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Executive Summary

This technical report documents the results of the Observation of General Geological Features (OGGF) activity
conducted as part of the Phase 2 Geoscientific Preliminary Assessment, to further assess the suitability of the
Creighton area to safely host a deep geological repository (Golder, 2015). This study followed the successful
completion of a Phase 1 Geoscientific Desktop Preliminary Assessment (NWMO, 2013; Golder, 2013).

The Phase 2 OGGF activity was undertaken to confirm and ground truth the presence and nature of key geological
features. The general potentially suitable area was investigated over a period of approximately nine mapping days by
one team of two geologists with the aid of one local guide for logistical support. A digital data collection protocol
was applied to the documentation and compilation of the observations into a GIS-compatible database. These include
bedrock character (lithology, primary fabric, magnetic susceptibility, geomechanical nature), fracture character,
bedrock exposure and surface constraints. Representative rock samples were also collected.

Much of the potentially suitable area of the Annabel Lake pluton can be accessed by boat along the south side of
Annabel Lake or by short foot traverse from Highway 106. While parts of the lakeshore are well-exposed, some
inland areas are covered by smaller lakes and may also exhibit a high percentage of muskeg that can hamper access.
Away from such features, there is generally moderate bedrock exposure with low moss-covered outcrops. One
exception is a large area in the east with almost continuous bedrock exposure. The southern margin of the area is
difficult to reach and requires long foot traverses or fixed-wing aircraft for access.

Observations were made at a total of 41 locations in the general potentially suitable area of the Annabel Lake pluton
identified in the Phase 1 Preliminary Assessment. The field observations identified six domains on the basis of their
lithological and structural character. Five of the domains represent distinct subdivisions of the Annabel Lake pluton.
These include an L-tectonite biotite granodiorite domain, a foliated biotite to hornblende granodiorite domain, a
fractured biotite granodiorite domain, a heterolithic biotite granodiorite domain, and a hornblende granodiorite to
diorite domain. The sixth domain represents the surrounding supracrustal rocks of the Amisk and Missi groups.

In the L-tectonite biotite granodiorite of Domain 1, the rock strength is characteristically very strong and magnetic
susceptibility is uniformly low. The dominant structural feature is a penetrative L, mineral lineation defined by
elongate quartz grains and aligned biotite grains. A weak, generally flat-lying S, foliation is locally observed. Brittle-
ductile to ductile shear zones are locally present. Domain 1 is generally massive to sparsely fractured with localized
domains of moderate to abundant fracture density next to lineaments. The jointing pattern suggested that the bedrock
was blocky to massive.

In Domain 2, the foliated biotite to hornblende granodiorite has rock strength that is characteristically strong to very
strong, and magnetic susceptibility is much higher than in Domain 1 and exhibits a wider range in values. The
dominant structural features are a well-developed S, foliation and L, mineral lineation. Brittle-ductile to ductile shear
zones are locally present. Domain 2 transitions from moderately fractured near Domain 1 to abundantly fractured
towards the shear zones that bound the pluton. Similarly, the jointing pattern indicated bedrock conditions that
transition from blocky to very blocky towards the outer margins of the domain.

The fractured biotite granodiorite of Domain 3 is uniformly very strong, and magnetic susceptibility is greater than

in Domain 1 but does not show the same broad range as in Domain 2.The domain is moderately to abundantly
fractured, whereas foliation and lineation are only weakly developed. Brittle-ductile to ductile shear zones are locally
present. The jointing pattern suggested that the bedrock was very blocky to blocky/disturbed.

The heterolithic biotite granodiorite of Domain 4 is abundantly fractured. Rock strength is characteristically very
strong. Magnetic susceptibility in Domain 4 is similar to Domain 2 and relatively high. The foliation is generally
well developed. The jointing pattern indicates a very blocky to blocky/disturbed bedrock condition.

In Domain 5, the hornblende granodiorite to diorite is moderately to abundantly fractured increasing in closer
proximity to the West Arm shear zone. Rock strength is characteristically very strong with moderate to low magnetic
susceptibility. The domain is only weakly foliated except near its southern margin proximal to the West Arm shear
zone. The jointing pattern indicates a blocky to blocky/disturbed bedrock condition.

The supracrustal rocks of Domain 6 exhibit a particularly well-developed foliation, especially in proximity to the
steeply-dipping Annabel Lake and West Arm shear zones. Rock strength is characteristically weak. Low magnetic
susceptibility values were measured within the supracrustal rocks in both of the shear zones. The dominant fractures
tend to be parallel to the shear zones. The jointing pattern in Domain 6 indicates a very blocky to blocky/disturbed
bedrock condition.

BH - AM/ jps - gws SRK_NWMO_Creighton_GeologicalObservations_Report_3CG030_001_BH_AM_jps_gws_20150220fin February 2015



3CN020.000 — Nuclear Waste Management Organization
Report on the Observation of General Geological Features for Creighton, Saskatchewan Page iii

Table of Contents

EXECULIVE SUMIMAIY .uiiiiiiiei e eieeieees e e ettt s e e e e e e e e e et e e e e e e e e e eesaas e e e e e eeeeenenssnnnneeas i
Table Of CONTENTS ... e e e e e et e e e e e e eeeenannes i
LIST OF TADIES ..ttt ettt s et s e e e e e e eee e e e e e %
RSy a0 [0 T T U v
Sy a0 Y o o 1= 1 Lo [ o = %
IMPORTANT NOTICE ... e e e e e e e e e e e e e e e e e e eaneeeanns Vi
L INEFOTUCTION Lottt 7
1.1 Scope of Work and Work Program...........ccoooeiiiiiiiiiiii e 7

I @ LU= 11 Tor= 1 o] o FS o N =T 1 o 7

IR I =T oTo] A @ (o F= T T4 1o ] o 1R 8

2 Description of the Creighton AF@a ........coo oo 9
00 R I o o7 11 [0 o P 9

WA e 1172 (oo =T o] 0 )V 9

A T Ao ot 1111 o] 1 2P 10

3 SUMMArY OF GEOIOQY .eruuiiiiiiiiiiiii ettt e et e e e e e e e e e e et e e e e e e aeeeennnnnns 11
3.1 Regional GeologiCal SEHING..........cuuiiiiii e 11

T2 Mo To7- | I €1=To] oo [ Tof= LIRST =] 1 1] o PSPPSR 11
3.2.1 (2 T<To [ oTo I CT=To] (oo Y AP PUP TP 11

3.2.2 Structural History and Mapped SrUCIUIES ........eiiii it 13

3.2.3 MELTAMOIPRISIT ...ttt e et e e e e e e s et e e e e e e s nnabeeeaaaeeas 14

3.24 (O U=\ =] g F= 1 A CT=To] (oo | AT PPRTP TR 14

Y = o Yo (o] Lo Yo | VAP UUPPPPPTPRRR 15
4.1 Pre-Observation Planning ....... ..o 15

4.2 OGGF IMPIemMENTaAtiON.......ccoiieieiiieiee e e e e e e e e e e eaeanaa e e e eeeeeeneee 15

4.3  Synthesis and REPOMING..........couuiuiiiii e e e e e e et aeaaaeeanne 20

5 Geological Observation FINAINGS .....uuiiiiiiiiiiiiiiiie e 21
LS00 R 1o 1o To [ T 1o o PR 21

5.2 Bedrock Lithology and Intact ROCK Strength .........cccoooeiiviiiiiiiii e, 22
5.2.1 Domain 1 - L-tectonite Biotite GranOdiOrite..........ccuuuiiiiiiiiiiiiiiieee e 22

5.2.2 Domain 2 - Foliated Biotite Granodiorite.............ooouuiiiiiiiaiiiiiiie e 22

5.2.3 Domain 3 - Fractured Biotite GranOiOrte ..........oocuiiiiiiiaiii e 23

5.2.4 Domain 4 - Heterolithic Biotite Granodiorite ..............ueeiiiiiiiiiiiiie e 23

5.25 Domain 5 - Hornblende Granodiorite t0 DIOFe ..........ccoueiiiiiiiiiiiiieeiiiiieeeee e 23

5.2.6 Domain 6 - SUPracCruStal ROCKS ........ooiiiiiiiiiiiee ettt a e 23

5.3 Bedrock Magnetic Susceptibility Measurements .............couvveiiiieeiiiiiiiiee e 24
5.3.1 Domain 1 - L-tectonite Biotite Granodiorite...........cccuveiiiiiiiieiiiiie e 24

5.3.2 Domain 2 - Foliated Biotite GranOdiorite..........ueeiiiiieeiiiiiie et 24

5.3.3 Domain 3 - Fractured Biotite GranOiOrte ..........oocuuiiiiiieiieiiiieeee e 24

5.34 Domain 4 - Heterolithic Biotite Granodiorite ..............ueeiiiiiiiiiiiiie e 24

5.35 Domain 5 - Hornblende Granodiorite t0 DIOFe ..........ccoueiiiiiiiiiiiiieeiiiiieeeee e 25

5.3.6 Domain 6 — SUpracrustal ROCKS ........ooiiuiiiii e 25

5.4 BeArOCK SITUCTUIE ... .ottt e e e e e et a e e e e e e e e eeeaen e e e eaeens 25
5.4.1 Domain 1 - L-tectonite Biotite Granodiorite............ccvviiiiiiie i 25

5.4.2 Domain 2 - Foliated Biotite Granodiorite..........ueeiiiiieeiiiiiie et 26

5.4.3 Domain 3 - Fractured Biotite Granodiorite ............ccuieeiiiiiieiiiie e 26

BH - AM/ jps - gws SRK_NWMO_Creighton_GeologicalObservations_Report_3CG030_001_BH_AM_jps_gws_20150220fin February 2015



3CN020.000 — Nuclear Waste Management Organization

Report on the Observation of General Geological Features for Creighton, Saskatchewan Page iv
544 Domain 4 - Heterolithic Biotite Granodiorite ..........coooeieiiiiiiiiieiee e 26

5.4.5 Domain 5 - Hornblende Granodiorite t0 DIOFIte ...........ceeiieiiiiiiiiiiii e 26

5.4.6 Domain 6 - SUPraCruStal ROCKS ........ooiiiiiiiiiiiee ettt a e 27

5.5 Bedrock Fracture Characterization and SPacCing ........cccvveeuuumiiiiieeeieeiiee e 27
55.1 Domain 1 - L-tectonite Biotite GranOdiorNite...........coevvrviiiiiieeeieeeiiee e 27

5.5.2 Domain 2 - Foliated Biotite Granodionite.........ccoeeeiiiiiiiiiiie e 28

5.5.3 Domain 3 - Fractured Biotite Granodiorite .........coooeeeiiiiiiiiii i 28

554 Domain 4 - Heterolithic Biotite Granodiorite ..........coooeeeiiiiiiiiiei e, 28

5.5.5 Domain 5 - Hornblende Granodiorite t0 DIOKtE .......cooeeeeieiiiiie e, 29

5.5.6 Domain 6 — SUPracrustal ROCKS .........occuuiiiiiiic e e 29

5.6 Bedrock Exposure and Surface CONSIIAINTS. .........uuuuuimiiiiii s 30
5.6.1 Domain 1 - L-tectonite Biotite GranOQiorNite...........coevvvvuiiiiieeeieeiiiee et 30

5.6.2 Domain 2 - Foliated Biotite GranodiOnite.........cooeeiiiiiiiiiiieiieeeeeeee e 30

5.6.3 Domain 3 - Fractured Biotite GranodiOrite ..........c.covvivviiiiiieeeieeeiice e 30

5.6.4 Domain 4 - Heterolithic Biotite Granodiorite ..........ccooeeeiiiiiiiiiiie e, 31

5.6.5 Domain 5 - Hornblende Granodiorite t0 DIOKtE .......ccooeeeeeiiieiiieie e, 31

5.6.6 Domain 6 — SUpracrustal ROCKS .........occcuiiiiiic e 31

6 SUMMArY Of RESUIIS ..o 32
A 5 (=1 =1 A= 1T TR 35
[ (1 i S 39
F AN = N1 G PRSP 50

BH - AM/ jps - gws SRK_NWMO_Creighton_GeologicalObservations_Report_3CG030_001_BH_AM_jps_gws_20150220fin February 2015






3CN020.000 — Nuclear Waste Management Organization
Report on the Observation of General Geological Features for Creighton, Saskatchewan Page vi

IMPORTANT NOTICE

Golder Associates Ltd. (Golder), on behalf of the Nuclear Waste Management Organization
(NWMO), commissioned SRK Consulting (Canada) Inc. (SRK) to conduct a field program to collect
observations of general geological features in the Creighton area in Saskatchewan. SRK, Golder and
NWMO retain all rights to methodology, knowledge, and data brought to the work and used therein.
No rights to proprietary interests existing prior to the start of the work are passed hereunder other
than rights to use same as provided for below. All title and beneficial ownership interests to all
intellectual property, including copyright, of any form, including, without limitation, discoveries
(patented or otherwise), software, data (hard copies and machine readable) or processes, conceived,
designed, written, produced, developed or reduced to practice in the course of the work, shall vest in
and remain with NWMO. For greater certainty, all rights, title and interest in the work or
deliverables will be owned by NWMO and all intellectual property created, developed or reduced to
practice in the course of creating a deliverable or performing the work will be exclusively owned by
NWMO.
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1.2

Introduction

This technical report documents the results of the Observation of General Geological Features
(OGGF) activity conducted as part of the Phase 2 Geoscientific Preliminary Assessment, to further
assess the suitability of the Creighton area to safely host a deep geological repository (Golder, 2015).
This study followed the successful completion of a Phase 1 Geoscientific Desktop Preliminary
Assessment (NWMO, 2013; Golder, 2013). The purpose of the Phase 2 OGGF activity was to
confirm and ground truth the presence and nature of key geological features of the bedrock unit
within the potentially suitable area in the Annabel Lake pluton identified in Phase 1 desktop
assessment.

The Phase 2 OGGF activity was completed by SRK Consulting (Canada) Inc. (SRK) and Golder
Associates Ltd. (Golder) for the Creighton area in Saskatchewan. The observations were conducted
at select readily-accessible locations using waterways and the existing road network. The Phase 2
OGGF activity was undertaken to confirm and ground truth the presence and nature of key
geological features. These include: bedrock character (lithology, primary fabric, magnetic
susceptibility, geomechanical nature); fracture character; and bedrock exposure and surface
constraints.

Scope of Work and Work Program
The scope of work for the Phase 2 OGGF comprises three stages, including:

e Stage 1: Pre-observation planning;
e Stage 2: Observation of General Geological Features; and
e Stage 3: Synthesis and reporting.

During the pre-observation stage, a plan for the observation of general geological features was
developed for the general potentially suitable area, covering the central part of the Annabel Lake
pluton, identified in the Phase 1 Preliminary Assessment (Golder, 2013). Another general area in the
south-central portion of the Reynard Lake pluton was identified as potentially suitable in the Phase 1
assessment, but was removed from further consideration as it was located on land classified as
Crown Reserve (Canadian Forces Station Flin Flon).

During the OGGF stage geological information was collected in accordance with the work plan
defined during Stage 1 (see Section 4 Methodology) and during Stage 3 the information was
analysed, compiled and is documented in this report.

The general potentially suitable area in the Creighton area was investigated over a period of
approximately nine mapping days by one team of two geologists with the aid of one local guide for
logistical support. Several GIS datasets were used as base maps for the Phase 2 OGGF activity;
including georeferenced historical geological outcrop mapping, high-resolution satellite imagery, and
high-resolution geophysical data.

Qualifications of Team

The SRK Group comprises of more than 1,500 professionals, offering expertise in a wide range of
resource engineering disciplines. The independence of the SRK Group is ensured by the fact that it
holds no equity in any project it investigates and that its ownership rests solely with its staff. These
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1.3

facts permit SRK to provide its clients with conflict-free and objective recommendations. SRK has a
proven track record in undertaking independent assessments of mineral resources and mineral
reserves, project evaluations and audits, technical reports and independent feasibility evaluations to
bankable standards on behalf of exploration and mining companies, and financial institutions
worldwide. Through its work with a large number of major international mining companies, the SRK
Group has established a reputation for providing valuable consultancy services to the global mining
industry.

Employee-owned since its formation in Toronto in 1960, Golder Associates has grown to more than
8,000 employees in offices located throughout Africa, Asia, Australasia, Europe, North America, and
South America. Golder has a depth of experience and expertise supporting the nuclear industry
including approvals and licensing, radioactive waste management, and investigations and
engineering for Deep Geological Repositories in Canada, the United States, Sweden, Finland,
France, Hungary, and the United Kingdom.

The investigations and compilation of the data presented in this report were completed by Mr. Blair
Hrabi (SRK) and Dr. Alex Man (Golder). A brief description of their roles and qualifications is
provided below.

Mr. Blair Hrabi, MSc, PGeo (APGO #1723) is a Principal Consultant (Structural Geology) with
SRK, based in the Toronto office. He is a structural geologist with 18 years of experience gained in
the exploration industry, government geological surveys, and academic settings. He has extensive
experience in field mapping and structural analysis of Archean and Proterozoic terranes from
regional to detailed scales. Mr. Hrabi was the lead geologist on the OGGF, responsible for the
lithological and structural characterization and is responsible for writing sections 1, 3, 5.1, 5.2, 5.3,
5.7 and 6.

Dr. Alex Man, PEng is an Associate and senior geological engineer at Golder with a focus on
nuclear repository site selection and characterization. He was the task leader for the Phase 1
Geoscientific Assessments for the Creighton, Pinehouse and ERFN communities that have
participated in the APM site selection process. Dr. Man led the collection of rock strength, fracture,
and magnetic susceptibility data, and is responsible for writing sections 2, 5.4, 5.5 and 5.6.

Dr. James P. Siddorn, PGeo (Practice Leader; APGO #1314) served as a technical advisor and
reviewed a draft of this report prior to its delivery to Golder and the NWMO as per SRK internal
guality management procedures.

Mr. George Schneider, MSc, PGeo (APGO #1239) is a Principal and senior geoscientist at Golder
with a focus on nuclear repository site selection and characterization. He is the Project Manager to
NWMO on this project, was responsible for assembling Section 4, and has provided senior review of
this report, as per Golder’s quality management procedures.

Report Organization

This report was prepared by SRK with support from Golder. A general description of the Creighton
area, including location, physiography, and access is provided in Chapter 2. Chapter 3 summarizes
the regional and local geological setting for the Creighton area. The methodology employed to
undertake the OGGF activity is provided in Chapter 4. Results are summarized in Chapter 5. A brief
summary of the results is included in Chapter 6, followed by references cited in Chapter 7 and a set
of figures. In addition, Appendix A at the end of the report includes summary tables of all collected
field information.
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3.2.3

3.24

system crosscuts the Embury Lake flexure and the Annabel Lake shear zone (Ansdell and Kyser,
1990; Fedorowich et al., 1993; NATMAP, 1998; Saskatchewan Industry and Resources, 2010)
indicating a post-D, timing of development. The Ross Lake fault system consists of several sets of
inter-related faults that occur between Schist Lake to the south of the Creighton area (located within
Manitoba), and Precipice Lake, approximately to the north of the Creighton area (Byers, 1962).
Directly northeast of the Creighton area, approximately 1.25 km of sinistral-reverse oblique-slip has
occurred along the Ross Lake fault system (Byers et al., 1965).

It is possible that the faults directly northeast of the Creighton area interpreted to be a part of the
Ross Lake fault system are in fact related to the much larger Tabbernor fault system (Byers, 1962).
The Tabbernor fault is a deep rooted, splayed fault system that extends from the Northwest
Territories to the states of North and South Dakota (Giroux, 1995). In Saskatchewan, the fault has a
northerly strike and displays sinistral strike-slip movement. This fault initially formed during the
Trans-Hudson Orogeny approximately 1.815 billion years (Davies, 1998), but likely experienced
more recent periods of reactivation (Elliot, 1996).

Metamorphism

Two stages of metamorphism are recorded in the Creighton area (Fedorowich et al., 1993). A first
period of metamorphism initiated during D, and likely continued throughout D; (Bailes and Syme,
1989), with low metamorphic grade contact metamorphism, up to 1 km wide, developed with the
intrusion of the major felsic plutons in the area (Byers et al., 1965; Fedorowich et al., 1993),
although a higher amphibolite grade halo has been noted around the Reynard Lake pluton (Ansdell
and Kyser, 1990).

A second metamorphic event is related to the collisional stage of the Trans-Hudson Orogen, and has
been constrained between approximately 1.815 and 1.796 billion years (Corrigan et al., 2007). The
resulting metamorphism varied from greenschist to amphibolite facies within the Creighton area
(Parslow and Gaskarth, 1981; Ferguson et al., 1999), preserving primary textures and structures
(Simard and MacLachlan, 2009) and overprinting earlier contact aureoles. Hydrothermal alteration
within faults and shear zones in the Creighton area are also interpreted to have occurred during this
period (Byers et al., 1965).

Quaternary Geology

The Quaternary sediments that overlie the bedrock in the Creighton area are glacial and post-glacial
materials interpreted to have formed during the Wisconsinan glaciations. The glacial deposits in the
Creighton area form a thin (veneer like), less than 1 m thick, discontinuous drift cover that reflects
the bedrock topography (Davis and Tammemagi, 1982; Hajnal et al., 1983; Schreiner, 1984;
Henderson and Campbell, 1992; Henderson, 2002). Thicker overburden deposits tend to occur in low
lying areas. Till in the Creighton area is subdivided into two till units (Henderson and Campbell,
1992). A subglacial lower till unit composed of sandy and silty material, underlies glaciolacustrine
deposits. The upper till unit overlies glaciolacustrine sediments as a thin veneer in places throughout
the Creighton area. Glaciofluvial and glaciolacustrine deposits constitute the most prominent
surficial sediments in the Creighton area. They are primarily ice proximal and near-shore sediments
of well sorted, horizontally bedded sand and gravel, as well as deep water deposits of massive to
bedded fine sand, silt and clay (Henderson and Campbell, 1992). Approximately 32% of the Annabel
Lake pluton has been mapped as exposed bedrock, and another 28% has been mapped as having a
thin (<1 m) till or glaciolacustrine veneer, for a total of 60% of the pluton being relatively well
exposed. Exposed bedrock dominates the eastern half of the Annabel Lake pluton (JDMA, 2013).
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4.3

Synthesis and Reporting

Observations captured during the field work were compiled and synthesized from both members of
the mapping team. Data collected included ArcPad/GanFeld data, field notes and sketches, digital
photographs, rock samples, and magnetic susceptibility data. Data from the ArcPad/GanFeld system
was checked for consistency with field notes. Stations and measurements that could not be entered in
the field on the handheld device due to technical reasons were entered manually using ArcPad
software on a laptop computer. Field notes from both team members were scanned and compiled
together with all digital photographs.

The initial step of the data analysis required all measurements and observations to be classified
according to their domain location. Domains were determined based on the lithological and
structural observations made within the Annabel Lake pluton and adjacent supracrustal rocks. Field
descriptions and photographs were reviewed to extract the key characteristics of the lithology,
bedrock structure, fracture characteristics, and bedrock exposure. Foliation planes, lineations, and
joints were plotted as equal area stereonets and rose diagrams to assess principal orientations and
orientation variability.

The deliverables of the OGGF activity, together with this report, are shapefiles with the types of
information entered into the GanFeld database. Shapefiles contain station, lithology, structure,
fracture density, photo, and sample information. The average magnetic susceptibility measurement is
also recorded within the sample shapefile. Magnetic susceptibility measurements are provided in
spreadsheet format with clear linkage to the associated station and lithological unit where the
measurement was taken. All digital photographs and scanned field notebooks are delivered to
NWMO in a zipped folder with accompanying metadata. Metadata accompanying each shapefile and
zipped folder are prepared according to metadata guidelines provided by the NWMO. Opinions
presented in this report apply to the site conditions and features as they existed at the time of SRK’s
investigations, and those reasonably foreseeable. These opinions do not necessarily apply to
conditions and features that may arise after the date of this report.
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domain. Brittle-ductile to ductile shear zones are locally present. The jointing pattern suggested that
the bedrock was very blocky to blocky/disturbed.

The heterolithic biotite granodiorite of Domain 4 is abundantly fractured. Rock strength is
characteristically very strong. Magnetic susceptibility in Domain 4 is similar to Domain 2 and
relatively high. The foliation is generally well developed. The jointing pattern indicates a very
blocky to blocky/disturbed bedrock condition.

The hornblende granodiorite to diorite of Domain 5 is moderately to abundantly fractured with the
latter occurring in closer proximity to the West Arm shear zone. Rock strength is characteristically
very strong. Domain 5 exhibits a moderate to low magnetic susceptibility. The domain is only
weakly foliated except near its southern margin where it is in contact with the adjacent Amisk Group
metavolcanic rocks in and proximal to the West Arm shear zone. The jointing pattern indicates a
blocky to blocky/disturbed bedrock condition.

The supracrustal rocks of Domain 6 exhibit a particularly well-developed foliation, especially in
proximity to the steeply-dipping Annabel Lake and West Arm shear zones. Rock strength is
characteristically weak. Low magnetic susceptibility values were measured within the supracrustal
rocks in both of the shear zones. The dominant fractures tend to be parallel to the shear zones. The
jointing pattern in Domain 6 indicates a very blocky to blocky/disturbed bedrock condition.
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Table 6: Summary of Domain Characteristics for the Creighton Area

Domain Host Rock Character Fracture Characterization Bedrock Exposure and Surface Constraints
e Brittle-ductile to ductile shear zones locally developed within domain

* Weakly foliated, recrystallized, medium-grained biotite granodiorite e Predominantly massive to sparsely fractured rock e Only accessible using boat on Annabel Lake

« Very strongly developed mineral lineation parallel to the long axis e Localized domains of moderate to abundant fracture density next to e Well exposed on lake edge
Domain 1 - L-tectonite Biotite Granodiorite of the pluton characterizes the domain lineaments e Moderate bedrock exposure with low moss-covered outcrops away
Western part of Annabel Lake pluton e Doubly plunging dome with shallowly to moderately dipping north e Three dominant fracture sets from lake

and south flanks and shallowly plunging east and west ends - North to northeast oriented set, steeply dipping to vertical ¢ Locally high percentage of muskeg
o Uniformly very strong (R5) - West-northwest oriented set, steeply dipping to the south, to vertical

- West-northwest oriented set, shallow dipping to the north

Moderate to difficult access

e Brittle-ductile to ductile shear zones locally developed within domain North margin exposed along Annabel Lake

Strongly foliated, strongly lineated, recrystallized, medium-grained . L .
* gy ' ay ' Y ' g e Fracture density, which is generally moderate, increases towards the

Domain 2 - Foliated Biotite Granodiorite biotite + hornblende granodiorite Annabel Lake and West Arm shear zones Core is moderate foot traverse from Annabel Lake or Highway 106
Outer margin of L-tectonite domain in western e Elongate, east-plunging fold has been refolded by an open, « Three fracture sets generally consistent with those in Domainl. plus random South margin requires long traverse or fixed-wing aircraft charter
and central parts of Annabel Lake pluton upright, north-trending fold set 9 Y ' P e Moderate bedrock exposure with low moss-covered outcrops away

sets oriented east to east-south-east with shallow to moderate dips to the

e Strong (R4) in some outcrops on margin to very strong (R5) south

from lake
e Large, open and clean exposures in the eastern part of this domain

e Brittle-ductile shear zones locally developed within domain
¢ Fracture density ranges from moderate to abundant in this domain Increased
fracturing was noted in the nose of the fold
e Three dominant fracture sets, with a broader range of orientations than the ¢ Easy access from Highway 106
above domains ¢ Major forest fire resulted in a very well exposed domain with large,
- North-northeast to north-northwest oriented sets, steeply dipping to vertical  clean, white outcrops distinctly visible on satellite imagery
- West-southwest to west-northwest oriented sets, steeply dipping
- East-northeast to southeast oriented sets, shallow to moderately dipping to

e Strongly fractured, weakly foliated to massive, medium-grained
Domain 3 - Fractured Biotite Granodiorite biotite granodiorite similar in composition to the previous two
East part of Annabel Lake pluton domains

e Very strong (R5)

the south
« Heterolithic, medium-grained biotite granodiorite with a significant ~® Abundant fracture density o Easv access directlv from Highway 106
Domain 4 - Heterolithic Biotite Granodiorite  proportion of mafic volcanic xenoliths e Three dominant fracture sets ] o >y . y Irom Highway o
Northeast part of Annabel Lake pluton « Variable and domainal foliation development - North-northeast to north-northwest oriented set, steeply dipping * Major forest fire resulted in a very well exposed domain with large,
« Very Strong (R5) - West oriented set, steeply dipping clean outcrops visible on satellite imagery

- South-southeast oriented set, shallow dipping to the west

« Difficult to access
¢ Requires fixed-wing aircraft charter to Raft Lake or long ATV and
bush traverse from Highway 167

e Moderate fracture density, becoming abundant close to the West Arm shear

Domain 5 - Hornblende Granodiorite o Weakly foliated, medium-grained hornblende granodiorite to diorite ~ zone

Small domain in southeast part of Annabel

Lake pluton e Very strong (R5) e Dominant set is oriented ngrthwest to north-northwest, steeply dipping e 30-40% muskeg but has large, well-exposed outcrops where
e Secondary set is steeply-dipping and trends east-northeast present
¢ Aphanitic to fine-grained metavolcanic and metasedimentary rocks e North margin well exposed and easy to access along Annabel Lake
of the Amisk and Missi groups e Abundant fracture density associated with the supracrustal rocks near the and Highway 106
Domain 6 - Supracrustal Rocks e Strongly to intensely developed foliation where observed dipping Anngbel Lake and West Arm shear zones _ _ . S.outh margin difficult to access, requires long traverse or fixed-wing
North and south margins of Annabel Lake away _from pluton _ e Dominant fracture sets tend to be parallel with the west-northwest trending aircraft Char.ter .
pluton including Annabel Lake and West A~ * Foliation parallels mapped shear zones and dips steeply away shear zones at a given Iocatlo.n ' . . . ¢ South margin has variable bedrock exposure; well exposed on
shear zones from centre of pluton e Other fracture sets have consistent orientations with the above domains, Annabel and Amy lakes
o Locally refolded about shallowly north- and northwest-plunging including steeply-dipping north-northwest to north-northeast and shallowly e West Arm Shear Zone projects eastward to Highway 167, where it
fold axes north-dipping west-northwest fractures is exposed in small outcrops

e Weak (R2) in both metasedimentary and metavolcanic rocks
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Figure 1: The Creighton Area
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Figure 2: Bedrock Geology and Overburden Coverage of the Creighton Area
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