Bhavsar
et al. 2008; Ministry of Environment 2009; Bhavsar et al. 3).

Polychlorinated Naphthalenes (PCNs)
These chemicals are also “dioxin-like”, having similar structures and properties to PCDDs/PCDFs
and dioxin-like PCBs. They were used as dielectrics for flame resistance and insulation in capacitors and
cables and are also formed in combustion processes (Falandysz 1998). Although production is thought to
have ceased in the 1970s, there have been reports of some materials in the marketplace containing PCNs
(Yamashita et al. 2003). Relatively elevated concentrations of PCNs have been found in sediments of the
Trenton Channel in the Detroit River and in Lake Ontario, downstream of the Niagara River, both areas
where chemical manufacturing and historical use have resulted in contamination (Helm, Kannan and
Bidleman 2006).
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INTRODUCTION
Field work for a high-density lake sediment and water geochemical survey of the Separation Lake
area, in northwestern Ontario, was carried out between July 27 and August 22, 2010. The survey area is
centred on Separation Lake and Umfreville Lake, which are located approximately 55 km north of Kenora
in northwestern Ontario (Figure 37.1). The survey completely covered the area defined by National
Topographic System (NTS) 1:50 000 scale map sheets 52 L/1, 52 L/2, 52 L/7, 52 L/8 and partially
covered the area outlined by map sheets 52 L/3 and 52 L/6. This survey area covers rocks with known
exploration potential e.g., nickel-copper-chromium-platinum group elements (PGE) associated with
ultramafic to mafic intrusions in the Rex–Werner–Bug lakes area of the English River Subprovince; rare
metals and/or rare earth elements (REE) related to the Big Whopper, Big Mack and Marko’s pegmatites
within the Separation Lake greenstone belt) and also a large area with relatively unknown potential (e.g.,
granitoids within the Winnipeg River Subprovince and metasedimentary rocks of the English River
Subprovince).
A total of 1723 water samples and 2880 lake sediment samples were collected over an area of
approximately 4600 km2. The 2880 sediment samples comprise 1471 shallow samples (<15 cm sediment
depth) and 1409 deep samples (>15 cm sediment depth). The total of 1723 lake sites visited corresponds
to an average density of 1 sample site per 2.7 km2 of area. This survey is the first regional lake sediment
geochemistry coverage to be completed over the region. The results of this survey will provide regional
geochemical data for both mineral exploration and environmental baseline purposes at a high resolution.

REGIONAL SETTING AND GEOLOGY
The project area lies within uplands of the James Bay Region physiographic division of the Canadian
Shield (Bostock 1970). Topography across the study area is largely bedrock controlled with the highest
elevations (~480 m asl) corresponding to underlying Archean granitoid rocks. The southeastern and
northeastern portions of the survey area feature the highest elevations and the most consistently rugged
landscape. Topography is generally much more subdued along the western border of the survey area,
with relief rarely exceeding 50 m.
The survey area straddles the boundary between rocks of the English River and Winnipeg River
subprovinces (Sanborn-Barrie 1988; OGS 1991). This boundary separates dominantly metasedimentary
rocks of the English River terrane to the north from mainly metamorphosed granitoid rocks of the
Winnipeg River terrane to the south (Breaks and Bond 1993; Beakhouse 1991). Between the 2 terranes
Summary of Field Work and Other Activities 2010,
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lies the Separation Lake greenstone belt, which is the eastern extension of the Bird River Subprovince
(Breaks 1991). The boundary zone was a focus for emplacement of rare metal pegmatites (Breaks,
Selway and Tindle 2003), including the Separation Lake fields (Blackburn and Young 2000).
Mineral exploration activity within the study area has historically been focussed on 2 areas; the Rex–
Werner–Bug lakes area within the English River Subprovince and the Separation Lake greenstone belt.
The Rex–Werner–Bug lakes area is a prospective area for magmatic nickel-copper-chromium-PGE
associated with ultramafic to mafic lenses and pods and cooper-cobalt associated with skarnoids within
narrow deformation zones (Parker 1998). The Werner Lake Cobalt mine operated from approximately
1932 to 1944 and, more recently, Canmine Resources Corporation conducted advanced underground
exploration on their Werner Lake cobalt zone in 1996 (Parker 1998).
Within the Separation Lake greenstone belt, the primary exploration focus is rare metals (e.g.,
lithium, tantalum, cesium, rubidium) associated with pegmatite bodies (Breaks and Tindle 1997). The
most significant of these are the Big Whopper, Big Mack and Marko’s pegmatite. The most advanced
project is Avalon Rare Metals Inc. Big Whopper deposit, which is reported to contain a petalite resource
of more than 8.9 million tonnes grading 1.34% Li2O, 0.007% Ta2O5 and 0.30% Rb2O
(avalonraremetals.com/projects/separation_rapids, accessed October 1, 2010). The most recent bedrock
mapping for this region was published by the OGS in 2008 (Blackburn, Young and Breaks 2008a,
2008b).
Detailed (1:50 000) Quaternary mapping coverage exists for the northern half of the survey area
(Morris 1993, 1994, 1999). Regional scale mapping (1:506 880) of the surficial geology was published

Figure 37.1. Location map of the 2010 Separation Lake area lake sediment and water survey.
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by Zoltai (1965). Regional compilations at a scale of 1:1 000 000, which include the Separation Lake
study area, have also been completed and published (Barnett, Henry and Babuin 1991; Sado et al. 1995).
These compilations, in part, have drawn upon a 1:100 000 scale northern Ontario engineering geology
terrain study (NOEGTS) map that covers the study area (Neilson 1989). These sources indicate that the
most common surficial material within the survey area is a thin (<1 m thick), discontinuous layer of sandy
till. Patches of thicker till that completely obscure bedrock are rare and, if present, typically occur on the
lee of bedrock highs and in bedrock depressions (Morris 1999). Glaciolacustrine deposits are also
common and associated with areas of low topography, particularly within and around the perimeters of
large lakes (e.g., Umfreville and Separation lakes). Glaciofluvial deposits (sand and gravel) are relatively
minor and occur primarily within bedrock-controlled valleys and present drainage spillways.
Dominant ice direction, based on bedrock striations and other ice flow indicators, was toward the
southwest at approximately 226° (Morris 1999).

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. Based on average sediment rates of approximately 1.5 cm per decade
within lakes on shield landscapes (e.g., Hunt 2003; Dickman and Fortescue 1991), the shallow sample is
considered to represent sedimentation during approximately the past 100 years and, therefore, may be
subject to 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 1.0 m using a weighted intake hose and pump.
Water-quality parameters, including pH and conductivity, were measured at each lake site using a flow
cell attached to a multi-parameter probe. Lake water was pumped from each lake and allowed to purge
the sampling system prior to the collection of a 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.
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.

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 partial 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).
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Water samples were passed through 0.45 µm syringe filters and acidified to 1% ultrapure nitric acid
within 6 hours of collection. Analysis of water will include direct aspiration ICP–MS to determine
approximately 50 elements. 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
In 2009, the Ontario Geological Survey (OGS) initiated a project to evaluate the shale gas potential
of Paleozoic shale units present in southern Ontario. The initial phase of the project involved the
identification of the most promising units, from which it was decided to focus on the Kettle Point,
Marcellus, and Georgian Bay–Blue Mountain formations and the Collingwood Member of the Lindsay
Formation. These units have been recognized for their high organic content, for being the source rock of
economic natural gas accumulations and for being the equivalents of proven shale gas units in contiguous
states and/or provinces (Barker 1985; Béland Otis 2009). The second phase of the project involves
evaluation of the shale gas potential of each unit. The most effective way to do so is to drill each unit and
collect core samples in canisters and analyze them for gas concentration and other key parameters. The
OGS plans on drilling and collecting samples from all potential shale gas units, but, for now, only the
Kettle Point Formation has been drilled and sampled.

KETTLE POINT FORMATION
The Kettle Point Formation is an Upper Devonian unit that consists of up to 105 m of dark brown to
black organic-rich shales and siltstones and subordinate organic-poor, grey-green silty shale and siltstone
interbeds (Armstrong and Carter 2010). It is overlain by either the Port Lambton Group or by glacial drift.
It is thermally immature and reaches total organic content (TOC) values up to 14.6% (Obermajer 1997;
Armstrong 1986). It is stratigraphically equivalent with the Antrim Shale in Michigan, the Ohio Shale of
Ohio and the New Albany Shale of New York (Hamblin 2006). It also has been associated with numerous
gas shows in water and gas wells (Carter, Fortner and Béland Otis 2009). In Michigan, gas associated
with the Antrim Shale has been characterized as biogenic, meaning that some component of the gas can
be attributed to microbial production (Martini et al. 1996, 1998; Martini, Walter and McIntosh 2008). The
extension of the Kettle Point Formation in Ontario is limited to southwestern Ontario and Lake Erie
(Figure 38.1).

DRILLING AND SAMPLING PROGRAM
In March and April 2010, the OGS co-ordinated the drilling and sampling of 2 boreholes through the
Kettle Point Formation in Moore (OGS-SG10-01) and Sombra (OGS-SG10-02) townships in
southwestern Ontario (see Figure 38.1). In each well, core samples of about 30 cm in length were
collected approximately every 3 m and stored in a specialized canister designed to measure the gas
Summary of Field Work and Other Activities 2010,
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content over time. The core was also analyzed for gas composition, isotopic composition of methane, total
organic content, gas, oil and water saturation, permeability, porosity, mineralogy, adsorption isotherms
and cutting of thin sections. Both wells were also geophysically logged for various parameters (gammaray, density, sonic, porosity, televiewer, etc.) and were then plugged.

PRELIMINARY RESULTS
At the time of publication not all results have been obtained by the OGS and, thus, only preliminary
data are presented. Table 38.1 presents gas data (content, composition and isotopes) and Table 38.2
presents all other results (total organic content, typical Gas Research Institute (GRI) analyses and
mineralogy). Future results to come include total organic content and Rock-Eval pyrolysis, adsorption
isotherms, residual gas content and thin sections.
Both wells terminated in the Hamilton Group, which stratigraphically underlies the Kettle Point
Formation. The thickness of Kettle Point Formation intersected in each well were just a little over 80 m as
shown in Figure 38.2. The main difference between the wells is the presence of Port Lambton Group
strata overlying the Kettle Point Formation in well OGS-SG10-01. The Kettle Point Formation was noted
to comprise mainly black to brown and green shale. Bioturbation was also observed and was always
associated with the presence of green beds. Some clay seams were also identified, mainly in the upper
sections of the unit. Natural fractures were recognized in both the core and the geophysical televiewer log.
As evaluated by the televiewer, dip of these fractures varied between 15° and subvertical and most of
them were open, even though a few were healed.

Figure 38.1. Isopach map of the Kettle Point Formation in southwestern Ontario and 2010 drilling locations (modified from
Carter, Fortner and Béland Otis 2009).
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Table 38.1. Gas content results for boreholes OGS-SG10-01 and OGS-SG10-02 as of September 2010.
Sample

Depth Interval
(m)

Stratigraphic Unit

Calculated
Lost Gas
(scf/ton)

Measured
Desorbed Gas
(scf/ton)

OGS-SG10-01-01
OGS-SG10-01-02
OGS-SG10-01-03
OGS-SG10-01-04
OGS-SG10-01-05
OGS-SG10-01-06
OGS-SG10-01-07
OGS-SG10-01-08
OGS-SG10-01-09
OGS-SG10-01-10
OGS-SG10-01-11
OGS-SG10-01-12
OGS-SG10-01-13
OGS-SG10-01-14
OGS-SG10-01-15
OGS-SG10-01-16
OGS-SG10-01-17
OGS-SG10-01-18
OGS-SG10-01-19
OGS-SG10-01-20
OGS-SG10-01-21
OGS-SG10-01-22
OGS-SG10-01-23
OGS-SG10-01-24
OGS-SG10-01-25
OGS-SG10-01-26
OGS-SG10-01-27
OGS-SG10-01-28

50.75–51.05
52.44–54.53
57.27–57.58
61.87–62.18
64.89–65.20
67.76–68.06
70.93–71.29
73.79–74.10
76.87–77.18
78.43–78.73
83.00–83.30
86.14–86.44
89.18–89.49
92.23–92.54
97.26–97.57
100.28–100.58
103.36–103.66
106.38–106.68
109.45–109.76
112.47–112.78
115.46–115.76
118.57–118.87
121.62–121.92
124.63–124.94
127.35–127.65
130.76–131.06
133.81–134.11
136.82–137.13

Port Lambton Gp
Port Lambton Gp
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm

1.1
0.6
0.5
2.0
0.5
1.1
1.3
1.8
1.7
2.4
1.1
1.6
1.4
0.8
1.3
1.1
0.8
2.0
0.4
0.4
0.3
1.2
1.0
0.8
0.7
0.3
1.2
0.3

1.6
1.4
9.7
18.3
11.3
14.5
16.7
16.4
15.8
12.8
11.7
9.8
2.4
2.1
8.9
12.6
11.8
11.0
10.2
7.5
5.0
5.9
4.8
4.6
3.2
3.2
8.0
3.0

OGS-SG10-02-01
OGS-SG10-02-02
OGS-SG10-02-03
OGS-SG10-02-04
OGS-SG10-02-05
OGS-SG10-02-06
OGS-SG10-02-07
OGS-SG10-02-08
OGS-SG10-02-09
OGS-SG10-02-10
OGS-SG10-02-11
OGS-SG10-02-12
OGS-SG10-02-13
OGS-SG10-02-14
OGS-SG10-02-15
OGS-SG10-02-16
OGS-SG10-02-17
OGS-SG10-02-18
OGS-SG10-02-19
OGS-SG10-02-20
OGS-SG10-02-21
OGS-SG10-02-22
OGS-SG10-02-23
OGS-SG10-02-24
OGS-SG10-02-25
OGS-SG10-02-26
OGS-SG10-02-27

22.19–22.49
23.47–23.77
27.13–27.43
30.18–30.48
33.22–33.53
35.94–36.24
40.84–41.15
43.89–44.20
46.63–46.94
49.53–49.83
53.04–53.34
55.72–56.02
59.01–59.31
62.15–62.45
65.11–65.41
68.12–68.43
71.32–71.63
74.37–74.68
75.44–75.74
78.82–79.13
82.05–82.36
85.04–85.34
88.06–88.36
90.86–91.17
94.27–94.58
97.32–97.63
100.31–100.61

Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm
Kettle Point Fm

0.5
0.3
3.8
2.9
3.0
1.3
1.1
0.5
0.4
0.9
1.4
0.7
1.3
1.8
1.8
1.1
1.1
0.3
1.1
2.7
1.2
2.1
1.0
1.3
1.7
3.1
0.9

6.5
4.7
9.6
4.6
7.7
8.5
7.8
9.5
8.1
6.9
4.9
9.1
10.6
2.7
8.0
5.1
5.0
6.5
8.0
10.3
7.3
5.7
9.3
7.4
5.5
12.3
10.1

C1
(%)

C2
(%)

C3+
(%)

δ13C1
(‰)

δDC1
(‰)

91.5

7.9

0.6

–54.53

–296.7

85.2

9.4

5.4

–52.9

–305.4

86.0

10.3

3.7

–51.33

–308.7

99.8

0.1

0.1

–39.75

–241.1

92.2

5.4

2.5

–36.89

–269.1

85.7

10.2

4.1

–50.59

–286.5

Notes: C1 = methane, C2 = ethane, C3 = propane and heavier hydrocarbons, scf = standard cubic feet.
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Depth
(m)

Total
Gas
Organic Saturation
Carbon as received
(wt %)
(%)

Grain
Density
(g/cm3)

KP1-11a

38-4

9.22

8.67

0.39

11.17

43.2

33.7

9.4

50.0

29.9

36.8

9.4

2.518

2.482

2.537

2.857

2.503

2.353

2.792

53.01

58.67

58.70–59.01

61.66–61.97

87.75–88.06

97.02–97.32

KP2-13

KP2-11a

KP2-11b

KP2-10b

KP2-05b

KP2-02b

78.74

78.43–78.73

KP2-19b

KP2-15b

35.63–35.94

KP2-23b

KP2-15a

27.13

26.82–27.13

KP2-23a

5.13

2.72

5.42

9.87

41.9

29.2

32.2

33.2

37.2

33.2

54.0

2.415

2.439

2.811

2.583

2.567

2.440

2.490

OGS-SG10-02 (Longitude: 82.29156°W, Latitude: 42.63895°N)

133.44–133.75

109.42

KP1-12b

KP1-03b

106.07–106.38

KP1-18b

121.23

88.91–89.21

KP1-18a

121.25–121.55

88.87

KP1-23b

KP1-07b

73.49–79.79

KP1-27b

KP1-07a

61.24

61.26–61.57

KP1-27a

53.92–54.22

KP1-29b

OGS-SG10-01 (Longitude: 82.37408°W, Latitude: 42.79890°N)

Sample

8.74

7.52

12.37
6.03
7.19

-3

5.28×10-5
-6

8.38×10

2.63×10

9.20

1.82×10-3

1.04×10-5

8.71

8.13

-3

1.07×10

12.45

1.80×10-4

5.41×10

6.91

-6

5.14

1.51×10-5

3.16×10-6

10.76

1.42×10-5

1.11×10

10.04

-5

6.94

1.11×10-4

1.66×10-4

13.0

18.8

<0.1

2.2

8.3

5.4

6.0

6.5

14.6

5.0

2.3

6.4

4.1

<0.1

45.1

52.0

67.8

64.6

54.5

61.4

39.9

50.3

51.7

85.6

47.8

63.6

59.1

90.6

44

51

43

51

35

44

50

3

3

2

4

5

5

3

1

3

2

2

5

0

6

16

7

8

12

2

7

0

36

36

45

31

53

44

41

Quartz Feldspar Carbonates Pyrite + Total
Water
Porosity
Oil
Matrix
(wt %)
(%)
Marcasite Clay
Saturation Saturation (wt %) (wt %)
Permeability
(wt %) (wt %)
(%)
(%)
(mD)

Table 38.2. Total organic content, typical Gas Research Institute (GRI) analyses and mineralogy results as of September 2010.
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Figure 38.2. Geophysical gamma-ray (GR) logs of both wells. Grey bars indicate total gas content (scf/ton). Notice change of
horizontal scales between the 2 wells. Abbreviations: GR = gamma ray; scf/ton = standard cubic feet per ton.
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Figure 38.2 also presents the calculated total gas content contained in the degassing canisters with
depth. At the time of publication, readings of gas content were still not complete. The most up-to-date
reading was on September 13, 2010. Residual gas content analysis will also be done on the majority of
samples. However, the preliminary gas content results seem to be strongly linked to the gamma-ray log,
especially as seen in the upper section of well OGS-SG10-01. This same well also presents higher
quantities of gas, considering the different horizontal scales of both logs.
Hydrocarbon gas composition analyses indicate that the main component is methane (C1 > 85%). It
actually represents more than 99% in sample OGS-SG10-02-06. Also, the heavier hydrocarbons (C3+) can
represent more than 5% of gas composition. Some gas samples have also been analyzed for isotopes of
methane (δCCH4 and δDCH4). This type of analysis helps to identify the origin of the gas. As seen in Figure
38.3, all samples from well OGS-SG10-01 plot as a cluster in the mixing zone between thermogenic and
microbial types of play. Samples from well OGS-SG10-02 are more variable and one of them indicates a
pure thermogenic origin.
The Kettle Point Formation is mainly made of quartz (35 to 51%) and clays (>30%). The proportion
of iron sulphides can reach up to 12%, which is seen in core by the presence of pyrite (disseminated,
nodules, laminated along bedding planes). Also, initial analytical results have returned total organic
content of up to 11.17%. The preliminary results tend to agree with Russell (1985) who observed a strong
correlation between total organic content and the gamma-ray log profile.

Figure 38.3. Graph showing δ13CCH4 versus C1/[C2+C3], where C1 = methane, C2 = ethane and C3 = propane. Open squares
represent data from well OGS-SG10-01 and filled circles represent data from well OGS-SG10-02. Microbial and thermogenic
fields were taken from Martini et al. (1996). Local groundwater gas composition was provided given by S.M. Hamilton (Ontario
Geological Survey, personal communication, September 2010).
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PRELIMINARY INTERPRETATIONS AND CONCLUSION
Preliminary gas content results show greater quantities of gas in well OGS-SG10-01 and a stronger
correlation with the gamma-ray log and, therefore, with total organic content, especially in the upper
section of the well. This could be due to greater biogenic gas production in the well, as shown in the
methane isotopic data. Furthermore, it would explain the diminution of gas with depth. Indeed, current
hypotheses concerning biogenic plays state that freshwater needs to be introduced in the system to flush
saline waters and allow microbes to produce gas (Martini et al. 1996, 1998; Martini, Walter and McIntosh
2008). Possibly, this freshwater only infiltrates the upper strata and prevents any biogenic production of
gas at great depths in well OGS-SG10-01. In the second well (OGS-SG10-02), the lesser amount of
biogenic gas could explain the lower levels of gas content. However, the great variability of isotopic
values has to be further investigated.
Despite not having all analytical results, the preliminary results affirm gas of 2 different origins within
the Kettle Point Formation. The economic viability of the formation remains unknown. Hydrogeological
studies of the Kettle Point Formation should be initiated to learn more about the possible connection
between hydrology, geochemistry, microbes and gas generation in the Kettle Point Formation, in part, to
help clarify the relationship between the geology and natural gas identified in groundwater wells.
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INTRODUCTION
The Ontario Geological Survey (OGS) is working with the Geological Survey of Canada (GSC) and
other provincial and territorial surveys to assess the hydrocarbon resource potential of the Hudson
Platform. This project is being conducted under the GSC’s Geo-mapping for Energy and Minerals (GEM)
program. The Hudson Platform consists of mainly Paleozoic sedimentary rocks deposited in and adjacent
to the Hudson Bay, Moose River and Foxe basins (Figures 39.1 and 39.2). The Platform constitutes close
to 25% of Canada’s landmass, covering a large part of southern Nunavut, significant onshore areas of
Manitoba and Ontario, and a small part of northeastern Quebec. It represents today’s frontier in both
geoscience and hydrocarbon systems knowledge.
Previous hydrocarbon resource assessments of the Hudson Bay and Moose River basins concluded
that the basins were too shallow and thermally immature to have generated economically significant
quantities of hydrocarbon. Consequently, the Hudson Bay Basin has only been tested by 5 offshore wells,
9 onshore wells (see Figure 39.2) and a modest amount of low-quality seismic surveys in the offshore.
All of this activity occurred more than 25 years ago.
Recent reviews of available geological and geophysical data (e.g., Hamblin 2008) suggest that the
Hudson Bay Basin contains many prospective petroleum reservoir and trap types, including potential
hydrothermal dolomite. Recent stratigraphic and geochemical studies (Zhang and Barnes 2007; Zhang
2008) indicate the widespread presence of Upper Ordovician oil shales that may have generated
hydrocarbons in the deepest parts of the Hudson Bay Basin. The stratigraphic record indicates 2 or more
periods of uplift and erosion, an important consideration in evaluating thermal history of potential
hydrocarbon source rocks. New high-resolution bathymetric surveys in northern Hudson Bay have led to
the recognition of circular sea-floor depressions similar to fluid-escape pockmarks, possible evidence of
hydrocarbon migration (Lavoie et al. 2010).
Archival deep-drill cores in Manitoba and Ontario are currently being re-logged (see Nicolas and
Lavoie 2009) and sampled as part of a review and revision (if necessary) of basin-wide stratigraphy. This
work will integrate into the creation of a basin-wide three-dimensional (3D) geologic model and
evaluation of the elements necessary for “hydrocarbon systems”. Preliminary results from logging and
analysis of cores from northern Ontario are presented in this report.

Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.39-1 to 39-9.
© Queen’s Printer for Ontario, 2010
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GEOLOGIC SETTING
The Hudson Platform contains the large Hudson Bay Basin and 2 smaller adjacent basins, the Foxe
and Moose River basins, to the north and south, respectively (see Figure 39.2). These basins are
surrounded and underlain by Precambrian rocks of the Churchill and Superior provinces. The Hudson
Bay Basin is separated from the Foxe and Moose River basins by the Boothia–Bell and the Cape
Henrietta Maria arches, respectively (see Figure 39.2).
The basins of the Hudson Platform are the least studied intracratonic basins in North America. The
surface area of the Hudson Bay Basin rivals other intracratonic basins, such as the Michigan and
Williston basins (see Figure 39.1), although its preserved sedimentary succession is significantly thinner
(see below). In the middle of the Hudson Bay Basin is a north-northwest-trending, fault-bounded, horstlike structure, interchangeably called the Central Hudson Bay Arch, Central Uplift or Mid-Bay Shoal
(Sanford and Grant 1998; Norris 1993).

Figure 39.1. Phanerozoic sedimentary cover of North America highlighting the Hudson Platform (blue outline) and major
intracratonic basins (modified from Leighton 1996). Contours indicate elevation of the basement surface beneath Phanerozoic
cover in kilometres below sea level (kbsl).
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Overviews of the Paleozoic stratigraphy of the Hudson Platform are provided by Hamblin (2008),
Norris (1993) and Sanford, Norris and Bostock (1968). The Hudson Bay Basin contains up to 2500 m of
Upper Ordovician to Upper Devonian and possible Cretaceous shallow marine sediments. The Moose
River Basin contains approximately 500 m of Upper Ordovician to Upper Devonian shallow marine to
terrestrial sediments, partially covered by as much as 200 m of Jurassic and Cretaceous lacustrine and
fluvial sediments (Johnson et al. 1992). The stratigraphy of these 2 basins is summarized in Figure 39.3.

Figure 39.2. General bedrock geology of the Hudson Bay and James Bay areas showing major tectonic elements and the
locations of onshore and offshore wells (from Zhang 2010). Abbreviations: FB = Foxe Basin; HBB = Hudson Bay Basin;
MRB = Moose River Basin.
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The initial focus of this project in Ontario is to confirm the presence, character and distribution of
potential hydrocarbon source rocks in the Upper Ordovician section. The Ordovician of the Hudson
Platform has been subdivided into 4 main stratigraphic units, which, in ascending order, are the Bad
Cache Rapids Group, Boas River Formation, Churchill River Group and Red Head Rapids Formation.
Although not shown in Figures 39.3 or 39.4, the Boas River Formation has been identified in northern
Ontario (see Sanford and Grant 1998; discussed below). The Bad Cache Rapids and Churchill River
groups have been subdivided into formations in Manitoba (e.g., Nelson 1963), yet are not presently
recognized in Ontario. The Bad Cache Rapids and Churchill River groups will be investigated during the
course of this project.

PRELIMINARY RESULTS
In Ontario, the southern part of the Hudson Bay Basin underlies the Hudson Bay Lowland. Here, the
Paleozoic succession is approximately 1000 m thick in the extreme northwestern part of the province.
Outcrops are almost exclusively located along rivers and shore (see Sanford, Norris and Bostock 1968).
In general, thick Quaternary and recent sediment cover severely limits bedrock exposure elsewhere in the
lowlands.

Figure 39.3. Composite stratigraphic columns for the Hudson and Moose River basins highlighting stratigraphic positions of oil
shales (from Zhang 2008; modified from Sanford and Grant 1990).
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Very few wells are known to exist in this region (see Figure 39.4). One of these, Pen No. 1, drilled
adjacent to Pen Island near the Manitoba border by Aquitaine and others in 1969, is being used in this
study for regional correlation. The well was cored and geophysically logged to Precambrian basement.
Quarter sections of the Pen No. 1 core are archived at the Ministry of Northern Development, Mines and
Forestry (MNDMF) office in Timmins and the Oil, Gas and Salt Resources (OGSR) Core Library in
London. Canadian Nickel Co. Ltd. (INCO) drilled a series of cores through Paleozoic strata in the upper
Winisk River area in 1971. Two of these “INCO-Winisk” cores are archived at the MNDMF office in
Timmins. In 1978–1979, Prospection Ltd. drilled a series of cores through the Paleozoic strata between
the Sutton Ridge and Winisk River. Only telescoped segments of 5 of these cores remain in storage at the
OGSR Library. In 2001, Wallbridge Mining Ltd. drilled a hole approximately 110 km southwest of Fort
Severn. This hole was cored through approximately 200 m of Paleozoic strata into Precambrian
basement. Although the Wallbridge core remains in the field at the drill location, an effort will be made
during this project to log and sample it.
There is considerably more subsurface information afforded in the Moose River Basin by historical
and recent diamond drilling for several commodities (e.g., lignite, diamonds) and purposes (e.g.,
stratigraphic tests, hydroelectric development). Relatively recent exploratory drilling by a number of
companies for diamond-bearing kimberlites in the Attawapiskat River area and for metallic mineral
resources in the “Ring of Fire” area to the west (see Figure 39.4) have resulted in many holes being cored
through the Paleozoic succession. Representative cores from these areas will be sought, logged and
sampled for this study.

Figure 39.4. Paleozoic geology of the Hudson Bay Lowlands in Ontario, showing locations of known cored holes (geology from
Ontario Geological Survey 1991).
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Figure 39.5. Lithologic log and total organic content (TOC in weight %) profile for INCO-Winisk core #49212.
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In 2010, preliminary lithologic logging was conducted on the Pen No. 1 core and the 2 INCO-Winisk
cores (INCO #49212 and #49204). Sanford and Grant (1990) previously reported the occurrence of the
petroliferous shales of Boas River Formation in the INCO-Winisk cores, based on biostratigraphic
analysis of McCracken (1990). Re-logging of these 2 cores, as part of the current project, confirmed the
presence of these potential oil source rocks.
The 2 INCO-Winisk cores, #49204 and #49212, were both drilled at approximately 60° from the
horizontal, so all core depths reported herein have been corrected to true vertical depth. INCO-Winisk
core #49204 encountered approximately 20 m of grey noncalcareous mudstone starting at a depth of
62 m. Biostratigraphic analyses of samples near the top of this unit (M.A. Miller in Ziegler and Rowley
1998) suggest that this unit is Cretaceous in age. Core recovery for this hole was relatively poor;
therefore, the basal contact of this ?Cretaceous unit with the underlying Paleozoic is obscured. There
appears to be a thin remnant of Churchill River Group limestone overlying approximately 6 m of mainly
dark brown to black, bituminous, very fine-grained limestone of the Boas River Formation. The Boas
River Formation appears to conformably overlie the Bad Cache Rapids Group. The Bad Cache Rapids
Group consists of approximately 15 m of limestone overlying 3 m of calcareous sandstone.
INCO-Winisk core #49212 has a more complete Paleozoic section preserved. A simplified
lithologic log of this core is presented Figure 39.5. No apparent Cretaceous sediments were found in this
core. The core encountered 9.5 m of organic-rich, Boas River Formation limestone, beneath 52 m of
Churchill River Group limestone and dolostone. Underlying the Boas River limestone is approximately
11 m of fossiliferous limestone and thin basal sandstone unit of the Bad Cache Rapids Group.
The organic-rich Boas River Formation limestone and selected intervals in adjacent units were
sampled for Rock Eval6 analysis at the Geological Survey of Canada laboratory in Calgary. Results of
these analyses are presented in Table 39.1. Boas River Formation samples contained up to almost 13%
total organic carbon (TOC) with an average for 13 samples from both cores of 7.27%. Tmax values, that
is, the temperature at peak hydrocarbon (HC) production, for the Boas River samples ranged from 420 to
426°C. This indicates the Boas River Formation sediments at this locality are thermally immature with
respect to hydrocarbon generation. Deeper, in the middle of the Hudson Bay Basin, this unit or its
equivalent would likely be more mature (Zhang 2008). Further analyses of the organic matter in these
cores are being conducted.
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Table 39.1. Summary of Rock Eval6 results for chip samples from INCO-Winisk cores #49212 (samples 10DKA001a to
10DKA001k) and #49204 (samples 10DKA002a to 10DKA002q).

Sample #

Depth
(ft)

Vertical Depth Stratigraphy
(m)

10DKA001a

391.00

103.21

10DKA001b

399.00

10DKA001c
10DKA001d

Tmax

TOC

HI

S1

S2

Churchill River

423

2.61

464

0.46

12.11

105.32

Boas River Fm

425

8.71

597

2.14

51.97

405.67

107.08

Boas River Fm

422

7.6

579

1.69

44.03

410.00

108.22

Boas River Fm

423

9.05

593

2.25

53.67

10DKA001e

416.00

109.80

Boas River Fm

422

12.84

558

3.06

71.67

10DKA001f

422.00

111.39

Boas River Fm

420

7.92

535

1.96

42.35

10DKA001g

426.00

112.44

Boas River Fm

424

6.29

582

1.72

36.61

10DKA001h

431.00

113.76

Boas River Fm

426

5.93

634

1.59

37.59

10DKA001i

435.00

114.82

Bad Cache Rapids

426

4.98

611

0.91

30.41

10DKA001j

440.25

116.20

Bad Cache Rapids

423

4.71

552

1.11

26.02

10DKA001k

446.00

117.72

Bad Cache Rapids

428

0.58

417

0.15

2.42

10DKA002a

235

62.03

?Cretaceous

430

1.01

69

0.1

0.7

10DKA002b

245

64.67

?Cretaceous

432

0.93

72

0.1

0.67

10DKA002c

255

67.31

?Cretaceous

427

1.02

72

0.08

0.73

10DKA002d

265

69.95

?Cretaceous

431

0.9

74

0.09

0.67

10DKA002e

275

72.59

?Cretaceous

430

0.87

67

0.08

0.58

10DKA002f

285

75.23

?Cretaceous

428

0.94

96

0.12

0.9

10DKA002g

295

77.87

?Cretaceous

430

0.89

69

0.1

0.61

10DKA002h

300

79.19

?Cretaceous

435

0.82

57

0.06

0.47

10DKA002i

307

81.03

?Cretaceous

433

2.29

193

0.32

4.41

10DKA002j

310

81.83

Churchill River

430

0.31

52

0.02

0.16

10DKA002k

315

83.14

Boas River Fm

422

7.9

634

2.56

50.06

10DKA002l

320

84.46

Boas River Fm

421

9.28

594

3.11

55.09

10DKA002m

325

85.78

Boas River Fm

423

4.19

556

1.34

23.31

10DKA002n

330

87.10

Boas River Fm

426

5.06

620

1.66

31.39

10DKA002o

335

88.42

Boas River Fm

422

6.51

580

2.15

37.76

10DKA002p

340

89.74

Boas River Fm

425

3.28

596

1.35

19.56

10DKA002q

345

91.06

Bad Cache

426

0.38

192

0.14

0.73

Notes: Depth (ft) = depth down hole from surface in feet. Vertical Depth (m) = true vertical depth from surface in metres.
RockEval6 parameters include Tmax (°C) = temperature at peak hydrocarbon (HC) production; TOC = total organic carbon in
weight %; HI = hydrogen index (= S2/TOC*100); S1 = hydrocarbons (mg of HC/g of rock) volatilized at 300°C;
S2 = hydrocarbons (mg of HC/g of rock) evolved from sample during ramped heating from 300 to 600°C.
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INTRODUCTION
Because silicate rocks are composed of discrete minerals of different chemical compositions and
physical properties and, therefore, are inherently inhomogeneous materials, the precision of an analysis is
limited by the homogeneity of the pulverized sample and the analyst’s ability to obtain a representative
subsample of the bulk material. Although many of the problems associated with sample heterogeneity
may be overcome by further reducing the material’s grain size, the use of larger sample masses or
rehomogenization prior to analysis, problems can still arise in the analyses of particular major and trace
elements, especially when

the elements are predominantly present at high concentrations in minor discrete, commonly
non-silicate, accessory phases;

the elements are present in phases whose hardness or density contrast greatly with those of the
bulk material, creating particle-size and/or particle-mass contrasts that lead to differential settling
and segregation (especially if stored in an environment subject to vibration); and/or

there is limited scope for rehomogenization prior to subsampling.
Affected elements might include phosphorous (apatite), titanium (titanite, rutile), chromium
(chromite), zirconium and hafnium (zircon), tin (cassiterite), light rare earth elements (LREE) (monazite),
yttrium and heavy rare earth elements (HREE) (xenotime), gold and the precious metals (alloys,
sulphides, arsenides, tellurides and antimonides), thorium and uranium.
The current method of sample preparation at the Geoscience Laboratories (Geo Labs) involves

initial jaw crushing of samples to >70% at <10 mesh (2 mm),

riffle splitting to obtain ~150 g for pulverizing to >90% at <170 mesh (88 μm) in a planetary
ball mill (the remaining crushed material being archived), and

homogenization and storage of the pulp in a labelled vial and, if additional material is available,
a separate paper packet.
Although the overflow into the paper packet is primarily intended to be used for archival purposes,
when samples are submitted for analysis in several different areas of the laboratory, it is common for
subsamples to be taken from both the vial and paper packet. Whereas sufficient headspace can be left in a
vial for rehomogenization before subsampling, this is not always feasible in the paper packets, possibly
leading to the preservation of heterogeneities created during storage and the removal of a nonrepresentative subsample for analysis. To determine whether this problem is present during analyses at
the Geo Labs, and, if so, its extent, a study was undertaken to examine the within-packet and between
packet and vial homogeneity of sample pulps using samples anticipated to be prone to heterogeneity
based on previous bulk geochemical analyses or sample descriptions.
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.40-1 to 40-6.
© Queen’s Printer for Ontario, 2010
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EXPERIMENTAL DETAILS
Using descriptions supplied by clients at log-in and previously obtained whole-rock major and trace
element data, a suite of 15 samples were selected that
1.

were characterized by descriptions and/or elevated trace element compositions that indicated the
potential for mineralogical heterogeneities,

2.

produced sufficient excess material during sample preparation that an additional paper packet
was required, and

3.

had been stored upright for sufficient time for heterogeneities to develop.

A list of samples and descriptions is given in Table 40.1.
Each paper packet was placed on a horizontal surface, carefully cut open to expose the powder and
subsamples taken from what had been the top, middle and base of the packet. These subsamples, along
with the sample in the original vial, were then homogenized and submitted for routine closed all-in-one
digestion (Geo Labs method code SOL-CAIO) and inductively coupled plasma mass spectrometric (ICP–
MS) analysis (Geo Labs method code IMC-100). To distinguish within-split and between-split variations,
the subsamples from each paper packet were prepared and analyzed in duplicate and the sample in the
original vial was prepared and analyzed in triplicate. The 3 pairs of results for the packets were then
compared using a one-way analysis of variance (ANOVA) to determine whether any within-packet
variations were statistically significant. A two-tailed t-test was also used to compare the 6 analyses from
the packet to those from the vial to determine differences between the 2 sample sources.

Table 40.1. Summary of samples used for homogeneity testing.

LIMS ID

Description

Elevated Trace Elements

07-0181-0001

Layered aplite

Li, Be, Rb, (Ta)

07-0181-0004

Spodumene pegmatite

Li, Be, Rb

07-0181-0005

Pyrite/chalcopyrite in quartz vein

Cu

07-0181-0006

Pyrite/chalcopyrite in quartz

Cu

07-0181-0012

Quartz vein with local sulphides

Cu, (Zn), Sb

07-0212-0044

Rhyolite

Zr

07-0212-0047

Rhyolite

(Y), Zr, (Nb), (REE)

07-0239-0040

Hornblende porphyritic gabbro

Ti

07-0281-0030

Biotite-muscovite sandstone

Sr, Ba, LREE

07-0281-0031

Garnet-cordierite–bearing sandstone

Ti, Sr, Ba, LREE

08-0127-0004

Peridotite

Cr, Ni

08-0429-0029

Syenite

Ti, Sr, Zr, Ba, LREE, (Hf)

08-0429-0040

Carbonatite

Sr, Ba, LREE

08-0429-0042

Carbonatite

Sr, (Mo), Ba, LREE

08-0556-0127

Subalkalic gabbro

Ti, V

Elements in brackets are elevated relative to typical lithologies, but possibly too low to promote heterogeneities.
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RESULTS
The results of the statistical tests are summarized in Table 40.2.
Table 40.2. Results of statistical analysis of the data obtained during the homogeneity testing. Flagged elements showed
differences at the 5% significance level.

LIMS ID
07-0181-0001
07-0181-0004
07-0181-0005
07-0181-0006
07-0181-0012
07-0212-0044
07-0212-0047
07-0239-0040
07-0281-0030
07-0281-0031
08-0127-0004
08-0429-0029
08-0429-0040
08-0429-0042
08-0556-0127

Anomalous Elements
Within-Packet Between Packet and Vial
Layered aplite
Zr, Hf
Be, Sc, Ti
Spodumene pegmatite
Bi
Sc, Sn, Eu
Pyrite/chalcopyrite in quartz vein
Zr, Hf
Cu, Ga, Rb, Sr, Y, In, Cs, Ba, La, U
Pyrite/chalcopyrite in quartz
Sc, W
Nb
Quartz vein w/ local sulphides
Li, Pr, Th
Li, Be, Cu, Ni, Zn, Rb, Sr, Nb, Mo, Cd,
Sb, Ba, Pr, Gd, Tl, Pb, Bi, Th
Rhyolite
Zn, Tm
Be, Cu, Ni, Nb, LREE, MREE, Hf, Ta, U
Rhyolite
Lu
Sr
Hornblende porphyritic gabbro
Cu, Cd, Sb, Cs, Ba, LREE, MREE, Yb
Biotite-muscovite sandstone
Tm, Bi
Li, Ti, V, Cr, Co, Sb, La, Ba
Garnet-cordierite bearing sandstone V, Lu, U
Peridotite
La, Er, Pb
Nb, Sn, Pr, Ho
Syenite
Rb, Ce
Li, Be, Sc, Ti, V, Co, Ni, Y, Sb, LREE
Carbonatite
Ti, Ga, Ta
Li
Carbonatite1
Sub-alkalic gabbro
Sc, Cr, Sr, Cd

Description

1

Within-packet and between packet and vial differences insignificant owing to large within-split variations for many elements.
Abbreviation: MREE, medium rare earth elements.

Within-Split Variations
Carbonatite samples 08-0429-0040 and 08-0429-0042 appear to be highly heterogeneous at the 0.2 g
level and showed significant variations in Y, Zr, Ba, REE, Hf and Th contents even between the replicate
analyses of material taken from the same level within the paper packets and/or vial. The 2 subsamples
from the bottom of the packet of sample 08-0429-0042 showed the most pronounced heterogeneity, with
a 15- to 30-fold difference in REE contents and 5- to 10-fold difference in high-field strength elements
(HFSE) contents between the analyses. Owing to the large variation within each of the subsamples, it was
not possible to determine whether significant variations existed for these elements between the subsamples
within each packet or between the packet and vial. Particle size analysis on samples 08-0429-0040 and 080429-0042 did not indicate the presence of a larger proportion of coarse material that might account for
the apparent heterogeneity and further work is required to constrain the source of this heterogeneity.

Within-Packet Variations
Although one or more elements appear to show significant within-packet differences in almost all of
the samples, this is to be expected given the design of the experiment. Assuming random variations, at
the 5% significance level, 2 to 3 of the 50 elements reported from the method should show “significant”
differences. Examination of the data in more detail shows that either the concentrations of the flagged
elements are close to detection or the difference is small and only flagged because the within-split
differences are smaller still. In almost all cases, the differences within the paper packets are easily within
the ±10% quality objectives of the method and so, although statistically significant, the within-packet
differences are not seen as geochemically meaningful.
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Figure 40.1. Deviation of average concentrations determined using samples in packets from those in the associated vials.
Error bars indicate 1σ uncertainty on packet concentrations. Dashed lines indicate method lower reporting limits.
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Figure 40.2. Deviation of average concentrations determined using samples in packets from those in the associated vials.
Error bars indicate 1σ uncertainty on packet concentrations. Dashed lines indicate method lower reporting limits.
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Packet–Vial Differences
Many elements show significant differences in the concentrations determined for sample powders
originating from paper packets and those determined for sample powders taken from the associated vials
(Figures 40.1 and 40.2). In most cases, the differences between the analyses of the 2 sets of powders is
small and, once again, are only flagged because the within-packet and/or within-vial variations are low
(e.g., Sr, Ba and the LREE). In other cases, the concentrations are close to the reporting limits for the
method, at which greater variation may be expected (e.g., Sb in sample 07-0281-0030, Be in sample
07-0181-0012 and Sn in sample 08-0127-0004). However, the comparison of the data showed that
significant and meaningful differences are present between the concentrations of some elements in the 2
sources, in particular Li and Be in the aplite and carbonatite samples (07-0181-0001 and 08-0429-0040),
Nb in the 2 quartz veins (samples 07-0181-0006 and 07-0181-0012) and Cd in the hornblende porphyritic
gabbro (sample 07-0239-0040). Apart from originating from mineralogical differences between the 2
sample sources, possibly because of grain size segregation during transfer (after homogenization), the
reason for these differences is unclear and is a topic for further work.

SUMMARY


Depending on their mineralogy and/or lithology, significant and meaningful differences can
exist within some samples at the 0.2 g sampling scale following routine pulverization in
alumina planetary ball mills at the Geo Labs (Geo Sample Preparation, method code SAMSPG) and screening through 170 mesh sieves.



Such heterogeneities are not the result of settling within containers (paper packets or vials), but
originate from either the original presence of heterogeneities at the sub-gram level (e.g.,
carbonatite samples 08-0429-0040 and 08-0429-0042) or the bottling process following
homogenization at the end of sample preparation.



In most cases, the level of the heterogeneity is small (<5%), but, for some elements, betweensplit variations can exceed 10%.



Where the mineralogy and/or element concentrations suggest the potential for heterogeneities in
a sample, multiple analyses should be performed to obtain an average value.



Further work is required to constrain the source of the within-split and between-container
heterogeneities.
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INTRODUCTION
In response to the recent increased interest in chromitite orebodies in northern Ontario and observed
deficiencies in the results of whole-rock analyses of chromite-rich rocks using the routine method of
X-ray fluorescence (XRF) analysis on fused glass disks, a customized method for the analysis of
chromite-bearing rocks is being developed at the Geoscience Laboratories (Geo Labs). Before changes to
the instrumental method were considered, it was necessary to optimize the fusions used to produce the
glass disks. Previous studies have shown that chromitite ores can be successfully fused using similar flux
compositions and fusion temperatures and times to those used at the Geo Labs. However, there are
differences in the sample:flux ratios suggested by previous studies owing to the different types of ores
being analyzed and the variable need to obtain data for other major elements as part of the analysis. It is
possible that the concentrations of some of other major element oxides (in particular TiO2, MnO, CaO,
Na2O, K2O and P2O) would fall below the final working range for the method if the low sample:flux
ratios suggested for highly refractory chromite ores (1:50 or less: Gazulla et al. 2006; Corporation
Scientifique Claisse 2008) were used. Consequently, a study was undertaken to determine whether such
low ratios are required and, if not, to determine the optimal sample:flux ratio for the revised method at the
Geo Labs. The results of these studies indicate the following.
•

In addition to digesting all oxide grains, the sample:flux ratio needs to be sufficiently high that
chromium oxide remains undersaturated during cooling of the glass.

•

During fusion, Al, Mg and, to some degree, Fe are initially leached from chromite to produce a
vermicular reaction rim.

•

Adequate results may be obtainable at sample:flux ratios as low as 1:20 for a medium- to highgrade chromitite ore (CHR-Bkg, ~29 weight % Cr2O3), but sample:flux ratios of 1:25 or greater
may be required to ensure complete digestion and retention of Cr2O3 in the glass during the
analysis of chromitites containing up to ~40 weight % Cr2O3.

EXPERIMENTAL DETAILS
Fused disks were prepared using sample:flux ratios of 1:7, 1:10, 1:15, 1:20, 1:25, 1:30 and 1:50 and
the 49.5:49.5:0.5 LiBO2:Li2B4O7:LiI flux routinely used at the Geo Labs for the preparation of fused disks
for XRF analysis. During initial experiments (with sample:flux ratios of 1:7, 1:15, 1:20, 1:30 and 1:50)
fusions were carried out for 10 minutes in 95:5 Pt:Au crucibles using propane-powered fluxers and a
preset program for chrome oxide samples (2 minutes of gradually increasing temperature and stirring
Summary of Field Work and Other Activities 2010,
Ontario Geological Survey, Open File Report 6260, p.41-1 to 41-6.
© Queen’s Printer for Ontario, 2010
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velocity followed by 8 minutes fusion at full temperature and speed, rapid casting and 3 minutes fanassisted cooling). However, visual inspection of the resulting glass disks indicated significant amounts of
unfused material at all sample:flux ratios and a second or (in the case of the routinely used 1:7 ratio) third
fusion was required to produce visually homogeneous disks. During later experiments (using sample:flux
ratios of 1:10, 1:20 and 1:25), the period that the mixture was held at the maximum temperature was
extended to 18 minutes and visually homogenous disks were produced in a single fusion.
To quantify the amount of unfused and/or recrystallized material, fused samples were set into epoxy
and the polished surface imaged using backscattered electrons on a Zeiss EVO® 50 scanning electron
microscope (SEM). The “Feature Analysis” function of the Oxford Instruments Inca software was used
for the automated determination of the areas and compositions of all mineral grains within multiple sample
fields. Analyses were carried out using an accelerating potential of 20 kV and beam current of 750 pA to
prevent degradation of the glass. After analysis, the mineral grains were classified according to their
chemical composition using typical compositions determined for selected grains in each slide. Analyses
were also carried out on the glass component of each sample as a separate measure of digestion efficiency.

RESULTS
Mineral Phases
Feature analyses of the original chromitite sample indicate that it contained ~40% chromite, ~35%
serpentine (with included magnetite), ~25% chlorite, trace amounts of base metal sulphides (pentlandite,
chalcopyrite and pyrrhotite) and rare native Pd grains. Chromite compositions range from Mg# ~60 to 98
and Cr/(Cr+Al) ~56 to 67, with a bimodal distribution and clusters of analyses around Mg# ~68 and ~91.
Particle size analysis based on the feature analysis indicate that >95% of the serpentine and chlorite grains
have effective diameters <20 μm, but the chromite grains are significantly coarser, with 95% having
diameters of 35 to 50 μm.
The fused chromite samples contained up to 4 discrete mineral phases (Photo 41.1):


Relict magnesio-chromite cores containing 33.3 to 36.8 weight % Cr, 10.9 to 12.8 weight % Fe,
8.6 to 9.4 weight % Mg and 9.2 to 11.1 weight % Al (average Mg# ~64 to 71 and Cr/(Cr+Al) of
59 to 64).



Non-stoichiometric vermicular reaction rims surrounding the magnesio-chromite cores and
containing 46.1 to 49.5 weight % Cr, 8.5 to 10.6 weight % Fe, 1.9 to 3.8 weight % Mg and
0.4 to 0.5 weight % Al.



Non-rimmed relict chromite grains containing 30.1 to 39.3 weight % Cr, 20.2 to 27.4 weight %
Fe, 1.6 to 4.2 weight % Mg and 1.0 to 2.4 weight % Al (average Mg# ~30 to 50 and Cr/(Cr+Al)
of 80 to 97).



Subhedral to euhedral 30 to 60 μm chromium oxide grains containing 63.9 to 67.1 weight % Cr,
1.5 to 2.3 weight % Fe, 0.0 to 0.1 weight % Mg and 0.1 to 0.2 weight % Al (with an
approximate composition Cr1.94Fe0.06O3). X-ray diffraction analysis of similar grains in slags
formed during NiS-fusion of chromite-bearing samples indicate that this mineral may be eskolaite,
the Cr analogue of corundum or hematite (D. Crabtree, OGS, unpublished data, 2010).

None of the silicate minerals or more magnesian group of chromite grains appear to survive fusion,
even at the highest sample:flux ratios.
The variation in the abundances of each phase as a function of sample:flux ratio is shown in
Table 41.1, Photo 41.2 and Figure 41.1.
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With decreasing sample:flux ratios, there are sharp decreases in both the size and number of
chromite grains and reaction rims and a gradual decrease in the size and number of relict magnesiochromite cores consistent with progressive assimilation of the chromite by the flux. In contrast, as the
sample:flux ratio decreases, the volume of eskolaite initially increases, reaches a maximum at sample:flux
ratios of 1:10, then decreases with decreasing sample:flux ratios. At sample:flux ratios of 1:25 and less,
no undigested grains were visible, indicating that the samples were wholly digested and that Cr was
retained in the glass during cooling.
Table 41.1. Results of feature analyses of samples of CHR-Bkg fused at different sample:flux ratios.

Dilution Factor

Unfused

1:7

1:10

1:15

1:20

1:25

1:30

Magnification

600

600

600

1000

1000

1000

1000

4

19

58

182

441

N/A

N/A

Field Area (mm )

1.17

5.6

17.0

19.2

46.5

N/A

N/A

No. of Features

716

5315

2575

860

78

N/A

N/A

Mg-Chromite (%)

35.4

0.78

0.056

0.11

0.0131

4.7

0.22

0.030

0.00005

0.51

0.0067

0.00012

0.00001

0.048

1.08

0.27

0.0059

No. Fields
2

Vermicular Rim (%)
Chromite (%)
Cr-oxide (%)

5.9

Photo 41.1. Secondary electron image of partially assimilated magnesio-chromite grain and exsolved eskolaite in CHR-Bkg
fused at a sample:flux ratio of 1:15.
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In general, samples prepared using a single 20 minute fusion contain fewer undigested or residual
grains than those prepared by repeated 10 minute fusions. This indicates that fusion time is not wholly
additive and that, to achieve the best recoveries, a single long fusion should be performed.

Photo 41.2. Back-scattered electron images of original sample and fused disks produced using sample:flux ratios of 1:7, 1:10,
1:15, 1:20 (2 × 10 minute fusion) and 1:30. All images at 200× magnification.
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Glass Compositions
Analyses of the glasses produced during the fusion experiments indicate that the Si, Mg, Al and Fe
contents of the glasses decrease with decreasing sample:flux ratio, as expected owing to dilution.
However, the Cr contents of the glasses formed at sample:flux ratios of 20 or less are relatively constant
at 1.5 to 1.6 weight % owing to saturation of the liquid with respect to Cr2O3 and the presence of exsolved
eskolaite (Figure 41.2). When corrected for dilution, the recoveries of Cr and Fe show a pronounced
improvement with decreasing sample:flux ratio (consistent with the decreasing presence of residual oxide
phases) and most elements show near quantitative recoveries at sample:flux ratios greater than ~1:20.
100
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Remaining Phase (%)

Vermicular Rim
Cr-oxide
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Figure 41.1. Variation in phase volumes as a function of sample:flux ratio. Closed symbols and solid lines: samples prepared
using one 20 minute fusion. Open symbols and dashed lines: samples prepared using two 10 minute fusions.
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Figure 41.2. Variation in glass compositions as a function of sample:flux ratio. Error bars indicate 1σ range of determined glass
compositions. Reference concentrations for CHR-Bkg from Potts, Gowing and Govindaraju (1992).
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SUMMARY AND FURTHER WORK


At high sample:flux ratios, samples enriched in chromite are incompletely fused using the
routine methods used at the Geo Labs, leaving relict grains and/or exsolving Cr2O3.



To obtain adequate fusions, it is necessary to not only digest all phases present in the sample,
but also retain all elements in the cooling glass.



The solubility of Cr2O3 appears to dictate the behaviour of Cr during metaborate/tetraborate
fusions and buffers the Cr content of the glass disks at ~1.6 weight % Cr2O3.



For the complete digestion of chromite at a given sample:flux ratio, a single long fusion is more
effective than repeated fusions of regular length and will be used during future work to establish
an instrumental method.



Although successful fusion of samples containing 30 weight % Cr2O3 was achieved using a
sample:flux ratio of 1:20, fusion of samples containing >40 weight % Cr2O3 (e.g., Blackbird
deposit in the recently discovered “Ring of Fire” mineralization, with intervals of up to
39 weight % Cr2O3: Noront Resources Ltd., news release, March 2010) may require ratios in
excess of 1:25 to achieve sufficient dilution. To accommodate such chromium-rich ores, a
sample:flux ratio of 1:25 will be used in future work.



Based on counting statistics, a decrease in the sample:flux ratio from 1:7 to 1:25 could lead to a
factor of 2 decrease in instrumental precision and a proportional increase in the detection limits
of all elements. Whereas this is unlikely to change the method detection limits for many of the
heavier elements (for which instrumental detection limits are currently <10 ppm), it may affect
the analyses of light elements, in particular Na and P. Instrumental detection limits for Na2O
and P2O5 are estimated to be in the range 30 to 50 ppm, which, if doubled, would result in
detection limits close to those at which these are elements are present in many chromites
(<0.1 weight %; Potts, Gowing and Govindaraju 1992; Constantin 2006).
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Metric Conversion Table
Conversion from SI to Imperial

Conversion from Imperial to SI

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
25.4
inches
1 inch
2.54
feet
1 foot
0.304 8
chains
1 chain
20.116 8
miles (statute) 1 mile (statute) 1.609 344

mm
cm
m
m
km

1 cm@
1 m@
1 km@
1 ha

0.155 0
10.763 9
0.386 10
2.471 054

AREA
square inches 1 square inch
square feet
1 square foot
square miles
1 square mile
acres
1 acre

6.451 6
0.092 903 04
2.589 988
0.404 685 6

cm@
m@
km@
ha

1 cm#
1 m#
1 m#

0.061 023
35.314 7
1.307 951

VOLUME
cubic inches
1 cubic inch
cubic feet
1 cubic foot
cubic yards
1 cubic yard

16.387 064
0.028 316 85
0.764 554 86

cm#
m#
m#

CAPACITY
1 pint
1 quart
1 gallon

Multiplied by

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

MASS
ounces (avdp) 1 ounce (avdp) 28.349 523
ounces (troy) 1 ounce (troy) 31.103 476 8
pounds (avdp) 1 pound (avdp) 0.453 592 37
tons (short)
1 ton (short)
907.184 74
tons (short)
1 ton (short)
0.907 184 74
tons (long)
1 ton (long)
1016.046 908 8
tons (long)
1 ton (long)
1.016 046 90

1 g/t

0.029 166 6

1 g/t

0.583 333 33

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

Gives

0.568 261
1.136 522
4.546 090

L
L
L
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
grams per ton (short)
0.032 151 ounces (troy) per ton (short)
20.0
pennyweights per ton (short)
0.05
ounces (troy) per ton (short)

Note: Conversion factors which are 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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