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Executive Summary

In November and December 2012, the communities of Elliot Lake, Blind River, The North Shore and Spanish
expressed interest in continuing to learn more about the Nuclear Waste Management Organization (NWMO)
nine-step site selection process and requested that preliminary assessments be conducted to assess potential
suitability of the City of Elliot Lake, the Town of Blind River, the Township of The North Shore, the Town of
Spanish and surrounding areas for safely hosting a deep geological repository (Step 3). These requests
followed the successful completion of initial screenings conducted during Step 2 of the site selection process
(Geofirma, 2012a,b,c,d). The preliminary assessment is a multidisciplinary study integrating both technical and
community well-being studies, including geoscientific suitability, engineering, transportation, environment and
safety, as well as social, economic and cultural considerations. The findings of the overall preliminary
assessment are reported in an integrated preliminary assessment report (NWMO, 2014a,b,c,d).

This report presents the results of a geoscientific desktop preliminary assessment to determine whether the
communities of Elliot Lake, Blind River, The North Shore, Spanish and surrounding area contains general areas
that have the potential to meet NWMOQ's geoscientific site evaluation factors. The assessment builds on the
work previously conducted for the initial screening and focuses on the City of Elliot Lake, the Town of Blind
River, the Township of The North Shore, the Town of Spanish and their periphery, which are referred to as the
“area of the four communities”.

The geoscientific preliminary assessment was conducted using available geoscientific information and key
geoscientific characteristics that can be realistically assessed at this early stage of the site evaluation process.
These include geology, structural geology, interpreted lineaments, distribution and thickness of overburden
deposits, surface conditions and the potential for economically exploitable natural resources. The geoscientific
desktop preliminary assessment of potential suitability included the following review and interpretation activities:

m Detailed review of available geoscientific information such as geology, structural geology, natural
resources, hydrogeology, and overburden deposits;

m Interpretation of available geophysical surveys (magnetic, gravity, radiometric, electromagnetic);

m Lineament studies using available satellite imagery, topography and geophysical surveys to provide
information on the characteristics such as location, orientation and length of interpreted structural bedrock
features;

m Terrain analysis studies to help assess factors such as overburden type and distribution, bedrock
exposures, accessibility constraints, watershed and subwatershed boundaries, groundwater discharge
and recharge zones; and

m The identification and evaluation of general potentially suitable areas based on key geoscientific
characteristics and the systematic application of NWMO'’s geoscientific site evaluation factors.

The geoscientific desktop preliminary assessment showed that the area of the four communities contains at least
four general areas that have the potential to satisfy NWMQ's geoscientific site evaluation factors. All four
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general areas are located within the Ramsey-Algoma granitoid complex in the northern half of the area of the
four communities, north of the municipal boundaries of Elliot Lake and Blind River.

The Ramsey-Algoma granitoid complex containing the four identified potentially suitable general areas appears
to have a number of geoscientific characteristics that are favourable for hosting a deep geological repository.
The bedrock within this granitoid complex is estimated to have sufficient depth and extend over large areas. The
bedrock within the four potentially suitable areas has good exposure, although the bedrock has not been
mapped in detail in these areas and some lithological heterogeneity has been found. All four potentially suitable
areas have low potential for natural resources; are easily accessible using the existing secondary and logging
road network; contain limited surface constraints; and are amenable to site characterization.

No general potentially suitable areas were identified within the municipal boundary of Blind River. This area is
located almost entirely within rocks of the Huronian Supergroup that were not considered suitable because of
their mineral potential and structural complexity. In addition, a large portion of the municipal area is occupied by
the Blind River and Matinenda Provincial Parks and the Mississagi Delta Provincial Nature Reserve.

No general potentially suitable areas were identified within the municipal boundary of Elliot Lake. This area is
located largely within rocks of the Huronian Supergroup that were considered to be not suitable. The portion of
the municipal boundary that occurs within the Ramsey-Algoma granitoid complex, north of Elliot Lake, is in close
proximity to the rocks of the Huronian Supergroup that have high mineral potential. Several past producing
mines are located close to this area . In addition, the Ramsey-Algoma granitoid complex south of Elliot Lake is
lithologically heterogeneous. A portion of the municipal area is occupied by the Matinenda Provincial Park and
the Glenn N. Crombie Conservation Reserve.

No general potentially suitable areas were identified within the municipal boundary of The North Shore. This
area is located largely within rocks of the Ramsey-Algoma granitoid complex. However, in this location, the
granitoid complex is crosscut by numerous mafic dykes, exhibits a high apparent lineament density and is
lithologically heterogeneous. This area is also in close proximity to the regional Murray fault system, which runs
from Sault Ste. Marie to Sudbury, and corresponds to a marked change in metamorphic grade.

No general potentially suitable areas were identified within the municipal boundary of Spanish. About half of this
area is within rocks of the Huronian Supergroup that were not considered suitable. About half of the municipality
is located within the rocks of the Ramsey-Algoma granitoid complex. However, in this area the lithology is
heterogeneous and it is in close proximity to the Murray fault and mineral occurrences.

While the four general potentially suitable areas identified appear to have favourable geoscientific
characteristics, there are inherent uncertainties that would need to be addressed during subsequent stages of
the site evaluation process. The main uncertainties are associated with the low resolution of available
geophysical data, proximity to the Murray and Flack Lake faults, and the potential geological, structural and
hydrogeological significance of the four known dyke swarms in the area of the four communities.

The four potentially suitable areas are located in areas of lower density of geophysical and surficial lineaments.
However, the interpreted lower density of geophysical lineaments is likely due to the low resolution of available
geophysical data. In the high resolution data area of the Seabrook Lake intrusion, the spacing between
geophysical lineaments range from 200 to 800 m. It is possible that such a high density of geophysical
lineaments exists across the area of the four communities.
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The area of the four communities contains numerous dykes that are associated with major regional dyke
swarms. While the spacing between mapped and interpreted dykes and lineaments within the four potentially
suitable areas appears to be favourable, the low resolution of available geophysical data, and the strong
magnetic signature of the dykes could be masking the presence of smaller scale dykes and fractures not
identifiable from available data. In areas where higher resolution geophysical data are available, the frequency
of dykes is much higher.

Should the area of the four communities be selected by the NWMO to advance to Phase 2 study and remain
interested in continuing with the site selection process, several years of progressively more detailed studies
would be required to confirm and demonstrate whether the area of the four communities contains sites that can
safely contain and isolate used nuclear fuel. This would include the acquisition and interpretation of higher
resolution airborne geophysical surveys, detailed field geological mapping and the drilling of deep boreholes.
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1.0 INTRODUCTION
1.1 Background

In November and December 2012, the communities of Elliot Lake, Blind River, The North Shore and Spanish
expressed interest in continuing to learn more about the Nuclear Waste Management Organization (NWMO)
nine-step site selection process (NWMO, 2010), and requested that a preliminary assessment be conducted to
assess their potential suitability for safely hosting a deep geological repository (Step 3). This request followed
the successful completion of an initial screening conducted during Step 2 of the site selection process (Geofirma,
2012a,b,c,d).

The overall preliminary assessment is a multidisciplinary study integrating both technical and community well-
being assessments as illustrated in the diagram below. The five components of the preliminary assessment
address geoscientific suitability, engineering, transportation, environment and safety, as well as social, economic
and cultural considerations. A brief description of the project, the assessment approach and the findings of the
preliminary assessment are documented in an integrated preliminary assessment report (NWMO, 2014a,b,c,d).

Preliminary Assessment

SAFETY BEYOND SAFETY

Geoscientific . . . f Social,
Suitability Engineering Transportation Environment

Economic and

and Safety Cultural

Is therethe Is therethe
potential to: potential to:
Is therethe

potential to: Is there the Manageany Fosterthe
i : environmental well-being ofthe
e P o | Seciegdie’ Y communityand
Find a ae¥ Safeand secure [§ ensurehea ]
; ; consfructthe i and safety of laythe |
suitable site ? facility? transportation? peopleanyd e foundation for
environment? moving
forward?

Is therethe
potential to:

The objective of the geoscientific preliminary assessment is to assess whether the area of the four communities
contains general areas that have the potential to satisfy NWMO's site evaluation factors. The preliminary
assessment is conducted in two phases:

m Phase 1 - Desktop Study. For all communities electing to be the focus of a preliminary assessment.
This phase involves desktop studies using available geoscientific information and a set of key
geoscientific characteristics and factors that can be realistically assessed at the desktop phase of the
preliminary assessment.
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m Phase 2 - Preliminary Field Investigations. For a subset of communities selected by the NWMO,
to further assess potential suitability. This phase involves preliminary field investigations that
includes high resolution geophysical surveys, geological mapping and the drilling of deep boreholes.

The subset of communities considered in Phase 2 of the preliminary assessment will be selected based on the
findings of the overall desktop preliminary assessment considering both technical and community well-being
factors presented in the above diagram.

This report presents the results of a geoscientific desktop preliminary assessment of potential suitability (Phase
1), conducted by Golder Associates Ltd.

1.2  Geoscientific Desktop Preliminary Assessment Approach

The objective of Phase 1 of the geoscientific preliminary assessment is to assess whether the communities of
Elliot Lake, Blind River, The North Shore, Spanish and surrounding area contain general areas that have the
potential to satisfy the geoscientific evaluation factors outlined in the NWMO site selection process (NWMO,
2010). The location and extent of identified potentially suitable areas would be confirmed during subsequent site
evaluation stages.

The geoscientific desktop preliminary assessment built on the work previously conducted for the initial screening
(Geofirma, 2012a,b,c,d) and focused on the City of Elliot Lake, the Town of Blind River, the Township of The
North Shore, the Town of Spanish and their periphery, which are referred to as the “area of the four
communities” in this report (Figure 1.1). The boundaries of the area of the four communities were defined to
encompass the main geological features within the four communities and their surroundings. Phase 1 of the
Geoscientific Desktop Preliminary Assessment of Potential Suitability included the following review and
interpretation activities:

m Detailed review of available geoscientific information such as geology, structural geology, natural
resources, hydrogeology and overburden deposits;

m Interpretation of available geophysical surveys (magnetic, electromagnetic, gravity, radiometric);

m Lineament studies using available satellite imagery, topography and geophysical surveys to provide
information on characteristics such as location, orientation and length of interpreted structural
bedrock features;

m Terrain analysis studies to help assess factors such as overburden type and distribution, bedrock
exposure, accessibility constraints, watershed and subwatershed boundaries, groundwater discharge
and recharge zones; and

m The identification and evaluation of general potentially suitable areas based on key geoscientific
characteristics and the systematic application of NWMQO'’s geoscientific site evaluation factors.

The details of these various studies are documented in three supporting documents: terrain analysis (JDMA,
2014a), geophysical interpretation (PGW, 2014), and lineament interpretation (JDMA, 2014b). Key findings from
these studies are summarized and integrated into this report.

October 2014 Golder
Report No. 12-1152-0245 (1000) 2 Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

1.3 Geoscientific Site Evaluation Factors

As discussed in the NWMO site selection process, the suitability of potential sites will be evaluated in a staged
manner through a series of progressively more detailed scientific and technical assessments using a number of
geoscientific site evaluation factors, organized under five safety functions that a site would need to ultimately
satisfy in order to be considered suitable (NWMO, 2010):

m Safe containment and isolation of used nuclear fuel: Are the characteristics of the rock at the site
appropriate to ensuring the long-term containment and isolation of used nuclear fuel from humans,
the environment and surface disturbances caused by human activities and natural events?

m Long-term resilience to future geological processes and climate change: Is the rock formation
at the siting area geologically stable and likely to remain stable over the very long term in a manner
that will ensure the repository will not be substantially affected by geological and climate change
process such as earthquakes and glacial cycles?

m Safe construction, operation and closure of the repository: Are conditions at the site suitable for
the safe construction, operation and closure of the repository?

m Isolation of used fuel from future human activities: Is human intrusion at the site unlikely, for
instance, through future exploration or mining?

m Amenable to site characterization and data interpretation activities: Can the geologic conditions
at the site be practically studied and described on dimensions that are important for demonstrating
long-term safety?

The list of site evaluation factors under each safety function is provided in Appendix A.

The assessment was conducted in two steps. The first step assessed the potential to find general potentially
suitable areas within the area of the four communities using key geoscientific characteristics that can realistically
be assessed at this stage of the assessment based on available information (Section 7.2). The second step
assessed whether identified potentially suitable areas have the potential to ultimately meet all of the safety
functions outlined above (Section 7.3).

1.4  Available Geoscientific Information

Geoscientific information for the area of the four communities was obtained from many data sources, including
maps, reports, databases and technical papers. In summary, the review of existing information identified that
there was sufficient geoscientific information available to conduct the Phase 1 geoscientific preliminary
assessment studies and to identify general potentially suitable areas in the area of the four communities. Key
geoscientific information sources are summarized in this section, with a complete listing provided in Appendix B.

1.4.1 DEM, Satellite Imagery and Airborne Geophysics

The digital elevation model (DEM) data for the area of the four communities is the Canadian Digital Elevation
Data (CDED), a 1:50,000 scale, 20 m resolution, elevation model constructed by Natural Resources Canada
(NRCan) using provincial data created through the Water Resources Information Program (WRIP) of the Ontario
Ministry of Natural Resources (MNR) (GeoBase, 2011).
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Satellite Pour I'Observation de la Terre (SPOT) multispectral (20 m resolution) and panchromatic (10 m
resolution) orthoimagery were used for identifying surficial lineaments and exposed bedrock within the area
(GeoBase, 2011). SPOT multispectral data consist of several bands, each recording reflected radiation within a
particular spectral range, and each having a radiometry of 8-bits (or a value ranging from 0 to 255). Fourteen
SPOT images (scenes) provided complete coverage for the area of the four communities with acquisition dates
from 2006 and 2007. The scenes are from the SPOT 4 and 5 satellites. Ten of the images were captured
during the summer (July or August), two in the spring (May) and two in the fall (September). SPOT 5 images
were acquired using the High Resolution Geometric (HRG) sensor. Each image covers a ground area of 60 km
by 60 km.

Cloud-free Landsat 2 coverage for the area of the four communities was acquired from the NASA Landsat
Program (2013). One scene, dated from September 28", 1976, covered the entire area. The sensor onboard
the Landsat 2 satellite was the Multispectral Scanner (MSS). The MSS data consist of four multispectral bands
with a pixel size of 60 m. The Landsat MSS data was processed to provide a preliminary bedrock outcrop map
(JDMA, 2014a).

For the area of the four communities, geophysical data were obtained from available public domain sources,
particularly the Ontario Geological Survey (OGS) and the Geological Survey of Canada (GSC). Data obtained
from GSC (Ontario #13, #16, #17) were flown at a terrain clearance of 305 m and flight line spacing of 805 m,
providing it with a relatively low spatial resolution. A fourth survey (Ontario #04) was flown at a terrain clearance
of 305 m and flight line spacing of 402 m, providing improved spatial resolution. The GSC flew one high-
resolution survey in the area of the four communities (East Bull Lake (RA-7)), flown at a lower terrain clearance
(150 m) compared to the older GSC surveys, and with tighter flight line spacing (300 m). Additional magnetic
and electromagnetic surveys obtained from the OGS (2003; 2011b) and one GSC magnetic survey provided
higher resolution coverage over approximately 5% of the area. Additional geophysical data were also found in
the OGS Assessment File (AFRI) database in the form of maps. Of these, eight files provided images of
magnetic data, as well as radiometric (four files), time-domain electromagnetic (two files), frequency-domain
electromagnetic (one file) and very low frequency (VLF) (four files). These files were chosen due to the quality
of the images and scatter of locations across the area of the four communities.

Gravity data coverage for the area of the four communities (GSC, 2013) consists of an irregular distribution of
station measurements within the area of the four communities, comprising roughly a station every 5 to 15 km,
with denser concentrations to the south and east, as well as over the Seabrook Lake and East Bull Lake
intrusions. Spacing between gravity stations over the East Bull Lake intrusion range from 25 m to 200 m near its
center, expanding to 1 km around the margins.

The GSC radiometric data provide complete coverage of the area of the four communities (GSC, 2013) with the
exception of Lake Huron. The GSC radiometric data were flown at 5,000 m line spacing at a terrain clearance of
120 m above the surface over most of the area of the four communities. Along the eastern boundary, the
resolution improves where the line spacing is 1,000 m. In the Elliot Lake area, higher resolution coverage at 500
m line spacing (and 123 m line spacing over a smaller block) improves the resolution further.

The resolution of the available geophysical data was assessed to determine which datasets were most suitable
for use in this assessment (PGW, 2014). Where datasets overlapped (Figure 1.2), the highest quality coverage
was used. Various geophysical data processing techniques were applied to enhance components of the data
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most applicable to the current interpretation. Table 1.1 provides a summary of DEM, satellite and geophysical
source data information for the area of the four communities.

Table 1.1: Summary of Digital Elevation, Satellite and Geophysical Data Sources for the Communities of
Elliot Lake, Blind River, The North Shore and Spanish, and Surrounding Area

Dataset Product Source Resolution Coverage Date éddltlonal
omments
Canadian Digital .
DEM Elevation Data Geobase 20m Entire area of the 1978 - ;glsga:ggtdefsnd
(CDED); 1:50,000 four communities | 1995 P .
used for mapping
scale
. . 10m 2006
Satellite Spot_ 4/5; Orthoimage, panchromatic Entire area of the and
multispectral/ Geobase .
Imagery . 20m four communities 2007
panchromatic -
multispectral (east)
Landsat 2 MSS NASA 60m Entire area of the | 1 97¢
multispectral four communities
East Bull Lake (RA-7) 300 m line East central over
Fixed wing vertical ) the East Bull Lake Higher resolution
; GSC spacing/ 150 m 1981 : :
gradiometer . and nearby over intrusions
. sensor height . )
magnetic, VLF intrusions
Ontario #4 402 m line Moderate
Fi . . GSC spacing/ 305 m | West central 1956 resolution
ixed wing magnetic X
sensor height dataset
. 805 m line .
O_ntano_#lS . GSC spacing / 305 m | Northeast 1960 Lowest resolution
Fixed wing magnetic . dataset
sensor height
. 805 m line .
O_ntarlo_#16 _ GSC spacing / 305 m | East 1959 Lowest resolution
Fixed wing magnetic : dataset
sensor height
. 805 m line Most of area of .
om0 e | GSC spacing/ 305 m | the four 1963 [ LoMeSt resolution
9 mag sensor height communities
4-frequency
GDS1017 Benny 200 m line East central over Aerodat system,
Geophysics Helicopter magnetic, OGS spacing/ 30 m Benny greenstone | 1990 higher resolution
FDEM, VLF sensor height belt over Benny
greenstone belt
100 m E,
GDS1236 Elliot Lake- 50 m W line
. . South central over
Rth_er aux Sables _ oGS spacing/ Whiskey Lake 2008 V_TEM system,
Helicopter magnetic, 67 m mag reenstone belt higher resolution
TDEM 47mTDEM |9
sensor height
Sudbury 1000 m line gg:éﬁe{zgfﬂd
Fixed wing magnetic, | GSC spacing/120 m East 1989 VLE coverage
radiometric, VLF sensor height only 9
Elliot Lake 500 m line South central over Higher resolution
Fixed wing GSC spacing /124 m | Huronian 1970 over Huronian
radiometric sensor height Supergroup Supergroup
I(E(]:g(t);i:_)ake 123 m line South central over Higher resolution
. . GSC spacing/ 115 m | Huronian 1977 over Huronian
Fixed wing sensor height Supergrou Supergrou
radiometric 9 pergroup pergroup
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Dataset Product Source Resolution Coverage Date édd'tlonal
omments
Station spacing
somewhat
. variable overall
GSC Gravity Entire study area with more
Coverage 5-15 km, 25 m to 1945- .
. GSC of the four detailed data
Ground gravity 1 km locally s 1989
measurements communities over East Bull
Lake and
Seabrook Lake
intrusions
20000850
Fixed wing horizontal | North 100 m line
gradiometer American spacing / 70 m Northwest 2008
magnetic, Gem sensor height
radiometric, VLF
200 m line
|2:90%32.44 i Canada spacing/ 73 m North of Elliott 2007 MEGATEM
TB(EMwmg Magnelc, 1 enerco sensor height Lake system
20004445
Fixed wing horizontal Delta 100 m line
gradiometer . spacing / 70 m North central 2006
. Uranium .
magnetic, sensor height
radiometric, VLF
) 200005757-1to -3 Carina 100 m line West central over AeroTEM I
Geophysics | Helicopter magnetic, Ener spacing / 47 m | the Huronian 2007 Svstem
(AFRI File) | TDEM oy sensor height | Supergroup Y
20005762 . 150 m line West central over
. . Carina : .
Helicopter magnetic, E spacing /30 m | the Huronian 2007
. ) nergy .
radiometric sensor height Supergroup
20006243
Fixed wing horizontal | North 100 m line
gradiometer American spacing/ 70 m Northwest 2008
magnetic, Gem sensor height
radiometric, VLF
20006734 Hawk 100 m line
Helicopter magnetic, Uranium spacing /30 m North central 2007
radiometric, VLF sensor height
41112SW2002 100 m line Southeast over
Helicopter vertical Mustang . the East Bull Lake Dighem V
: . spacing / 45 m 2000
gradiometer Minerals sensor height and nearby system
magnetic, FDEM 9 intrusions
1.4.2 Geology

Geological mapping in the area began in the 1840s when copper was discovered at Bruce Mines to the west of
the area of the four communities. The Proterozoic metasedimentary rocks in the Blind River area were
recognized as distinct from the underlying Archean rocks and termed the Huronian Series by Logan (1863).
Subsequent mapping on a regional scale includes Coleman (1908; 1914), Collins (1914; 1925), and Quirke
(1917). The area was subject to intensive exploration with the discovery of uranium deposits in the 1950s which
spurred detailed mapping of the Huronian Supergroup in the 1960s and 1970s (Robertson, 1961; 1962; 1963a;
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1963b; 1964; 1968; 1970; 1977a; 1977b; Wood, 1975; Siemiatkowska, 1977; Siemiatkowska, 1981). More
recently, detailed mapping has been carried out over the East Bull Lake intrusive suite and the Whiskey Lake
greenstone belt and surrounding area (Ejeckam et al., 1985; Rogers, 1992: 1993; Jensen, 1994; Easton, 2009;
2010; 2013; Easton et al., 2011).

Geological syntheses and interpretations are given by Giblin and Leahy (1979), Johns et al. (2003), and the
Ontario Geological Survey’s province-wide seamless geological map coverage (OGS, 2011a). Surficial geology
mapping includes a regional reconnaissance study of surficial geology by Boissonneau (1965; 1968) as well as
more detailed studies of the Quaternary geology of portions of the area of the four communities (Henderson and
Halstead, 1992; Ford, 1993).

National seismicity data sources were reviewed to provide an indication of seismicity in the area of the four
communities (Hajnal et al., 1983; Hayek et al., 2009; 2011; NRCan, 2013).

In addition to the above publications, Golder made extensive use of Ontario Ministry of Northern Development
and Mines (MNDM, 2013) Assessment Files (AFRI) and industry publications.

1.4.3 Hydrogeology and Hydrogeochemistry

Hydrogeologic information for the area of the four communities was obtained from the Ontario Ministry of the
Environment (MOE) Water Well Record (WWR) database as well as geological (OGS), topographical (MNR) and
hydrological maps (MNR, NRC) of the area of the four communities. These data sources contain
hydrogeological information on the overburden and shallow bedrock aquifers for portions of the area of the four
communities where development has taken place.

Information on the deep hydrogeology of the Huronian Supergroup and East Bull Lake intrusive suite was
obtained from Golder (various studies dating from 1982 to the late 1990s); Robertson (1968); McCrank et al.
(1982; 1989); Paillet and Hess (1986) and Raven et al. (1987). This area-specific information was augmented
by inferences based on studies in similar geologic settings elsewhere in the Canadian Shield including: Frape et
al. (1984); Gascoyne et al. (1987); Gascoyne (1994; 2000; 2004); Everitt et al. (1996); Farvolden et al. (1988);
Singer and Cheng (2002) and Rivard et al. (2009).

1.4.4 Natural Resources — Economic Geology

Information regarding the mineral resource potential for the area of the four communities has been obtained from
a variety of sources including geological mapping and reports, general syntheses of mineralization in the
Canadian Shield Region and economic geology studies and reports as well as MNDM Mineral Deposit
Inventories (MDI), Assessment Files (AFRI) and publications by industry (in particular NI 43-101 reports).

1.4.5 Geomechanical Properties

Little information is available regarding the rock geomechanical properties for the Ramsey-Algoma granitoid
complex in the area of the four communities. As such, inferences have been made from geomechanical
information derived from similar sites elsewhere in the Canadian Shield. Much of this information is a result of
the work done by Atomic Energy of Canada Ltd. (AECL) in the 1980s and 1990s as part of the Canadian Nuclear
Fuel Waste Management Program.

Information on the geomechanical properties of granitic rocks with conditions ranging from intact rock to highly
fractured fault zones is available from AECL’s Underground Research Laboratory (URL) near Pinawa, Manitoba
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and the East Bull Lake and Atikokan research areas in Ontario (Stone, 1984; Brown et al., 1989; 1995; Brown
and Rey, 1989; Stone et al., 1989).
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2.0 PHYSICAL GEOGRAPHY
2.1 Location

The communities of Elliot Lake, Blind River, The North Shore and Spanish are situated on the north shore of
Lake Huron in northern Ontario (LIO, 2013). Highway 17 (Trans-Canada Highway) crosses through the
communities and connects to Sudbury (100 km to the east) and Sault Ste. Marie (145 km to the west) ), based
on road distances to the boundary of the area of the four communities. Figure 2.1 presents a composite of
panchromatic, SPOT-5 satellite image for the area taken in 2006 and 2007. The four communities and the
surrounding area measure approximately 114 km by 126 km in size, encompassing an area of about 14,450

km?.

2.2 Topography and Landforms

A detailed terrain analysis was completed as part of the preliminary assessment of potential suitability for the
area. The results of this analysis are discussed in detail in JDMA (2014a). This section presents a brief
summary of topography and landforms from the JDMA study.

The four communities lie within the Penokean Hills physiographic region. This area is south of the Abitibi Upland
and is bordered to the east by the Cobalt Plain and the Laurentian Highlands according to Thurston (1991). The
Penokean Hills are composed of folded Proterozoic stratified rocks while the north part of the area of the four
communities lies within the Abitibi Upland, a broadly rolling surface of Canadian Shield bedrock that occupies
most of north-central Ontario (NRCan, 1997).

The digital elevation model (DEM) of the area of the four communities is presented on Figure 2.2. Topography is
an important aspect of the terrain, as it plays a role in controlling surface water and groundwater flow directions
and it is an important factor to consider in the routing of roads or the siting of surface structures. The topography
in this area is largely bedrock-controlled (Ford, 1991; Henderson and Halstead, 1992), with bedrock hills and
ridges and structurally-controlled valleys acting as the main landscape elements, and, as a result, it can reveal
much about the bedrock structure and distribution of overburden deposits.

Overall, the northern and central parts of the area are highlands and the southern part is a lowland.
Boissonneau (1968) described the narrow lowland along this part of the north shore of Lake Huron as one
characterized by wave-washed bedrock knolls interspersed with local pockets of glaciolacustrine sediments.
The elevation gradient from north to south is from 612 to 176 m, with this elevation drop occurring over an
approximately 90 km distance (Figure 2.2). The highest point in the area of the four communities is within the
highlands north of the Aubinadong River. The lowest point is defined by the surface of Lake Huron, which has a
chart datum of 176.0 m (Canadian Hydrographic Service, 2014).

The northeast quadrant of the area of the four communities features a large contiguous area of high elevation
with local summits reaching elevations of 530 to 560 m or more. This major highland divides flow between three
of the four tertiary watersheds included within the area of the four communities, known as the Spanish, Upper
Mississagi and Lower Mississagi watersheds. It forms the headwaters of many watercourses, including the
Boland, Little White, Wakonassin, Mozhabong rivers and the River aux Sables.

The northwest quadrant of the area of the four communities also contains abundant areas of high elevation, but
the areas are distributed as isolated blocks of high ground rather than as a large contiguous area as in the
northeast quadrant. One of the larger highlands in the northwest quadrant is the oval-shaped area west of the
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Kindiogama River. Another is located in the northwest corner of the area of the four communities, forming a
highland around the Aubinadong and Little Aubinadong rivers.

Topographic relief is influenced by the distribution and thickness of surficial deposits. Areas of sharp local relief
are expected to represent bedrock hills, such as the cuestas and hogback ridges around the Boland and Little
White rivers formed by the Nipissing diabase intrusions as described by Ford (1991). None of the surficial
deposits in the area of the four communities display topographic prominence of this magnitude. The surficial
deposits that display the greatest relief in the area of the four communities are eskers and recessional moraines,
and Henderson and Halstead (1992) found that these deposits rarely display more than 5 m of topographic
prominence in the Elliot Lake area. As a result, the hills at least 15 m high are expected to delineate the places
where overburden deposits are most likely to be thin or absent.

Overburden deposits in the area of the four communities have been mapped at the scale of 1:100,000 as part of
the Northern Ontario Engineering Geology Terrain Studies (Figure 2.3). Except for the narrow lowland along the
north shore of Lake Huron, which was mapped as wave-washed bedrock with local pockets of glaciolacustrine
deposits, Boissonneau (1968) mapped the rest of the area of the four communities as moderately rolling terrain
characterized by thin till deposits over bedrock with local morainal and outwash deposits. Morainal,
glaciolacustrine and alluvial deposits make up small percentages of the area, and a disproportionate amount of
these deposits are located over the Proterozoic rocks.

Northern Ontario Engineering Geology Terrain Studies in the area of the four communities (e.g., Gartner, 1980g;
Roed and Hallett, 1980a,b; VanDine, 1980a) suggest that the bedrock surface is generally mantled by ground
moraine in the areas mapped as bedrock (Figure 2.3). The till in these areas is expected to be generally less
than 1 m over the crest of hills, but it can increase to several metres on the flanks of hills or in the lows between
hills. The till is silty to sandy in texture and generally contains cobbles and boulders. Local depressions within
the areas mapped as bedrock commonly contain organic, ground moraine, outwash, esker or ice-contact
deposits that were too small to map explicitly. Areas mapped as bedrock within the area of the four communities
amount to 76% of the area not covered by Lake Huron. Within these areas, drift deposits are thinnest on the
bedrock hills and ridges scattered throughout the landscape. The total extent of bedrock outcrops suggested by
the Landsat MSS interpretation is about 8% of the portion of the area of the four communities not covered by
Lake Huron (JDMA, 2014a). It is suspected that dense vegetation masks the bedrock surface in some areas
where drift deposits are virtually absent.

The terrain analysis shows the area of the four communities to be dominated by exposed bedrock or bedrock
having only a thin mantle of unconsolidated sediments. Quaternary mapping (1:1,000,000) in the area of the
four communities (Figure 2.3) indicates that Quaternary deposits are predominantly located in bedrock-controlled
valleys.

2.3 Watersheds and Surface Water Features

The area of the four communities is contained entirely within the St. Lawrence drainage area, which drains
towards the Atlantic Ocean through the St. Lawrence River. The St. Lawrence drainage area covers parts of the
provinces of Ontario and Quebec, and the states of lllinois, Indiana, Michigan, Minnesota, New York, Ohio,
Pennsylvania, Vermont and Wisconsin.

Drainage within the area of the four communities is directed towards the Northern Channel of Lake Huron
through the Mississagi, Blind, Serpent and Spanish rivers. The inset map on Figure 2.4 shows the division of the
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area of the four communities into tertiary watersheds, illustrating how the Mississagi River in this area contains
upper and lower watersheds.

The Mississagi River drains the northwest and west parts of the area of the four communities. Within the Lower
Mississagi watershed, the Mississagi River is fed by the Little White, Little Rapid and Sharpsand rivers, of which
the Little White River is the major tributary. The Boland, Sister, Kindiogama, and West Little White rivers are the
main tributaries to the Little White River. Within the Upper Mississagi watershed, the Aubinadong, Wenebegon,
Maskuti and Abinette rivers are the main tributaries to the Mississagi River. The Aubinadong River is fed by the
West Aubinadong and Little Aubinadong rivers. The West Aubinadong is located just west of the northwest
corner of the area of the four communities. The Wenebegon River is fed by the Burntwood and Embarrass
rivers. The Abinette River receives flow from the North and West Abinette rivers.

The Serpent watershed drains the south-central part of the area of the four communities. This watershed is
drained by the Blind and Serpent rivers. The Blind River flows through the Matinenda and Chiblow lakes before
being fed by the Potomac River. The Serpent River flows through Quirke and Whiskey lakes, controlled by the
Quirke Lake syncline, before receiving flow from the Marshland and Little Serpent rivers.

The Spanish watershed drains the eastern part of the area of the four communities and areas further to the east.
The Spanish River receives flow from the River aux Sables and the Vermillion, Wakonassin, Agnes, Mogo, East
Spanish and Mozhabong Rivers. The Vermillion and Mogo rivers are located east of the area of the four
communities. In the northeast corner of the area of the four communities, surface flow directions are towards the
north. However, surface water flows through Ramsay and Biscotasi Lakes beyond the area of the four
communities, prior to joining the Spanish River that flows south towards the North Channel.

The Upper Mississagi watershed is the only tertiary watershed underlain entirely by Archean rocks. A mix of
Proterozoic and Archean rocks underlies the Lower Mississagi and Serpent watersheds. Watersheds feeding
the Blind River are underlain almost entirely by Proterozoic rocks, whereas a greater proportion of Archean rocks
exist in watersheds feeding the Serpent River. Apart from the southern portion of the watershed, Archean rocks
underlie much of the Spanish watershed in the area of the four communities.

The area of the four communities contains a large number of lakes of various sizes, twenty-four of which are
larger than 10 km? and ten of which are larger than 20 km?, with 21% (3,049 km?) of the area occupied by water
bodies, 11% of which is represented by Lake Huron (Figure 2.4 and Table 2.1). Thus, 11.5% of the portion of
the area of the four communities not contained within Lake Huron is covered by water bodies. The large lakes
are sufficiently large to conceal geological structures up to about 5 km in length, and clusters of small lakes can
conceal structures, especially when the lakes are located in areas covered by overburden.

Wetlands depicted on Figure 2.4 are from the Wetland Unit map file produced by the Ministry of Natural
Resources. The wetlands contained in this file are from two main sources: Forest Resource Inventory (FRI) and
Ontario Base Maps (OBM). Wetlands cover 738 km? (or 5.1%) of the area of the four communities, or 5.7% of
the portion not covered by Lake Huron.

The paucity of extensive wetlands in much of the area of the four communities is associated with a general
absence of thick and extensive overburden deposits over much of the area. The largest wetland complexes in
the area are expected to be associated with some of the thickest overburden deposits.
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A large (7.4 kmz) wetland complex exists in the low-relief basin surrounding the West Abinette River near the
north boundary of the area of the four communities. Another large (5.3 km2) wetland complex exists within the
Boland River watershed south of Rawhide Lake. This wetland complex is located within the drift-filled bedrock
basin formed between the Boland Hill and the escarpment of the Flack Lake fault. The floodplain and terraces of
a lower 16 km-long reach of the Potomac River contain a large (9.3 kmz) wetland complex. The glaciolacustrine
delta formed at the mouths of the Blind and Mississagi rivers supports a large (3.1 km?) wetland known as the
Marshy Bay wetland complex, which is designated as a provincially significant wetland. Another large (3.5 kmz)
provincially significant wetland is located on the islands at the mouth of the Spanish River, also associated with a

glaciolacustrine delta.

Table 2.2: Dimensional Characteristics of Selected Lakes in the Communities of Elliot Lake, Blind River,
The North Shore and Spanish, and Surrounding Area'

Lake Perimeter (km) Area (km?) Max depth (m) Mean depth (m)
Ten Mile Lake 52.7 10.4 117.4 31.2
Dunlop Lake 61.9 10.3
White Owl Lake 70.1 10.4
Sinaminda Lake 108.1 10.5
Birch Lake 51.0 10.6 27.4 10.3
Kirkpatrick Lake 65.1 11.2
La Cloche Lake 57.2 11.7 30.5 16.2
Lac aux Sables 59.9 11.7
Bright Lake 27.3 12.2
Tunnel Lake 74.6 15.8
Aubrey Lake 139.7 17.2
Indian Lake 178.9 18.1
Mozhabong Lake 134.9 18.7 45.7 12.1
Bark Lake 135.3 18.9
Chiblow Lake 50.9 20.0
Quirke Lake 60.0 20.7
Lauzon Lake 101.6 22.1
Wakomata Lake 46.0 24.9 73.2 311
Basswood Lake 48.8 27.0 73.0 38.6
Agnew Lake 196.4 27.4
Matinenda Lake 156.8 41.4 33.5 194
Rocky Island Lake 280.8 45.0
Ramsey Lake 373.6 48.2
Lake Huron® 1202.9 1567.8
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*Metrics obtained from LIO OHN Waterbody file and MNR
2 2Metrics reported for portion of Lake Huron within the area of the four communities

... - information not available

Bathymetric maps can form a useful source of information for understanding the vertical extent of lake basins.
For example, the MNR completed bathymetry surveys of selected lakes in the late 1960s and early 1970s. The
resulting maps consist of contour plots based on soundings, with summary information in the map margin, such
as maximum and mean depth. The greatest known lake depth is 117.4 m, which was measured in Ten Mile
Lake which is located in the center of the area of the four communities (JDMA, 2014a). Lake Huron reaches
about 60 m depth near the southwest boundary of the area of the four communities.

2.4 Land Use and Protected Areas

Figure 2.5 shows a summary of land disposition and ownership within the area of the four communities, including
protected areas, parks and reserves, and Crown Reserve land.

2.4.1 Land Use

Forestry is a major industry in the area and the largest single land-use. The region has more than 60%
productive forest and a number of private timber companies are currently managing forestry operations. The
area of the four communities contains portions of two Forestry Management Units (FMUs): the Northshore
Forest (FMU 680), and the Spanish Forest (FMU 210) (Forest Branch, 2013). The Northshore Forest FMU,
managed by Northshore Forest Inc., is located in the western part of the area of the four communities. The
Spanish Forest FMU, managed by Domtar Inc., covers the northeastern region of the area of the four
communities. The Northshore Forest FMU contains approximately 734,372 ha of crown land, of which 79% is
managed for eastern white pine, red pine, eastern hemlock and yellow birch in the east along with other tolerant
hardwoods in the west (Domtar, 2010a). The Spanish Forest FMU contains approximately 994,625 ha of crown
land, of which 92% is managed for comprised of jack pine, black spruce, poplar and white birch (Domtar, 2010b).

2.4.2 Parks and Reserves

There are 15 provincial parks, 12 conservation reserves and four forest reserves in the area of the four
communities (Figure 2.5). Those within the boundaries of the four communities include: Blind River Provincial
Park, Matinenda Provincial Park, Mississagi Delta Provincial Park, Glenn N. Crombie Conservation Reserve and
Brennan Harbour Conservation Reserve.

Blind River Provincial Park encompasses part of the Blind River and its tributaries, and covers an area of
approximately 44 km?. Downstream of the Blind River Provincial Park is the Matinenda Provincial Park. The
Matinenda Provincial Park has an area of 294 km?® and vegetation conditions found within this park are
provincially significant. The Mississagi Delta Provincial Park is a nature reserve class park approximately 2.4
km? in size containing a variety of aquatic and terrestrial vegetation. The Glenn N. Crombie Conservation
Reserve is partially located in the City of Elliot Lake, and extends beyond the eastern boundary of the City. The
reserve has an area of approximately 70 km® This conservation reserve protects the best known example of
diverse vegetative growth on rugged terrain for the region. The Brennan Harbour Conservation Reserve is the
only protected area within the Town of Spanish and occupies a very small area (approximately 2 kmz).

Other Provincial Parks in the surrounding area include: The Chutes, La Cloche, Aubinadong River, Wenebegon,
Aubrey Falls, Spanish River, Mississagi, Mississagi River, Little White River, North Channel Islands, River au
Sables and Rushbrook Provincial Parks. Other conservation reserves in the area of the four communities
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include: Rawhide Lake, Basswood Lake, Wagong Lake, Mozhabong Lake, Archambeau Lake Forest, Old
Colleagues, Flat Creek Old Pine, Gough Outwash Forest, Shakespeare Forest and La Cloche Ridge. The four
forest reserves are: Rawhide Lake, Glen N. Crombie, River aux Sables and Shakespeare.

2.4.3 Heritage Sites

The cultural heritage screening examined known archaeological and historic sites in the area of the four
communities, using the Ontario Archaeological Sites Database, the Ontario Heritage Trust Database and the
National Historic sites Database. There are 85 registered archaeological sites in the the area of the four
communities (von Bitter, 2013, personal communication).

Of these 85 archaeological sites, three are located within the municipal boundary for the City of Elliot Lake; four
are within the municipal boundary of the Town of Blind River, and five within the Township of The North Shore.
Of note, there is a series of registered archaeological sites located along the shores of the Mississagi River,
within Mississagi River Provincial Park. Of the 16 sites recorded within the provincial park boundary, all are pre-
contact aboriginal sites with the exception of one being a historic fur trade post. The number and types of sites
recorded along the Mississagi River give evidence that this was a major transportation route for both Aboriginal
and Euro-Canadians.

There is a second concentration of archaeological sites within the Mississagi Delta Provincial Nature Reserve.
These sites were recorded in the 1970s and there is no information on the age of these archaeological sites,
their cultural affiliation, or the type of site.

Four sites have been identified as historical Aboriginal cemeteries and one site has been identified as a single
burial of a Euro-Canadian. Of the historic Aboriginal cemeteries, two are located along the north shore of Lake
Huron and the remaining two are located along the Mississagi River system. A search on recent archaeological
assessments within the last 20 years has identified approximately 11 background (Stage 1) or background and
property survey (Stage 1 and 2) assessments within the municipal boundary of the City of Elliot Lake (von Bitter,
2013, personal communication).

A search of Parks Canada’s Directory of Federal Heritage Designations (Parks Canada, 2012a,b) revealed that
there are no federally recognized heritage designations within the area of the four communities. Parks Canada
also administers a database, the Canadian Register of Historic Places (CRHP), which includes federal,
provincial and territorial historic sites. A search of this database indicated that there are no additional designated
historic sites in close proximity to the the area of the four communities (Parks Canada, 2012c).

The presence of locally protected areas and heritage sites would need to be further confirmed in discussion with
the community and First Nation and Métis communities in the vicinity during subsequent evaluation stages, if the
community is selected by the NWMO and remains interested in continuing with the site selection process.
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3.0 GEOLOGY

3.1 Regional Bedrock Geology
3.1.1 Geological Setting

The area of the four communities, situated on the north shore of Lake Huron, is underlain by early Proterozoic
rocks of the Southern Province and Archean rocks of the westernmost portion of the Abitibi Subprovince of the
Superior Province of the Canadian Shield. The Abitibi Subprovince is bounded to the west by the Kapuskasing
structural zone (KSZ) and Wawa Subprovince and to the north by the Opatica Subprovince (Figure 3.1). The
southern boundary of the Abitibi Subprovince is overlain by metasedimentary and metavolcanic rocks of the
Huronian Supergroup of the Southern Province. The Southern Province is bounded to the southeast by the
Proterozoic Grenville Province. Numerous mafic dyke swarms and mapped faults transect the bedrock in the
area of the four communities. Figures 3.2 and 3.3 show the regional and local-scale geology for the area of the
four communities and the surrounding area.

The Abitibi Subprovince is exposed in the northern half and much of the eastern side of the area of the four
communities (Figures 3.2 and 3.3). The Abitibi Subprovince is a granite-greenstone-gneiss terrane that was
developed between 2.8 and 2.6 billion years ago (Thurston, 1991). It is composed of low metamorphic grade
volcanic rocks and granitoid plutonic and gneiss-dominated domains, the latter of which are predominant in the
area of the four communities and are represented by the Ramsey-Algoma granitoid complex (e.g., Jackson and
Fyon, 1991). The Ramsey-Algoma granitoid complex is a large heterogeneous group of granitic bodies that
intruded the older metavolcanic and subordinate metasedimentary rocks of the Whiskey Lake and Benny Lake
greenstone belts. Several smaller intrusive bodies are distributed throughout the area of the four communities,
including the Cutler pluton, the Seabrook Lake intrusion, the Parisien Lake syenite, and the East Bull Lake
intrusive suite, among others (Figure 3.3).

The Huronian Supergroup underlies the southern portion of the area of the four communities (Figure 3.2 and 3.3)
and consists of a group of metasedimentary rocks (stratigraphically youngest) and lesser (stratigraphically
oldest) metavolcanic rocks ranging in age from 2.5 to 2.2 billion years old. The Southern Province also includes
the Sudbury Igneous Complex (ca. 1.85 billion years old) located to the east of the area of the four communities,
and the metasedimentary and metavolcanic rocks of the Animikie and Sibley Groups that are exposed further to
the west, beyond the assessment area, towards Thunder Bay.

The general bedrock geology and main structural features of the area of the four communities are shown on
Figures 3.3 and 3.4. Figure 3.5 shows a conceptual north-south geological cross section through the central
portion of the area of the four communities based on Zolnai et al. (1984). The location of the conceptual cross
section is shown on Figure 3.3.

3.1.2 Geological History

The geological and structural history of the area of the four communities spans almost 3 billion years and
includes both Archean and Proterozoic orogenic events, periods of intense felsic and mafic intrusive activity, and
complex brittle deformation. The geological history is moderately well understood in the south where the
Huronian Supergroup is exposed, but is less well constrained for the underlying Archean Ramsey-Algoma
granitoid complex further to the north and east. The geologic and structural history is discussed below and
summarized in Table 3.1. The discussion integrates the results from studies undertaken mainly within and
proximal to the Huronian Supergroup, augmented by studies within the Swayze area (van Breemen et al., 2006),
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approximately 120 km north of Elliot Lake, to present an integrated geological and structural history for the area
of the four communities.

The oldest rocks in the area of the four communities include the isolated greenstone belt slivers of the ca. 2.725
to 2.686 billion year old Whiskey Lake and Benny Lake greenstone belts, which are themselves intruded by and
deformed with the Ramsey-Algoma granitoid complex. Geochronology for the Ramsey-Algoma granitoid
complex spans the period between ca. 2.716 and ca. 2.651 billion years (Corfu and Grunsky, 1987; Easton,
2010), indicating that these rocks were emplaced and deformed during the same cratonization event that is
characteristic of the regional scale deformation history of the Superior Province.

At the beginning of the Proterozoic Eon, approximately 2.5 billion years ago, an Archean supercontinent
(Williams et al., 1991) began fragmentation into several continental masses, including the Superior craton,
caused by a widespread and voluminous magmatic event that took place in the Lake Superior region (Heaman,
1997). This magmatic event is associated with rifting and intracratonic development of basins in many areas
across the Lake Superior region. Major regional-scale faults such as the Murray and Flack Lake faults were
likely formed during the rifting event or represent pre-existing structures reactivated during rifting.

Continental extension at the southern margin of the Superior craton, particularly in the Lake Huron area, allowed
intrusion of coeval and comagmatic, mafic-ultramafic geological units such as the ca. 2.49 to 2.47 billion year old
Agnew Lake and East Bull Lake intrusions, and contemporaneous to slightly younger (ca. 2.473 billion year old)
Matachewan dyke swarm (Vogel et al., 1998; Buchan and Ernst, 2004; Easton, 2009). The timing of intrusion of
the mafic and ultramafic units is also approximately contemporaneous with deposition of the basal volcanic rocks
of the Huronian Supergroup (Rainbird et al., 2006) upon the Archean basement. The current areal extent of the
intrusions likely represents the deformed and erosional remnants of one or more sill-like bodies that may
originally have formed an extensive and interconnected mafic sheet (Vogel et al., 1998); similarly, the original
extent of the volcanic rocks was much greater than that which is exposed today (Easton, 2010).

The area of the four communities was overprinted by a poorly understood tectonic event, the Blezardian
Orogeny, during deposition of the metavolcanic and overlying metasedimentary rocks of the basal portion of the
Huronian Supergroup from source regions to the east and northeast (Rainbird et al., 2006). The Blezardian
event is interpreted to represent a short-lived orogenic pulse within a larger extensional tectonic setting
(Schneider and Holm, 2005). The Blezardian Orogeny is interpreted to have been underway between ca. 2.47
and 2.4 billion years ago (Riller et al., 1999), and ended before ca. 2.30 billion years ago (Raharimahefa et al.,
2011; Hoffman, 2013). It was characterized by the development of rifted and structurally-controlled depressions
that themselves controlled the deposition of the basal portion of the Huronian Supergroup (Riller et al., 1999;
Young et al.,, 2001). The Blezardian Orogeny is also thought to have initiated the map-scale thick-skinned
folding of the Archean basement and rocks within the basal portion of the Huronian Supergroup (Riller et al.,
1999).

The rift setting ultimately evolved into a passive margin setting, reflective of a more advanced stage of ocean-
opening conditions of a Wilson cycle (Young et al., 2001; Bekker et al., 2005) during deposition of the remainder
of the Huronian Supergroup. Deposition continued until between ca. 2.22 and 2.10 billion years ago (Corfu and
Andrews, 1986) when rocks of the Archean basement and the Huronian Supergroup were pervasively intruded
by the ca. 2.2 to 2.1 billion year old Nipissing intrusions (Lightfoot et al., 1993).
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The area of the four communities was subsequently overprinted by the Penokean Orogeny that occurred ca.
1.89 to 1.84 billion years ago (Sims et al., 1989). At the regional scale, the Penokean Orogeny is marked first by
the beginning of ocean closure and development of the Pembina-Wasau volcanic arc terrane ca. 1.889 to 1.860
billion years ago (Sims et al., 1989), which was later accreted to the southern margin of the Superior craton in
the Lake Superior area (ca. 1.860 billion years ago). This was followed by indentation of the Marshfield terrane
ca. 1.840 billion years ago in what is today part of Wisconsin and lllinois (Sims et al., 1989; Schulz and Cannon,
2007). Whether either the Pembina-Wasau terrane or the Marshfield terrane extended to the Lake Huron area,
or whether in this latter area the oceanic crust was subducted, remains unknown (Riller et al., 1999). In the Lake
Huron area, the Penokean Orogeny involved the reactivation of pre-existing listric normal faults, such as the
Murray and Flack Lake faults, enhancement of the pre-existing (Blezardian) folds in the basement and cover
rocks, and the northward thrust of rocks of the Huronian Supergroup. Together, these deformation events
produced burial depths of up to 15 km for the basal rocks of the Huronian Supergroup (Zolnai et al., 1984). An
associated metamorphic overprint was insignificant to the north of the Murray fault, where sub-greenschist facies
assemblages are preserved. Amphibolite facies were reached southward of the Murray fault (Piercey, 2006), but
seem to be associated with younger tectonothermal pulses such as the Yavapai Orogeny, which occured ca.
1.75 billion years ago (Piercey, 2006).

In addition, there may be structural overprinting along the eastern part of the area of the four communities
resulting from the ca. 1.85 billion year old emplacement of the Sudbury Igneous Complex. The Sudbury Igneous
Complex is generally considered to represent the scar of a meteorite impact event that occurred during the
Penokean Orogeny (Young et al., 2001). Breccias within metamorphosed argillites of the Huronian Supergroup
are known from the Whitefish Falls area approximately 70 km southwest of Sudbury and slightly to the southeast
of the area of the four communities. These are attributed (Parmenter et al., 2002) to the Sudbury impact event
and their distance suggests a diameter in excess of 200 km for the entire impact ring structure. Similar
estimates are given by Thompson and Spray (1996) who inferred an original diameter of as much as 250 km for
the Sudbury structure based on the distribution of pseudotachylyte. This distance encompasses the eastern
third of the area of the four communities and structures related to the Sudbury impact may therefore be present
within the area.

Around 1.238 to 1.235 hillion years ago, a swarm of dykes intruded the bedrock in the area of the four
communities. These are the Sudbury swarm mafic dykes which crosscut all bedrock units in the area of the four
communities. The effects of later orogenic events, such as the Grenville Orogeny (ca. 1.250 to 0.980 billion
years ago), remain unknown in the area of the four communities; although, towards the Grenville Front (the
northwesternmost boundary of the area defining the Grenville Orogeny), the pre-existing mafic dykes are
deformed and disrupted from their through-going nature further away from this young orogenic belt.

Around ca. 1.1 billion years ago, a continental-scale rifting event in the Lake Superior area produced the
Midcontinent Rift structure (Van Schmus, 1992) that extends southward via an eastern branch down through
Minnesota, and via a western branch from Sault Ste. Marie to central Michigan. The rifting event included
deposition of large volumes of volcanic rocks and voluminous emplacement of mafic intrusions (Heaman et al.,
2007).

Uplift and erosion of bedrock occurred over a protracted period following the rifting event such that at the end of
the Precambrian Eon (ca. 540 million years ago), the folded and faulted terrain of the area of the four
communities had been eroded to a peneplain roughly approximating the bedrock surface seen today over much
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of the area. Resistant strata of the Huronian Supergroup formed topographic ridges that persist to the present
time, such as the La Cloche Mountains near Espanola. During the Paleozoic Era, commencing in the late
Cambrian to early Ordovician Periods, most, perhaps all, of the area of the four communities was submerged
beneath shallow seas and overlain by flat-lying carbonate and shale formations. Subsequent uplift and erosion
during the late Paleozoic/Mesozoic eras stripped the Paleozoic cover from the area of the four communities.
Weathering and erosion of the re-exposed Precambrian surface continued throughout the Cenozoic Era.

The area of the four communities was glaciated during the Pliocene-Pleistocene ice ages when a series of
continental ice sheets moved southward across the area (Barnett et al., 1991; Reid, 2003). The advance of the
ice sheets and subsequent outwash of meltwaters during glacial retreat scoured the bedrock surface, removing
residual soil and weathered rock, and exposing fresh polished bedrock surfaces. Glacial erosion may have
enhanced the numerous geological linear features that characterize the area of the four communities where
deeper residual soils and weathered rock occurred in association with faults, dykes and formational contacts
(e.g., greenstone/granite contacts) of contrasting hardness. This erosion established drainage patterns and
lakes which tend to follow the various structural lineaments.

Table 3.1: Summary of the Geological and Structural History of the Communities of Elliot Lake, Blind
River, The North Shore and Spanish, and Surrounding Area

Approximate
Time Period Geological Event
(billion years ago)

Kenoran Orogeny:
e Emplacement and deformation of the ca. 2.72 to 2.68 billion year old Whiskey
Lake and Benny Lake greenstone belts and ca. 2.716 to 2.651 billion year old
2.72t0 2.651 Ramsey-Algoma granitoid complex. Intrusion of the ca. 2.665 billion year old
Parisien Lake syenite.
o Development of folds and east-trending foliation in the greenstone belts (ca. 2.72
to 2.70 billion years ago). [D4]

e Early (re)activation of NE-, ENE-, WNW- and NW-striking faults (e.g., Murray and

<2.651t02.5 Flack Lake faults) [D,]
Onset of continental break-up [Dj]; rifting in many areas across Lake Superior.
o Deposition of volcanic rocks and basal sedimentary rocks of the Huronian
Supergroup.
2.497 to 2.47 e Reactivation, or continued activity, of WNW- to NW- and E-striking faults.

Widespread mafic magmatism, and emplacement of:

e Agnew Lake intrusion and East Bull Lake intrusion 2.49 to 2.47 billion years; ca.
2.473 billion years Matachewan dyke swarm.

Blezardian Orogeny. [D,]
247t0>2.3 e Thick-skinned folding of Archean basement and basal rocks of the Huronian
Supergroup. Initiation of Quirke Lake syncline and Chiblow anticline.

Transition to passive margin setting;
e Continued deposition of sedimentary rocks of Huronian Supergroup.

<23and>2.1 - L . . .
e Emplacement of ca. 2.2 to 2.1 billion year old Nipissing diabase intrusions and
ca. 2.17 to 2.15 billion year old Biscotasing dyke swarm.
2.10t01.89 Denudation of bedrock and formation of peneplain.
1.89t01.84 Penokean Orogeny. [Ds]
October 2014 Golder

Report No. 12-1152-0245 (1000) 18 Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Approximate
Time Period Geological Event
(billion years ago)

e Crustal shortening and development of thrust-and-fold belt in rocks of the
Huronian Supergroup, buckling and faulting of Archean basement.

e Subgreenschist and amphibolite grade metamorphic overprint to north and south
of Murray fault, respectively.

o Emplacement of the Sudbury Igneous Complex ca. 1.85 billion years ago.

Emplacement of ca. 1.7 billion years Cutler pluton and metamorphic overprint south of
1.75t0 1.7 Murray fault. Ca. 1.75 to 1.7 billion years ago, a metasomatic event of the Huronian
Supergroup (Fedo et.al., 1997).

Emplacement age of Sudbury dyke swarm and related intrusions of unclassified olivine

1.238t0 1.235 diabase dykes.

Grenville Orogeny (overprint in area of the four communities is unclear)

1.25100.98 e Development of Midcontinent Rift (ca. 1.1. billion years ago) (Dg)

ca. 1.1 to 0.54 hillion years ago: denudation of bedrock, formation of peneplain
(continuation of Dg).

Post-0.54 billion years ago: sedimentation, erosion, ingression and regression of sea
water, shallow sea, glaciations. Exhumation of peneplain.

< 1.1 to present

3.1.3 Structural History

As illustrated in the north-south cross section on Figure 3.5, the structural history in the area of the four
communities is complex. Recent geologic investigations within the area of the four communities and its vicinity
conclude that the region has undergone complicated polyphase deformation (e.g., Card et al., 1972; Young,
1983; Riller et al., 1999; Jackson, 2001; Easton, 2005). The most comprehensive studies on the structural
geology of the area of the four communities and its vicinity have been carried out by Zolnai et al. (1984), Riller et
al. (1999) and Jackson (2001). These and other investigations documenting the structural geology of particular
portions of the area of the four communities (e.g. Easton, 2005) support the existence of two main deformation
events which have overprinted all bedrock lithologies. These have been assigned to the aforementioned
Blezardian and Penokean orogenies. It should be noted, however, that the occurrence of the Penokean
Orogeny in the area of the four communities remains controversial with some authors (e.g. Davidson et al.,
1992; Piercey et al. 2003).

It is understood that there are potential problems in applying a regional deformation numbering (D,) system into
a local geological history. Nonetheless, the following summary offers an initial interpretation for the area of the
four communities, which may be modified in future if site-specific information is collected.

The earliest deformation phase (D;) is associated with ca. 2.72 to 2.7 billion year old penetrative deformation of
rocks of the Whiskey Lake greenstone belt. According to Jensen (1994), this penetrative deformation is
represented by foliation closely paralleling the strike and dip of the metavolcanic and metasedimentary strata
composing the greenstone belt. The foliation was likely developed concurrent with folding which is expressed by
a west-northwest-trending, isoclinal syncline that strikes about 110°E and dips approximately 70°NE. Recently,
Easton (2010) reported the existence of an east-trending shear zone apparently overprinting only the greenstone
rocks. Later truncation of the foliation by plutonic material indicates that much of this deformation occurred prior
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to at least the youngest phase of emplacement of the ca. 2.716 to 2.651 billion year old Ramsey-Algoma
granitoid complex (Jensen, 1994).

Subsequent to emplacement of the Ramsey-Algoma granitoid complex, a series of northeast-striking sinistral
strike-slip faults and later subvertical, east-northeast-striking faults exhibiting sinistral-obligue movement were
formed along the margins of the greenstone belts. The earliest activation along regional east-trending faults,
such as the Murray and Flack Lake faults, is attributed to this deformation. This early faulting episode, defined
herein as the D, event, is poorly constrained to have occurred between ca. 2.651 and 2.5 billion years ago.

Subsequently, a large-scale rifting event (D3) overprinted the area of the four communities in association with the
ca. 2.497 to 2.47 billion year old break-up of the Superior Craton (Williams et al., 1991). This deformation event
also involved continued activation along regional faults, including the Murray and Flack Lake faults, and
overlapped in time with the deposition of the basal volcano-sedimentary rocks of the Huronian Supergroup
(Jensen, 1994). These faulting episodes also involved dextral, west-northwest- to northwest-striking fault
reactivation crosscutting the earlier formed structures throughout the Huronian Supergroup (Jackson, 2001).
These younger faults also cut the Archean basement and the Murray fault (Jackson, 2001). Alternatively,
Jensen (1994) and Jackson (2001) suggested that some of the faults in the area of the four communities may
have initiated as Archean structures that subsequently experienced a long history of reactivation during and
post-dating the Penokean Orogeny.

D5 also overlaps in time with the widespread emplacement of mafic intrusions such as the Agnew Lake intrusion
and the East Bull Lake intrusive suite (Vogel et al., 1998; Easton, 2009), as well as the pervasive Matachewan
dyke swarm. Numerous, narrow, discontinuous shear zones that range from east-northeast to east-southeast in
strike, cut the volcanic rocks of the Huronian Supergroup suggesting that east-trending faulting continued during
the period of volcanism (Jensen, 1994). As well, the Flack Lake fault and the Murray fault continued as down-to-
the-south syn-sedimentary growth faults during the formation of the Huronian Supergroup (Zolnai et al., 1984)
while the Neoarchean dextral, west-northwest to northwest faults were reactivated.

The Blezardian Orogeny is assigned as the fourth deformation event, Dy, in the area of the four communities.
The Blezardian Orogeny produced steeply south-dipping reverse faults and upright, kilometre-scale folds (Zolnai
et al.,, 1984). Riller et al. (1999) interpreted the initial development of the Quirke Lake syncline and the Chiblow
anticline to be attributed to the Blezardian event. As mentioned, the timing of the Blezardian Orogeny is poorly
constrained. It is thought to have occurred between ca. 2.4 (possibly as early as 2.47 billion years ago), and 2.3
billion years ago (Riller et al., 1999; Raharimahefa et al., 2011).

The ca. 1.89 to 1.84 billion year old Penokean Orogeny represents a fifth deformation event, Ds. Riller et al.
(1999) contended that the Penokean Orogeny in the area of the four communities involved dextral shearing and
horizontal shortening. Jensen (1994) also noted that east-northeast faults in the Archean basement and
Huronian Supergroup near the Whiskey Lake greenstone belt were reactivated at this time. Crustal shortening
and fault reactivation enhanced the previously buckled (Blezardian) structure of the Archean basement and
further compressed, folded and faulted rocks of the Huronian Supergroup, so that overlapping thrusted blocks
stacked up to possibly 15 km in burial thickness (Zolnai et al., 1984; Figure 3.5). Penetrative deformation
features, included cleavage, stretching lineation and rotation of tectonic fabric to a near-vertical orientation, and
development of medium to high grade metamorphic assemblages (south of the Murray fault) were developed at
this time (Zolnai et al., 1984). Northwest-trending strike-slip faults such as the Spanish American, Pecors Lake
and Horne Lake faults that cut the Huronian Supergroup sequence and the parallel Nook Lake fault within the
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Archean basement directly north of the Quirke Lake syncline (Robertson, 1968), may have been formed during
the Penokean Orogeny, or they may be reactivated Archean faults as suggested by Jackson (2001). The effect
that the syn-Penokean meteorite impact, which produced the Sudbury Igneous Complex, had on the geological
and structural evolution of the area of the four communities is unclear.

Deformation associated with the Grenville Orogeny, ca. 1.250 to 0.98 billion years ago, is considered the next
major deformation episode, Dg, in the area of the four communities. In spite of the scarcity of evidence and
problems of deformation overprinting and fault reactivation, it seems that the Murray fault remained active or was
reactivated during this orogeny (Robertson, 1970; Card, 1978; McCrank et al., 1989; Piercey, 2006). The
Midcontinent Rift (ca. 1.1 to 1.0 billion years ago) was developed contemporaneously with the long-lived
Grenville Orogeny and is also included as part of Dg, although its effect on the area of the four communities is
not known. There is poor control on any subsequent fault reactivation in the area of the four communities.
Therefore all possible post-Grenville fault reactivation is included as part of a protracted Dg event.

3.14 Mapped Regional Structures

Mapped structures in the area of the four communities include large-scale folds, several mafic dyke swarms of
different age and orientation, and a mosaic of brittle faults (Figures 3.2 and 3.3.). Their complex present day
geometrical arrangement is attributed to the protracted history of tectonic events that has overprinted the area,
as described in Section 3.1.3. At the broader regional scale, additional prominent structures include the Sudbury
Igneous Complex, the Kapuskasing structural zone and the Grenville Front tectonic zone (Figure 3.2). The
following paragraphs provide additional details on these structural features.

During the Penokean Orogeny and earlier deformational periods, both the Archean basement and Huronian
Supergroup were affected by different degrees of folding, deformation and faulting. The synformal structure of
the Whiskey Lake greenstone belt and its belt-parallel foliation is evidence of early structural overprinting related
to the Archean amalgamation of the Superior Province. The development of the Quirke Lake syncline, Chiblow
anticline and Flack Lake syncline (Figure 3.3) occurred between approximately 2.219 and 1.8 billion years ago in
response to northward compression that included tectonic events attributed to the Penokean Orogeny (e.g.,
Zolnai et al., 1984; Easton, 2013). The regional scale folding is also evident in the map pattern of the gneissic
tonalite suite of the Ramsey-Algoma granitoid complex wrapping around a massive granodioritic to granitic core
(e.g., Figure 3.3).

Several distinct mafic dyke swarms are some of the most prominent geological features within the area of the
four communities and surrounding region (Figures 3.2 and 3.3). These include the northwesterly trending
intrusions corresponding to the ca. 2.473 billion year old Matachewan dyke swarm (Buchan and Ernst, 2004).
Volumetrically, these are the most prominent dyke swarms in the region and their mapped spacing of about 1 to
3 km may not be indicative of their detailed distribution, as suggested by detailed mapping studies undertaken
elsewhere (e.g., Halls, 1982). The Matachewan dykes are orthogonally crosscut by the approximately east-west
trending ca. 2.22 billion year old Nipissing intrusions (Corfu and Andrews, 1986); the younger, less frequent,
northeasterly trending ca. 2.167 billion year old Biscotasing dykes (Buchan et al., 1993); and the east-northeast
trending 2.1 billion year old Kapuskasing/Marathon dykes (not mapped within the area of the four communities).
Later emplacement of the ca. 1.238 billion year old Sudbury dyke swarm (Krogh et al., 1987), and a suite of
mafic dykes of uncertain affinity and unknown age (ca. 2.5 to 1.6 billion years old) referred to as the North
Channel dyke swarm (OGS, 2011a), provide evidence of the long and complicated crustal deformation that has
occurred in the area of the four communities.
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The various mafic dyke swarms are associated with, and overprinted by, regional and local scale brittle fractures
or fault systems that are also evident throughout the area of the four communities. The faults include northwest-
trending strike-slip faults (e.g., the Spanish American, Pecors Lake and Horne Lake faults) that cut the Huronian
Supergroup, and the parallel Nook Lake fault within the Archean basement directly north of the Quirke Lake
syncline (Robertson, 1968). These faults locally offset diabase dyke intrusions across some fault traces
(Spanish American and Horne Lake faults), and offset diabase sills across others (Pecors Lake fault). Thrust
faults also occur in the sedimentary sequence parallel to the axis of the syncline and over-thrusting toward the
north such as the Quirke Lake fault (Robertson, 1968).

The regional scale arcuate east-trending Flack Lake fault (Figure 3.3) extends for about 150 km and transects
both the Huronian Supergroup rocks and the Ramsey-Algoma granitoid complex. The Flack Lake fault is
interpreted as a north-directed listric thrust that reactivated an earlier normal fault. Its movement history may be
related to post-Nipissing and Penokean events (Bennett et al., 1991).

The Murray fault (referred to in the literature by some as the Murray fault zone) is a major east-trending structure
that can be traced a few hundred kilometres from Sault Ste. Marie to Sudbury (Robertson, 1967). Within the
area of the four communities, the Murray fault parallels the shoreline of Lake Huron (Figure 3.3) where it is a
steeply south-dipping fault zone with approximately 15 to 20 km of reverse sense offset (Zolnai et al., 1984). It
records both dextral (Bennett et al., 1991), and sinistral (Abraham, 1953) movement. The Murray fault appears
to have been initiated prior to deposition of the Huronian Supergroup, but periodic reactivation occurred
synchronous with and after sediment deposition (Reid, 2003; Dyer, 2010). As discussed in Section 3.1.3, the
most recent movement of the Murray fault was during the Grenville Orogeny (Robertson, 1970; Card, 1978;
McCrank et al., 1989; Piercy, 2006). North of the fault, the Huronian Supergroup deposits are largely fluvial and
accumulated to depths of about 5 km, while south of the fault the deposits are dominated by turbidites that
accumulated to depths of 15 to 20 km as reflected by their higher metamorphic grade (Bennett et al., 1991).
North of the Murray fault, the Huronian Supergroup is considered largely unmetamorphosed, ranging from sub-
greenschist to lower greenschist (Bennett et al., 1991). South of the Murray fault, metamorphism increases to
middle greenschist and upward to amphibolite facies (Bennett et al., 1991; Jackson, 2001).

Detailed mapping at the East Bull Lake pluton (Ejeckam et al., 1985) highlights the northwest-trending Folson
Lake and East Bull Lake faults, and the east-trending Parisien Lake deformation zone. The Folson Lake fault
offsets the East Bull Lake intrusion with approximately 3 km of dextral movement and the fault lineament is
traceable for approximately 45 km trending northwest (McCrank et al., 1989). Cataclastic zones up to 10 m wide
associated with various episodes of movement and dyke injection were identified and drilling difficulties were
experienced where these zones were intersected at depth (McCrank et al., 1989). Some evidence gained from
dyke-fault relationships suggests that the Folson Lake fault may have been active prior to the injection of the
East Bull Lake intrusion while potassium feldspar (adularia) from a hydrothermal vein suggests reactivation ca.
940 million years ago during a later stage of the Grenville Orogeny. Additional fractures and minor faults occur
in several preferred orientations, the most common being subparallel to the Folson Lake fault, to mafic dykes
and to topographic lineaments (McCrank et al., 1989). The contact between the East Bull Lake pluton and the
Huronian Supergroup seems to be faulted, but this has not been confirmed (Easton et al., 2004). In the Whiskey
Lake area, at least some of these faults have been inactive since the Archean Eon as shear zones are cut by
Archean granitoid rocks that do not appear to be affected by subsequent deformation (Easton, 2010).

October 2014 Golder
Report No. 12-1152-0245 (1000) 22 Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Proximal to the area of the four communities, there are several tectonic features of importance. The north-
northeast-trending KSZ is an approximately 150 km wide by 500 km long fault-bounded block, located to the
northwest of the area of the four communities, which subdivides the Superior Province into eastern and western
halves (Percival and West, 1994). The KSZ consists of Archean granulite facies metasedimentary rocks derived
from a lower crustal environment (high pressure and temperature) that was brought to higher levels in the crust
along the major westward dipping thrust fault and shear zones during the Penokean Orogeny (Percival and
West, 1994). The maximum uplift along the fault zone is in the order of 30 to 40 km based on the granulite
metamorphic facies of the zone being brought into juxtaposition with greenshist facies rock. Continued tectonic
activity in proximity to the KSZ is evidenced by the emplacement of alkalic complexes as recently as ca. 1.1
billion years ago (Sage, 1991). The ca. 1.85 billion year old Sudbury Igneous Complex, located east of the area
of the four communities, is generally considered to represent the scar of a meteorite impact event that occurred
during the Penokean Orogeny (Young et al., 2001). The Grenville Front tectonic zone, located to the southeast
of the area of the four communities represents the mapped northwestern boundary of rocks affected by the
Grenville Orogeny. While acknowledging their existence, it is unclear what effect the development of these
regional structures had on the local structural complexity of the area of the four communities.

3.1.5 Metamorphism

Studies on metamorphism in Precambrian rocks across the Canadian Shield have been summarized in several
publications, including Fraser and Heywood (1978), Kraus and Menard (1997), Menard and Gordon (1997),
Berman et al. (2000), Easton (2000a,b), Holm et al. (2001) and Berman et al. (2005). The thermochronologic
record for major parts of the Canadian Shield is given in a number of studies such as those by Berman et al.
(2005), Bleeker and Hall (2007), Corrigan et al. (2007), and Pease et al. (2008). Overall, most of the Canadian
Shield, outside of unmetamorphosed late tectonic plutons, contains a complex episodic history of
tectonometamorphism largely of Neoarchean age with broad tectonothermal overprints extending from the
Paleoproterozoic to the end of the Grenville Orogeny approximately 0.95 billion years ago.

The Superior Province largely preserves low pressure — low to high temperature Neoarchean metamorphism
from ca. 2.710 to 2.640 billion years ago, but there is a widespread tectonothermal overprint of the Archean crust
by Paleoproterozoic deformation and typically amphibolite facies metamorphism across the Churchill Province
through northernmost Ontario under the northern Hudson Bay Lowland, western Manitoba, northern
Saskatchewan and Nunavut (e.g., Skulski et al., 2002; Berman et al., 2005).

In the Archean Superior Province, the relative timing and grade of regional metamorphism corresponds to the
lithologic composition of the subprovinces (Easton, 2000a; Percival et al., 2006). Granite-greenstone
subprovinces contain the oldest metamorphism of lower greenschist to amphibolite facies in volcano-
sedimentary assemblages and synvolcanic to syntectonic plutons. Both metasedimentary and associated
migmatite-dominated subprovinces, such as the English River and Quetico subprovinces, and dominantly
plutonic and orthogneissic subprovinces, such as the Winnipeg River Subprovince, display younger, syntectonic
middle amphibolite to granulite facies metamorphism (Breaks and Bond, 1993; Corfu et al., 1995).

Subgreenschist facies metamorphism in the Superior Province is restricted to limited areas, notably within the
central Abitibi greenstone belt (e.g., Jolly, 1978; Powell et al., 1993) and locally within the Uchi Subprovince
(Thurston and Paktunc, 1985). Most late orogenic shear zones in the Superior Province experienced lower to
middle greenschist retrograde metamorphism. Post-metamorphic events along faults in the Abitibi greenstone
belt show a drawn-out record through “°Ar/**Ar dating to ca. 2.50 billion years ago (Powell et al., 1995). The
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distribution of contrasting grades of metamorphism is a consequence of relative uplift, block rotation and erosion
from Neoarchean orogenesis and subsequent local Proterozoic orogenic events and broader epeirogeny during
Proterozoic and Phanerozoic eons.

Metamorphic grade in the area of the four communities is largely of subgreenschist facies north of the Murray
fault, east and north of Blind River. South of the fault (Piercey, 2006), metamorphism increases to localized
lower amphibolite facies extending eastward between Blind River, Sudbury and the Grenville Front (Riller et al.,
1999). Most authors (e.g., Zolnai et al., 1984) have considered the medium grade metamorphism reached south
of the Murray fault to be a product of tectonothermal burial. However, Jackson (2001) pointed out that the high
temperature-low pressure metamorphism reached could not be solely the result of burial, and he advanced the
alternative of a second period of crustal extension in the area of the four communities. This hypothesis would
not only account for the required heat for medium grade metamorphism but would also explain the emplacement
of Nipissing intrusions. Holm et al. (2001) suggested that peak Penokean Orogeny metamorphism occurred
ca.1.835 billion years ago, based on monazite ages. More recently, Piercey (2006) pointed out that the
Penokean Orogeny was only the first of several accretionary events that impinged on the southern Laurentide
margin and presented evidence of a younger and more significant, ca. 1.7 billion year old, metamorphic event
possibly related to the Yavapai tectonothermal pulse. This event may have affected the metamorphic conditions
in the area of the four communities and possibly increased the metamorphic overprint to greenschist facies, at
least in the area proximal to the Cutler pluton, on the north side of the Murray fault. Also north of the Murray
fault, Fedo et. al. (1997) pointed out that a ca. 1.7 to 1.75 billion years ago metasomatic event is evident in
potassic and sodic alterations of the Huronian Supergroup. This event is probably what replaces most
metamorphic minerals in the Huronian Supergroup with white mica and is presumably related to fluid-flow driven
by post-orogenic uplift of the Penokean Orogeny. Minor contact metamorphism exists in the metavolcanic rocks
of the greenstone belt near some of the large Proterozoic mafic intrusions (Rogers, 1992).

3.1.6 Erosion

During the Archean, following the Kenoran Orogeny, the terrain was reduced by erosion to a peneplain with
varying degrees of rolling relief prior to the onset of deposition of the sedimentary sequence of the Huronian
Supergroup. Following the Penokean-Hudsonian Orogeny the terrain was again eroded to near its current
peneplain configuration before a Paleozoic marine transgression deposited sedimentary strata over much or all
of the area of the four communities. These sedimentary strata were dominated by carbonate and shale deposits
presumably similar to those preserved on Manitoulin Island and in the Hudson Bay Lowlands. The deposits
were subsequently removed from the area of the four communities by erosion during uplift in the late
Paleozoic/Mesozoic eras.

There is no site-specific information on erosion rates for the area of the four communities. However, studies
reported by McMurry et al. (2003) and Hallet (2011) provide general information on erosion rates for the
Canadian Shield. The average Quaternary erosion rate from wind and water on the Canadian Shield is reported
to be about 2 m per 100,000 years (Merrett and Gillespie, 1983) with higher erosion rates associated with
periods of glaciation. The depth of glacial erosion depends on several regionally specific factors, such as the ice
geometry, topography, and local geological conditions, such as overburden thickness, rock type and pre-existing
weathering.

Flint (1947) made one of the first efforts to map and determine the volume of all the terrestrial glacial sediment in
North America, and concluded that all of the Pliocene-Pleistocene advances of the Laurentide ice sheet had
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resulted in erosion of about 10 m of the Canadian Shield. White (1972) pointed out that this ignored the much
larger quantity of sediment deposited in the oceans, and revised the estimate upward by about an order of
magnitude. Subsequently, Laine (1980; 1982) used North Atlantic deposits and Bell and Laine (1985) used all
the marine sediment repositories of the Laurentide ice sheet (excluding the Cordilleran Ice Sheet) to arrive at an
average erosion of 120 m over 3 million years. Bell and Laine (1985) considered this to be a minimum value;
although, they made no allowance for non-glacial erosion or the role of rock weathering on erosion rates during
the initial glacial advances in the late Pliocene Epoch. Hay et al. (1989) contended that in the Gulf of Mexico the
depth of sediment of Laurentide provenance is greatly overestimated by Bell and Laine (1985), thereby reducing
this estimate of regional erosion to 80 m over the same time period.

In summary, the area of the four communities is thought to have undergone sequential periods of uplift and
erosion followed by crustal depression. The area was largely emergent until the development of the Michigan
Basin submerged the area of the four communities and vicinity in an Ordovician-age sea, followed by carbonate
deposition continuous with the formations on Manitoulin Island directly to the south. The area was again
emergent in the Mesozoic and Cenozoic eras, during which time the Paleozoic strata were eroded from the area.
The current Precambrian bedrock topography likely compares closely to that upon which the Huronian
Supergroup strata were deposited. This submergence and emergence was of a flexural rather than orogenic
nature, though it may have been associated with reactivation of pre-existing fault structures (Easton, 2009).

The most recent period of depression of the crustal sequence beneath the area of the four communities was
associated with isostatic adjustments due to loading by the continental ice sheet of the last glaciation which
depressed the land surface approximately 200 to 300 m below its current level (Lewis et al., 2005).

3.2 Local Bedrock and Quaternary Geology
3.2.1 Bedrock Geology

Approximately two-thirds of the area of the four communities is underlain by the Ramsey-Algoma granitoid
complex, which extends beyond this area to the east, west, and north (Figure 3.2). The bedrock in the southern
third of this area is dominated by metasedimentary rocks and subordinated metavolcanic rocks of the Huronian
Supergroup, and an inlier of the Ramsey-Algoma granitoid complex. Rocks of the Huronian Supergroup extend
beyond this area to the east and west. Less areally extensive lithologies include thin slivers of greenstone belt
affinity (Whiskey Lake and Benny Lake greenstone belts) distributed within the gneissic portion of the granitoid
complex. In addition, mafic to ultramafic units of the East Bull Lake intrusive suite, the Parisien Lake syenite,
and the Cutler pluton, among other small geological units, are present in the southern third of this area. As well,
several generations of mafic dykes and brittle faults crosscut the area of the four communities with the former
comprising a volumetrically significant portion of the total bedrock area. All mapped dykes post-date the older
Archean rocks; however, as discussed further below, not all dykes post-date the metasedimentary rocks of the
overlying Huronian Supergroup.

Information on local bedrock geology for the area of the four communities was obtained from the various
published reports for the area, geological maps (Section 1.5), and the geophysical interpretation of the area
carried out as part of this preliminary assessment (PGW, 2014). The regional and local bedrock geology of the
area of the four communities is shown on Figures 3.2 and 3.3, respectively, while a conceptual cross section
across the Huronian Supergroup is shown on Figure 3.5. The total magnetic field and the first vertical derivative
of the residual magnetic field over the area of the four communities are shown on Figures 3.6 and 3.7,
respectively. The regional Bouguer gravity data is shown on Figure 3.8.
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In general, the aeromagnetic data shows regional magnetic highs to the north and east predominantly
associated with the mapped distribution of massive granodiorite to granite, and to a lesser extent the gneissic
tonalite suite of the Ramsey-Algoma granitoid complex. Regional magnetic low response to the southwest is
associated with the weakly magnetized bedrock of the Huronian Supergroup. Smaller discrete magnetic highs
are located throughout the area, reflecting intrusions of different ages and lithologies, as well as the Benny Lake
and Whiskey Lake greenstone belts and smaller greenstone fragments. The boundaries of the geological units
are not always well-defined in the aeromagnetic data, largely due to the low resolution of the data.

Gravity data reveal a large arcuate gravity high anomaly present within the area of the four communities that
underlies much of the Huronian Supergroup units in an east-southeast direction, and continues in a northeast
direction through the central portion of the Ramsey-Algoma granitoid complex. In the Ramsey-Algoma granitoid
complex, this gravity anomaly is roughly coincident with the trend of the mapped gneissic tonalite suite, although
gravity stations are sparse in this area. The arcuate nature of the gravity anomaly extending through the
Ramsey-Algoma granitoid complex and into the Huronian Supergroup rocks appears to spatially correlate to a
large scale fold structure with east-west-trending axial surface traces in the area of the four communities.

The gravity high underlying much of the Huronian Supergroup reflects the highest values in the area of the four
communities. It is speculated that this gravity high anomaly may reflect the distribution and increased thickness
of high density metavolcanics and metasedimentary rocks and the presence of mineralization located within the
core of a regional fold (i.e. Quirke Lake syncline), or may reflect the presence of an intrusion at depth. Similarly,
this high gravity anomaly broadly extends to the southeast where it is coincident with the mapped distribution of
the Elliot Lake Group metasedimentary rocks exposed to the south of the Murray fault, near the North Channel
of Lake Huron.

In the north-central portion of the Ramsey-Algoma granitoid complex there is broad correlation between a gravity
low and the mapped distribution of massive granodiorite to granite. A similar low gravity response occurs in the
northwestern corner of the area of the four communities, which is also broadly correlative with a massive
granodiorite to granite unit.

Card et al. (1984) described the high gravity responses along the Murray fault, correlating with the boundary
between the Superior and Southern provinces, as being part of a regional anomaly that extends 350 km to the
east. Hearst and Morris (2001) interpreted it to reflect an uplifted block of Huronian Supergroup volcanic rocks.

Gravity measurements locally show a higher density of sampling over some of the smaller intrusions and
greenstone belts in the area of the four communities, including the Benny Lake greenstone belt, Whiskey Lake
greenstone belt, East Bull Lake intrusion, Agnew Lake intrusion and Seabrook Lake intrusion. These units are
predominantly characterized by anomalies with relatively high gravity values and may reflect rock units that are
higher density than the surrounding bedrock. Although the gravity data is still relatively sparse, the last two
intrusions appear areally more extensive in the gravity data compared to their response in the magnetic data and
the bedrock geology map.

Interpretation of radiometric data was hindered by the generally low resolution of the data. The mapped massive
granodiorite to granite of the Ramsey-Algoma granitoid complex correlates well with a broad regional response
that is relatively high in all three radioelements (U, Th, and K). The gneissic tonalite within the complex is also
relatively high in potassium but low in uranium and thorium. The Huronian Supergroup show a mixture of
responses, with higher values north and east of Elliot Lake, despite the low resolution of the data. Radiometric
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data over the Benny Lake greenstone belt shows low concentrations of thorium and uranium, and elevated
concentrations of potassium. In contrast, the Whiskey Lake greenstone belt tends to be dominated by thorium,
with lesser amounts of potassium and uranium, in spite of the lower resolution data acquired over this
greenstone belt.

The main rock types of the area of the four communities are further described in the following subsections.

3.21.1 Whiskey Lake Greenstone Belt

The Whiskey Lake greenstone belt (Figure 3.3) consists of Archean metavolcanic and subordinated
metasedimentary rocks that form an arcuate, easterly-striking, 10 km by 30 km, synclinal greenstone belt
(Rogers, 1992). The greenstone belt has been subdivided into the Whiskey Lake greenstone belt for the portion
south of the Folson Lake fault and a northern component named the Ompa greenstone belt (Easton, 2010) for
the portion north of the Folson Lake fault. In the interest of simplicity and consistency with earlier nomenclature,
the name Whiskey Lake refers to both components in this assessment. Radiometric (207Pb/206 Pb) dating from
greenstone rocks in the Joubin Township area, located 15 km west of the East Bull Lake intrusion, yielded ages
of ca. 2.686 and 2.725 billion years, for upper and lower metavolcanic sequences (Easton, 2010; Easton and
Heaman, 2011), while a similar age of 2.689 billion years was obtained from felsic metavolcanic rock of the
northern portion of the greenstone belt (Easton, 2010). Drill holes in the Whiskey Lake greenstone belt in the
vicinity of Folson Lake (AFRI # 41J08NWO0001) indicate a thickness of at least 400 m for the greenstone rocks.

The Whiskey Lake greenstone belt is mostly composed of metavolcanic rocks in its eastern half.
Metasedimentary rocks are more abundant in the western part of the greenstone belt. Although the greenstone
belt is partly overlain by rocks of the Huronian Supergroup, there are large exposures of Archean greenstone
rocks southeast and northwest of the easternmost portion of the Huronian Supergroup located in the vicinity of
the City of Elliot Lake (Roscoe, 1969).

The eastern half of the Whiskey Lake greenstone belt consists of inter-layered tholeiitic and calc-alkalic
metavolcanic rocks and rare, narrow horizons of bedded chert (Rogers, 1992). The tholeiitic rocks consist of
massive and pillow basalt flows usually about 15 m thick. Mafic to felsic pyroclastic rocks, composing the calc-
alkalic suite, occur as generally thin, less than 100 m thick, units of fine-grained tuff, exhibiting penetrative
schistosity parallel to bedding (Rogers, 1992). These rocks are intruded by Archean gabbro dykes, sills, and
stocks across the southern portion of the greenstone belt.

The mafic to intermediate metavolcanic portions of the greenstone belt are well-defined by discrete magnetic
highs with a roughly east-west orientation; although, the widespread dyke activity makes it difficult to differentiate
the more subtle responses of any felsic metavolcanic and metasedimentary rocks from adjacent rocks of the
Ramsey-Algoma granitoid complex or the Huronian Supergroup. A slight gravity high is associated with the
greenstone belt, which has a low radiometric response.

3.2.1.2 Benny Lake Greenstone Belt

The Benny Lake greenstone belt (Figure 3.3) consists of Archean metavolcanic and metasedimentary rocks that
form an east-striking 40 km long by 5 km wide greenstone belt that extends from the Geneva Lake area to the
Mink Lake area, some 70 km northeast of the City of Elliot Lake. The greenstone belt extends approximately 10
km into the area of the four communities to its mapped termination south of Mink Lake. Card and Innes (1981)
described the central part of the belt as consisting of intercalated mafic flows and pyroclastic rocks with
intermediate tuffs and tuff-breccia with some volcanogenic metasedimentary rocks including tuffaceous
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greywake and siltstone, chert, and iron formation. The stratigraphic sequence in this part of the belt comprises
cyclic repetitions of mafic, intermediate, and felsic metavolcanics, plus sulphide-bearing tuffs and tuffaceous
metasedimentary rocks that commonly lie along contact zones between the metavolcanic units. Outliers of the
Huronian Supergroup have also been mapped in the area south of the greenstone belt.

Felsic plutonic rocks are noted to surround and intrude the greenstone rocks. Card and Innes (1981) subdivided
these rocks into an older gneissic, granodioritic complex that occurs mainly to the north of the greenstone belt
and a younger, relatively massive, homogeneous quartz monzonite that forms most of the terrain to the south,
based on mapping carried out in 1973-74. Quartz monzonite, as used in 1973-74, may overlap with a number of
fields in the currently used International Union of Geological Sciences (IUGS) classification. Although there is no
published information on the age of this greenstone belt, Easton (2010) noted that the ages obtained for the
Whiskey Lake greenstone belt mentioned above were consistent with 2.690 to 2.685 billion year old volcanism in
the southern part of the Abitibi Subprovince, including the Benny Lake greenstone belt and other greenstone
belts in the subprovince.

The greenstone sequence dips steeply to the south with a schistosity subparallel to the primary stratification.
Movements on major northwest and north-northwest trending faults such as those along the Spanish River have
resulted in progressive northward displacement of the Benny Lake belt from east to west.

The Benny Lake greenstone belt exhibits a similar aeromagnetic response to that of the Whiskey Lake
greenstone belt, with the mafic to intermediate metavolcanic portions of the greenstone belt defined by magnetic
highs with a roughly east-west orientation. A slight gravity high is associated with the Benny Lake greenstone
belt.

3.2.1.3 Ramsey-Algoma Granitoid Complex

The Ramsey-Algoma granitoid complex is a large complex of granitoid and gneissic rocks divided in three large
domains: Chapleau gneiss domain, Ramsey gneiss domain and Algoma plutonic domain (Jackson and Fyon,
1991). In the area of the four communities, the granitoid complex is dominated by the Algoma plutonic domain.
Although some portions of the Algoma plutonic domain have been mapped in detail (e.g., Robertson, 1965a,b,c;
Robertson and Johnson, 1965; Giblin, 1976; Giblin et al.,1977), the Algoma plutonic domain is generally not well
studied. The Ramsey-Algoma granitoid complex is generally described in the literature as largely consisting of a
massive to foliated granite-granodiorite suite intruding a tonalite-granodiorite suite. In addition, several narrow
slivers of metavolcanic rock are mapped within the gneissic tonalite portion of the Ramsey-Algoma granitoid
complex in the north part of the area of the four communities.

The Algoma plutonic domain consists of granitic and granodioritic rocks and granitic gneisses with numerous
greenstone enclaves and massive to foliated granite, granodiorite, and syenite intrusions (Card, 1979); although,
a variety of facies have been observed throughout the granitoid complex in the area of the four communities.
For example, in the area of Rawhide Lake, about 15 km north of Elliot Lake, the Algoma plutonic domain
consists generally of uniform, massive, medium to coarse-grained, equigranular granite (Ford, 1993). About 45
km northwest of Elliot Lake, in the area of Kirkpatrick Lake, the plutonic complex is reported to be predominantly
composed of massive to foliated biotite-bearing to hornblende-bearing granitic rock with up to 30% amphibole.
Minor, more leucocratic phases are typically quartz monzonite to granodiorite and trondhjemite. Further
westward in the Wakomata Lake area, outcrops of pink to grey, equigranular, fine- to coarse-grained
trondhjemite, quartz monzonite and granodiorite have been reported, of which grey, medium- to coarse-grained,
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leucocratic trondhjemite predominates (Siemiatkowska, 1977). Sage (1988) described granitic rock in the
Seabrook Lake area as massive, medium- to coarse-grained, red to red-brown, leucocratic, granodiorite to
guartz monzonite. In the area of East Bull Lake, Easton et al. (2004) reported mixtures of strongly foliated
granitic gneiss and migmatitic facies enclosing mafic gneiss, whereas McCrank et al. (1989) described that area
as comprising weakly to moderately foliated granodiorite and porphyroblastic granite. Lastly, Gordon (2012)
noted massive, homogeneous syenogranite as the main plutonic phase in Otter Township, located just west of
the area of the four communities.

The geophysical interpretation by PGW (2014), based largely on the aeromagnetic data, subdivides the
Ramsey-Algoma granitoid complex into distinct anomalies with strongest magnetic responses predominantly
associated with areas of mapped granite to granodiorite units, and slightly weaker response associated with the
mapped gneissic tonalite units. The geophysical interpretation also identifies low magnetic response where the
gneissic tonalite surrounds the Huronian Supergroup. Some of the contacts between the massive granodiorite
to granite and the gneissic tonalite, based on the geophysical interpretation, are discordant relative to their
mapped surface location. There is also uncertainty in the true location of contacts due to the presence of dykes
masking the bedrock response, and the limitation of the data set resolution.

Geochronology for the Algoma plutonic domain includes an age of 2.716 billion years old in the Batchawana
area, about 60 km west of the area of the four communities (Corfu and Grunsky, 1987), and 2.662 billion years
for the area south of Ramsey, about 20 km northeast of the area of the four communities (van Breemen et al.,
2006). Heather et al. (1995) reported a preliminary age of ca. 2.727 billion years for biotite tonalite from
immediately south of the Swayze greenstone belt to the northeast of the area of the four communities. More
recently, Easton (2010) obtained preliminary dates of 2.675 and 2.651 billion years for two samples of granite
and granodiorite near Elliot Lake. The wide range of dates suggests that the Algoma-Ramsey granitoid complex
contains distinct plutonic and gneissic lithologies emplaced over a period of 75 million years and possibly longer.
This interpretation is supported by van Breemen et al. (2006) who subdivided granitic rocks in the Swayze area,
around 120 km north of Elliot Lake, into the following five broad categories:

m Synvolcanic diorite and hornblende tonalite intrusions ranging in age from ca. 2.740 to 2.696 billion years
old;

m A transitional suite of tonalite and quartz monzonite intrusions ranging from ca. 2.695 to 2.686 billion
years old;

m Syntectonic hornblende granodiorite intrusions ranging from ca. 2.685 to 2.686 billion years old;

m A younger transitional suite of tonalite and quartz monzonite intrusions ranging from ca. 2.680 to 2.665
billion years old; and

m Non-foliated ca. 2.665 billion year old post-tectonic granite intrusions occurring within areas of
synvolcanic and syntectonic intrusions.

Although the Swayze area is located further north, it shares a similar tectonic setting to the northern part of the
area of the four communities. Van Breeman et al. (2006) may therefore offer an interpretative framewaork for the
largely unmapped Ramsey-Algoma granitoid complex within the northern part of the area of the four
communities. Heather et al. (1995) also described a large body of massive Algoma biotite granite in the area
southwest of Ramsey that extends into the area of the four communities.
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There is only limited data on the thickness of the Ramsey-Algoma granitoid complex in the area of the four
communities. Cruden (2006) used gravity and seismic measurements to estimate the regional thickness of late
Archean granites to be on the order of 1 to 3 km thick, with the lower value assuming wedge-shaped plutons and
the higher value corresponding to a tabular morphology.

3.214 Seabrook Lake Intrusion

The Seabrook Lake carbonatite intrusion is located within the northwest part of the area of the four communities
some 80 km northwest of the City of Elliot Lake. Sage (1988) described the carbonatite as tadpole-shaped in
plan-view, tapering to the south, and occupying an area of approximately 1.5 km?. The northern portion is
dominated by sovite and silicocarbonatite, while rocks of the ijolite suite dominate to the south. The intrusion
occurs at the intersection of several regional lineaments, and Sage (1988) speculated that it may represent the
southern limit of alkalic magmatism associated with faulting in the Kapuskasing structural zone which lies further
to the north.

The carbonatite and ijolite are enclosed within an envelope of brecciated and fenitized granitic rock, which
grades outward to an unbrecciated halo of fenitized granitic rocks up to 300 m wide. The granitic rocks are
mapped as part of the Ramsey-Algoma granitoid complex and are described at this location (Sage, 1988) as
typical of the late Archean granite diapirs found throughout the Canadian Shield. Texturally, the granite is
massive, medium- to coarse-grained, red to red-brown, leucocratic, granodiorite to quartz monzonite with modal
composition estimated as 35% quartz, 40 to 50% plagioclase, trace to 25% potassium feldspar, and up to 5%
biotite. No petrographic evidence of recrystallization and/or metamorphism was noted by Sage (1988).

The granitic rocks enclosing the Seabrook Lake intrusion are crosscut by northwesterly-trending diabase dykes
(Matachewan and Sudbury) but these dykes do not crosscut the carbonatite. The intrusion has been dated by
K-Ar isotopic techniques at 1.109 and 1.107 billion years old (Gittins et al., 1967).

This intrusion is characterized by a central, east-northeast-striking, magnetic high and spotty magnetic highs
beyond its mapped margin.

3.2.15 Parisien Lake Syenite

The Parisien Lake syenite is a late Archean, 2.665 billion year old (Krogh et al., 1984), elliptical intrusive stock
located about 15 km east of the City of Elliot Lake, adjacent to the East Bull Lake intrusion. It measures
approximately 13.5 km east-west and 3.3 km at its widest point north-south. The intrusion is composed of
medium- to coarse-grained, pink, equigranular monzodiorite, monzonite and syenite (Rogers, 1992).
Predominant minerals are K-feldspar phenocrysts, with interstitial amphibole, biotite, sphene, and magnetite,
with a distinctive, locally developed K-feldspar alignment (McCrank et al., 1989). The Parisien Lake syenite is
shown on Figure 3.3 as a diorite-monzonite-granodiorite suite. There is no readily available information on the
thickness of this intrusion.

The Parisien Lake syenite, with its strong magnetic response, is clearly differentiated from the weakly magnetic
East Bull Lake intrusion immediately to the north.

3.2.1.6 East Bull Lake Intrusive Suite

The East Bull Lake intrusive suite is located east of the City of Elliot Lake. It consists of a series of east-
northeast-trending, elongated gabbro-anorthosite intrusions that were emplaced into Archean metavolcanic and
metaplutonic rocks of the Superior Province during the early Proterozoic ca. 2.490 to 2.470 billion years ago
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(Easton et al., 2004). These intrusions are shown as mafic and ultramafic intrusive rocks on Figure 3.3. The
East Bull Lake intrusive suite comprises three intrusions: 1) the East Bull Lake intrusion, which includes the East
Bull Lake pluton and the intrusions to the north of the pluton; 2) the Agnew Lake intrusion; and 3) the May
Township intrusion, located near Highway 17 east of the Town of Spanish, which is a thin sheet-like intrusion
near the contact between Archean granitic rocks and the Huronian Supergroup.

The elliptical East Bull Lake pluton, about 15 km east of the City of Elliot Lake, has surface dimensions of at
least 13.5 km east to west, and a maximum north-south extent of 3.5 km (Figure 3.3). It is about 780 m thick in
its central part (McCrank et al., 1989). The East Bull Lake pluton has a U-Pb isotopic age of 2.480 billion years
old (Krogh et al., 1984), and it is divided into several large composite rock units distinguishable by variations in
mineral composition, texture, and style of internal layering (McCrank et al., 1982; James et al., 1985; Ejeckam et
al., 1985). Within the composite units, mineralogical grading produced layers that grade from gabbro to
leucogabbro, rhythmic layers that grade upwards from clinopyroxenite and gabbro, to anorthosite layers and thin,
centimetre-sized laminations of clinopyroxenite within gabbroic rock (McCrank et al., 1989).

The main mass of the Agnew Lake intrusion is located about 35 km east of the City of Elliot Lake. It is similar in
age and size to the East Bull Lake intrusion, with an estimated U-Pb isotopic age of approximately 2.491 billion
years old (Krogh et al., 1984), a thickness of 1 to 2.1 km, and an area of 50 km? (Vogel et al., 1998). The
primary axis of the Agnew Lake intrusion is east-west, similar to the East Bull Lake intrusion, and is thought to
reflect the orientation of the rift structure that permitted magma intrusion (Easton et al., 2004), and would have
shaped the Agnew Lake and the East Bull Lake intrusions originally into funnel-like bodies (Vogel et al., 1998).
The Agnew Lake intrusion is linked to the East Bull Lake intrusive suite on its northwest side by the Streich dyke,
a 200 to 300 m wide gabbronoritic body with a strike length of approximately 10 km (not shown on Figure 3.3).
The Agnew Lake intrusion is a product of four major magma pulses that produced an internal layered distribution
of gabbronorite, olivine gabbronorite and leucogabbronorite in the intrusive body, each ranging in thickness from
a few tens of metres to hundreds of metres. The Camp Eleven fault bisects the intrusion and exhibits 600 m of
dextral displacement of this internal layering (Vogel et al., 1998). The Agnew Lake intrusion was wholly
emplaced in granitoid rocks of the Algoma plutonic domain, while the top of this intrusion corresponds to a major
disconformity separating the Agnew Lake intrusion from the Huronian Supergroup (Vogel et al., 1998). Also,
potentially related to the East Bull Lake suite is the Tennyson sill (Prevec, 1993), an approximately 650 m thick
body of medium-grained gabbro north of Massey. The Tennyson sill intruded Archean granodiorite, but is
crosscut by Matachewan dykes. Easton (2010) interpreted the Tennyson sill to be a primitive phase of the East
Bull Lake intrusive suite.

The East Bull Lake intrusion generally shows a low magnetic response, with some areas of higher intensity
towards its west end, reflecting some internal inhomogeneity (Figures 3.6 and 3.7). The northern two lobes
mapped for this intrusion show no magnetic contrast with the host rock and have not been separated in the
interpretation. The Agnew Lake intrusion shows a local magnetic high in its southeast corner, but otherwise
cannot be differentiated from the surrounding massive granodiorite to granite. Local gravity highs (Figure 3.8)
are associated with both the East Bull Lake and Agnew Lake intrusions.

3.2.1.7 Cutler Pluton

The Cutler pluton is located south of the City of Elliot Lake (Figure 3.3) and extends west into Lake Huron (Giblin
and Leahy, 1979). The pluton is an elongated muscovite-biotite granitic body with dimensions of approximately
3 km by 28 km. The pluton intrudes both metamorphosed rocks of the Huronian Supergroup and Nipissing
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intrusive rocks south of the Murray fault (Robertson, 1970; Card, 1978) along the axis of the doubly plunging
Spanish anticline (Robertson, 1970). The pluton consists of different intrusive phases, medium- to coarse-
grained, foliated quartz monzonite, granodiorite and tonalite. The Cutler pluton was emplaced approximately
1.75 billion years ago after the Penokean Orogeny (Wetherill et al., 1960). There is no readily available
information on the thickness of this intrusion.

3.2.1.8 Huronian Supergroup

The Huronian Supergroup (Figures 3.2 and 3.3) is a stratigraphic sequence that extends for about 450 km from
the east shore of Lake Superior to northwest Quebec, with varying thickness of up to 12 km southwest of
Sudbury, thinning northward against rocks of the Ramsey-Algoma granitoid complex (Bennett et al., 1991). The
Huronian Supergroup surrounds the City of Elliot Lake and overlies rocks of both the Whiskey Lake greenstone
belt and the Ramsey-Algoma granitoid complex over large areas. Deposition of the thick Huronian stratigraphic
package in a rift setting started approximately 2.497 billion years ago (Rainbird et al., 2006), influenced by
Archean tectonic activity and possibly an early Proterozoic extension event, and was later succeeded by a
passive-margin setting (Bennett et al., 1991; Young et al., 2001). Deposition ceased sometime before 2.219
billion years ago (Corfu and Andrews, 1986).

The Huronian Supergroup consists of a succession of four lithostratigraphic groups: the Elliot Lake Group is at
the base and is overlain, in ascending order, by the Hough Lake, Quirke Lake and Cobalt groups. The Elliot
Lake Group forms an eastward-thinning volcano-sedimentary package of uranium-bearing conglomerate beds
and sandstone sequences associated with the extensional rifting events (Bennett et al., 1991). The other three
groups represent three sedimentary cycles deposited in a continental passive-margin setting, intercalated by
periods of Neoproterozoic glaciations (Bennett et al., 1991; Young et al., 2001). Each metasedimentary cycle
typically consists of conglomerate, overlain by either mudstone, siltstone or carbonate, and is capped by coarse,
cross-bedded sandstone (Roscoe, 1969).

The Huronian Supergroup sequence underwent subgreenschist facies metamorphism that resulted in highly
indurated, non-porous quartzite and arkose-greywacke strata. The sequence was gently folded through north—
south compression prior to the emplacement of Nipissing diabase intrusions (2.2 to 2.1 billion years ago). The
Huronian Supergroup is also intruded by the Cutler pluton (Bennett et al., 1991) and several groups of mafic
dykes such as Nipissing, Sudbury and unclassified dykes (Lewis, 2013) described in the section below.

The Huronian Supergroup strata are generally magnetically transparent. The southern part of the Huronian
Supergroup shows a slightly higher magnetic response than the northern part, corresponding to the shallower
and deeper underlying basement reflected by the Chiblow anticline and the east-west Quirke Lake syncline axes
respectively (Johns et al., 2003). Two prominent, broadly north-west trending magnetic highs are observed east
of Elliot Lake. The larger of the two anomalies is referred to as the Pecors magnetic anomaly, known to exhibit
resource potential. The north-west orientation of these anomalies tends to be broadly coincident with the strike
of the Matachewan dyke swarm through the area. Magnetic inversion modelling suggests that the source of the
magnetic anomaly is located within the Archean bedrock underlying the Huronian Supergroup units (Hawke,
2011). The east-southeast oriented gravity high, previously described, occurs near the center of the Huronian
Supergroup and is aligned with the Quirke Lake syncline. The Huronian Supergroup strata show a mixture of
radiometric responses, with higher responses in the Quirke Lake syncline, particularly north and east of Elliot
Lake.
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3.2.1.9 Mafic Dykes

Mafic dykes and intrusions of diabase and gabbroic composition are widespread in and around the area of the
four communities (Figures 3.3 and 3.4). Although the similar composition and texture of these intrusions has
hampered the determination of their age and character, most of the studies carried out in the area of the four
communities have historically assigned the mafic intrusions and dykes either to the Matachewan or Nipissing
suites. More recent studies (Osmani, 1991; Phinney and Halls, 2001) indicate the presence of at least four
distinct generations of mafic dyke emplacement: Matachewan swarm, Nipissing intrusions, Biscotasing swarm,
Sudbury swarm, North Channel swarm, and younger unclassified dykes (in addition to the local occurrence of
highly deformed unclassified mafic dykes of Archean age). The determination of age relationships is further
hampered by the widespread occurrence of composite dykes, resulting from multiple injections of magma into
the same fracture system (Easton, 2009). Finally, Easton (2010) noted that south of approximately 46°42'N, the
Matachewan swarm diabase dykes lose their magnetic character, making their identification based on
aeromagnetic response problematic.

The main generations of mafic dykes in the area of the four communities are described in the following
subsections.

Matachewan Dykes

Matachewan diabase dykes are early Proterozoic intrusions ca. 2.473 billion years old (Buchan and Ernst,
2004). These dykes form the oldest and most extensive dyke swarm, cutting the Archean Superior Province
rocks, and are characterized by a north-northwest orientation and the display of large phenocrysts of plagioclase
in an epidote-rich matrix (Robertson, 1977b). Variations can be found in particular areas; for example, in the
area of Albanel Township, located approximately 35 km northwest of Elliot Lake, these dykes are equigranular,
fine- to medium-grained, composed predominantly of hornblende and plagioclase, and vary in width from 2 to 20
m (Lewis, 2013). In the Pecors-Whiskey Lake area, Easton (2010) noted dyke widths of up to 150 m and
identified two compositional groups: non-phyric and plagioclase-phyric with phenocrysts up to 3 mm in size. The
majority of the mafic dykes cutting the Archean terrane beneath the northern half of the area of the four
communities and south and east of the Quirke Lake syncline are considered to be Matachewan dykes, which
have also been related to the East Bull Lake intrusive event and may be related to the basal Thessalon
Formation basaltic flow deposits (Vogel et al., 1998; Easton, 2009). The Matachewan dykes in the East Bull
Lake area trend northwestward through the Archean terrain of the northern half of the assessment area (Figure
3.3). Easton (2010) noted that in the area south of Elliot Lake, Matachewan dykes constitute roughly 60 to 75%
of the mafic dykes exposed in outcrop with this percentage rising to approximately 90% in the Whiskey Lake
area. The Matachewan dykes predate the deposition of the sedimentary rocks of the Huronian Supergroup, but
they may have served as feeders for the volcanic rocks of the Huronian Supergroup (Buchan and Ernst, 2004),
given their similar age and geochemical affinity (Vogel et al., 1998).

Nipissing Intrusions

The Nipissing intrusions consist of early Proterozoic mafic bodies of irregular sill-like and dyke-like geometry,
approximately 2.21 billion years old (Corfu and Andrews, 1986; Palmer et al., 2007). These intrusions post-date
the Matachewan dykes and cut both the Archean basement and the folded Huronian Supergroup. In the area of
the four communities, mapped Nipissing intrusions are confined to the Huronian Supergroup and adjacent
crystalline rocks of the Ramsey-Algoma granitoid complex. These undulating sill-like intrusions are up to around
460 m thick, and roughly parallel the regional east-west structural-stratigraphic trends (Lovell and Caine, 1970;
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Card and Pattison, 1973; Card, 1976), predominating over much less frequent dyke-like intrusions of tens of
metres wide, and other intrusive bodies interpreted as cone sheets (Palmer et al., 2007).

Most of the Nipissing intrusions consist of uniform, undifferentiated quartz diabase; nevertheless, more
differentiation exists in the area of the four communities, as quartz diabase and two-pyroxene gabbro appear to
be the most common Nipissing intrusive rock type (Lightfoot et al., 1993). Other varieties of Nipissing intrusive
rocks consist of olivine gabbro, hornblende gabbro, feldspathic pyroxenite, leucogabbro, granophyric gabbro and
granophyre (Card and Pattison, 1973). In the Iron Bridge area (at the intersection of Highway 17 and Highway
546), steeply dipping, metagabbro bodies are dominant (Bennett et al., 1991). The gabbros are massive, but
commonly display weak foliations near their contacts with other rocks. Some sills are altered mainly by hydrous
fluids produced by the elevated temperature and pressure of regional metamorphism (Card, 1964).

The Nipissing intrusions seem to have been emplaced during at least two magmatic pulses from approximately
2.209 to 2.218 billion years ago (Buchan et al. 1989; Palmer et al., 2007). No major tectonic event has been
identified to be the source of the Nipissing intrusive rocks (Bennett et al., 1991), but subduction of oceanic crust
with some continental crustal contribution could possibly account for their emplacement (Lightfoot et al., 1993),
or a second extensional event (Jackson, 2001). More recently, however, Palmer et al. (2007) suggested that
coeval Seneterre dykes acted as feeders for the Nipissing intrusions, mostly based on measurements of
anisotropy of magnetic susceptibility and age correlation, but apparently also supported by geochemical
affinities.

Biscotasing Dykes

Biscotasing dykes are prominent, regional northeasterly-trending vertical features that have been identified
within the northern half of the assessment area, where they cut rocks of the Archean basement, and further
south where they transect the Huronian Supergroup. At the regional scale these dykes extend from the Flack
Lake syncline northeast several hundred kilometres to the Lake Abitibi area. The dykes have been dated at
2.167 billion years old (Buchan et al., 1993). These dykes, also formerly referred to as the Preissac dykes, are
guartz tholeiitic features usually 50 to 100 m in width, with fine-grained chilled margins and medium- to coarse-
grained interiors (Buchan et al., 1993; Halls et al.,, 2008), which were emplaced along fault structures that
possibly pre-date the dykes. Compositionally, the Biscotasing dykes are composed of approximately 50%
plagioclase, 30% pyroxene, up to 10% quartz, and several percent magnetite—ilmenite intergrowths. Alteration
of the dykes is highly variable from one dyke to another and within individual dykes (Buchan et al., 1993).

Sudbury Dykes

Archean rocks in the area of the four communities in the vicinity of East Bull Lake intrusive suite are themselves
intruded by Proterozoic, post-Nipissing mafic dykes that correlated with the 1.238 to 1.235 billion year old
Sudbury dyke swarm (Krogh et al., 1987). These younger dykes typically range in composition from olivine
diabase, amphibole diabase, diabase, magnetite-bearing diabase to lamprophyre diabase. All have in common
a narrow width, generally less than 10 m, and a west-northwest orientation; they appear to have filled the space
of older northwest-trending faults (Easton, 2009). Dykes of this age and composition are scarce or absent within
a prism-shaped area of approximately 150 km? centered on Elliot Lake (Robertson, 1968; Easton, 2009).

North Channel Dykes

A suite of west-northwest striking mafic dykes occurs along the southern portion of the area of the four
communities. Previously mapped as part of the Nipissing dyke swarm, these dykes are now considered to
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represent a separate phase of intrusion and they are mapped separately in the most recent seamless geology
coverage of Ontario (OGS, 2011c) which gives an age range from 1.6 to 2.5 billion years old.

Younger Dykes

Archean rocks in the area of the four communities are also intruded by younger post-Sudbury dykes including
olivine lamprophyres (Siemiatkowska, 1977). These late intrusions were mapped crosscutting the Seabrook
carbonatite intrusion (Sage, 1988) suggesting an emplacement age that post-dates ca. 1.1 billion years ago.
Easton (2010) also recognized several intrusions in the area of the four communities that could not be
confidently assigned to the extensive Nipissing intrusions, one of which seem to correlate with that observed
more recently by Lewis (2013) in the Albanel Township area.

3.2.2 Quaternary Geology

The Quaternary geology of the area of the four communities is dominated at surface by different types of glacial
deposits that accumulated with the progressive retreat of the ice sheet during the end of the Wisconsinan
glaciation. This period of glaciation began approximately 115,000 years ago and peaked about 21,000 years
ago, at which time the glacial ice front extended south of Ontario into what is nhow Ohio and Indiana (Barnett,
1992).

The area of the four communities is dominated by exposed bedrock or bedrock having only a thin mantle of
unconsolidated sediments. Quaternary deposits are predominantly located in bedrock-controlled valleys. Figure
2.3 illustrates the extent and type of Quaternary deposits in the area of the four communities. Overburden
deposits within this area were also mapped as part of the Northern Ontario Engineering Terrain Study
(NOEGTS), a program undertaken between 1977 and 1981 (Gartner, 1978a,b,c; 1980 a,b; Roed and Hallet,
1979a,b,c,d; 1980a,b; VanDine, 1979a,b,c,d; 1980a,b,c,d; Gartner et al.,, 1981). These studies divided the
landscape into a set of distinct terrain units within which the engineering characteristics are broadly predictable.
Major landforms mapped by the NOEGTS program are shown on Figure 2.3.

Data on ice flow direction compiled from the literature (Karrow, 1987) reveal that glacial ice flowed in a generally
southwesterly direction across the area of the four communities from the Hudson Bay basin. Ford (1993)
recognized two dominant orientations in glacial striations, lunate fractures, drumlinoid features, and till flutings in
the Rawhide Lake area to the north of the City of Elliot Lake. These are recorded as 175° (165° to 180°) and
195° (190° to 210°). At three sites, older 100° to 120° striations were found intersecting either the 175° or 195°
sets.

The most widely occurring and oldest known stratigraphic unit in the area is a silty sand to sandy silt till found
overlying bedrock in low relief areas and along the flanks of topographic lows. It is typically thin and
discontinuous and is coarse-textured, unsorted, and boulder-rich, although there are some areas of compact,
massive to fissile and gravelly to silty and sandy till (Barnett et al., 1991). Glaciolacustrine sediments have more
limited distribution and are limited to only very small mappable surficial units (Ford, 1993) largely along river
valleys. These units, typically composed of laminated silt and fine sand and silt-clay rhythmites, may be related
to the series of postglacial lakes of the Lake Huron basin.

Deposits of glaciofluvial outwash and ice-contact stratified drift are commonly encountered along valleys in the
area of the four communities. Ice contact deposits are composed of variable quantities of sand, gravel, and
boulders, locally with minor silt and/or till in the form of small moraines. Glaciofluvial outwash is common in low-
lying areas and occasionally in esker ridges with the local formation of terraces related to changing lake levels in
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the Lake Huron basin. Thick deposits of alluvial sand and gravel are found along many of the rivers in the
region. Recent swamp, lake, and stream deposits are also common throughout the area.

The northward retreat of the ice sheet in the area of the four communities started approximately 12,000 years
ago between the Onaway Advance (11,800 years ago) and the Marquette Advance (10,000 years ago). Ice
retreat took place as Lake Algonquin spread northward, leaving a series of shorelines during isostatic uplift and
opening of the sequence of outlets near North Bay, Ontario. The high water level associated with Lake
Algonquin has been mapped between 309 and 312 m above present day sea level (Cowan, 1976; 1985). Lower
strand sequences are interpreted as recessional strands representing falling Lake Algonquin water levels as the
retreating Laurentide ice sheet exposed a series of outlets south of North Bay. These recessional beaches are
believed to have formed between about 10,400 and 10,000 years ago, and some strands may actually represent
single storm events (Cowan and Bennett, 1998). After the opening of a very low-level outlet at North Bay after
10,000 years ago, water levels in the Huron-Michigan basin dropped to more than 100 m below present levels,
creating two smaller water bodies: Lake Stanley in the main Huron basin and Lake Hough in Georgian Bay
(Eschman and Karrow, 1985).

Over time, isostatic uplift continued to raise the North Bay outlet, and by about 7,500 years ago, the Huron-
Michigan and Superior basins became confluent again. The St. Marys River thus became the St. Marys Strait
connecting the three upper Great Lakes. Ongoing uplift closed the North Bay outlet around 5,500 years ago,
restoring high-level outlets at Chicago and Port Huron and initiating the Nipissing phase in the upper Great
Lakes. The Nipissing transgression is marked by buried wood and peat 7,300 to 5,900 years old and by the
development of a prominent shoreline above the present lake level.

Information on the thickness of Quaternary deposits in the area of the four communities was largely derived from
a small number of water well records for rural residential properties, a small number of water well records along
the highways, and from diamond drill holes. A more detailed accounting of recorded depths to bedrock in the
area of the four communities is provided by JDMA (2014a). Diamond drill hole records and water well records in
the area show overburden thickness to be between 0 and 137 m. The reported overburden thicknesses from the
diamond drill holes and water wells are from localized pockets of overburden that may not be evident at the
1:1,000,000 scale of the mapping shown on Figure 2.3.

3.2.3 Lineament Investigation

A lineament investigation was conducted for the area of the four communities using multiple datasets that
included satellite imagery (SPOT and Landsat), digital elevation model data (CDED) and geophysical
(aeromagnetic) survey data. The lineament investigation identified interpreted brittle (including brittle-ductile)
and dyke structures in the area of the four communities, and evaluated their relative timing relationships within
the context of the local and regional geological setting. A detailed analysis of interpreted lineaments is provided
by JDMA (2014b) and key aspects of the lineament investigation are summarized in this section.

For each dataset, brittle and dyke lineaments were interpreted by two independent experts using a number of
attributes, including certainty and reproducibility. The certainty attribute describes the clarity of the lineament
within each dataset based on the expert judgement and experience of the interpreter (i.e., with what certainty a
feature is interpreted as a lineament). Reproducibility was assessed in two stages (RA_1 and RA_2).
Reproducibility assessment RA_1 reflects the coincidence between lineaments interpreted by the two experts.
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Reproducibility assessment RA_2 reflects the coincidence of interpreted lineaments between the various
different datasets used.

At this desktop stage of lineament investigation, the remotely-sensed character of interpreted features allows
only for their preliminary categorization, based on expert judgement, into three general lineament classes,
including ductile, brittle and dyke lineaments. Each of these three lineament categories is described in more
detail below in the context of its usage in this preliminary desktop assessment.

e Ductile lineaments: Features which were interpreted as being associated with the internal fabric to the
rock units (including sedimentary or volcanic layering, tectonic foliation or gneissosity, and magmatic
foliation) were classified as ductile lineaments. This category also includes recognizable penetrative
shear zone fabric.

e Brittle lineaments: Features interpreted as fractures (joints or joint sets, faults or fault zones, and veins
or vein sets), including those that offset the continuity of the ductile fabric described above, were
classified as brittle lineaments. This category also includes brittle-ductile shear zones, and brittle
partings interpreted to represent discontinuous re-activation parallel to the ductile fabric. At the desktop
stage of the investigation, this category also includes features of unknown affinity. This category does
not include interpreted dykes, which are classified separately (described below).

e Dyke lineaments: For this preliminary desktop interpretation, any features which were interpreted, on
the basis of their distinct character, e.g., scale and composition of fracture in-fill, orientation, geophysical
signature and topographic expression to be dykes, were classified as dyke lineaments. Dyke
interpretation is largely made using the aeromagnetic data set, and is often combined with pre-existing
knowledge of the bedrock geology of the area of the four communities.

The desktop interpretation of remotely-sensed datasets necessarily includes a component of uncertainty as a
result of data quality, the scale of area of the four communities, expert judgement, the quality of the pre-existing
knowledge of the bedrock geology, and the absence of site reconnaissance to “ground truth” tentative
hypotheses. Therefore the ductile, brittle or dyke categorization of each identified feature, as described herein,
is preliminary, and would need to be confirmed during future stages of the site evaluation process.

The SPOT and CDED datasets (Figures 2.1 and 2.2, respectively) were used to identify surficial lineaments
expressed in the topography, drainage and vegetation. The SPOT dataset has a uniform resolution of 10 m
(panchromatic) and 20 m (multispectral) over the entire area (JDMA, 2014b). The CDED dataset is at a
1:50,000 scale, with a uniform 20 m resolution over the entire area of the four communities (JDMA, 2014b). The
resolution of the SPOT and CDED datasets allowed for the identification of surficial lineaments as short as a few
hundred metres in length and provided sufficient detail to reveal surficial structural patterns. Aeromagnetic
datasets (Figures 3.6 and 3.7) were used to identify linear geophysical anomalies indicative of bedrock
structures.

The majority of the area of the four communities is covered by low-resolution aeromagnetic data published by
the Geological Survey of Canada (GSC, 2013) (Figure 1.2). Three higher resolution magnetic/electromagnetic
surveys, one published by the Geological Survey of Canada (GSC, 2013) and two published by the Ontario
Geological Survey (OGS 2003; 2011b), were also available for use in the lineament interpretation. These
include the East Bull Lake (RA-7) fixed-wing survey that covers the East Bull Lake and Parisien Lake intrusions
in the east central part of the area of the four communities with a flight line spacing of 300 m and a sensor height
of 150 m, the Benny Lake helicopter survey (OGS, 2003) that covers the Benny Lake greenstone belt across the
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eastern boundary of the area of the four communities with a flight line spacing of 200 m and a sensor height of
30 m, and the Elliot Lake-River aux Sables helicopter survey (OGS, 2011b) that covers the Whiskey Lake
greenstone belt in the south central part of the area of the four communities with a flight line spacing of 100 m
and sensor height of 67 m.

Eight additional datasets were retrieved as maps extracted from assessment file reports downloaded from the
Ontario Geological Survey’'s AFRI database. The surveys were acquired in 2000 and from 2006 to 2008 by
various mining companies, mainly involved in exploration for uranium or nickel-PGE. The images were retrieved
from the assessment files are presented in the geophysical interpretation report (PGW, 2014). The eight
surveys were acquired with flight line spacings ranging from 100 to 200 m, and sensor heights ranging from 30
to 73 m.

Figure 3.9 shows the RA_1 surficial lineament interpretation for both SPOT and CDED combined, distinguished
on the basis of length. A total of 2,494 lineaments comprise the dataset of merged lineaments identified by the
two interpreters from the CDED digital elevation data. These lineaments range in length from 803 m to 94.5 km,
with a geometric mean length of 4.99 km and a median length of 4.35 km. The most notable feature of the
CDED lineament orientations when plotted on a rose diagram weighted by length are the dominant west-
northwest and north-northwest trends (Figure 3.9 inset). There is also a notable east-west trend. It is also
evident that no dominant trend emerges among the lineaments oriented toward the northeast.

The SPOT lineament dataset compiled from the merger of lineaments identified by the two interpreters yielded a
total of 7,509 lineaments (Figure 3.9). The length of the SPOT lineaments ranges from 900 m to 139.8 km, with
a geometric mean length of 2.2 km and a median length of 1.8 km. When the azimuths of the lineaments are
plotted on a rose diagram weighted by length (Figure 3.9 inset), there appear to be two diffuse orientation
clusters, one ranging from west to north-northwest and one ranging from north-northeast to east-northeast.
Within this broad array, there are slightly more distinct peaks towards west-northwest, north-northwest and east-
northeast, roughly matching the trends seen in the CDED data. Neither of the surficial datasets show a strong
northerly trend.

The aeromagnetic dataset yielded a total of 2,146 lineaments (Figure 3.10). Of these geophysical lineaments,
460 are interpreted as brittle lineaments, while 1,686 are interpreted as dykes. Among the geophysical
lineaments interpreted as brittle lineaments, most (390) did not exhibit relative displacement, but brittle
lineaments with both dextral (46) and sinistral (24) relative offsets were identified. The length of these brittle
lineaments ranged from approximately 200 m to 144.3 km, with a geometric mean length of 4.2 km and a
median length of 4.3 km. Azimuth data, weighted by length, for the brittle fracture lineaments exhibit several
distinct trends towards the north-northeast and east, as well as a notable west-northwest peak and multiple
distinct northeasterly trends (Figure 3.10 inset).

Geophysical lineaments include a total of 1,686 interpreted as dykes, belonging to the Biscotasing, Matachewan,
North Channel, and Sudbury dyke suites. The length of these dyke lineaments ranged from approximately 200
m to 48.7 km, with a geometric mean length of 2.9 km and a median length of 3.1 km. Sharp trends allow that
each dyke suite can be distinguished by orientation. Biscotasing dykes are represented by 266 lineaments
oriented strongly toward the northeast at 045° and clustered mostly in the felsic gneiss. Matachewan dykes are
represented by 396 lineaments that trend dominantly toward the north-northwest. The distribution of these
dykes appears clustered in the northwest and northeast quadrants of the area of the four communities. North
Channel dykes comprise 346 lineaments and exhibit a strong east-west orientation and appear mostly in the
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area of the Huronian Supergroup. Sudbury dykes, comprising 678 lineaments, trend strongly to the northwest,
with a distinctly more northerly orientation than the Matachewan dykes. Interpreted Sudbury dykes are
distributed throughout the area of the four communities.

Although each dyke suite has a relatively well defined orientation in the area of the four communities, the
overwhelming number of northwest-trending dykes (Matachewan and Sudbury swarms) dominates the length-
weighted rose diagram plot and subdues the other individual dyke orientations (Figure 3.10 inset). The number
of interpreted dykes in particular areas is related to the resolution of the geophysical surveys, with more dykes
mapped in the areas of high resolution aeromagnetic surveys around the Seabrook Lake and East Bull Lake
intrusions and in the area east of White Owl Lake (Figure 3.10).

Aeromagnetic features interpreted as ductile lineaments (i.e. magnetic form lines) have been mapped separately
and are shown on Figure 3.11. Such features are useful in identifying the stratigraphy and ductile structure
within the greenstone belts. In this report, the ductile lineaments are shown to provide context to our
understanding of the tectonic history of the area of the four communities, but were not included in the statistical
analysis undertaken with the dataset.

Figure 3.12 shows the distribution of both merged surficial and geophysical brittle (including brittle-ductile)
lineaments and dyke lineaments interpreted for the area of the four communities, classified by length. The
merged lineament dataset contains a total of 9,351 lineaments. The merged lineaments range in length from
109 m to 144.3 km. The geometric mean length of these lineaments is 2.5 km and the median length is 2.3 km.
Lineaments in the >10 km and 5-10 km length bins represent 7% and 14% of the merged lineaments,
respectively, while lineaments in the 1-5 km and <1 km length bins represent 71% and 8% of the merged
lineaments, respectively.

Orientation data for the merged lineament dataset (inset of Figure 3.12) exhibit a fairly broad and uniform
distribution of trends toward the east-northeast and the west-northwest. Subsidiary peaks in the broadly uniform
data spread are towards the northwest, north-northwest and east-west. Notably, there is a relative paucity of
lineaments oriented north-south. It should be noted that the rose diagram on Figure 3.12 is weighted by
lineament length, and thus these orientations are influenced by longer lineaments.

Results from the reproducibility assessment RA_2 (coincidence) for the combined geophysical and surficial
(CDED and SPOT) datasets show that 257 lineaments (3%) were identified and coincident on all three datasets
(RA_2 = 3), and that 1,883 lineaments (20%) were coincident with a lineament from one other dataset (RA_2 =
2). A total of 7,211 lineaments (77%) lacked a coincident lineament from the other two datasets (RA_2 = 1).
There is greater coincidence between surficial lineaments (interpreted from digital elevation data and satellite
imagery) than between the geophysical lineaments and either of the surficial datasets. Of the geophysical
dataset, about 12% (59 out of 504) of the interpreted faults were coincident with a mapped surficial lineament,
and 22% of the dykes were coincident with a mapped surficial lineament (406 out of 1,874).

Merged lineament rose diagrams are presented for the bedrock units that are considered potentially suitable for
a geological repository (Figure 3.13). The Ramsey-Algoma granitoid complex has been subdivided into northern
and southern domains for the purpose of this description. The northern part of the Ramsey-Algoma granitoid
complex (Unit 15 on Figure 3.13) consists of massive granodiorite to diorite that covers approximately 1,350 km?
in the northwest corner of the area of the four communities. Most of the area is exposed bedrock or thin drift
over bedrock that offers well-expressed bedrock lineaments, resulting in relatively high lineament density.
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Surficial cover partially obscures bedrock structures along the northern boundary of the area of the four
communities (OGS, 2005). Lineaments interpreted on the northern portion of the Ramsey-Algoma granitoid
complex total 1,125 with orientations, weighted by length, trending strongly toward the northwest to north-
northwest and north-northeast to northeast (rose diagram A on Figure 3.13). Matachewan and Sudbury dykes
contribute to the northwest-trending lineaments, while Biscotasing dykes contribute to the northeast-trending
lineaments. Few North Channel dykes (trending east-west) are interpreted to have intruded the area.

The Ramsey-Algoma granitoid complex (southern part) consists of massive granodiorite to granite from which a
total of 3,163 lineaments were mapped. This part of the granitoid complex spans approximately 4,150 km? of the
area of the four communities across a region that mostly exhibits exposed bedrock or thin drift over bedrock.
Given these conditions, bedrock features are well-expressed and lineament density is relatively high. Azimuth
data, weighted by length, for lineaments from the southern part of the Ramsey-Algoma granitoid complex exhibit
a dominant northwesterly trend and a diffuse northeast to east trend (rose diagram B on Figure 3.13). While
each of the four dyke suites identified in the area of the four communities are evident in the dataset for the
southern portion of the Ramsey-Algoma granitoid complex, the Sudbury dykes are most pervasive and
contribute to the strong northwest trend in the orientation data.

The area of the four communities features an extensive (2,950 km?) gneissic tonalite suite (Unit 11 on Figure
3.13) that, at the surface, separates the Ramsey-Algoma granitoid complex from the Huronian Supergroup. A
total of 2,781 lineaments were mapped from the gneissic tonalite and lineament density is relatively high.
Bedrock structures are well-expressed because of extensive bedrock exposure and thin drift cover. Surficial
cover is increased mostly along the northern boundary of the area of the four communities between White Owl
Lake and Ramsey Lake, and in the area south of the Huronian Supergroup. Rose diagram C on Figure 3.13,
weighted by length, for lineament azimuths from the gneissic tonalite shows a dominant trend to the west-
northwest, a secondary east-trending peak, and a generally diffuse pattern in other orientations. Each of the four
dyke suites identified in the area of the four communities intrude the gneissic tonalite, but the Matachewan and
Sudbury dykes are the most pervasive swarms in this unit.

In order to gain insight into the influence of various lineament lengths on lineament density for the combined
geophysical and surficial datasets, Figures 3.14 to 3.17 illustrate how lineament density varies across the area of
the four communities when lineaments are progressively “filtered” by length (i.e., plots showing only lineaments
>1 km, >5 km and >10 km and the corresponding “filtered” lineament density). The density plots with lineament
lengths filtered are presented to allow a better depiction of the longer lineaments. The figures show that filtering
out the shorter lineaments greatly increases the spacing between lineaments, including within areas having a
high percentage of exposed bedrock and high resolution aeromagnetic data. Within the Ramsey-Algoma
granitoid complex, lineaments longer than 5 km and 10 km are spaced on the order of between 0.5 and 14.9 km
and between 1.1 and 24 km apart, respectively.

Figure 3.18 shows the combined geophysical and surficial lineament datasets (including interpreted dykes),
interpreted ductile features and mapped regional faults and dyke swarms. The known mapped faults in the area
of the four communities include the east-west-trending Murray fault and the largely northeast-trending Flack
Lake fault, as well as northwest-trending Spanish American fault, Pecors Lake fault, Folson fault and Webwood
fault. Several unnamed mapped faults, trending mostly west to northwest, occur through the Huronian
Supergroup. Another set of unnamed mapped faults, trending northwest to north, occur in the northeast corner
of the area of the four communities. Based on the compilation of interpreted lineaments, there appears to be a
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close relationship with known mapped faults. Each of the named mapped faults are represented by interpreted
lineaments. Even many of the smaller unnamed mapped faults correspond closely to interpreted lineaments.
Figure 3.18 also shows there is very good coincidence of mapped dykes and dykes interpreted as part of the
lineament assessment, in terms of orientation, length and location throughout the area of the four communities.
Such coincidence is expected, as mapped and interpreted dykes are derived from the same aeromagnetic
surveys.

One aspect of uncertainty associated with the interpretation of dyke lineaments is the likelihood that thin dykes,
while known to be present in the host rock, are too small to be identified with any confidence from the
geophysical data. For example, Halls (1991) characterized the Matachewan dykes as having a median width of
approximately 20 m, but also described minor dykelets as narrow as several centimetres in width that were
recognized during detailed field mapping. West and Ernst (1991) suggested further that narrow dykes may
produce anomalies of insufficient magnetic intensity to be traced with any confidence. In addition, Halls (1982)
discussed the bifurcating and branching geometry of the Matachewan dykes which was also determined based
on detailed field mapping. One particularly well-mapped area within the Matachewan swarm highlights the
complex nature of the dyke distribution in the field (Halls, 1982), which further indicates that the detailed
geometrical arrangement of the dykes at the outcrop scale cannot be resolved with any confidence from the
available geophysical data. This latter point is important with regard to uncertainty in understanding the extent of
potential damage to the host rock as a result of dyke emplacement. It is well understood, but not easily
guantifiable from geophysical data alone, that dyke propagation will induce damage to the host rock within an
envelope around the dyke that varies with the size of the intrusion (e.g., Meriaux et al., 1999).

Another aspect of uncertainty associated with the high density of diabase dykes observed/interpreted in the area
of the four communities relates to the likelihood that the dominance of the dyke signal in the geophysical data
will mask evidence of ductile and brittle structure within the host rock. For example, in areas of high dyke
density, and where the dykes are offset by brittle faults, the true fault offset is ambiguous in the aeromagnetic
dataset (West and Ernst, 1991). Dyke spacing on the order of 10’s to 100’s of metres in several locations across
the area of the four communities (e.g., Figure 10 of the lineament interpretation; JDMA (2014b)) suggests that
underlying structure in the host rock may be under-identified in these areas of increased dyke density.

3.2.4 Relative Age Relationships of Lineaments

The structural history of the area of the four communities, outlined in Section 3.1.3, provides a framework that
may aid in constraining the relative age relationships of the interpreted bedrock lineaments. Six main regionally
distinguishable deformation episodes (D;-Dg) are inferred to have overprinted the bedrock geological units of the
area of the four communities. Kenoran orogenesis is associated with D;-D, deformation. D; deformation
produced folds and an east-trending foliation in the greenstone belts between ca. 2.72 and 2.70 billion years
ago. No lineaments were assigned to this early deformational episode. Development of northeast, east-
northeast, northwest and west-northwest striking faults, including the Murray and Flack Lake faults occurred
between ca. 2.651 and 2.497 billion years ago, during D,. Lineaments associated with the Murray and Flack
Lake faults are the oldest identified in the area of the four communities. Despite an interpreted early age of
formation, the Flack Lake fault appears to offset a Sudbury dyke, suggesting reactivation more recently than 1.2
billion years ago.

Rifting during D5 reactivated northwest, west-northwest, and east striking faults and induced emplacement of the
Matachewan dykes ca. 2.473 billion years ago. Deformation associated with the Blezardian Orogeny (D)
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initiated development of the east-west-trending Quirke syncline and Chiblow anticline and map-scale folding
evident in the Archean basement, followed by emplacement of ca. 2.2 to 2.1 billion year old Nipissing diabase
intrusions and the ca. 2.17 to 2.15 billion year old Biscotasing dyke swarm. The North Channel dyke swarm is
poorly constrained in terms of emplacement age to between ca. 2.5 and 1.6 billion years ago. These ages
suggest that the North Channel dykes are younger than the Matachewan dykes and may be coeval with the
Nipissing and Biscotasing swarms. The orientation of the North Channel dykes trends strongly east-west, but
there are weaker trends to the west-northwest and to the northeast. The northeast trend follows that of the
Biscotasing dykes. Given the wide range in age and the differing orientations, the North Channel dykes may
consist of more than one generation of intrusions that correspond to the Nipissing and Biscotasing swarms.
Dykes identified in the geophysical data as either North Channel or Biscotasing are assigned to the D, episode.

Penokean orogenesis corresponds to the Ds deformational episode that includes enhancement of pre-existing
(Blezardian) folds and final development of the present day fold-and-thrust belt geometry of the Huronian
Supergroup. Continued activation of basement-seated faults is also attributed to the Penokean event. Many of
the brittle surficial lineaments (i.e. those that do not correspond to dykes) may be associated with this
deformational episode and were subsequently reactivated by stresses produced by more recent orogenies and
isostatic adjustment to formation of a peneplain and glaciation. Emplacement of the Sudbury dykes followed at
ca. 1.238 billion years ago. Because the Sudbury dykes post-date Ds deformation and pre-date Dg deformation,
the relative age of these lineaments was designated Ds+.

The most recent episode of deformation (Dg) includes the Grenville Orogeny, development of the Midcontinent
Rift, and the formation of a peneplain. The overprint of the Grenville Orogeny in the area of the four
communities is unclear, but this episode may have reactivated existing structures produced during Ds. The
Cutler pluton, emplaced ca. 1.7 billion years ago, is cut by brittle fractures of various orientation, demonstrating
that many of the surficial lineaments formed or were reactivated during Ds.

It is difficult at the desktop stage of the preliminary assessment of potential suitability to assign temporal
relationships with any degree of confidence to the identified surficial lineaments, though it is reasonable to
suggest that most brittle features were either formed or reactivated during the most recent episodes of
deformation (Ds-Dg). These lineaments may have been subsequently reactivated by stresses associated with
more recent orogenies, isostatic adjustment to erosion of a peneplain, and recent glaciations. In addition, the
low resolution of the available geophysical data, although sufficient to recognize four differently oriented
generations of dyke swarms, is insufficient as a means of indicating any systematic fracture crosscutting
relationships above and beyond what can be determined from the surficial data sets. Apparent offsets of some
segment of the north-east-trending dykes may be due to the en echelon nature of their emplacement.

3.3  Seismicity and Neotectonics
3.3.1 Seismicity

The area of the four communities has recorded only one moderate earthquake since 1985, according to the
National Earthquake Database (NRCan, 2013) (Figure 3.19). The seismic event was a magnitude my 2.1 in
August of 1991 and was located 28 km northeast of Elliot Lake, as shown on Figure 3.20. The next closest
earthquake was recorded in 2001, at a magnitude my 3.1 and was located 65 km southeast of Elliot Lake, on
Manitoulin Island.
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A significant portion of the seismicity measured in the area of the four communities is due to mining activities
near Sudbury. Natural Resources Canada has documented several hundred seismic events of magnitude 2 or
smaller, identified as being anthropogenic (man-made), resulting from rock bursts associated with mining
activities for their period of active monitoring, 1985 through present. Studies of mining associated rock bursts in
the area of the Denison Mine (Pritchard and Hedley, 1993) and Quirke Il Mine (Johnston, 1988) near Elliot Lake
confirm the sources of the low magnitude seismic events.

In summary, the available literature and recorded seismic events indicate that the area of the four communities is
located within an area of low seismicity.

3.3.2 Neotectonic Activity

Neotectonics refers to deformations, stresses and displacements in the Earth’s crust of recent age or which are
still occurring. These processes are related to tectonic forces acting in the North American plate as well as
those associated with the numerous glacial cycles that have affected the northern portion of the plate during the
last million years, including all of the Canadian Shield (Shackleton et al., 1990; Peltier, 2002). The neotectonic
activity of the area of the four communities appears to be principally due to post-glacial isostatic rebound
resulting from melting of the Laurentide ice sheet (Adams and Clague, 1993).

The Quaternary geology of the area of the four communities is typical of many areas of the Canadian Shield that
have been subjected to numerous glacial cycles during the last million years. Continental scale tectonic
movements are therefore overprinted by post-glacial isostasy in the northern portion of the North America plate.
During the maximum extent of the Wisconsinan glaciation, approximately 21,000 years ago (Barnett, 1992), the
Earth’s crust was depressed by more than 300 m in the area bordering Hudson Bay, based on an analysis of
beach strands by Hillaire-Marcel (1976). This estimate is in general agreement with Brevic and Reid (1999),
who estimated a total crustal depression of 340 m in the Minnesota/North Dakota area. The amount of crustal
depression in the area of the four communities would likely be slightly greater than that of the Minnesota/North
Dakota area due to its closer proximity to the main center of Wisconsinan glaciation located over Hudson Bay.

Post-glacial isostatic rebound began with the waning of the continental ice sheets and is still occurring across
most of Ontario. Vertical velocities show present day uplift of about 10 mm/yr near Hudson Bay, the site of
thickest ice at the last glacial maximum (Sella et al., 2007). The uplift rates generally decrease with distance
from Hudson Bay and change to subsidence (1 to 2 mml/yr) south of the Great Lakes. The “hinge line”
separating uplift from subsidence is consistent with data from water level gauges along the Great Lakes,
showing uplift along the northern shores and subsidence along the southern ones (Mainville and Craymer,
2005). The vertical velocity contours developed from the lake water level datasets compared well with the post-
glacial rebound models, which in turn indicated that present day rebound rates in the area of the four
communities should be well below 10 mm/yr, likely between 2 and 4 mm/yr. As a result of the glacial unloading,
principal stress magnitudes and orientations changed. These post-glacial stress changes overprinted onto the
existing tectonic stress regime could lead to paleo-seismic events associated with reactivation of existing
fracture zones. In addition, natural stress release features can include elongated compressional ridges or pop-
ups such as those described by McFall (1993) and Karrow and White (2002).

No neotectonic structural features are known to occur within the area of the four communities. It is therefore
useful to review the findings of previous field studies involving fracture characterization and evolution as it
pertains to glacial unloading. McMurry et al. (2003) summarized several studies conducted in a number of
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plutons in the Canadian Shield and in the crystalline basement rocks in northwestern Ontario. These various
studies found that fractures below a depth of several hundred metres in the plutonic rock were ancient features.
Early-formed fractures have tended to act as stress domain boundaries. Subsequent stresses, such as those
caused by plate movement or by continental glaciation, generally have been relieved by reactivation along the
existing zones of weakness rather than by the formation of large new fracture zones.
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40 HYDROGEOLOGY
4.1 Groundwater Use

Information concerning groundwater for the area of the four communities was obtained from the Ontario Ministry
of the Environment (MOE) Water Well Record (WWR) database and is shown on Figure 4.1 (MOE, 2013). The
majority of wells have been drilled along Highways 17 and 108, with a significant number of wells also drilled
around the City of Elliot Lake and in the area north of La Cloche Provincial Park.

The WWR database contains a total of 785 water well records for the area shown on Figure 4.1. Of the 785
records, 538 records had information on lithology, well yield and / or depth to static water level. Table 4.1
summarizes the water well record data for the area of the four communities. Note that a negative value for the
depth to water table indicates the water level above ground surface under artesian conditions. The water well
records show the overburden thickness in the region to be between 0 and 136.8 m, with an average of 13.2 m.

Table 4.1: Water Well Record Summary for the Communities of Elliot Lake, Blind River, The North Shore,
Spanish and Surrounding Area

Water Well Number [Total Well |Static Water Level Tested Well Depth to Top of

Type of Wells |Depth (m) |(m below surface) Yield (L/min) Bedrock (m)
Overburden 181 2.4t0136.8 -0.9t044.8 4.51t0 1,137 N/A
Bedrock 357 3to 216 0.3to 28.2 4510 341 0to 136.8

4.2  Overburden Aquifers

There are 181 water well records in the area of the four communities that can be confidently assigned to the
overburden aquifers (Table 4.1). The wells depths range between 2.4 to 136.8 m and have measured pumping
rates of 4.5 to 1,137 L/min. These well yields reflect the purpose of the wells (private residential supply,
dewatering, etc.) and do not necessarily reflect the maximum sustainable yield that might be available from the
overburden aquifers.

The overburden well records are concentrated within bedrock controlled valleys and along the main roadways,
which limits the available information regarding the extent and characteristics of the overburden aquifers in the
area of the four communities. However, as several of these water wells are located within till, glaciolacustrine,
glaciofluvial terrains, it is likely that similar terrain mapped in the area (Figure 2.3) will host overburden aquifers.

4.3 Bedrock Aquifers

Limited information was found on deep groundwater conditions in the area of the four communities at a typical
repository depth of approximately 500 m. In the area of the four communities there are 357 well records that can
be confidently assigned to the shallow bedrock aquifer. These wells range from 3 to 216 m in depth with
measured pumping rates variable and ranging from 4.5 to 341 L/min. These well yields reflect the purpose of
the wells (private residential supply, dewatering, etc.) and do not necessarily reflect the maximum sustainable
yield that might be available from the bedrock aquifers. Long-term groundwater yield in fractured bedrock will
depend on the number and size of fractures, their connectivity, transmissivity, storage and on the recharge
properties of the fracture network in the wider aquifer.
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The MOE (2013) WWRs shows no potable water supply wells which exploit aquifers at typical repository depths
in the area of the four communities or anywhere else in northern Ontario.

Heat-pulse flow meter testing was carried out at East Bull Lake in two deep boreholes (EBL-2 and 4) which are
850 and 480 m deep, respectively, as part of a larger suite of geophysical testing carried out by the USGS in
1984 (Paillet and Hess, 1986). These two boreholes are located mainly within the East Bull Lake mafic intrusion
except for a few tens of metres at the bottom of the holes, which intersected the underlying granitic basement
(Paillet and Hess, 1986). The flow meter testing indicated that water was entering the boreholes at numerous
fractures above a depth of 200 m, with flow exiting through isolated fractures below a depth of 400 m to 700 m,
noting that this pathway was created by the drilling of the borehole and does not represent a natural flow path.
Previous hydraulic conductivity packer testing carried out at East Bull Lake for AECL in boreholes EBL-1 to 4
provided a characterisation of hydrogeologic conditions within the rock to depths of 850 m (Raven et al., 1984)
as outlined below.

4.4  Regional Groundwater Flow

Geotechnical drilling investigations carried out for the mines in Elliot Lake (e.g., Golder, various studies dating
from 1982 to the late 1990s) have demonstrated that the water table within the bedrock is typically near the
ground surface and conforms to the general configuration of the surface topography. This is consistent with the
low to moderate permeability of the upper bedrock that also supports the numerous lakes within the area under
the comparatively humid net precipitation conditions. Groundwater flow-divides parallel surface water drainage-
divides following topographic highs and groundwater discharge zones conform to topographic lows such as
valleys, streams and lakes. A more detailed discussion of shallow groundwater flow in the area of the four
communities is provided in JDMA (2014a).

The groundwater levels seasonally fluctuate up to a few metres between the periods of recharge associated with
snowmelt and major precipitation events. Accordingly, within bedrock dominated terrains, shallow groundwater
flow systems are considered to consist of localized, topographically controlled basins directly reflected by the
surface water drainage basins. These influences are directly seen in groundwater baseflow contributions
supporting surface streams during drier periods of the year.

Estimates of groundwater recharge rates and baseflow were developed for the Elliot Lake area as part of the
groundwater model developed for the Stanleigh Mine/Crotch Lake tailings basin (Golder, 1996) and the Denison
Mines Long Lake tailings basin (Golder et al., 1992a,b). The estimates of recharge were made based upon the
calibration of the models to groundwater levels and stream baseflows and ranged from 76 to 80 mm/yr of the
annual precipitation (Golder et al., 1992a,b).

The deep hydrogeological conditions encountered in the area of the four communities are similar to those from
other areas in the Canadian Shield, where investigations have shown that active groundwater flow is generally
confined to shallow localized systems, where the flow tends to be dependent on the secondary permeability
created by fractures (Singer and Cheng, 2002). An example exists in Manitoba's Lac du Bonnet batholith, where
groundwater movement is largely controlled by a fractured zone down to approximately 200 m depth (Everitt et
al., 1996).

In deeper regions, rock mass hydraulic conductivity tends to decrease as fractures become less common and
less interconnected (Stevenson et al., 1996; McMurry et al., 2003). Increased vertical and horizontal stresses at
depth (Herget and Arjang, 1990) tend to close or prevent fractures, thereby reducing permeability (Stevenson et
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al., 1996; McMurry et al., 2003). Rock mass hydraulic conductivity values measured at typical repository depths
(500 m or greater) at the Whiteshell and Atikokan research areas range from approximately 10™ to 10™ mi/s
(Stevenson et al. 1996; Ophori and Chan, 1996). Data reported by Raven et al. (1987) show that the rock mass
hydraulic conductivity of the East Bull Lake pluton decreases from an average near-surface value of 10® m/s to
less than 10" m/s below a depth of 400 to 500 m.

As the fracture frequency in a rock mass tends to decline with depth, eventually the movement of ions becomes
diffusion-dominated. However, fracture networks associated with deep faults and shear zones will influence
advective groundwater flow around bodies of rock characterized by diffusion-controlled conditions. The
orientation of these fracture networks relative to the in situ stress field may influence their hydraulic properties.
For example, in the fractured crystalline rock at SKB’s Forsmark site, Follin and Stigsson (2014) documented
that the transmissivities of large-scale, fracture zones generally decreased with depth by four orders of
magnitude from ground surface to nearly 800 m, but specifically-orientated fracture zone groupings tended to
have different ranges of transmissivities. The sub-vertical fracture zones orientated at high angles (near
perpendicular) to the northwest-southeast, maximum horizontal compressive stress direction tended to have a
greater frequency of low transmissivities compared to sub-vertical fracture zones oriented at low angles to the
maximum horizontal stress direction. Notably, the sub-horizontal fracture zones had even higher transmissivities
regardless of depth, presumably because of the lower normal effective stresses acting across these zones as a
result from their preferential orientation to the minimum vertical stress. Horizontal stress measurements from
various locations in the Canadian Shield (Kaiser and Maloney, 2005; Maloney et al., 2006) indicate that the axis
of maximum horizontal stress is oriented approximately east-west in the area of the four communities. This is
generally consistent with the World Stress Map; however, anomalous stress orientations are known to exist
throughout the Canadian Shield (Brown et al., 1995; Kaiser and Maloney, 2005; Maloney et al., 2006).

There is no site-specific information on the hydraulic characteristics of the dykes interpreted for the area of the
four communities. Information from other geological settings shows that dykes may act as either pathways or
barriers for groundwater flow in a host rock. Their hydraulic characteristics depend on a wide range of factors
that include their frequency and location within the host rock, their orientation with respect to the direction of
groundwater flow, their mineralogical composition, degree of alteration and their potential association with brittle
deformation structures (e.g., Ryan et al., 2007; SKB, 2010; Gupta et al., 2012; Holland, 2012). The exact nature
of deep groundwater flow systems in the area of the four communities would need to be evaluated at later
stages of the assessment, through the collection of site-specific information.

4.5 Groundwater Observations from the Elliot Lake Mines

This section presents groundwater observations made as part of geotechnical investigations carried out at a
number of the Elliot Lake mines, as well as observations made during the construction of underground mine
workings. These observations are limited to the rocks of Huronian Supergroup and the Archean-age rocks
situated unconformably immediately beneath them. These rocks are not considered to be potentially suitable for
a deep geological repository (Section 7.1).

Shallow bedrock was extensively investigated to depths of approximately 50 m (Golder, various studies dating
from 1982 to the late 1990s) as part of the geotechnical design investigations for the Elliot Lake mine tailings
basins. Packer testing encountered low to moderate permeability conditions (10 to 10 m/s) associated with
bedrock fractures that typically decreased in frequency with depth.
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At depth in the bedrock, the occurrence of groundwater is limited to the occasional seepage associated with
fracture zones, faults or dyke margins based upon the experience of the very extensive underground mine
openings beneath the Quirke Lake syncline (R. Blair, 2013, personal communication). The mines developed
laterally using extensive room and pillar mining of the uraniferous conglomerate reefs within the Matinenda
Formation at the base of the syncline, extending from near surface along the north and south rims of the syncline
(Quirke Mine and Nordic Mine, respectively) to depths of approximately 1,000 m in the Stanleigh Mine located
centrally beneath the syncline. The mines were generally known to be “dry” with respect to groundwater
seepage although some seepage did occur from open fractures associated with faulting.

During the sinking of Stanleigh Shafts 1 and 2 in 1956 and 1957, seepage inflows requiring grouting control were
experienced in the Bruce limestone horizon encountered at comparatively shallow depths of 100 to 120 m, and
at various other depths including three zones between 975 to 1,000 m in Shaft No 2, requiring 470 bags of
cement grout to seal (Stanleigh Mine drawing No. 557 annotated by L.C. Harper). During the decade of mine
shutdown prior to the redevelopment of the Stanleigh Mine in the late 1970s, the mine experienced partial
flooding. The Stanleigh, Milliken and Lacnor mines are interconnected and closure studies estimated that the
combined mine flooding to the point of surface discharge at Milliken would take approximately 60 to 70 years.
Much of the inflow was attributed to the intersection of shallow seepage zones draining into the Milliken and
Lacnor mines.

The Spanish American Mine located on the southwest shore of Quirke Lake experienced groundwater inflow
during shaft sinking in the vicinity of “bad” ground associated with the intersections of the Spanish American fault
and Quirke Lake thrust fault at depths of approximately 1,000 m (Robertson, 1968). The surface expression of
the Spanish American fault was exposed during construction of the Denison Mines tailings basin, where the
fault-sheared nature of the infilling diabase dyke was observed at Dam 9 (Golder, various studies dating from
1982 to the late 1990s).

The Quirke Lake thrust fault was intersected at a depth of 381 m in the Denison Mines Shaft No 2. The fault was
associated with 15 m of blocky ground and considerable groundwater inflow that delayed shaft sinking for 3
months (Robertson, 1968). The thrust fault was also exposed in the Dam K1 foundation at the west end of the
Quirke Mine tailings basin 7.5 km west of Denison Mines, where Bruce conglomerate was thrust over Mississagi
quartzite associated with a 30 to 40 cm wide chlorite schist infilling and fracturing of the adjacent rock (Golder
and Senes, 1982).

4.6 Hydrogeochemistry

Existing literature has shown that groundwater within the Canadian Shield can be subdivided into two main
hydrogeochemical regimes: a shallow, generally fresh groundwater flow system, and a deep, saline to brine
groundwater flow system (Singer and Cheng, 2002). Gascoyne et al. (1987) investigated the saline groundwater
to brines found within several Precambrian plutons and identified a general chemical transition at around 300 m
depth marked by a uniform, rapid rise in total dissolved solids and chloride. This was attributed to advective
mixing above 300 m, with a shift to diffusion-controlled flow below that depth. It was noted that major fracture
zones within the bedrock can, where present, extend the influence of advective processes to greater depths. In
the deeper regions, where groundwater transport in unfractured or sparsely fractured rock tends to be very slow,
long residence times on the order of a million years or more have been reported (Gascoyne et al., 1987,
Gascoyne 2000; 2004).
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Groundwater research carried out in AECL’s Whiteshell Underground Rock Laboratory (URL) in Manitoba found
that crystalline rocks from depths of 300 to 1,000 m have values of total dissolved solids (TDS) ranging from 3 to
90 g/L (Gascoyne 2000; 2004). However, total dissolved solids exceeding 250 g/L have been reported in some
regions of the Canadian Shield at depths below 500 m (Frape et al., 1984; Frape and Fritz, 1987).

Hydrogeochemical data are available for the East Bull Lake pluton, located in the area of the four communities.
Raven et al., (1987) reported that the groundwater in the East Bull Lake pluton transitions from fresh in the near
surface to saline water below a depth of approximately 400 m. Frape et al. (2003) reported that water samples
taken from 460 m and 429 m at East Bull Lake had chloride concentrations in groundwater of 1 g/L and 2.5 g/L,
while Bottomley et al. (2003) reported that a seep in the Stanleigh Mine at 960 m had chloride concentrations in
groundwater of 28 g/L.

Site-specific conditions will influence the depth of transition from advective to diffusion-dominated flow, which
may occur at a depth other than the typical 300 m reported by Gascoyne et al. (1987). Such conditions would
need to be assessed during subsequent site evaluation stages.
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5.0 NATURAL RESOURCES — ECONOMIC GEOLOGY

There are currently no active mines in the area of the four communities, but the region has a long history of
mining and mineral exploration continues there today. Figure 5.1 shows the areas of active exploration in the
area of the four communities based on mining claims and known mineral occurrences identified in the Ontario
Geological Survey’'s Mineral Deposit Inventory (OGS, 2011c). The historical and ongoing interest in the Whiskey
Lake greenstone belt, the Huronian Supergroup, and the East Bull Lake intrusive suite is evident from the
relative densities of mineral occurrences recorded and active mining claims.

There is extensive mineral exploration ongoing within the Huronian Supergroup, including a total of 252 active
mining claims throughout the area as shown on Figure 5.1. The Huronian Supergroup is known for uranium and
thorium mineralization in quartz-pebble conglomerates (Witwatersrand-type deposits) of the Matinenda
Formation. There are also metallic minerals other than uranium (e.g. gold, nickel, copper) typically associated
with the intrusion of Nipissing diabase (Reid, 2003). There are numerous mineral occurrences and discretionary
occurrences in the Huronian Supergroup (Figure 5.1), a full description of which is beyond the scope of this
assessment.

Mineral exploration in the Whiskey Lake and Benny Lake greenstone belts has focused on base metal sulphide-
bearing units of banded iron formations and mafic intrusive rocks (Jensen, 1994). There are 44 active mining
claims and a number of discretionary occurrences of iron in the greenstone belts. The more northerly Benny
Lake greenstone belt has also been the focus of sporadic exploration efforts over the years.

The East Bull Lake intrusive suite has platinum group elements (PGE) and copper-nickel sulphide mineralization
and contains economically significant platinum, palladium and gold (Peck and James, 1991). There are 134
active mining claims in total in the East Bull Lake, Lake Agnew and May Township intrusions, as well as mineral
occurrences and discretionary occurrences of copper, nickel, platinum and palladium.

The mineral potential in the Ramsey-Algoma granitoid complex is relatively low compared to the other rocks
listed above, based on the relatively few mineral occurrences and active mining claims shown on Figure 5.1.
Despite covering a large area, there are only 134 active claims throughout the Ramsey-Algoma granitoid
complex. However, many of the 134 claimed areas overlap rocks from the Whiskey Lake greenstone belt, East
Bull Lake intrusive suite, or the Huronian Supergroup, which are likely the targeted rocks for mineral exploration.
There are some mineral occurrences and/or discretionary occurrences for niobium, iron, copper, lead, uranium,
gold, molybdenum, and silica in the Ramsey-Algoma granitoid complex, but none are known to be economically
viable.

5.1 Metallic Mineral Resources
Base Metals

There are numerous occurrences of copper within the area of the four communities and at least seven former
copper mines within or on the margin of the area. The largest of these was the Pater Mine which produced
approximately 32,000 tonnes of copper with minor gold and silver from a mineralized shear zone in mafic
metavolcanics along the Murray fault in Long and Spragge townships. There are several occurrences of zinc
and nickel recorded within the area of the four communities with most of these associated with the Huronian
Supergroup or the metavolcanic greenstones. There are also magmatic segregation deposits, nickel, copper,
and PGE deposits associated with the intrusion of Nipissing diabase (Reid, 2003). Similar mineralization has
been identified in the East Bull Lake intrusive suite (Peck and James, 1991). Also associated with the diabase
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sills and dykes and mafic intrusions are vein deposits containing lead, zinc, copper, cobalt, arsenic, and bismuth,
as well as minor amounts of gold, silver and uranium. The volcano-sedimentary assemblages of the greenstone
belts have potential to contain volcanic massive sulphide (VMS) deposits of zinc, copper, and lead, while
molybdenum deposits occur locally within granite-hosted hydrothermal veins and stockwork zones (MDI
41J08SE00002, MDI 41J08NW00028).

Gold

In the area of the four communities, potential for gold mineralization is mostly associated with silicified
banded iron formation and shear zones in the metavolcanic rocks of the Whiskey Lake and Benny Lake
greenstone belts and within brecciated or sheared zones of late granitic rocks near geological contacts (i.e.
Cote Lake style mineralization). One former gold mine (Shakespeare/Foley) operated within the area of the
four communities (Shakespeare Township) and produced small amounts of gold from a narrow quartz vein
between 1903 and 1905.

Iron

Iron deposits occur as oxide and sulphide facies iron formation within volcanic and metasedimentary rock
assemblages. None of these deposits are known to be economically viable.

Rare Metals and Rare Earths

Rare metals include Li, Rb, Cs, Be, Nb, Ta and Ga and the lanthanide elements (rare earth elements or REE)
which are often associated with minerals such as spodumene, lepidolite, beryl and columbite-tantalite in highly
fractionated phases of the peraluminous granite suite. There are no mineral occurrences or discretionary
occurrences for rare earth metals recorded in the Ontario Geological Survey inventory apart from the Seabrook
Lake carbonatite in the northern part of the area of the four communities which has received significant
exploration interest over the years as a potential source of niobium. Rare metals and REE were also recovered
in secondary production in several of the uranium mines in the Elliot Lake area.

Despite some exploration activity over the years, no economic deposits of rare metals or REE have been
identified within the area of the four communities.

Uranium

The Elliot Lake area is famous as an area of uranium mining, and at its peak in 1960 it hosted thirteen active
mines including: Pronto, Buckles, Lacnor, Nordic, Spanish American, Quirk 1&Il, Stableigh I&ll, Panel, Can Met,
Denison 1&2, Stanrock, Milliken I&Il and Pater mines. Together these mines produced approximately 140,000
tonnes of U3zOg from the beginning of production in 1955 to the closure of the last mine in 1996. Economic
uranium mineralization in the area of the four communities is limited to quartz pebble conglomerate horizons
deposited within paleochannels of the Matinenda Formation. Brannerite, uranite and monazite formed the most
common uranium ore minerals with minor amounts of uranothorite. While grades of 1% or more were found
locally, average grades were 0.1% (Jackson and Fyon, 1991). Minor production of cerium, neodymium, yttrium,
rare earth elements and thorium occurred through secondary recovery processes at several of the mines, with a
minor amount of gold (Robertson, 1983).

In addition to the uranium mines, there are numerous documented mineral occurrences of uranium within the
Huronian Supergroup in the area of the four communities as well as a small number within the Archean granitic
terrain outside the Huronian Supergroup. The area continues to be the focus of uranium exploration and the
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potential for economically viable uranium deposits exists within the Huronian Supergroup, including the
Matinenda Formation which hosted the past mine production. Some potential may also exist for Rdssing-style
mineralization within the granitoid complex, though no economically viable deposits are known to occur.

Platinum

The mafic intrusive bodies of the East Bull Lake intrusive complex contain PGE-enriched nickel and copper
sulphide mineralization and are the focus of active mineral exploration programs by a number of companies.
Peck et al. (1995) reported up to 10 mg/kg combined Pt-Pd in sulphides within the anorthosite zone of the East
Bull Lake intrusion. Elevated levels of PGE have also been reported in association with Cu-Ni sulphides in
diabase sills (Reid, 2003).

5.2 Non-Metallic Mineral Resources

Known non-metallic mineral resources in the area of the four communities include sand and gravel, stone, and
silica, while other potential non-metallic mineral resources include diamonds, peat, mica, lime and a variety of
other commaodities.

Sand, Stone, and Gravel

There are numerous sand and gravel pits within the area of the four communities. These are typically shallow
pits of limited surface extent exploiting glaciofluvial outwash or lacustrine beach deposits. An alternative source
of aggregate is the bedrock, of which Nipissing diabase is considered the best suited for crushed stone
production.

There are two discretionary occurrences for building stone (granite) reported within the Ramsey-Algoma
granitoid complex, near the mouth of the Blind River. There is also a building stone quarry on the border of
Cadeau and Tennyson townships, about 20 km east of the City of Elliot Lake. The property is owned by
Sudbury Canadian Granite Inc. and the target rock is described as a fine-grained black gabbro referred to as
Massey “black granite” that forms a circular plug 3 km in diameter, which intrudes early Precambrian felsic
granite of the Birch Lake batholith (Lacey, 1991).

Peat

Peat exists in low-lying portions of the area of the four communities; however, the generally rugged relief of the
area precludes the formation of extensive peatlands. The potential for economic peat extraction is considered
low and restricted to the near surface.

Diamonds

There are no mineral occurrences or discretionary occurrences of diamonds in the area of the four communities.
A regional survey for the types and distribution of kimberlite indicator minerals was conducted for a portion of the
area (Reid, 2003). The report did not identify any mineral occurrences, but indicated that there may be some
potential based on indicator parameters and more work would be required to assess this potential. Recent work
by the OGS in the nearby Cobalt-New Liskeard area found microdiamonds recovered from 6 of 45 samples
taken from late Archean lamprophyre dyke-like intrusions (Meyer et al., 2006). Macrodiamonds were found in
one of the samples.
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Industrial Minerals

Industrial minerals include graphite, diopside, clays, mica, silica and limestone. There are no mineral
occurrences or discretionary occurrences for these industrial minerals in the area of the four communities,
although there is good potential for industrial silica production from the quartzites of the Lorrain Formation (Vos,
1978). As with aggregates, industrial mineral extraction is generally restricted to the near surface pits and
quarries.

53 Petroleum Resources

The area of the four communities is located in a crystalline rock geological setting where the potential for
petroleum resources is negligible and where no hydrocarbon production or exploration activities are known to
occur.
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6.0 GEOMECHANICAL PROPERTIES

Geomechanical information including intact rock properties, rock mass properties and in situ stresses are
needed to design stable underground openings and to predict the subsequent behaviour of the rock mass
around these openings. As such, geomechanical information associated with a potential host rock can be used
when addressing several geoscientific, safety-related factors defined in the site selection process document
(NWMO, 2010). There is no readily available geomechanical information on the potentially suitable geological
units in the area of the four communities. Table 6.1 summarizes some available geomechanical information
from bedrock formations elsewhere in the Canadian Shield with rock types similar to those of interest in the area
of the four communities (granitic plutons). These sites are the Lac du Bonnet granite at AECL’s Underground
Research Laboratory (URL) in Pinawa, Manitoba and the Eye-Dashwa granite near Atikokan, Ontario. The
majority of the geomechanical characterization work for the URL was conducted on these rocks as part of
AECL’s Nuclear Fuel Waste Management Program in the 1990s.

6.1 Intact Rock Properties

Site-specific, geomechanical information on the granitic intrusions in the area of the four communities is lacking.
At this early stage of the site assessment process, it is useful to look at the geomechanical properties of similar
intact crystalline rocks such as the Lac du Bonnet batholith, Eye-Dashwa pluton and similar rock types
elsewhere. The rock property values presented in Table 6.1 are based on laboratory testing of rock core
specimens from boreholes from Pinawa and Atikokan and are consistent with the values selected for numerical
modelling studies conducted to evaluate the performance of hypothetical repository designs in a similar
crystalline rock environment (Golder, 2012a,b). The table also includes rock properties such as density,
porosity, uniaxial compressive strength and tensile strength for use in engineering design and structural
analyses. These parameters feed into rock mass classification schemes.

Table 6.1: Summary of Intact Rock Properties for Selected Canadian Shield Rocks

Property Lac du Bonnet Granite Eye-Dashwa Granite
Uniaxial Compressive a c
Strength (MPa) 185+ 24 212 + 26
Split Tension Strength b
(Brazilian) (MPa) 4109 NA
Porosity (%) 0.35° 0.33°
P-wave velocity (km/s) 3.220 - 4.885° NA
S-wave velocity (km/s) 2.160 — 3.030° NA
Density (Mg/m®) 2.65" 2.65"
Young’s Modulus (GPa) | 66.8% 73.9%
Poisson’s Ratio 0.27% 0.26%
Thermal Conductivity a a

34 3.3
(W/(mK))
Coef. Thermal
Expansion 6.6% 15°
(x10%  1C)
NA = Not Available
®Stone et al., 1989
“Annor et al., 1979
“Eberhardt et al. 1999
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6.2 Rock Mass Properties

Fracture spacing, orientation and condition (width or aperture, mineral fill, evidence of relative displacement,
etc.) of the fractures tend to influence the overall mechanical response of the rock mass. The only readily
available information available on rock mass properties for the area of the four communities is a brief description
of joint orientation and spacing contained in some assessment files.

In general, there will be a downward decreasing fracture density from highly fractured rocks in shallow horizons
(ca. < 300 metres below ground surface) to sparsely fractured intact rock at greater depths as recorded at other
shield sites (e.g., Everitt, 2002). Fractures observed on surface bedrock exposures may occur as well-defined
sets of geological discontinuities, or as randomly oriented and variably-dipping features. Based on observations
from other shield sites (e.g. Everitt, 2002) and stress measurement data (e.g. Maloney et al., 2006), it could be
inferred that a shallowly-dipping to sub-horizontal fracture set may exist as a result of either strain released
during the rebound from the last glacial cycle or the presence of pre-existing fabric anisotropy (e.g., bedding,
tectonic foliation) in the rock structure.

Rock mass properties for the area of the four communities would need to be investigated at later stages of the
assessment, through the collection of site-specific information.

6.3 In Situ Stresses

Knowledge of the in situ stresses at a site is required to model the stress concentrations around underground
excavation designs. These stress concentrations are ultimately compared to the strength of a rock mass to
determine if conditions are stable or if the excavation design needs to be modified. This is particularly important
in a repository design scenario, where minimization of excavation-induced rock damage is required.

Within the area of the four communities, in situ stress conditions are known from the Stanleigh and Denison
uranium mines. The minimum principal stress data available from the Denison and Stanleigh mines yields an
average value of 15 MPa, dipping at an average angle of ca. 70° at depths ranging from 300 to 1,066 m (Kaiser
and Maloney, 2005).

Horizontal stress conditions are more difficult to estimate; however, over-coring or hydraulic fracturing methods
can be used to determine the stresses on a plane at depth and resolve the horizontal in situ stress conditions (or
resolve inclined principal stresses). A large set of such horizontal stress measurements is available from various
locations in the Canadian Shield (Kaiser and Maloney, 2005; Maloney et al., 2006). These data are presented
on Figure 6.1. Herget and Arjang (1990), Arjang (1991) and Arjang and Herget (1997) indicate pre-mining,
major horizontal compressional stress directions of about northeast-southwest, based on stress testing and
analyses completed at the nearby underground mines at Wawa, Elliot Lake and Sudbury that are situated in the
Superior and Southern provinces. These regional horizontal stress results are similar to directions for other
parts of the Canadian Shield in eastern North America, and have been interpreted by Herget (1972) as stable
and preserved in relative magnitude for close to a billion years.

The observation that the stress state is neither constant nor linear (Maloney et al., 2006) suggests that variability
should be expected in the Canadian Shield. Based on the available stress measurement data, Maloney et al.
(2006) developed a conceptual model that describes the variable stress state in the upper 1,500 m of the
Canadian Shield. The conceptual model identifies a shallow stress-released zone from surface to a depth of
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250 m, a transition zone from 250 to 600 m and an undisturbed stress zone below 600 m. The undisturbed
stress zone can be expected to be representative of far-field boundary stress conditions, whereas stresses
within the shallow zone tend to be lower as they have been disturbed through exhumation and influenced by
local structural weaknesses such as faults (Maloney et al., 2006). Typical repository depths of approximately
500 m fall within the transition zone, where the maximum principal stress may range from approximately 20 to 50
MPa.

Local stress relief features such as faults and shear zones can be expected to locally affect the stress regime.
For example, thrust faults at AECL's URL were shown to be boundaries between significant changes in the
magnitude and orientation of the principal stresses. Above a major thrust fault, located at a depth of 270 m
(referred to as Fracture Zone 2, or FZ2 at the site), the magnitude was close to the average value for the
Canadian Shield and the orientation of the maximum horizontal stress was consistent with the average predicted
by the World Stress Map (i.e., southwest) (Heidbach et al., 2009). Below the same thrust fault, the stress
magnitudes are much higher than the average data for the Canadian Shield, and the maximum principal stress
rotates approximately 90° to a southeast orientation (Martino et al., 1997). The principal maximum horizontal
stress magnitude below the Fracture Zone 2 thrust fault remains relatively constant around 55 to 60 MPa, which
is more typical of the values found at greater depths. The southeast orientation of the maximum principal
horizontal stress is consistent with the data presented by Herget (1980) for the area which indicates maximum
compression clustered in the southwest and southeast for the Canadian Shield.

In addition to loading history and geologic structure, in situ stress conditions are further influenced by rock mass
complexity (i.e., jointing, heterogeneities and mineral fabric). As such, local stresses may not resemble the
average stress state for a region (Maloney et al., 2006). The conceptual model presented by Maloney et al.
(2006) is considered appropriate for sub-regional scale modelling activities. Due to wide scatter in the data
(Figure 6.1), site-specific measurements would be required during detailed site investigations for application to
more detailed design activities.

6.4 Thermal Conductivity

Thermal conductivity values for potential host rocks provide information on how effectively the rock will transfer
heat from the repository and dissipate it into the surrounding rock. The thermal conductivity of a rock is in part
dependent on its mineral composition, with rocks composed of higher quartz content generally having higher
thermal conductivities. The thermal conductivity of quartz (7.7 W/(m°K)) is greater than that of other common
rock-forming minerals such as feldspars (1.5 to 2.5 W/(m°K)) or mafic minerals (2.5 to 5 W/(m°K)) (Clauser and
Huenges,1995).

There are no site-specific thermal conductivity values or detailed quantitative mineral compositions for the area
of the four communities. The quartz mineral content of the granitic rocks that are of interest as a potential
repository host are likely to range from approximately 20% to 60% by volume (Streckeisen, 1976), a range in
agreement with the quartz contents reported for granitic rocks similar to those of the Ramsey-Algoma granitoid
complex. The range of measured thermal conductivity values for plutonic rock types found in the literature are
presented in Table 6.2.
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Table 6.2: Thermal Conductivity Values for Granite, Granodiorite and Tonalite

Rock tvpe Average thermal Minimum thermal Maximum thermal
yp conductivity (W/(m°K)) | conductivity (W/(m°K)) | conductivity (W/(m°K))
Granite®” "9 3.15 2.60 3.63
Granodiorite®"? 2.69 2.44 2.86
Tonalite™ 3.01 2.95 3.14

a Petrov et al., 2005; b POSIVA 2011, ¢ Stone et al. 1989; d SKB 2007; e Liebel et al. 2010; f Fountain et al. 1987; g Fernandez et al. 1986;
h de Lima Gomes and Mannathal Hamza 2005; i POSIVA 2007a

Although no thermal conductivity values are available for the area of the four communities, some useful
comparisons are provided by Stone et al. (1989) in their summary of thermal conductivity values for two late
Archean granitic intrusions of the Superior Province of the Canadian Shield, the Lac du Bonnet batholith and the
Eye-Dashwa pluton (Table 6.1). Both intrusions were described as having similar mineralogical compositions,
with quartz content generally varying between 23 and 27%. The average thermal conductivity for the Eye-
Dashwa pluton was 3.3 W/(m°K) based on 35 samples. The average thermal conductivity for the Lac du Bonnet
batholith was 3.4 W/(m°K) based on 227 samples.

The above literature values for thermal conductivity are considered useful for comparison purposes as part of
this preliminary assessment. However, actual values would need to be determined at later stages of the
assessment, during the collection of site-specific information.
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7.0 DESKTOP PHASE 1 GEOSCIENTIFIC SUITABILITY EVALUATION
7.1  Approach

The objective of the Phase 1 geoscientific desktop preliminary assessment is to assess whether the
communities of Elliot Lake, Blind River, The North Shore, Spanish and surrounding area contain general areas
that have the potential to meet the geoscientific site evaluation factors outlined in NWMO's site selection
document (NWMO, 2010). The location and extent of general potentially suitable areas would be refined during
the second phase of the preliminary assessment through more detailed assessments and field evaluations.

The repository is expected to be constructed at a depth of about 500 mbgs. The surface facilities will require a
dedicated surface area of about 600 x 550 m for the main buildings and about 100 x 100 m for the ventilation
exhaust shaft (N\WMO, 2014). The actual underground footprint at any particular site would depend on a
number of factors, including the characteristics of the rock, the final design of the repository and the inventory of
used fuel to be managed. For the purpose of this preliminary assessment, it is assumed that the repository
would require a footprint in the order of 2 x 3 km.

The geoscientific assessment of potential suitability was carried out in two steps. The first step (Section 7.2)
was to identify general potentially suitable areas using the key geoscientific characteristics described below.
The second step (Section 7.3) was to verify that identified general areas have the potential to meet all NWMO'’s
geoscientific site evaluation factors (NWMO, 2010). The potential for finding general areas that are potentially
suitable for hosting a deep geological repository was assessed using the following key geoscientific
characteristics:

m Geological Setting: Areas of unfavourable geology identified during the initial screening (Geofirma,
2012a,b,c,d) were not considered. Such areas include metasedimentary rocks and subordinated
metavolcanic rocks of the Huronian Supergroup, and metavolcanic-dominated greenstone belts (Figure
3.3). These geological units were considered not suitable due to their lithological heterogeneity, structural
complexity and mineral potential. Plutons that are too small to be a viable host (such as the Cutler
Pluton) were also avoided. Potentially suitable geological units in the area of the four communities
include the Archean Ramsey-Algoma granitoid complex and gneissic rocks. In the area of the four
communities, the granitoid complex generally consists of granitic, granodioritic and granitic gneiss with
numerous greenstone enclaves and massive to foliated granite, granodiorite, and syenite intrusions.

m Structural Geology: Spatial distribution, character and history of relative movement of local and regional
scale faults in area of the four communities were considered. There are two large-scale faults mapped in
the area of the four communities: the Murray and Flack Lake faults. While there is no evidence to
suggest that the Murray fault had been tectonically active within the past 1.250 to 0.98 billion years
(Robertson, 1970; Card, 1978; McCrank et al., 1989; Piercy, 2006) and the Flack Lake fault within the
past 1.8 billion years (Bennett et al., 1991), they were avoided in selecting general potentially suitable
areas. The potential host rock unit thickness is estimated to be 1 to 3 km, based on geophysical data.
This thickness was considered sufficient for repository siting purposes. The potential for groundwater
movement at repository depth within an area is in part controlled by the fracture frequency, their degree
of interconnection and the extent to which the fractures are sealed due to higher stress levels and the
presence of infilling. At this stage, factors that could affect groundwater movement at depth within the
Ramsey-Algoma granitoid complex could not be assessed, due to lack of site specific information.
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7.2

Factors potentially influencing groundwater movement at repository depth are assessed at a generic level
in Section 7.3.

Lineament Analysis: In the search for general potentially suitable areas, there was a preference to
select areas that have a relatively low density of lineaments, particularly a low density of longer
lineaments, as they are more likely to extend to greater depth than shorter lineaments (Section 3.2.3).
For the purpose of this assessment, all interpreted lineaments (fractures and dykes) were conservatively
considered as conductive (permeable) features. In reality, many of these interpreted features may be
sealed due to higher stress levels at depth and the presence of infilling minerals.

Overburden: The distribution and thickness of overburden cover is an important site characteristic to
consider when assessing an area’s amenability to site characterization. For practical reasons, it was
considered that areas covered by more than 2 m of overburden deposits would not be amenable to
trenching for the purpose of structural mapping. This consideration is consistent with international
practices related to site characterization in areas covered by overburden deposits (e.g., POSIVA (2007b)
in Finland). At this stage of the assessment preference was given to areas with greater mapped bedrock
exposures. The extent of bedrock terrain in the area of the four communities is shown on Figures 2.3.
Areas mapped as bedrock terrain are assumed to be covered, at most, with a thin veneer of overburden
and are therefore considered to be amenable to geological mapping.

Protected Areas: All provincial and federal parks and other protected areas as identified in Section 2.4
were excluded from consideration. There are 15 provincial parks, 12 conservation reserves and four
forest reserves in the area of the four communities (Figure 2.5). The provincial parks and reserves
occupy a combined area of approximately 1,700 km?. Several of these parks and reserves occur within
the Ramsey-Algoma granitoid complex, which is the geological unit of interest.

Natural Resources: The potential for natural resources in the area of the four communities is shown on
Figure 5.1. The rocks of the Huronian Supergroup, the Benny Lake and Whiskey Lake greenstone belts,
and the Seabrook Lake, Parisien Lake and East Bull Lake intrusions all have known potential for natural
resources, are internally heterogeneous and are, in some cases, too small in size; therefore they were
not considered as favourable. In contrast, the Ramsey-Algoma granitoid complex in the area of the four
communities has low potential for economically exploitable natural resources. At this stage of the
assessment, areas of active mining claims were not systematically excluded if the claims were located in
geologic environments judged to have low mineral resource potential.

Surface Constraints: Areas of obvious topographic constraints (density of steep slopes), and large
waterbodies (i.e., wetlands, lakes) were considered in the identification of general potentially suitable
areas. While areas with such constraints were not explicitly excluded at this stage of the assessment,
they were considered less preferable, all other factors being equal. Much of the Ramsey-Algoma
granitoid complex has rugged topography (Figure 2.2). The majority of the area of the four communities
is accessible by existing highways, secondary roads and/or logging roads.

Potential for Finding General Potentially Suitable Areas

The consideration of the above geoscientific evaluation factors and constraints revealed that the area of the four
communities contains at least four general areas that have the potential to satisfy NWMQO'’s geoscientific site
evaluation factors. All four general areas are all located within the Ramsey-Algoma granitoid complex in the
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northern half of the area of the four communities, north of the municipal boundaries of Elliot Lake and Blind
River. These four general areas are discussed in detail in Section 7.2.1.

No general potentially suitable areas were identified within the municipal boundaries of the four communities.
Figure 7.1 shows features illustrating some of the key characteristics and constraints used to identify the general
potentially suitable areas, including: bedrock geology, protected areas, areas of thick overburden cover, existing
road network, natural resource potential and mining claims. The legend of Figure 7.1 includes a 2 km by 3 km
box to illustrate the approximate extent of suitable rock that would be needed to host a repository.

The potentially suitable areas were identified in the area of the four communities using a systematic and step-
wise approach. Areas containing parks and natural reserves and areas with unsuitable rock types were
eliminated. The resulting general potentially suitable areas were then refined using the magnetic data to avoid
areas with obvious magnetic anomalies interpreted to represent lithological heterogeneity. The areas were
further refined by favouring areas with lower geophysical and surficial lineament densities. Identified potentially
suitable areas were finally refined by favouring areas away from known structural heterogeneities such as
mapped regional faults.

No potentially suitable general areas were identified within the municipal boundary of Blind River. This area is
located almost entirely within the rocks of the Huronian Supergroup that were not suitable because of their
mineral potential and structural complexity. In addition, a large portion of the municipal area is occupied by the
Blind River and Matinenda Provincial Parks and the Mississagi Delta Provincial Nature Reserve.

No general potentially suitable areas were identified within the municipal boundary of Elliot Lake. This area is
located largely within the rocks of the Huronian Supergroup that are considered to be not suitable. The portion
of the municipal boundary that occurs within the Ramsey-Algoma granitoid complex, north of Elliot Lake, is in
close proximity to the rocks of the Huronian Supergroup that have high mineral potential. Several past
producing mines are located close to this area and several current mineral claims are present (Figure 5.1). The
Ramsey-Algoma granitoid complex south of Elliot Lake is lithologically heterogeneous, with metavolcanic,
amphibolites and ultramafic rocks encountered in several boreholes in the area (Figure 4.1). A portion of the
municipal area is occupied by the Matinenda Provincial Park and the Glenn N. Crombie Conservation Reserve.

No general potentially suitable areas were identified within the municipal boundary of The North Shore. This
area is located largely within the rocks of the Ramsey-Algoma granitoid complex. However, in this location, the
granitoid complex is crosscut by numerous mafic dykes, exhibits a high apparent lineament density (Figure 3.14)
and is lithologically heterogeneous, with metavolcanic, amphibolites and ultramafic rocks encountered in several
boreholes in the area (Figure 4.1). The area is also in close proximity to the regional Murray fault, which runs
from Sault Ste. Marie to Sudbury, and corresponds to a marked change in metamorphic grade.

No general potentially suitable areas were identified within the municipal boundary of Spanish. About half of this
area is within the rocks of the Huronian Supergroup that were not suitable. About half of the municipality is
located within the rocks of the Ramsey-Algoma granitoid complex. However, the area the lithology is
heterogeneous and it is in close proximity to the Murray fault and mineral occurrences (Figure 5.1).

The following section provides more details on how the key geoscientific factors and constraints discussed
above were applied to the Ramsey-Algoma granitoid complex to identify general potentially suitable areas. At
this early stage of the assessment, the boundaries of these general areas are not yet defined. The location and
extent of general potentially suitable areas would be further refined during subsequent site evaluation stages.

October 2014 Golder
Report No. 12-1152-0245 (1000) 61 Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

7.2.1 Ramsey-Algoma Granitoid complex

As discussed in Section 3.2.1, the Ramsey-Algoma granitoid complex is a large heterogeneous granitoid
complex that intruded the older metavolcanic and metasedimentary rocks of the Whiskey Lake and Benny Lake
greenstone belts and other unnamed greenstone belts. In the area of the four communities, this complex varies
in composition from granodiorite to granite to gneissic tonalite, and extends for about 6,320 km? within the area
of the four communities. The granitoid complex has an estimated thickness greater than 1 km.

The granodiorite to gnessic tonalite rocks in the area of the four communities generally have excellent bedrock
exposure, low potential for natural resources, are well drained, and contain large areas that are outside of
protected areas and surface constraints (i.e., large water bodies and wetlands), although the terrain is modest to
rugged. There are a number of mapped faults as well as four known dyke swarms that have affected the area of
the four communities. The main constraining factors used in the selection of general potentially suitable siting
areas within the granitoid complex were protected areas, surface constraints, structural geology and lineament
density.

The assessment of key geoscientific characteristics allowed for the identification of four general potentially
suitable areas within the Ramsey-Algoma granitoid complex in the northern half of the area of the four
communities, north of the municipal boundaries of Elliot Lake and Blind River. The general locations of these
four general areas are shown on Figures 7.2 to 7.5. The inset map on each of these figures show the area of
each map relative to Figure 7.1. Key geoscientific characteristics shown on these maps include: bedrock
geology, protected areas, areas of thick overburden cover, surficial and geophysical lineaments, existing road
network, natural resources potential and mining claims.

North-Eastern Ramsey-Algoma (Figure 7.2)

The first general potentially suitable area occurs within the north-eastern portion of the Ramsey-Algoma granitoid
complex (Figure 7.2). The general area is bounded by the Mississagi River Provincial Park to the west and the
Mozhabong Conservation Reserve to the east. The general area is accessible via Highway 553 and local roads
directly access the area.

Bedrock in this general area is mapped as massive granodiorite to granite. Bedrock exposure is very good. The
area is 11.5 km north of the Flack Lake fault and 71 km north of the Murray fault. Though these faults are far
from the area, their potential impact on the suitability of the area would need to be further assessed. No smaller-
scale faults were mapped within the area. The Sudbury and Matachewan dykes are the predominant mapped
dykes present in the area. The geophysical data interpretation found variable magnetic responses in the area.
Given the low resolution of the geophysical data in the area, lithological homogeneity is uncertain at this stage
and would need to be further investigated in subsequent stages of the site evaluation process.

Additional insight into the potential suitability of this area is provided by the analysis of interpreted lineaments
(Section 3.2.3). The identified potentially suitable area encompasses an area of lower density of lineaments.
The lineament filtering process by length, as described in Section 3.2.3 and presented on Figures 3.15 to 3.17,
was also used to guide the selection of general potential areas. The figures show that filtering out the shorter
lineaments greatly increases the spacing between lineaments, including within areas having a high percentage
of exposed bedrock.

The distribution of lineament density as a function of lineament length is strongly influenced by the amount of
exposed bedrock and resolution of available geophysical data. Figures 3.10 and 7.2 show interpreted
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geophysical lineaments in this general potentially suitable area have a spacing of 1.4 to 6.6 km for lineaments
greater than 5 km, and 1.9 to 14.3 km for lineaments greater than 10 km. The low geophysical lineament density
is likely due to the low resolution of the aeromagnetic dataset, and would need to be further investigated during
subsequent stages of the site evaluation process. In areas where higher resolution geophysical data are
available, the density of geophysical lineament is much higher. For example, in the high resolution data area of
the Seabrook Lake intrusion (NW part on Figure 3.10), the spacing between geophysical lineaments range from
200 to 800 m. It is possible that such a high density of geophysical lineaments exists across the area of the four
communities.

The surficial lineament density (Figures 3.9 and 7.2) in this general area is moderate, which is a consequence of
the extensive bedrock exposure in the general area identified. The interpreted surficial lineaments in this
general potentially suitable area have a spacing of 0.6 to 3.3 km for lineaments greater than 5 km, and 1.1 to 4.4
km for lineaments greater than 10 km.

As discussed in Section 3.2.1, the area of the four communities contains numerous mapped and interpreted
dykes, as it lies within regional dyke swarms. As previously mentioned, in areas where higher resolution
geophysical data are available, the frequency of dykes is much higher. Although a large number of these dykes
are identifiable in the aeromagnetic data in the area of the four communities, there remain some uncertainties
regarding the distribution and structural impact of the dykes. Main uncertainties are related to: the potential for
smaller-scale dykes to be present between interpreted dykes; the potential underestimation of geophysical brittle
(fractures) and ductile lineaments due to the predominance and masking effect of the dyke signatures in the
geophysical dataset; and the potential damage that may have been caused to the host rock during dyke
emplacement.

This general potentially suitable area is Crown land (Figure 2.5) and lies outside of protected areas (Figure 7.2).
It is free of active mining claims (Figures 5.1 and 7.2) and free of mineral known occurrences.

North-Central Ramsey-Algoma - North of Mississagi River (Figure 7.3)

The second general potentially suitable area occurs within the north-central portion of the Ramsey-Algoma
granitoid complex, north of the Mississagi River (Figure 7.3). The general area is bounded by the Mississagi
River Provincial Park to the south and the Wagong Lake Forest Reserve to the north. The area is generally
accessible via logging roads.

Bedrock in this general area is mapped as massive granodiorite to granite and gneissic tonalite. Bedrock
exposure is moderate to good. The area is 48 km northwest of the Flack Lake fault and 93 km north of the
Murray fault; however, the potential impact of these regional features on the suitability of the area needs to be
further assessed. No smaller-scale faults were mapped within the area. The Sudbury, Matachewan and
Biscotasing dykes are the predominant mapped dykes present in the area. The geophysical data interpretation
found magnetically quiet responses in the area. Given the low resolution of the geophysical data in the area,
lithological homogeneity is uncertain at this stage and would need to be further investigated in subsequent
stages of the site evaluation process.

The identified potentially suitable area encompasses an area of lower density of lineaments. The lineament
filtering process by length, as described in Section 3.2.3 and presented on Figures 3.15 to 3.17, was also used
to guide the selection of general potential areas. The figures show that filtering out the shorter lineaments

October 2014 Golder
Report No. 12-1152-0245 (1000) 63 Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

greatly increases the spacing between lineaments, including within areas having a high percentage of exposed
bedrock.

The distribution of lineament density as a function of lineament length is strongly influenced by the amount of
exposed bedrock and resolution of available geophysical data. Figures 3.10 and 7.2 show interpreted
geophysical lineaments in this general potentially suitable area have a spacing of 0.6 to 7.2 km for lineaments
greater than 5 km, and 2.6 to 7.2 km for lineaments greater than 10 km. As discussed earlier, the low
geophysical lineament density is likely due to the low resolution of the aeromagnetic dataset, and would need to
be further investigated during subsequent stages of the site evaluation process. In areas where higher
resolution geophysical data are available, the density of geophysical lineament is much higher. It is possible that
such a high density of geophysical lineaments exists across the area of the four communities.

The surficial lineament density (Figures 3.9 and 7.2) in this general area is moderate, which is a consequence of
the extensive bedrock exposure in the general area identified. The interpreted surficial lineaments in this
general potentially suitable area have a spacing of 1.1 to 4.4 km for lineaments greater than 5 km and 1.4 to 6.6
km for lineaments greater than 10 km.

As discussed in Section 3.2.1, the area of the four communities contains numerous mapped and interpreted
dykes as it lies within regional dyke swarms. As previously mentioned, in areas where higher resolution
geophysical data are available, the frequency of dykes is much higher. Although a large number of these dykes
are identifiable in the aeromagnetic data in the area of the four communities, there remain some uncertainties
regarding the distribution and structural impact of the dykes. Main uncertainties are related to: the potential for
smaller-scale dykes to be present between interpreted dykes; the potential underestimation of geophysical brittle
(fractures) and ductile lineaments due to the predominance and masking effect of the dyke signatures in the
geophysical dataset; and the potential damage that may have been caused to the host rock during dyke
emplacement.

This general potentially suitable area is Crown land (Figure 2.5) and lies outside of protected areas (Figure 7.3).
It is free of active mining claims (Figures 5.1 and 7.3) and free of known mineral occurrences.

North-Central Ramsey-Algoma - South of Mississagi River (Figure 7.4)

The third general potentially suitable area also occurs within the north-central portion of the Ramsey-Algoma
granitoid complex, south of the Mississagi River (Figure 7.4). The general potentially suitable area is bounded
by the Mississagi River Provincial Park to the north and the Rawhide Lake Conservation Reserve to the south.
The general area is accessible via Highway 546 and directly via logging roads.

Bedrock in this general area is mapped as massive granodiorite to granite. Bedrock exposure is very good. The
area is 24 km northwest of the Flack Lake fault and 66 km north of the Murray fault; however, the potential
impact of these regional features on the suitability of the area needs to be further assessed. No smaller-scale
faults were mapped within the area. The Sudbury, Matachewan and Biscotasing dykes are the predominant
mapped dykes present in the area. The geophysical data interpretation found magnetically quiet responses in
the area. Given the low resolution of the geophysical data in the area, lithological homogeneity is uncertain at
this stage and would need to be further investigated in subsequent stages of the site evaluation process.

The identified potentially suitable area encompasses an area of lower density of lineaments. The lineament
filtering process by length, as described in Section 3.2.3 and presented on Figures 3.15 to 3.17, was also used
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to guide the selection of general potential areas. The figures show that filtering out the shorter lineaments
greatly increases the spacing between lineaments, including within areas having a high percentage of exposed
bedrock.

The distribution of lineament density as a function of lineament length is strongly influenced by the amount of
exposed bedrock and resolution of available geophysical data. Figures 3.10 and 7.2 show interpreted
geophysical lineaments in this general potentially suitable area have a spacing of 1.1 to 6 km for lineaments
greater than 5 km, and 5 to 11 km for lineaments greater than 10 km. As discussed earlier, the low geophysical
lineament density is likely due to the low resolution of the aeromagnetic dataset, and would need to be further
investigated during subsequent stages of the site evaluation process. In areas where higher resolution
geophysical data are available, the density of geophysical lineament is much higher. It is possible that such a
high density of geophysical lineaments exists across the area of the four communities.

The surficial lineament density (Figures 3.9 and 7.2) in this general area is moderate, which is a consequence of
the extensive bedrock exposure in the general area identified. The interpreted surficial lineaments in this
general potentially suitable area have a spacing of 0.6 to 3.3 km for lineaments greater than 5 km, and 1.1 to 3.3
km for lineaments greater than 10 km.

As discussed in Section 3.2.1, the area of the four communities contains numerous mapped and interpreted
dykes as it lies within regional dyke swarms. As previously mentioned, in areas where higher resolution
geophysical data are available, the frequency of dykes is much higher. Although a large number of these dykes
are identifiable in the aeromagnetic data in the area of the four communities, there remain some uncertainties
regarding the distribution and structural impact of the dykes. Main uncertainties are related to: the potential for
smaller-scale dykes to be present between interpreted dykes; the potential underestimation of geophysical brittle
(fractures) and ductile lineaments due to the predominance and masking effect of the dyke signatures in the
geophysical dataset; and the potential damage that may have been caused to the host rock during dyke
emplacement.

This general potentially suitable area is Crown land (Figure 2.5) and lies outside of protected areas (Figure 7.4).
It is free of active mining claims (Figures 5.1 and 7.4) and free of known mineral occurrences.

North-West Ramsey-Algoma (Figure 7.5)

The fourth general potentially suitable area occurs within the north-western portion of the Ramsey-Algoma
granitoid complex (Figure 7.5). The general area is bounded by the Seabrook Lake intrusion to the west and
Highway 129 to the east. The area is generally accessible via Highway 129.

Bedrock in this general area is mapped as massive granodiorite to granite. Bedrock exposure is very good. The
area is 35 km northwest of the Flack Lake fault and 80 km north of the Murray fault; however, the potential
impact of these regional features on the suitability of the area needs to be further assessed. No smaller-scale
faults were mapped within the area. The Sudbury and Matachewan dykes are the predominant mapped dykes
present in the area. The geophysical data interpretation found magnetically quiet responses in the area. Given
the low resolution of the geophysical data in the area, lithological homogeneity is uncertain at this stage and
would need to be further investigated in subsequent stages of the site evaluation process.

The identified potentially suitable area encompasses an area of lower density of lineaments. The lineament
filtering process by length, as described in Section 3.2.3 and presented on Figures 3.15 to 3.17, was also used
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to guide the selection of general potential areas. The figures show that filtering out the shorter lineaments
greatly increases the spacing between lineaments, including within areas having a high percentage of exposed
bedrock.

The distribution of lineament density as a function of lineament length is strongly influenced by the amount of
exposed bedrock and resolution of available geophysical data. Figures 3.10 and 7.2 show interpreted
geophysical lineaments in this general potentially suitable area have a spacing of 0.6 to 14.9 km for lineaments
greater than 5 km, and 17.6 to 24 km for lineaments greater than 10 km. As discussed earlier, the low
geophysical lineament density is likely due to the low resolution of the aeromagnetic dataset, and would need to
be further investigated during subsequent stages of the site evaluation process. In areas where higher resolution
geophysical data are available, the density of geophysical lineament is much higher. It is possible that such a
high density of geophysical lineaments exists across the area of the four communities.

The surficial lineament density (Figures 3.9 and 7.2) in this general area is moderate, which is a consequence of
the extensive bedrock exposure in the general area identified. The interpreted surficial lineaments in this
general potentially suitable area have a spacing in the order of 0.6 to 7.7 km for lineaments greater than 5 km
and 1.1 to 7.7 km for lineaments greater than 10 km.

As discussed in Section 3.2.1, the area of the four communities contains numerous mapped and interpreted
dykes, as it lies within regional dyke swarms. As previously mentioned, in areas where higher resolution
geophysical data are available, the frequency of dykes is much higher. Although a large number of these dykes
are identifiable in the aeromagnetic data in the area of the four communities, there remain some uncertainties
regarding the distribution and structural impact of the dykes. Main uncertainties are related to: the potential for
smaller-scale dykes to be present between interpreted dykes; the potential underestimation of geophysical brittle
(fractures) and ductile lineaments due to the predominance and masking effect of the dyke signatures in the
geophysical dataset; and the potential damage that may have been caused to the host rock during dyke
emplacement.

This general potentially suitable area is Crown land (Figure 2.5) and lies outside of protected areas (Figure 7.5).
It is free of active mining claims (Figures 5.1 and 7.5) and free of mineral occurrences. However, the area is just
east of the Seabrook Lake intrusion, where rare earth mineral occurrences have been identified. The effect that
such occurrences could have on the potential suitability of this general area would need to be further assessed
in future stages of the site selection process.

7.2.2 Other Areas

No prospective general potentially suitable areas were identified within the Huronian Supergroup, the
metavolcanic rocks and the small intrusive bodies (Seabrook Lake, Parisien, East Bull Lake and Cutler), as
these rock types were considered unfavourable rock units for siting a deep geological repository. General
potentially suitable areas were identified within the massive granodiorite to granite and the gneissic tonalite using
overburden cover, structural geology and lineament density to further refine the extent of the areas. Given the
very large geographic extent of this rock type in the area of the four communities, it may be possible to identify
additional general potentially suitable areas. However, the four general areas identified are those judged to best
meet the preferred geoscientific characteristics outlined in Table 7.1, based on available information.
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7.2.3

Complex

Summary of Characteristics of Areas within the Ramsey-Algoma Granitoid

Table 7.1 provides a summary of the key geoscientific descriptive characteristics of the four general potentially
suitable areas in the Ramsey-Algoma granitoid complex in the area of the four communities.

Table 7.1: Summary of Characteristics of the Areas within the Ramsey-Algoma Granitoid Complex,
Communities of Elliot Lake, Blind River, The North Shore, Spanish and Surrounding Area

Geoscientific
Descriptive
Characteristic

General Area

Ramsey-Algoma
Granitoid Complex

(North East)
Figure 7.2

Ramsey-Algoma
Granitoid Complex

(North Central —
north of Mississagi
River)

Figure 7.3

Ramsey-Algoma
Granitoid Complex

(North Central —
south of Mississagi
River)

Figure 7.4

Ramsey-Algoma
Granitoid Complex

(North West)
Figure 7.5

Predominantly

Mixture of gneissic

Predominantly

Predominantly

Rock Type granodiorite tonallte_ a’?d granodiorite granodiorite
granodiorite
Age ca. 2.6 to 2.7 billion ca. 2.6 to 2.7 billion ca. 2.6 to 2.7 billion ca. 2.6 to 2.7 billion
9 years ago years ago years ago years ago
Inferred host rock >1 km >1 km >1 km >1 km

thickness

Extent of rock unit
within the area

Ramsey-Algoma
Granitoid Complex:

6,320 km?

Ramsey-Algoma
Granitoid Complex:

6,320 km?

Ramsey-Algoma
Granitoid Complex:

6,320 km?

Ramsey-Algoma
Granitoid Complex:

6,320 km?

Relative proximity to
mapped major
geological features
(regional faults/
shear zones,
geological sub-
province
boundaries, etc.)

Murray fault — 70.9 km

Kapuskasing SzZ -
114.4 km

Flack Lake fault —11.5
km

Murray fault — 92.5 km

Kapuskasing SzZ -
80.2 km

Flack Lake fault — 48.2
km

Murray fault — 66.4 km

Kapuskasing SzZ -
106.5 km

Flack Lake fault —24.4
km

Murray fault — 80.5 km

Kapuskasing SZ — 63
km

Flack Lake fault — 35.3
km

Structure: faults,
foliation, dykes,
joints

Moderate surface
lineament density

Lack of longer surficial
lineaments

Transected by high
density of NW
Sudbury and NNW
Matachewan dykes,
bounded by NE
Biscotasing dykes

Moderate surface
lineament density

Lack of longer surficial
lineaments

Transected by high
density of NW
Sudbury and NNW
Matachewan dykes,
bounded by NE
Biscotasing dykes

Moderate surface
lineament density

Lack of longer surficial
lineaments

Transected by high
density of NW
Sudbury and NNW
Matachewan dykes,
bounded by NE
Biscotasing dykes

Moderate surface
lineament density

Lack of longer surficial
lineaments

Transected by high
density of NW
Sudbury and NNW
Matachewan dykes,
bounded by NE
Biscotasing dykes
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Geoscientific
Descriptive
Characteristic

General Area

Ramsey-Algoma
Granitoid Complex

(North East)
Figure 7.2

Ramsey-Algoma
Granitoid Complex

(North Central —
north of Mississagi
River)

Figure 7.3

Ramsey-Algoma
Granitoid Complex

(North Central —
south of Mississagi
River)

Figure 7.4

Ramsey-Algoma
Granitoid Complex

(North West)
Figure 7.5

Aeromagnetic
characteristics and
resolution

Magnetically variable,
Low Resolution

Magnetically quiet Low
Resolution

Magnetically quiet
Low Resolution

Magnetically quiet

Mixture of high and
low resolution

Terrain: topography,

vegetation Rugged Moderate relief Rugged Rugged
Access to central Good access Good access
) ) ; > . . . Good access along
Access portion via logging throughout via logging | throughout via logging

road

roads

roads

secondary road

Resource Potential

Low

Low

Low

Low

Bedrock exposure

75%

55%

75%

75%

Generally good.

Generally good.
Some wetland.

Generally good.

Generally good.

Drainage Water cover: approx. Water cover: approx. Water cover: approx.
15% Water cover: approx. 15% 15%
15%
7.3  Evaluation of the General Potentially Suitable Areas

This section provides a brief description of how the identified general potentially suitable areas were evaluated to
verify if they have the potential to satisfy the geoscientific safety functions outlined in NWMO's site selection

process (NWMO, 2010).

At this early stage of the site evaluation process, where limited geoscientific
information is available, the intent is to assess whether there are any obvious conditions within the identified

potentially suitable areas that would fail to satisfy the geoscientific safety functions. These include:

m Safe containment and isolation of used nuclear fuel: Are the characteristics of the rock at the site

appropriate to ensuring the long-term containment and isolation of used nuclear fuel from humans,
the environment and surface disturbances caused by human activities and natural events?

m Long-term resilience to future geological processes and climate change: Is the rock formation

at the siting area geologically stable and likely to remain stable over the very long term in a manner

that will ensure the repository will not be substantially affected by geological and climate change
process such as earthquakes and glacial cycles?

m Safe construction, operation and closure of the repository: Are conditions at the site suitable for

the safe construction, operation and closure of the repository?
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m Isolation of used fuel from future human activities: Is human intrusion at the site unlikely, for
instance through future exploration or mining?

m Amenable to site characterization and data interpretation activities: Can the geologic conditions
at the site be practically studied and described on dimensions that are important for demonstrating
long-term safety?

The evaluation factors under each safety function are listed in Appendix A. At this early stage of the site
evaluation process, where limited data at repository depth exist, the intent is to assess whether there are any
obvious conditions within the identified general potentially suitable areas that would fail to satisfy the safety
functions.

An evaluation of the four general potentially suitable areas in the Ramsey-Algoma granitoid complex within the
area of the four communities is provided in the following subsections.

7.3.1 Safe Containment and Isolation of Used Nuclear Fuel

The geological, hydrogeological, chemical and mechanical characteristics of a suitable site should promote long-
term isolation of used nuclear fuel from humans, the environment and surface disturbances; promote long-term
containment of used nuclear fuel within the repository; and restrict groundwater movement and retard the
movement of any released radioactive material.

This requires that:

m The depth of the host rock formation should be sufficient for isolating the repository from surface
disturbances and changes caused by human activities and natural events;

m The volume of available competent rock at repository depth should be sufficient to host the repository
and provide sufficient distance from active geological features such as zones of deformation or faults
and unfavourable heterogeneities;

m The hydrogeological regime within the host rock should exhibit low groundwater velocities;

m The mineralogy of the rock, the geochemical composition of the groundwater and rock porewater at
repository depth should not adversely impact the expected performance of the repository’s multiple-
barrier system;

m The mineralogy of the host rock, the geochemical composition of the groundwater and rock
porewater should be favourable to retarding radionuclide movement; and

m The host rock should be capable of withstanding natural stresses and thermal stresses induced by
the repository without significant structural deformations or fracturing that could compromise the
containment and isolation functions of the repository.

The above factors are interrelated as they contribute to more than one safety function. The remainder of this
section provides an integrated assessment of the above factors based on information that is available at the
current desktop stage of the evaluation.

As discussed in Section 3 and summarized in Table 7.1, a review of available information conducted as part of
this preliminary assessment indicates the estimated thickness of the Ramsey-Algoma granitoid complex to be
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greater than 1 km, and therefore is expected to extend below typical repository depths (approximately 500 m),
which would contribute to the isolation of the repository from human activities and natural surface events.

Analysis of lineaments interpreted during this preliminary assessment (Sections 3.2.3 and 7.1) indicate that the
Ramsey-Algoma granitoid complex in the area of the four communities has the potential to contain structurally-
bounded rock volumes of sufficient size to host a deep geological repository. The distribution of lineament
density as a function of lineament length over the potentially suitable host rock units shows that the variable
density and spacing of shorter brittle lineaments is strongly influenced by the amount of exposed bedrock and
resolution of available geophysical data. By classifying the lineaments according to length, this local bias is
greatly reduced and the area of the four communities exhibit lineament spacing between short brittle lineaments
on the order of less than 0.5 km to 2.5 km, and spacing between longer lineaments (i.e., those longer than 10
km) on the order of 1.5 to 5 km, suggesting that there is a potential for there to be sufficient volumes of
structurally favourable rock at typical repository depth. All four general potentially suitable areas are located
away from known deformation zones or faults.

Numerous dykes have been mapped and interpreted in the area of the four communities, as it lies within a
region of dyke swarms. Information from mines in the Canadian Shield (Raven and Gale, 1986) and other
geological settings show that dykes may act as either pathways or barriers for groundwater flow in a host rock.
Their hydraulic characteristics depend on a wide range of factors that include their frequency and location within
a host rock, their orientation with respect to the direction of groundwater flow, their mineralogical composition,
degree of alteration and their association with brittle deformation structures (e.g. SKB, 2010; Gupta et al., 2012;
Holland, 2012), including both pre-existing structures and those developed as a result of dyke emplacement.

The hydrogeological regime at repository depth should exhibit low groundwater velocities and retard the
movement of any potentially released radioactive material. As discussed in Section 4.4, there is limited
information on the hydrogeologic properties of the deep bedrock in the area of the four communities in the
Ramsey-Algoma granitoid complex. It is, therefore, not possible at this stage of the evaluation to predict the
nature of the groundwater regime at repository depth. The potential for groundwater movement at repository
depth is, in part, controlled by the fracture frequency, the degree of interconnection and the extent to which the
fractures are sealed due to higher stress levels and the presence of mineral infilling. Available information from
other areas in the Canadian Shield with similar rock types indicates that groundwater flow within structurally-
bounded blocks tends to be generally limited to shallow fracture systems, typically less than 300 m. In deeper
regions, hydraulic conductivity tends to decrease as fractures become less common and less interconnected
(Stevenson et al., 1996; McMurry et al., 2003). Increased vertical and horizontal stresses at depth tend to close
or prevent fractures thereby reducing permeability and resulting in diffusion-dominated groundwater movement
(Stevenson et al., 1996; McMurry et al., 2003). Hydraulic conductivity values measured at typical repository
depths (500 m or greater) at the Whiteshell Research Area and Atikokan range from approximately 10™° to 10™°
m/s (Ophori and Chan, 1996; Stevenson et al., 1996). Data reported by Raven et al. (1987) show that the
hydraulic conductivity of the East Bull Lake pluton decreases from an average near-surface value of 10° m/s to
less than 10™ m/s below a depth of 400-500 m.

Experience from other areas on the Canadian Shield with similar rock types also indicates that ancient faults,
similar to those in the area of the four communities, have been subjected to extensive periods of rock-water
interaction resulting in the long-term deposition of infilling materials that contribute to sealing and a much
reduced potential for groundwater flow at depth. Site-specific conditions that can influence the nature of deep

October 2014 Golder
Report No. 12-1152-0245 (1000) 70 Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

groundwater flow systems in the area of the four communities would need to be investigated at later stages of
the site evaluation process through site characterization activities that include drilling and testing of deep
boreholes.

Information on other geoscientific characteristics relevant to the containment and isolation functions of a deep
geological repository, such as the mineralogy of the rock, the geochemical composition of the groundwater and
rock porewater, the thermal and geomechanical properties of the rock is limited for the area of the four
communities. The review of available information from other locations with similar rock types did not reveal any
obvious conditions that would suggest unfavourable mineralogical or hydrogeochemical characteristics of the
rocks for the potentially suitable areas identified within the area of the four communities (Sections 4.0 and 7.2).
Site specific mineralogical and hydrogeochemical characteristics, including pH, Eh and salinity, would need to be
assessed during subsequent site evaluation stages. Similarly, it is expected that the geomechanical and thermal
characteristics of the granitic intrusions within the area of the four communities may resemble those of the Lac
du Bonnet batholith and similar rock types elsewhere in the Superior Province (Section 6.0) with no obvious
unfavourable conditions known at present; although these characteristics would need to be assessed during
subsequent site evaluation stages.

In summary, the review of available geoscientific information for the the four general identified potentially suitable
areas, including completion of a lineament analysis, did not reveal any obvious conditions that would fail to
satisfy the containment and isolation functions. Potential suitability of these areas would need to be further
assessed during subsequent stages of the site evaluation process.

7.3.2 Long-term Resilience to Future Geological Processes and Climate Change

The containment and isolation functions of the repository should not be unacceptably affected by future
geological processes and climate changes, including earthquakes and glacial cycles.

The assessment of the long-term stability of a suitable site would require that:

m Current and future seismic activity at the repository site should not adversely impact the integrity and
safety of the repository system during operation and in the very long term;

m The expected rates of land uplift, subsidence and erosion at the repository site should not adversely
impact the containment and isolation functions of the repository;

m The evolution of the geomechanical, hydrogeological and geochemical conditions at repository depth
during future climate change scenarios such as glacial cycles should not have a detrimental impact on
the long-term safety of the repository; and

m The repository should be located at a sufficient distance from geological features such as zones of
deformation or faults that could be potentially reactivated in the future.

A full assessment of the above factors requires detailed site-specific data that would be typically collected and
analyzed through detailed field investigations. The assessment would include understanding how the site has
responded to past glaciations and geological processes and would entail a wide range of detailed studies
involving disciplines such as seismology, hydrogeology, hydrogeochemistry, paleohydrogeology and climate
change. At this desktop preliminary assessment stage of the site evaluation process, the long-term stability
factor is evaluated by assessing whether there is any evidence that would raise concerns about the long-term
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stability of the four general potentially suitable areas identified in the area of the four communities. The
remainder of this section provides a summary of the factors listed above.

Although a number of low magnitude seismic events have been recorded in the area of the four communities
over the past 25 years, there are no recorded earthquakes of magnitude greater than 3.1 (Nuttli magnitude, my)
occurring in the area of the four communities (Section 3.3). As discussed in Sections 3.1 and 3.2, major faults
have been identified in the area, including the regional Murray fault and the Flack Lake fault; however, there is
no evidence to suggest these faults have been tectonically active within the past 1.250 to 0.98 billion years
(Section 3.1.3). The four identified general areas are located at sufficient distance from these faults.

The geology of the area of the four communities is typical of many areas of the Canadian Shield, which has been
subjected to numerous glacial cycles during the last million years. Glaciation is a significant past perturbation
that could occur again in the future. However, findings from studies conducted in other areas of the Canadian
Shield suggest that deep crystalline rocks have remained largely unaffected by past perturbations such as
glaciation. Findings of a comprehensive paleohydrogeological study of the fractured crystalline rock at the
Whiteshell Research Area, located within the Manitoba portion of the Canadian Shield (Gascoyne, 2004) have
indicated that the evolution of the groundwater flow system was characterized by periods of long-term
hydrogeological and hydrogeochemical stability. Furthermore, there is evidence that only the upper 300 m
shallow groundwater zone has been affected by glaciations within the last million years. McMurry et al. (2003)
summarized several studies conducted in a number of plutons in the Canadian Shield and in the crystalline
basement rocks of northwestern Ontario. These various studies found that fractures below a depth of several
hundred metres in the plutonic rock were ancient features. Subsequent geological processes such as plate
movement and continental glaciation have typically caused reactivation of existing zones of weakness rather
than the formation of large new zones of fractures.

Land in the area of the four communities is still experiencing isostatic rebound following the end of the
Wisconsinan glaciation (Section 3.3.2). Vertical velocities show present day uplift of about 10 mm/yr near
Hudson Bay, the site of thickest ice at the last glacial maximum (Sella et al., 2007). The uplift rates generally
decrease with distance from Hudson Bay and change to subsidence (1-2 mm/yr) south of the Great Lakes. Lake
level records (Mainville and Craymer, 2005) indicate that present day rebound rates in the area of the four
communities should be well below 10 mm/yr, and likely between 2 and 4 mm/yr. There is no site-specific
information on erosion rates for the area of the four communities; but, as discussed in Section 3.1.6, the erosion
rates from wind, water and past glaciations on the Canadian Shield are reported to be low.

In summary, available information indicates that the identified general potentially suitable areas in the area of the
four communities have the potential to satisfy the long-term stability function. The review did not identify any
obvious conditions that would cause the performance of a repository to be substantially altered by future
geological and climate change processes. The long-term stability of the area of the four communities would
need to be further assessed through detailed multidisciplinary site specific geoscientific and climate change site
investigations.

7.3.3 Safe Construction, Operation and Closure of the Repository

The characteristics of a suitable site should be favourable for the safe construction, operation, closure and long
term performance of the repository.
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This requires that:

m The available surface area should be sufficient to accommodate surface facilities and associated
infrastructure;

m The strength of the host rock and in situ stress at repository depth should be such that the repository
could be safely excavated, operated and closed without unacceptable rock instabilities; and

m The soil cover depth over the host rock should not adversely impact repository construction activities.

There are few surface constraints that would limit the construction of surface facilities in the four general
potentially suitable areas identified in the area of the four communities. The areas have moderate to high
topographic relief and contains enough surface land outside protected areas and major water bodies to
accommodate the required repository surface facilities.

From a constructability perspective, there is limited site-specific information available on the local rock strength
characteristics and in situ stresses for potentially suitable geologic units in the area of the four communities.
Based upon the in situ stress conditions at the Stanleigh and Denison uranium mines, the minimum principal
stress data available from these mines yields an average value of 15 MPa, dipping at an average angle of
approximately 70°, at depths ranging from 300 to 1,066 m (Kaiser and Maloney, 2005).

There is also abundant information at other locations of the Canadian Shield that could provide insight into what
might be expected for the area of the four communities in general. As discussed in Section 6, available
information suggests that granitic and gneissic crystalline rock units within the Canadian Shield generally
possess good geomechanical characteristics that are amenable to the type of excavation activities involved in
the development of a deep geological repository for used nuclear fuel (Arjang and Herget, 1997; Everitt, 1999;
McMurry et al., 2003; Chandler et al., 2004). The conceptual model developed by Kaiser and Maloney (2005)
based on available stress measurement data, describes the variable stress state in the upper 1,500 m of the
Canadian Shield. Although this model can be used as an early indicator of average stress changes with depth,
significant variations such as the principal horizontal stress rotation and the higher than average stress
magnitudes found at typical repository depth (500 m) at AECL’s URL (Martino et al., 1997) could occur as a
result of local variations in geological structure and rock mass complexity.

In summary, the Ramsey-Algoma granitoid complex in the area of the four communities has good potential to
meet the safe construction, operation and closure function.

7.3.4 Isolation of Used Fuel from Future Human

A suitable site should not be located in areas where the containment and isolation functions of the repository are
likely to be disrupted by future human activities.

This requires that:

m  The repository should not be located within rock formations containing economically exploitable natural
resources such as gas/oil, coal, minerals and other valuable commodities as known today; and

m  The repository should not be located within geological formations containing groundwater resources at
repository depth that could be used for drinking, agriculture or industrial uses.
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There are currently no active mines in the area of the four communities, but the region has a long history of
mining, and mineral exploration continues there today. As shown on Figure 5.1, the historical and ongoing
interest in the Whiskey Lake greenstone belt, the Huronian Supergroup, and the East Bull Lake intrusive suite is
evident from the relative densities of mineral occurrences and active mining claims.

The review of available information did not identify any groundwater resources at repository depth within the
area of the four communities. As discussed in Section 4.0, the MOE WWR database shows that all water wells
known in the area obtain water from overburden or shallow bedrock sources ranging from 0.3 to 216 m.
Experience from other areas in the Canadian Shield has shown that active groundwater flow in crystalline rocks
is generally confined to shallow fractured localized systems (Singer and Cheng, 2002). The MOE water well
records indicate that no potable water supply wells are known to exploit aquifers at typical repository depths in
the area of the four communities or anywhere else in northern Ontario. Groundwater at such depths is generally
saline and very low groundwater recharge at such depths limits potential yield, even if suitable water quality were
to be found.

In summary, the potential for the containment and isolation functions of a repository in the area of the four
communities to be disrupted by future human activities is low.

7.3.5 Amenability to Site Characterization and Data Interpretation Activities

In order to support the case for demonstrating long-term safety, the geologic conditions at a potential site must
be amenable to site characterization and data interpretation. This would require that the host rock geometry and
structure should be predictable and amenable to site characterization and site data interpretation.

Factors affecting the amenability to site characterization include: geological heterogeneity, structural and
hydrogeological complexity, accessibility, and the presence of lakes or overburden with thickness or composition
that could mask important geological or structural features.

As described in Section 3, the Ramsey-Algoma granitoid complex is interpreted to be relatively heterogeneous
with a complex structural history and has undergone polyphase deformation. As discussed in Section 7.1,
interpreted lineaments represent the observable two-dimensional expression of three-dimensional features. The
ability to detect and map such lineaments is influenced by topography, the character of the lineaments (e.qg., their
width, orientation, age, etc.), and the underlying resolution of the data used for the mapping. Interpreted
geophysical dyke lineaments in the area of the four communities, including the identified general areas, show
distinct, very well defined orientations that can be assigned to specific generations of dykes. This aids the
amenability to characterize these features. The area of the four communities has a high surficial lineament
density, but this is likely due to the greater bedrock exposure. It is likely that unidentified lineaments exist and
subtle unidentified structural features may also be expected. The orientation of lineament features in three
dimensions represents another degree of structural complexity that will require assessment through detailed site
investigations in future phases of the site selection process.

The identification and field mapping of structures is influenced by the extent and thickness of overburden cover
and the presence of large lakes. The area of the four communities contains about 70% exposed bedrock, and a
relatively small area (by percent land use) of large lakes and wetlands. The lack of extensive wetlands in much
of the area is due to the generally rugged terrain and absence of extensive low-lying areas. The largest wetland
complexes in the area are expected to be associated with thicker overburden deposits.
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Information on the thickness of overburden deposits within the area of the four communities is largely derived
from terrain evaluation and measured thicknesses of water well records for rural residential properties, and
diamond drill holes. Overburden thickness, where overburden is present, is highly variable ranging from 0 to 137
m (JDMA, 2014a).

The Ramsey-Algoma granitoid complex in the area of the four communities is accessible using the existing
logging road network and secondary roads, although some general potentially suitable areas have less
extensive road access.

The review of available information did not indicate any obvious conditions which would make the rock mass in
the Ramsey-Algoma granitoid complex in the area of the four communities unusually difficult to characterize.
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8.0 GEOSCIENTIFIC DESKTOP FEASIBILITY STUDY FINDINGS

This report presents the results of a geoscientific desktop preliminary assessment to determine whether the area
of the four communities contains general areas that have the potential to meet NWMO'’s geoscientific site
evaluation factors. At this stage of the assessment, the intent is not to identify specific repository-scale sites, but
rather to identify general areas that have the potential to satisfy the geoscientific site evaluation factors outlined
in the site selection process document (NWMO, 2010). The location and extent of potentially suitable areas
would need to be refined during subsequent site evaluation stages through more detailed studies and field
evaluations.

The preliminary geoscientific assessment built on the work previously conducted for the initial screenings
(Geofirma, 2012a,b,c,d) and focused on the City of Elliot Lake, the Town of Blind River, the Township of The
North Shore, the Town of Spanish and their periphery, which were referred to as the “the area of the four
communities” (Figure 1.1). The geoscientific preliminary assessment was conducted using available
geoscientific information and key geoscientific characteristics that can be realistically assessed at this early
stage of the site evaluation process. These include geology, structural geology, interpreted lineaments,
distribution and thickness of overburden deposits, surface conditions, and the potential for economically
exploitable natural resources. Where information for the area of the four communities was limited or not
available, the assessment drew on information and experience from other areas with similar geological settings
on the Canadian Shield. The geoscientific desktop preliminary assessment included the following review and
interpretation activities:

m Detailed review of available geoscientific information such as geology, structural geology, natural
resources, hydrogeology, and overburden deposits;

m Interpretation of available geophysical surveys (magnetic, gravity, radiometric, electromagnetic);

m Lineament studies using available satellite imagery, topography and geophysical surveys to provide
information on the characteristics such as location, orientation, and length of interpreted structural
bedrock features;

m Terrain analysis studies to help assess factors such as overburden type and distribution, bedrock
exposures, accessibility constraints, watershed and subwatershed boundaries, groundwater
discharge and recharge zones; and

m The identification and evaluation of general potentially suitable areas based on key geoscientific
characteristics and the systematic application of NWMO'’s geoscientific site evaluation factors.

The geoscientific desktop preliminary assessment showed that the area of the four communities contains at least
four general areas that have the potential to satisfy NWMQ'’s geoscientific site evaluation factors. All four
general areas are located within the Ramsey-Algoma granitoid complex in the northern half of the area of the
four communities, north of the municipal boundaries of Elliot Lake and Blind River.

The Ramsey-Algoma granitoid complex containing the four identified potentially suitable general areas appears
to have a number of geoscientific characteristics that are favourable for hosting a deep geological repository.
The bedrock within this granitoid complex is estimated to have sufficient depth and extend over large areas. The
bedrock within the four potentially suitable areas has good exposure, although the bedrock has not been

October 2014 Golder
Report No. 12-1152-0245 (1000) 7 Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

mapped in detail in these areas and some lithological heterogeneity has been found. All four potentially suitable
areas have low potential for natural resources; are easily accessible using the existing secondary and logging
road network; contain limited surface constraints; and are amenable to site characterization.

No general potentially suitable areas were identified within the municipal boundary of Blind River. This area is
located almost entirely within rocks of the Huronian Supergroup that were not considered suitable because of
their mineral potential and structural complexity. In addition, a large portion of the municipal area is occupied by
the Blind River and Matinenda Provincial Parks and the Mississagi Delta Provincial Nature Reserve.

No general potentially suitable areas were identified within the municipal boundary of Elliot Lake. This area is
located largely within rocks of the Huronian Supergroup that were considered to be not suitable. The portion of
the municipal boundary that occurs within the Ramsey-Algoma granitoid complex, north of Elliot Lake, is in close
proximity to the rocks of the Huronian Supergroup that have high mineral potential. Several past producing
mines are located close to this area. In addition, the Ramsey-Algoma granitoid complex south of Elliot Lake is
lithologically heterogeneous. A portion of the municipal area is occupied by the Matinenda Provincial Park and
the Glenn N. Crombie Conservation Reserve.

No general potentially suitable areas were identified within the municipal boundary of The North Shore. This
area is located largely within rocks of the Ramsey-Algoma granitoid complex. However, in this location, the
granitoid complex is crosscut by numerous mafic dykes, exhibits a high apparent lineament density and is
lithologically heterogeneous. This area is also in close proximity to the regional Murray fault system, which runs
from Sault Ste. Marie to Sudbury, and corresponds to a marked change in metamorphic grade.

No general potentially suitable areas were identified within the municipal boundary of Spanish. About half of this
area is within rocks of the Huronian Supergroup that were not considered suitable. About half of the municipality
is located within the rocks of the Ramsey-Algoma granitoid complex. However, in this area the lithology is
heterogeneous and it is in close proximity to the Murray fault and mineral occurrences.

While the four general potentially suitable areas identified appear to have favourable geoscientific
characteristics, there are inherent uncertainties that would need to be addressed during subsequent stages of
the site evaluation process. The main uncertainties are associated with the low resolution of available
geophysical data, proximity to the Murray and Flack Lake faults, and the potential geological, structural and
hydrogeological significance of the four known dyke swarms in the area of the four communities.

The four potentially suitable areas are located in areas of lower density of geophysical and surficial lineaments.
However, the interpreted lower density of geophysical lineaments is likely due to the low resolution of available
geophysical data. In the high resolution data area of the Seabrook Lake intrusion, the spacing between
geophysical lineaments range from 200 to 800 m. It is possible that such a high density of geophysical
lineaments exists across the area of the four communities.

The area of the four communities contains numerous dykes that are associated with major regional dyke
swarms. While the spacing between mapped and interpreted dykes and lineaments within the four potentially
suitable areas appears to be favourable, the low resolution of available geophysical data, and the strong
magnetic signature of the dykes could be masking the presence of smaller scale dykes and fractures not
identifiable from available data. In areas where higher resolution geophysical data are available, the frequency
of dykes is much higher.
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Should the area of the four communities be selected by the NWMO to advance to Phase 2 study and remain
interested in continuing with the site selection process, several years of progressively more detailed studies
would be required to confirm and demonstrate whether the area of the four communities contains sites that can
safely contain and isolate used nuclear fuel. This would include the acquisition and interpretation of higher
resolution airborne geophysical surveys, detailed field geological mapping and the drilling of deep boreholes.
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PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Table A-1: Safety Factors, Performance Objectives and Geoscientific Factors

Safety Factors

Performance Objectives

Evaluation Factors to be Considered

Containment and isolation
characteristics of the host
rock

1. The geological,
hydrogeological and
chemical and mechanical
characteristics of the site
should:

m Promote long-term
isolation of used nuclear
fuel from humans, the
environment and surface
disturbances;

m Promote long-term
containment of used
nuclear fuel within the
repository; and

m Restrict groundwater
movement and retard
the movement of any
released radioactive
material.

1.1 The depth of the host rock formation should be sufficient
for isolating the repository from surface disturbances
and changes caused by human activities and natural
events.

1.2 The volume of available competent rock at repository
depth should be sufficient to host the repository and
provide sufficient distance from active geological
features such as zones of deformation or faults and
unfavourable heterogeneities.

1.3 The mineralogy of the rock, the geochemical
composition of the groundwater and rock porewater at
repository depth should not adversely impact the
expected performance of the repository multi-barrier
system.

1.4 The hydrogeological regime within the host rock should
exhibit low groundwater velocities.

1.5 The mineralogy of the host rock, the geochemical
composition of the groundwater and rock porewater
should be favourable to retarding radionuclide
movement.

1.6 The host rock should be capable of withstanding natural
stresses and thermal stresses induced by the repository
without significant structural deformations or fracturing
that could compromise the containment and isolation
functions of the repository.

Long-term stability of the
site

2. The containment and
isolation functions of the
repository should not be
unacceptably affected by
future geological processes
and climate changes.

2.1 Current and future seismic activity at the repository site
should not adversely impact the integrity and safety of
the repository system during operation and in the very
long term.

2.2 The expected rates of land uplift, subsidence and
erosion at the repository site should not adversely
impact the containment and isolation functions of the
repository.

2.3 The evolution of the geomechanical, hydrogeological
and geochemical conditions at repository depth during
future climate change scenarios such as glacial cycles
should not have a detrimental impact on the long-term
safety of the repository.

2.4 The repository should be located at a sufficient distance
from geological features such as zones of deformation
or faults that could be potentially reactivated in the
future.
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PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Safety Factors

Performance Objectives

Evaluation Factors to be Considered

Repository construction,
operation and closure

3. The surface and

underground characteristics
of the site should be
favourable to the safe
construction, operation,
closure and long-term
performance of the
repository.

3.1

3.2

3.3

The strength of the host rock and in situ stress at
repository depth should be such that the repository
could be safely excavated, operated and closed without
unacceptable rock instabilities.

The soil cover depth over the host rock should not
adversely impact repository construction activities.

The available surface area should be sufficient to
accommodate surface facilities and associated
infrastructure.

. 4.1 The repository should not be located within rock
4. The site should not be ; . - .
located in areas where the formations containing ec_onomlcally exploitable natural
containment and isolation resources such as gas/oil, coal, minerals and other
Human intrusion . . valuable commodities as known today.
functions of the repository . - .
. . 4.2 The repository should not be located within geological
are likely to be disrupted by formation ntaining exploitable groundwater
future human activities. ormations containing explortable grou ate
resources (aquifers) at repository depth.
5. The characteristics of the site

Site characterization

should be amenable to site
characterization and site data
interpretation activities.

5.1

The host rock geometry and structure should be
predictable and amenable to site characterization and
site data interpretation.
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PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Table B-1: Summary of Geological Mapping Sources for the Communities of Elliot Lake, Blind
River, The North Shore, Spanish and Surrounding Area

Map Title Author Source Scale Date | Coverage Additional
Product Comments
Quaternary geology of Barnett, P.J., A.P. 4 miles to ‘I‘Dc?éto(lj; theof
Map 2555 | Ontario, east-central Henry and D. 1:1,000,000 he inch 1991 | complete Ontari 9,V
sheet Babuin the inc ntario®
compilation
Surficial geology,
S465 %'gq?g(gh Sir‘]’gt;‘:g” Boissonneau, AN | ODLF ;'53, aq0 | 1965 | partial
Nipissing
Detailed
Precambrian geology, Chubb, P.T., K.K. mgpé);g? SL"
P.3274 East Bull Lake Gabbro- | Hannila and D.C. OGS 1:20 000 1994 | partial ke Gabbro-
Anorthosite Intrusion; Peck Lake an
Anorthosite
Intrusion
. o Easton, R.M.,
Geological compilation, S.D. Josey, E.|
P.3596 East Bull Lake and M. : h na RS OGS 1:50 000 2011 | partial
Agnew intrusions urpny a "
James
Geological compilation Giblin, P.E., E.J.
series, Rocky Island Leahy, P.C.
P0237 Lake-Biscotasing sheet, | Thurston, G.M. OGS 1:126,720 | 1977 | partial
districts of Algoma and Siragusa and R.P.
Sudbury Sage
Geological series,
Operation Chapleau, Thurston, P.C.,
P0674 Chapleau sheet, G.M. Siragusa OGS 1:126 720 | 1971 | partial
districts of Algoma and and R.P. Sage
Sudbury
Geological series,
Operation Chapleau, Thurston. P.C
pog7s | Opeepeesway-Rocky | oy " toca 0GS 1:126,720 | 1971 | partial
Island lakes sheet, and R.P. Sage
districts of Algoma and .29
Sudbury
Geology . Robertson, J.A.,
of Harrow and adjacent Siemiatkowska
P.793 islands, districts of KM. and Ca e, 1:15 840. | 1972. | partial P.793
Sudbury, Manitoulin D.F. P,
and Algoma; Ontario T
Geological compilation
series, subsurface
stratigraphy contours on
Archean surface and Rupert, R.J., E.J.
P0753 distribution of volcanic Leahy and S. OGS 1:126 720 | 1972 | partial
members of Elliot Lake Mirza
Group, Blind River-Elliot
Lake sheet, District of
Algoma
Deagle Township, Robertson, J.A. . .
P0317 District of Algoma and J.M. Johnson OGS 1:15 840 1965 | partial
Whiskey Lake
Greenstone Belt (West L.S. Jensen 1:15 000 1994 | partial
P3186 Half), District of Algoma
October 2014 Golder
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PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Map Title Author Source Scale Date | Coverage Additional
Product Comments
Proctor and Deagle
M2314 townships, Algoma Robertson, J.A. OGS 1:31 680 1976 | partial
District
P0130 Esten Township, District | o 1orson, 3.4, | 0GS 115840 | 1961
of Algoma
McGiverin and Esten Abraham, E.M.
M2185 townships, Algoma and J.A. OGS 1:31 680 1970
District Robertson
M2o32 | BlindRiver-EliotLake | oopocon 3a | oGs 1:126 720 | 1963
area, Algoma District
Iron Bridge area,
M2012 District of Algoma, Robertson, J.A. OGS 1:31 680 1962
Ontario
Scarfe, Mack, Cobden, Abraham, E.M.
M2028 and Striker townships, and J.A. OGS 1:31 680 1963
Algoma District Robertson
Long and Spragge
towr?ships aeld %grt of Abraham, E.M.
M2186 : and J.A. OGS 1:31 680 1970
Indian Reserve No. 7,
o Robertson
Algoma District
Lewis and Shedden
townships and parts of
M2315 Indian Reserves No. 5 Robertson, J.A. OGS 1:31,680 1977 | partial
and No. 7, Algoma
District
Victoria and Salter
M2308 townships, Sudbury Robertson, J.A. OGS 1:31,680 1975 | partial
District
Part of Indian Reserve
No. 5 and offshore Robertson, J.A. . .
M2309 islands, Algoma and and W. McCrindle 0GS 1:31,680 1975 | partial
Manitoulin districts
Jackson, S.L.,
. J.A. Robertson,
OFMo233 | Precambrian Geology, || " ionderson 0GS 1:20000 | 1994 | partial
May Township
and K.M.
Siemiatkowska
Bay of Islands, north
M2316 ;'L%Ren'/(gn'aal'\‘ﬂeaﬁlt‘éﬁﬂn Card, K.D. 0GS 1:31680 | 1975 | partial
districts
Biscotasing area,
P0090 District of Sudbury, Rogers, D.P. OGS 1:63 360 1960 | partial
Ontario
Biscotasing area,
M2013 District of Sudbury, Rogers, D.P. OGS 1:63 360 1962 | partial
Ontario
Sayer and LeCaron Siemiatkowska, K.
M2444 townships, Algoma M., A.E. Guthrie OGS 1:31,680 1981 | partial
District and M.R. Gent
Poulin and Sagard
M2346 townships, Algoma Robertson, J.A. OGS 1:31,680 1976 | partial
District
M2305 Viel and Piche Wood, J. OGS 1:31,680 1974 | partial
October 2014 Golder

Report No. 12-1152-0245 (1000)

Associates



PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Map Title Author Source Scale Date | Coverage Additional
Product Comments
townships, Algoma
District
M2399 Endikai Lake, Algoma | Siemiatkowska, | g 1:31,680 | 1977 | partial
District K.M.
Wakomata Lake, Siemiatkowska, . .
M2350 Algoma District K M. OGS 1:31,680 1977 | partial
M2331 gi‘iﬁgters Lake, Algoma. | o ndler, F.w. 0GS 1:31680 | 1976 | partial
Township 162 and part
M2027 | ©f Township 168, Robertson, JA. | 0GS 1:15840 | 1963 | partial
District of Algoma,
Ontario
M2015 | Township 156, District | ooponcon 3a | oGS 115840 | 1962 | partial
of Algoma, Ontario
. Abraham, E.M.
M2114 | Township 150, Aigoma | o4y 5 0GS 1:15840 | 1967 | partial
District
Robertson
Mooz | Township 144, District | ooponcon 3 A | oGS 115840 | 1961 | partial
of Algoma, Ontario
M2004 | TOwnship 138, District | poponcon 3a. | oGS 1:15840 | 1961 | partial
of Algoma, Ontario
East Bull Lake area, Moore. E.S. and
ARMS52D | District of Algoma, [ OGS 1:63,360 1943 | partial
: H.S. Armstrong
Ontario
M2003 | Township 137, District | popencon 3a. | OGS 1:15,840 | 1961 | partial
of Algoma, Ontario
M2001 | rownship 143, District | oopercon JA. | oGS 1:15,840 | 1961 | partial
of Algoma, Ontario
. Abraham, E.M.
M2113 | Township 149, Algoma | o4y n 0GS 1:15840 | 1967 | partial
District
Robertson
Township 155, District . .
M2014 of Algoma, Ontario Robertson, J.A. OGS 1:15,840 1961 | partial
Township 161 and part
M2026 | Of Township 167, Robertson, JA. | 0GS 1:15,840 | 1963 | partial
District of Algoma,
Ontario
Bedrock geology Johns, G. W,, OGS 1:250,000 | 2003 | partial
compilation map, Sault S. Mcllraith, and
M2670 Ste. Marie-Blind River T.L. Muir
map sheet. Ontario
Geological Survey
October 2014 Golder
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PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF
POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Table B-2: Summary of Geophysical Mapping Sources for the Communities of Elliot Lake, Blind

River, The North Shore, Spanish and Surrounding Area

Line
Product Source Type Spacing/ Line - Location Date Additional Comments
Sensor Direction
Height
Fixed wing East central
East Bull Lake verti(_:al S00mAS0 over the East Higher resolution over
GSC gradiomete m 0° Bull Lake and 1981 . :
(RA-7) : intrusions
r magnetic, nearby
VLF intrusions
Ontario #4 GSC Fixed wing 402 m/305 0° West central 1956 Moderate resolution
magnetic m dataset
Ontario #13 GSC Fixed wing 805 m/305 0° Northeast 1960 Lowest resolution
magnetic m dataset
Ontario #16 GSC Fixed wing 805 m/305 0° East 1959 Lowest resolution
magnetic m dataset
. . Most of area of .
Ontario #17 GSC Fixed wing 805 m/305 0° the four 1963 Lowest resolution
magnetic m . dataset
communities
Heliconter 4-frequency Aerodat
GDS1017 ma neF;ic East central system, radar
Benny OGS FDIEE]M ' 200 m/30m | 0° over Benny 1990 navigation, higher
(OGS, 2003) VLE ’ greenstone belt resolution over Benny
greenstone belt
100 m
GDS1236 (east), .
Elliot Lake- Helicopter | 50 m South cenvral VIEM system, higher
River aux OGS magnetic, (west)/ 0° y 2008 :
Lake Whiskey Lake
Sables TDEM 67 m (mag), reenstone belt reenstone belt
(OGS, 2011b) 47m 9 9
(TDEM)
Fixed wing . .
. Utilized for its
magnetic, 1000 m/120 o . .
Sudbury GSC radiometric | m 0 East 1989 (r:acl)(iillggeglgnellnd VLF
,VLF ge only
. . South central . .
Elliot Lake GSC Ir:;é?gmvggﬁ: r5n00 m/124 0° over Huronian 1970 E'L?rlgiri;ﬁssolljul?nrg\éer
Supergroup pergroup
. . . South central . -
Elliot Lake Fixed wing | 123 m/115 o . Higher resolution over
(detail) GSC radiometric | m 0 over Huronian 1977 Huronian Supergrou
: Supergroup pergroup
Station spacing
Ground somewhat variable,
GSC Gravity ravit 5-15 km, 25 Entire study 1945- focus on overall with
Coverage GSC ?neasﬁrem m to area of the four 1989 more detailed data
9 ents 1 km locally communities over the East Bull Lake

(RA-7).and Seabrook
Lake intrusions
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PHASE 1 GEOSCIENTIFIC DESKTOP ASSESSMENT OF

POTENTIAL SUITABILITY - ELLIOT LAKE, BLIND RIVER, THE
NORTH SHORE AND SPANISH, ONTARIO

Table B-3: Summary of the characteristics for the airborne geophysical assessment file reports
in the Communities of Elliot Lake, Blind River, The North Shore, Spanish and Surrounding Area

Line Spacing/ | Line . Additional
AFRI No. Source Type Sensor Height | Direction Location Date Comments
Fixed wing
North horizontal
20000850 American gradiometer 100 m/70 m 0° Northwest 2008
Gem magnetic,
radiometric, VLF
20003244 Canada Fixed wing 200 m/73 m 550 North of Elliott 2007 MEGATEM
Enerco magnetic, TDEM Lake system
Fixed wing
Delta horizontal
20004445 . gradiometer 100 m/70 m 0° North central 2006
Uranium X
magnetic,
radiometric, VLF
West central
200005757-1 Carina Helicopter magnetic, R over the AeroTEM I
to -3 Energy TDEM 100 m/47'm 0 Huronian 2007 system
Supergroup
West central
20005762 Carina Hel_lcopte_r magnetic, 150 m/30 m 0° over the 2007
Energy radiometric Huronian
Supergroup
Fixed wing
North horizontal
20006243 American gradiometer 100 m/70 m 0° Northwest 2008
Gem magnetic,
radiometric, VLF
20006734 Hawk Helicopter magnetic, | ;o5 39 | e North central | 2007
Uranium radiometric, VLF
Southeast over
Helicopter vertical the East Bull .
41112SW2002 m;séf‘;g gradiometer 100 m/45 m 0° Lake and 2000 Elg?eemm v
magnetic, FDEM nearby Y
intrusions
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