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ABSTRACT 
 

Archean to Paleoproterozoic rocks of the Rae Craton, Western Churchill Province, have been 

affected by polyphase deformation and metamorphism causing structural complexity and 

confusion regarding the age and affiliation of rock units. This study improves the stratigraphic 

and structural understanding of the Paleoproterozoic Ketyet River group and immediately 

subjacent Neoarchean rocks through detailed mapping of four areas north and west of Baker 

Lake: “Nipterk Lake”, “Ukalik Lake”, “Bar Lake” and Kiggavik, north of the uranium deposits. This 

improves knowledge of the basement rocks marginal to the late Paleoproterozoic Thelon Basin 

for unconformity-related uranium exploration. 

In 2010 and 2011, detailed mapping in the first three areas revealed that the Ketyet River group 

comprises thin metaconglomerate gradationally overlain by orthoquartzite and grey pelitic 

schist. At Bar Lake, sills of metagabbro within the latter may be equivalent to the Five Mile Lake 

basalts, substantiating correlation with the Amer Group. The metaconglomerate and 

orthoquartzite unconformably overlie 2.6 Ga quartz-K-feldspar porphyritic schist (QFP schist) 

and parts of the Woodburn Lake group ranging from feldspathic metagreywacke to komatiite. 

Where the metaconglomerate is absent, the base of the orthoquartzite contains “quartz eyes” 

resembling those of the QFP schist. Cross-beds at the base and top of the orthoquartzite 

respectively face away from the QFP schist and toward the pelitic schist, providing control on 

the younging direction. The quartzite-pelitic schist contact is gradational; approaching the 

contact, decimetre-scale granule- to pebble-metaconglomerate and centimetre-scale pelitic 

schist interbeds are common, whereas above the contact, the pelitic schist contains graded 

granule metaconglomerate interbeds. 
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Five ductile deformational events (D1 – D5) affected all of these rocks, although D4 was not 

observed in this study. The first two strongly controlled the map pattern, whereas D3 and D5 are 

recorded mainly at the outcrop scale as strong domainal crenulation cleavages defined by micas 

in the QFP and pelitic schists. D1 recumbent isoclinal folds and thrust faults caused multiple 

structural repetitions of the Neoarchean and Paleoproterozoic strata. D2 coaxially refolded D1 

structures, producing type 3 “hook” interference patterns. D1 structures were generally 

transposed sub-parallel to the inclined axial planes of second generation open to closed folds 

(F2) cut by northwesterly directed thrust faults. At Kiggavik, relationships are similar except that 

F2 axial planes are moderately north-dipping rather than steeply south-dipping. Brittle faulting 

related to Thelon Basin development dextrally offset basement rocks at Bar Lake and Kiggavik, 

allowing definition of three structural domains at Bar Lake that are displaced and rotated 

relative to one another.  
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CHAPTER 1 

INTRODUCTION AND PURPOSE 

1.1 Introduction 

The Rae sub-province, one of the main components of the western Churchill Province (WCP), 

has long been recognized to have a protracted geological history, containing rocks ranging from 

Archean to Mesoproterozoic age that were affected by multiple orogenic events. The Rae sub-

province is flanked by the ca. 2.0 – 1.9 Ga Thelon tectonic and Taltson magmatic zones to the 

west and southwest respectively, and by the Archean Hearne sub-province, the second 

component of the WCP, to the southeast (Figure 1.1; Hoffman, 1988b; Card et al., 2008). 

Separating the Rae from the Hearne sub-province is the Snowbird Tectonic Zone (STZ), a 2,800 

km-long northeast-trending crustal-scale discontinuity that has been variously interpreted as: 1) 

a ca. 1.9 Ga suture (e.g., Berman et al., 2007; Hoffman, 1988b), or 2) an intracontinental fault 

that was active both in the Archean and Paleoproterozoic (e.g., Mahan and Williams, 2005; 

Hanmer et al., 1995;). 

 

The Baker Lake Basin and constituent rocks of the Baker Lake Group, the lowest sequence within 

the Dubawnt Supergroup, overlies and straddles the STZ in the Canadian territory of Nunavut. 

The <1.75 Ga Thelon Basin (Davis et al., 2011) contains rocks of the succeeding sequences, the 

Wharton and Barrensland Groups. The latter are westward of the Baker Lake Basin, such that 

the Thelon Basin is entirely within the Rae Province, spanning the Nunavut-Northwest 

Territories border (Figure 1.1). The Dubawnt Supergroup, as preserved in the Baker Lake and 

Thelon basins, records nearly 300 Ma of extensional tectonism beginning ca. 1.84 Ga near the 

end of the Trans-Hudson orogeny and ending with deposition of carbonate rocks of the Lookout 

Point Formation overlying the ca. 1.54 Ga Kuungmi lavas (Rainbird et al., 2003, Chamberlain et 
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al., 2010). Basement rocks to the Baker Lake and Thelon basins include those of the Neoarchean 

Woodburn Lake group and the Paleoproterozoic Ketyet River and Amer groups, the latter only 

present below the Thelon Basin (Figure 1.2). These basement rocks host unconformity-related 

uranium deposits similar to those found in the Athabasca Basin in northern Saskatchewan 

(Figure 1.1; Miller and LeCheminant, 1985; Jefferson et al., 2007). This has provoked an increase 

in mineral exploration in the area and a need for an improved understanding of the basement 

rocks and their deformational history, which are the focus of this study. 

 
 
Figure 1.1: Regional map of the northwestern Canadian shield. The two principle elements of 
the Churchill Province, the Rae and Hearne Subprovinces, are separated by the Snowbird 
Tectonic Zone (STZ) and bounded by the Thelon Tectonic-Taltson Magmatic zones (TTZ, TMZ) to 
the west and the Trans-Hudson orogen to the east (modified from Jefferson et al., 2011a, b; 
original in colour). 
 
 
Figure 1.2: Regional geological map of the South Aberdeen Lake area. The location of mineral 
showings/deposits and study areas are outlined in red. Primary exposures of the 
Paleoproterozoic Ketyet River and Amer groups are in NE-trending zones (Whitehills, Half Way 
Hills and Amer belts) as well as north of Tehek Lake. The Neoarchean Woodburn Lake group 
underlies the Ketyet River group and extends farther to the northeast. The western part of the 
map is dominated by the rocks of the Dubawnt Supergroup, primarily the Thelon Formation. 
SCMZ = Slave-Chantrey Mylonite Zone (modified from Jefferson et al., 2011a, b; original in 
colour). 
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The principal exposure of the Ketyet River group extends from north of Baker Lake to south of 

the northeastern Thelon Basin (Figure 1.2). The intense deformation of these and underlying 

Neoarchean basement rocks has caused confusion regarding the age and affiliation of rock units. 

In particular, during early mapping thick orthoquartzite units of the Ketyet River group were 

thought to be Neoarchean (e.g., Ashton, 1988). These resistant, ridge-forming quartzites have 

since been re-interpreted as early Paleoproterozoic (e.g., Pehrsson et al., 2010) and are deemed 

correlative with similar quartzites in the Amer Group (Rainbird et al., 2010). 

 

Previous mapping documented that three generations of ductile deformation affected Archean 

and Paleoproterozoic rocks in this region (Davis and Zaleski, 1998) and that these events 

preceded intrusion of cross-cutting ca. 1.84 Ga Hudson granite plutons (Peterson and van 

Breemen, 1999) and subsequent deposition and tilting of the Dubawnt Supergroup. An earlier 

phase of deformation (i.e., prior to the aforementioned three generations of ductile 

deformation) has been recognized locally (Zaleski et al., 2000; Pehrsson et al., in prep), however, 

and may be responsible for displacement along major structural discontinuities, including the 

basal contact of the Ketyet River group. 

 

1.2 Purpose of study 

The purpose of this study is to provide better knowledge of the context for unconformity-

related uranium deposits that are located beneath or adjacent to the late Paleoproterozoic 

Thelon Basin where a number of favourable geological and geophysical variables coincide (Miller 

and LeCheminant, 1985; Jefferson et al., 2007; Pehrsson et al., 2010). The influence of basement 

structural style and lithology on uranium mineralization in the Thelon region is vital, yet has 

remained poorly understood for decades. For example, it is uncertain which, as well as to what 
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extent, older ductile basement structures were reactivated as younger brittle structures 

associated with development of the Thelon Basin and uranium mineralization (Davis et al., 

2011). It is also uncertain which strata are the most favourable as chemical and textural hosts 

for alteration and mineralization. In order to address these questions, a better understanding of 

the depositional and deformational histories and distinctions between the Woodburn Lake and 

Ketyet River groups is required. This study aims to accomplish this by detailed study of the 

Ketyet River group in well-exposed areas, the overall goal being to test and refine the regional 

sequence stratigraphic framework developed by Rainbird et al. (2010). Knowledge from the 

detailed map areas within this study is being extrapolated to guide a new compilation of 

bedrock geoscience for the entire northeast Thelon region (Jefferson et al., 2011a, b). This 

compilation will enable the use of geophysical data to extrapolate geological knowledge into 

areas of poor exposure and beneath the northeastern Thelon Basin (e.g. Tschirhart et al., 2011). 

1.2.1 Areas selected for study 
To fulfill the purpose of this study, fieldwork supported by the Geological Survey of Canada 

(GSC) was conducted in the summers of 2010 and 2011 as part of the Northeast Thelon project. 

This work focused on four detailed map areas (Figure 1.2) that comprise the structurally 

intercalated Neoarchean Woodburn Lake and early Paleoproterozoic Ketyet River groups, 

deformed Meso- to Neoarchean igneous suites, and the mainly undeformed 1.84 Ga Hudson 

igneous suite. These areas are informally named “Nipterk Lake”, “Ukalik Lake”, “Bar Lake” and 

“Kiggavik”, and were mapped at various scales ranging from 1:2,000 up to 1:70,000, with a focus 

on documenting the structural style and ductile deformational fabrics and, in the case of 

Kiggavik, evaluating what, if any, controls these structures may have had on development of 

later brittle structures related to uranium mineralization. The first three areas were selected on 

the basis of good to excellent outcrop exposure as well as previous stratigraphic and tectonic 
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interpretations to which there are outstanding area-specific problems and questions. The 

rationale for selecting each area is outlined below. 

 

Nipterk Lake area 

Nipterk Lake is located in the southeastern corner of the Amer Lake map area (NTS 66H), 

approximately 100 km due north of Baker Lake (Figure 1.2). The surrounding area is a 

Quaternary glacial outwash plain where rocks of the Ketyet River group are exceptionally well 

exposed, particularly in the area immediately west of Nipterk Lake (Figure 1.3). In this area there 

is superb exposure of the basal unconformity with underlying Archean rocks, facilitating 

examination of stratigraphic relationships from the unconformity upwards. For these reasons, 

this area was selected and is now considered to be a type area for the lower Ketyet River group. 

In addition, the excellent exposure allows for investigation of geometry and sequence of 

tectonic structures. 

 

Ukalik Lake area 

The somewhat less well exposed Ukalik Lake area is located approximately 4 km northeast of 

Nipterk Lake, on the boundary between the Amer and Woodburn Lake NTS map sheets (Figure 

1.2). In this area, orthoquartzite was previously interpreted as being interbedded with 2620 +3/-

2 Ma felsic volcanic rocks and was therefore considered to be Neoarchean (Zaleski et al., 2000; 

Davis and Zaleski, 1998). Conversely, a granite cobble in a polymictic metaconglomerate, 

proximal to the orthoquartzite, was dated at 2.62 Ga (Pehrsson, unpub. data) indicating erosion 

of regional granites prior to deposition and allowing the possibility that the orthoquartzite is 

Paleoproterozoic. Furthermore, this is an area where an earlier phase of folding is suspected to 

have controlled the map pattern (Zaleski et al., 2000; Pehrsson, unpub. data), a hypothesis that 
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could only be addressed by more detailed mapping. This early phase of folding resulted in 

several structural repetitions that may have been mistaken for primary layering/bedding. 

 

Bar Lake area 

Bar Lake is situated approximately 20 km south of the eastern edge of Shultz Lake and 50 km 

northwest of Baker Lake (Figure 1.2). This area has well-exposed outcrops of orthoquartzite and 

grey pelitic schist that are similar to, and deemed to possibly be correlative with, those in the 

Nipterk and Ukalik Lake areas. Previous mapping (Hadlari et al., 2004) shows these units 

comprise an isolated package in probable fault contact with surrounding older Archean rocks of 

the Woodburn Lake group. On the basis of the map pattern, the rocks in this area appear to 

represent a klippe, an erosional remnant of a thrust sheet (Ramsay and Huber, 1987). The area 

was therefore selected for study to test this interpretation as well as to investigate correlation 

of lithological units to the study areas to the north. 

 

Kiggavik area 

The Kiggavik uranium deposit is located approximately 25 km west of Bar Lake and north of 

Judge Sissons Lake (Figure 1.2). Owing to its poor exposure, this area, underlain by previously 

interpreted Neoarchean Woodburn Lake group metagreywacke and orthoquartzite (Hadlari et 

al., 2004), was investigated last. Additionally, only after gaining familiarity with the 

lithostratigraphy as well as the types, sequences, and style of structures in the Ketyet River 

group in the well-exposed areas (Nipterk, Bar, Ukalik Lake areas), could a comparison to the 

Kiggavik area be made. 
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Figure 1.3: Aerial photograph showing the high level of outcrop exposure in part of the Nipterk 
Lake map area. Photograph was taken facing west, away from Nipterk Lake (original in colour). 
 

1.2.2 Field logistics and methods 
Access to these areas was provided by helicopter support from Baker Lake. Mapping was carried 

out during daily 6 to 20 km traverses using air photographs and the Global Positioning System 

(GPS) for navigation, and to locate stations within a 5 m error. Lithological descriptions and 

structural measurements were taken at each station, and recorded to a project-wide 

geodatabase (GanFeld), designed in-house by the Geological Survey of Canada (GSC), using a 

handheld computer equipped with ESRI® ArcPad™. Representative and oriented samples were 

collected for petrographic and microstructural analysis. A number of samples were collected for 

geochronology, two being chosen for follow-up laboratory work by the author. In addition to 

geochronology, several samples were selected for whole-rock geochemical analysis of major and 

selected trace and rare earth elements to determine their lithostratigraphic affiliations. 
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Fieldwork was complemented by laboratory work at the University of Regina. There, four 

geological maps were prepared using ESRI® ArcMap™ 9.3.1 to interpret field data in context 

with LANDSAT imagery, Digital Elevation Models (DEM), magnetic susceptibility and resistivity 

models from McMaster University, and legacy geological maps. The contextual imagery and data 

assisted in extrapolation from detailed outcrop maps to areas of limited mapping or poor 

outcrop exposure. Cross-sectional and 3D block diagrams were created to accompany geological 

maps, illustrating the interpreted structural style projected to depth and to eroded parts of 

structures. Field structural data were divided into structural domains and stereographically 

analysed using GEOrient 9.4.4 software to determine geometric/kinematic relationships and the 

nature of superposed folding. Sixty-six thin sections were cut, of these 25 were selected for 

petrographic study (Appendix A) in order to document microstructures and their relative timing 

to metamorphic mineral growth, and mineralogical characteristics to better determine rock type 

and constrain the metamorphic grade. Geochronology was conducted using the Sensitive High 

Resolution Ion Microprobe (SHRIMP) at the J.C. Roddick Laboratory at the GSC in Ottawa; the 

techniques used for this portion of the study are discussed in Chapter 5 (section 5.2). 

Geochemical analyses were prepared and conducted by Acme Analytical Laboratories (Appendix 

B) using standard crushing, pulverizing, and dilution methods associated with Inductively 

Coupled Plasma-emission Mass Spectrometry (ICP-MS); the results were plotted on various 

discrimination diagrams, as discussed in Chapter 5 (section 5.3). 

 

1.3 Thesis organization 

This thesis is divided into 7 chapters: Following a brief introduction to the topic and outline of 

the purpose of study, project areas, and methods, Chapter 2 (next) provides an overview of the 

regional geological setting and previous work. The succeeding chapter (3) deals with 
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lithostratigraphic relationships, focussing primarily on the early Paleoproterozoic Ketyet River 

group, but dealing in part with underlying Archean units. This was done to fully characterize the 

stratigraphic relationships between the units, all of which could not be observed in a single map 

area. This chapter is followed by description and discussion of the structural geology (Chapter 

4), where structures in each map area are first discussed separately (sections 4.2 to 4.5), related 

to the timing of metamorphism (section 4.6), and subsequently, the structures in each area are 

compared and contrasted with one another (section 4.7). One of the two samples collected for 

geochronology has significant implications regarding the timing of deformation and therefore, 

these analyses are discussed in the succeeding chapter (5) to ensure sufficient context. 

Geochemical analyses are also included in this chapter to assess the correlation of certain rock 

types between areas. Chapter 6 presents a brief overview of major lithostratigraphic and 

structural features in the region (section 6.1) followed by a tectonic model (sections 6.2 and 6.3) 

that shows how tectonic fabrics that affected rocks in this region relate to larger plate-scale 

orogenic events, as described and interpreted in previous studies. The final chapter (7) presents 

the conclusions of this study. 
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CHAPTER 2 

REGIONAL GEOLOGY AND PREVIOUS WORK 
 

2.1 Introduction 

Previous geological mapping of the areas covered in this study has been limited. The region was 

first mapped by the Geological Survey of Canada (GSC) in 1954 as part of “Operation Baker”, 

which was a helicopter-aided reconnaissance project in the central District of Keewatin that 

resulted in a map at 1 inch to 8 mile scale (Wright, 1955). Subsequent mapping of selected 

localities during the 1980’s resulted in regional 1:250,000 and 1:50,000 scale maps within NTS 

sheets 66A, B, G, H, I, J and 56 D, E (e.g., Heywood and Schau, 1981; Schau, 1983; Taylor, 1985; 

Patterson, 1980). Several M.Sc. and Ph.D. studies were conducted in parallel with this mapping 

(e.g., Patterson, 1981; Annesley, 1990). Of significance to this study, Ashton (1988) studied 

orthoquartzite-bearing sequences that were considered to be part of the Woodburn Lake group 

approximately 30 km west of the Nipterk Lake area. Ashton’s study was initiated in order to 

establish the age of the orthoquartzite sequences, which at the time were considered to be 

either Archean or Paleoproterozoic (Ashton, 1988). Mapping of the areas north of Baker Lake 

continued at a 1:50,000 scale between 1996 and 1999 as part of the GSC’s Woodburn Project 

(e.g., Zaleski et al., 1997b); however, this scale was too regional to fully capture the 

deformational history, hence some related stratigraphic relationships remained unclear. A 

preliminary geological compilation map for the Schultz Lake map sheet (NTS 66A) was released 

in 2004 (Hadlari et al., 2004). This map was based on the results of the Woodburn Project as well 

as multiple published and unpublished sources of 1980’s vintage. An introductory field trip led 

by Pehrsson (unpub. field trip notes, 2009) as part of the GEM Northeast Thelon project, led to 

initiation of more detailed mapping projects focused on the Amer (Calhoun, in prep.) and Ketyet 
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River groups (Riemer, 2011; Jefferson et al., 2011a, b; this study). Work by Riemer (2011; B.Sc. 

Hons. thesis) was done in parallel with this study at the University of Regina, focusing on 

tectonic fabrics in the rocks of the Ketyet River group and their relationship to metamorphism. 

The most recent mapping that partially overlaps the four study areas within this thesis includes 

that conducted by Ashton (1988), Zaleski et al. (1997b, 2000) and Hadlari et al. (2004). 

 

2.2 Archean rocks 

2.2.1 Woodburn Lake group 
The informal name “Woodburn Lake group” was first applied by Heywood (Ashton, 1988; cf. 

Heywood) to a succession of Archean metavolcanic and metasedimentary rocks located in the 

Amer Lake map area (NTS 66H), and which extend to the northeast into the neighbouring 

Woodburn Lake map area (NTS 56E) from where the name originates. This package of rocks 

shows similarities to the Prince Albert and Mary River groups on Melville Peninsula and Baffin 

Island to the northeast, and the three groups are thought to be in part correlative (Ashton, 

1988; Rainbird et al., 2010; Pehrsson et al., 2012). Largely based on the work by Ashton (1988) 

and Zaleski et al. (1997a, b), the Woodburn Lake group was originally subdivided into four 

lithostratigraphic sequences, broadly described as: 1) komatiite – felsic volcanic – BIF, 2) felsic-

mafic volcanic – wacke, 3) orthoquartzite – slate, and 4) arkosic wacke. Recent work by Pehrsson 

et al. (2010) and Jefferson et al. (2011a, b) revised the group into six informal lithostratigraphic 

and areally discrete sequences that are summarized in Figure 2.1. Only parts of these sequences 

are exposed in the study areas, and constraints on which sequence is represented in each area 

are incomplete, hence their stratigraphic position in the Woodburn group is not defined in the 

descriptions of the Archean map units that follow in Chapter 3. 
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All quartzite units in the vicinity of Whitehills Lake (Whitehills belt; Figure 1.2) have been, until 

recently, considered to be an integral part of the Archean Woodburn Lake group (Schau et al., 

1982, Zaleski et al., 1997a and Hadlari et al., 2004). In contrast, Rainbird et al. (2005, 2010), 

proposed that the main quartzite units represent a basal Paleoproterozoic sequence that 

extends across the entire Rae Province on a continental scale (see section 2.3 on Ketyet River 

group below). Some quartzite units are still thought to be Archean, but these are typically thinly 

bedded, less than 50 m thick, and do not form prominent ridges. Quartzite exposed on the 

northeastern shore of Pipedream Lake, thought to be part of Neoarchean sequence 4, has 

fuchsitic clasts including komatiite (Ashton, 1988). Also documented in drilling are quartzite 

cobble metaconglomerate between units of komatiite and intermediate volcaniclastic rocks 

(Pehrsson, unpub. data). Structural intercalation still makes these Archean assignments 

uncertain, thus the quartzite units of each detailed map area need to be mapped in context and 

designated as Paleoproterozoic or Archean depending on their specific attributes. Although, 

quartzites that are sandwiched between Archean felsic volcanic and metagreywacke-type 

metasedimentary rocks are typically interpreted as Archean, the possibility remains that some 

are structurally intercalated Paleoproterozoic units.  
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Figure 2.1: Six areally distributed sequences of the Woodburn Lake group and their current age 
constraints (modified from Jefferson, in prep.). The seventh succession is the Snow Island suite 
and unconformably overlies sequences of the Woodburn Lake group in several localities 
(modified from Jefferson et al., 2011a, b ; original in colour). 
 

2.2.2 Snow Island suite 
The Woodburn Lake group and the north Rae craton are regionally intruded and capped by the 

ca. 2.6 Ga Snow Island suite, named by Peterson (2006) after an island in Dubawnt Lake (NTS 
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65N/4) that was originally described by Tyrell (1898). The exposure of this suite is extensive and 

comprises diorite, granodiorite, and quartz-feldspar porphyritic granite, subvolcanic intrusions, 

tuff and ignimbrite (LeCheminant and Roddick, 1991; Peterson, 2006). It is far more areally 

extensive than the Woodburn group; its minimum extent from south to north is Dubawnt Lake 

to the Amer Mylonite Zone, and from east to west is the Meadowbank River area to northwest 

of Beverly Lake, covering almost the entire span of Figure 1.2. In the Meadowbank River area it 

has been dated (U-Pb zircon) south of Ukalik Lake (porphyry; 2620 +3/-2 Ma), east of Ukalik Lake 

(granite; 2610 +2.7/-2.1 Ma), and at Tern Lake (porphyry; 2.63 Ga) (Davis and Zaleski, 1998; 

Pehrsson et al., 2004). This study recognized additional examples of inferred ca. 2.6 Ga tuff in 

the Kiggavik area (Figure 1.2) in outcrop and drill core that are under further investigation to 

test their affiliation to this suite. In this locality, the felsic volcanic unit is a distinct lithotectonic 

marker between the Woodburn Lake group feldspathic metawacke and the Paleoproterozoic 

Ketyet River group quartzite (see next section). Some of the plutonic members of the suite range 

into mafic compositions and correspond geophysically to large aeromagnetic highs with 

gradational edges. Two dated examples of these magnetically prominent granitoid intrusions 

were reported by Hadlari et al. (2004) in map sheet 66A as 2606 +4/-3 Ma and 2608 +28/-10 Ma 

(discordant U-Pb zircon ages). 

2.3 Paleo-mesoproterozoic rocks 

2.3.1 Ketyet River group 
The Ketyet River group comprises metasedimentary and lesser metabasic rocks in the vicinity 

north of Baker Lake (Figure 1.2). It was informally named and further subdivided into a northern 

and southern association by Schau et al. (1982); however subsequent geochronology of a lapilli 

tuff in the northern assemblage yielded an older age of 2710 +3.5/-2.2 Ma and this assemblage 

is therefore now considered to be part of sequence 4 of the Woodburn Lake group (Davis and 
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Zaleski, 1998). In addition, both associations of Schau et al. (1982) are present throughout this 

area and thus the northern versus southern assignment is obsolete. The principle exposure of 

the Ketyet River group is situated in an area locally named the “Half Way Hills”, near Whitehills 

Lake, and is referred to as the “Whitehills belt” (Figure 1.2), reflecting the large ridges of 

orthoquartzite. The Whitehills belt originally included the underlying Neoarchean rocks of the 

Woodburn Lake group prior to the geochronological study by Davis and Zaleski (1998), but now 

only includes the Paleoproterozoic Ketyet River group; the exposure of latter is now considered 

to be the “Half Way Hills belt”. Furthermore, these, as well as the exposures of the Ketyet River 

group north of Tehek Lake proximal to Nipterk and Ukalik Lakes, are now referred to as the 

“Ketyet River belt”. 

 

As shown in Figure 2.2, the younger assemblage is now subdivided into four parts: Ps1, Ps2, Ps3 

and Ps4, based on work by Rainbird et al. (2010), which focused in part on exposures of the 

Ketyet River group in the Whitehills belt. Ps1 is a distinctive white quartzite that unconformably 

overlies the Woodburn Lake group and is therefore considered to be early Paleoproterozoic, 

although only Archean detrital zircons ranging from 2.81 to 3.0 Ga have been obtained from it 

(U-Pb dating; Davis and Zaleski, 1998). The quartzite unit comprises, in upward succession: basal 

micaceous schist, mono- and polymictic metaconglomerate, orthoquartzite, and an upper 

monomictic para-metaconglomerate. Ps2 is highly varied both vertically and laterally, but in 

every locality includes some sulphidic to graphitic psammopelitic to pelitic schist. Additional 

local components of Ps2 include one or more of the following in succession: iron formation 

within the pelitic schist, feldspathic psammitic schist, plagioclase-phyric metabasalt, and an 

upper unit of pale grey pelitic schist. The metabasalt has yet to be dated; however, metagabbro 

sills cutting Neoarchean sequence 6 Amarulik wacke (Figure 2.1) in the central part of NTS map 
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sheet 66A, in the Bar Lake area, yielded a U-Pb baddeleyite age of 2153 ± 4 Ma and may have 

been feeders to the mafic volcanic rocks (unpublished data by LeCheminant and Roddick, 

reported by Hadlari et al., 2004; Pehrsson et al., 2005; Rainbird et al., 2010). Ps3 comprises 

interbedded grey-green mudstone with local iron formation and siltstone to pink-weathering 

fine-grained sandstone. Ps4 overlies Ps1 through Ps3 with profound angular unconformity, 

comprising coarse polymict conglomerate, grit and laminated grey schist. Ps4 lacks an earlier 

tectonic fabric observed elsewhere in the region, but contains clasts of Ps1 lithologies that have 

an earlier, locally folded foliation (Jefferson, et al., 2011b). 
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Figure 2.2: Stratigraphic columns of the Amer and Ketyet River groups, separated into four sequences (Ps1 – 4), and their correlations (modified 

from Jefferson et al., 2011a, b; original in colour).
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Detrital zircon geochronology (Rainbird et al., 2010) has demonstrated correlation with the 

Amer Group to the northwest, that in turn was previously correlated with the 2.45 – 2.1 Ga 

Hurwitz Group, located in the Hearne Province (Figure 1.1; Aspler and Chiarenzelli, 1998). 

Despite these correlations, a debate as to the depositional age, especially whether the lower 

sequence orthoquartzite is Archean or Paleoproterozoic, had not been resolved before this 

study due to difficulties discriminating between Woodburn Lake and Ketyet River group 

quartzites, contradictory field relationships and inconclusive detrital zircon geochronology. 

 

2.3.2 Hudson suite 
The ca. 1.84 Ga Hudson suite comprises pink medium-grained, mid-crustal granite and Martell 

syenite, the latter derived by local mixing of granite with bostonite and minette dykes that fed 

the coeval Christopher Island Formation volcanics within the Dubawnt Supergroup (see section 

2.3.3; Peterson, 2006). The rocks of this suite are weakly deformed and commonly only preserve 

a foliation near the margins of the intrusions. They were emplaced during peak regional 

metamorphism, which ranges from sub-greenschist to amphibolite facies (Pehrsson et al., 2004). 

Their spatial extent is vast, occurring proximal to the Trans-Hudson orogen and across the entire 

northern Rae Subprovince (Peterson et al., 2010). Previous U-Pb zircon age dating (e.g., van 

Breemen et al., 2005) has demonstrated that this suite contains an abundance of inherited 

Archean zircons, some of which contain thin overgrowth rims allowing a more precise age to be 

obtained. 

 

2.3.3 Dubawnt Supergroup 
The Dubawnt Supergroup (Figure 1.2) contains three subdivisions, from oldest to youngest: the 

Baker Lake, Wharton and Barrenslands groups. The Baker Lake Group comprises basal 
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conglomerate of the South Channel Formation, alluvial feldspathic sandstone of the Kazan 

Formation, felsic – lamprophyric volcanic rocks and epiclastic conglomerate, sandstone and 

siltstone of the ca. 1.83 Ga Christopher Island Formation, as well as the alluvial fan 

conglomerate and fluvial sandstone of the ca. 1785 +/- 3 Ma Kunwak Formation (Rainbird et al., 

2003; Peterson, 2006). The Wharton Group includes eolian sandstone of the Amarook 

Formation, bi-modal volcanic rocks and alluvial sandstone of the 1750 – 1765 Ma Pitz Formation 

(Peterson and van Breemen, 1999), and the co-magmatic rapakivi-textured Nueltin granite and 

the associated diabase dykes of the 015°-trending MacRae Lake and 075°-trending swarms 

(Peterson, 2006). Unconformably overlying the Wharton Group are alluvial conglomerate and 

sandstone sequences of the Thelon Formation, which are cemented by ca. 1.67 Ga fluorapatite 

(Davis et al., 2011) and make up the lowest three sequences within the Barrensland Group. The 

upper sequences of this final group consist of the shoshonitic welded tuff of the Kuungmi 

Formation and the stromatolitic dolostone of the Lookout Point Formation (Peterson, 2006). 

Rocks of the Dubawnt Supergroup and its basement are cut by the ca. 1.27 Ga Mackenzie 

diabase dyke swarm, which originates northeast of Great Bear Lake (LeCheminant and Heaman, 

1989). 

 

2.4 Metallogeny 

Rocks of the Ketyet River and Woodburn Lake groups are host to the Kiggavik uranium deposit, 

discovered in 1977 (Jefferson et al., 2007a). Subsequent exploration in the area has resulted in 

additional discoveries along a northeast-trending fault including the Bong, End Grid, Andrew 

Lake and Jane 2 showings (Figure 1.2). These deposits, collectively known as the “Kiggavik 

trend”, are classified as basement-hosted unconformity-related uranium deposits that are 

associated with the basal Thelon Formation unconformity. Since the discovery of Kiggavik in 
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1977, uranium exploration in the area has increased and other projects, such as Cameco’s 

Turqavik and Aberdeen, have been initiated. 

 

Iron formation, komatiite, and volcaniclastic rocks within the fourth sequence of the Woodburn 

Lake group (Figure 2.1) are host to the Meadowbank gold deposit, north of Baker Lake (Pehrsson 

et al., 2004; Figure 1.2). Gold is localized in the hinges and limbs of first- and second-generation 

folds. It is associated with pyrite, pyrrhotite, and arsenopyrite, and mineralization is suggested 

to have occurred prior to, or synchronous with, the second deformational event, ca. 1.8 – 1.9 Ga 

(Pehrsson et al., 2004). Anomalous concentrations of Pb, Cu, Ag, and Mo have also been 

documented in quartz veins within the Woodburn Lake group ultramafic rocks north of the 

Meadowbank River, and are known as the “Calvin Occurrences” (Zaleski et al., 2000). 
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CHAPTER 3 

LITHOSTRATIGRAPHY 

3.1 Introduction 

In the region north and northwest of Baker Lake (Figure 1.2), early Paleoproterozoic rocks of the 

Ketyet River group generally unconformably overlie the ca. 2.6 Ga Snow Island suite quartz-

feldspar porphyritic (QFP) schist, which in turn overlies 2.73 – 2.7 Ga rocks of the Woodburn 

Lake group, the lithologies of which vary according to which sequence is present in a particular 

area. Rocks of the Woodburn Lake group were not studied in detail and the descriptions below 

are based upon limited local observations near their contacts with rocks of the Ketyet River 

group, the latter being the focus of this study. Despite intense deformation, rocks of the Ketyet 

River group preserve remarkable primary structures such as trough cross-bedding, lode-cast 

structures, and graded bedding, that can be used for evaluating the younging direction. Figure 

3.1 shows a generalized stratigraphic column summarizing the lithostratigraphic relationships in 

all four study areas. In this chapter, the rock types and their contexts within the stratigraphic 

succession are described, from oldest to youngest, based on field observations and petrographic 

study collectively made from all four study areas. 
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Figure 3.1: Generalized stratigraphic column of the lower Ketyet River group and its basement 
rocks based on observations made in all four areas mapped in this study. The lower Ketyet River 
group is subdivided into two sequences, Ps1 and 2, based on work by Rainbird et al. (2010). The 
grey pelitic schist marks the transition into Ps2 (original in colour). 
 
 

3.2 Woodburn Lake group 

Eight units of the Woodburn Lake group (Figure 2.1) outcrop in the map areas: komatiitic schist, 

komatiitic chlorite schist, two varieties of banded iron formation (BIF), grey psammitic schist, 

and three varieties of grey feldspathic psammitic to pelitic schist. 

 

Komatiitic schist 

The brown-weathered komatiitic schist contains altered carbonate veins and mainly outcrops on 

the eastern side of the Ukalik map area (Figure 3.2), as well as a small exposure in the 
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southeastern corner of the Nipterk map area (Figure 3.3). The alteration is more extensive in the 

Ukalik Lake area where there is additional localized serpentinization (Figure 3.4A). Remnant 

primary structures are preserved in this unit, including flow layering (Figure 3.4B), polyhedral 

joints, and possible flow-top breccia and pillows. It is also noteworthy that the spinifex texture 

that is commonly associated with komatiite flows and documented in other outcrops of this unit 

by Ashton (1988) was not observed in this area. Locally, there are concentrations of randomly 

oriented tremolite sheathes on foliation surfaces (Figure 3.4C). 

 

Komatiitic chlorite schist 

The komatiitic chlorite schist is a dark green to pale brown-weathered medium-grained (1-5 

mm) rock that outcrops on the eastern side of the Ukalik Lake map area, adjacent to the 

komatiite schist (Figure 3.2). It contains up to 5% relict phenocrysts of 3-10 mm plagioclase 

feldspar in a highly schistose, chloritized groundmass, and has similar carbonate veining and 

alteration to the previously described komatiitic schist. Primary bedding/flow is difficult to 

determine in this rock type, which is in part due to the alteration and dissolution of the 

carbonate, leaving vuggy cavities that resemble vesicles (Figure 3.4D). It is uncertain if metre-

scale layers with this texture reflect vesicular bedding, alteration, or both. 
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Figure 3.2: Geological map of the Ukalik Lake area. The area is dominated by a large F2 fold, re-

folding an F1 anticline cored by komatiitic schist (see section 4.3 for details). Note that the 

stratigraphic sequence is repeated due to both polyphase folding and early thrust faulting. R.L. = 

Riemer Lineament (original in colour). 

 

Figure 3.3: Geological map of the Nipterk Lake area. Note that this map is a simplified 

representation of complexly folded rocks seen in outcrop exposures in Figure 1.3. The Nipterk 

Fault is parallel to the axial trace of a map-scale F2 fold that transposed earlier F1 folds (original 

in colour). 
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Figure 3.4: Woodburn Lake group komatiitic rocks. A: serpentine alteration in komatiitic schist 

(Figure 3.2, locality L); B: typical komatiitic schist (Figure 3.2, locality L); C: laths of tremolite on 

the main foliation surface in komatiitic schist (Figure 3.2, locality M); D: komatiitic chlorite schist 

with preferentially weathered carbonate lenses or possible vesicles (Figure 3.2, locality N; 

original in colour). 

 

Banded iron formation 

Two banded iron formations outcrop in the map areas. The first is a 5-20 m thick exposure in the 

southeastern part of the Ukalik map area. It is mm-scale banded magnetite-chert oxide facies 

iron formation that is weathered metallic black to creamy grey and is strongly magnetic. The 

nature of the contact with the adjacent komatiitic chlorite schist is unknown due to vegetation 

cover. The second is chert-hematite oxide facies iron formation that occurs along the margin of, 

and structurally below, the southeastern quartzite block in the Bar Lake map area (Figure 3.5, 

locality G). It is contained within chloritic and locally graphitic pelitic schist exposed in a stream 
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cut that is abruptly in contact, up-section, with a 5 m interval of pale green to reddish pink-

altered quartzite (Figure 3.6). This BIF-schist assemblage is associated with strong magnetic 

geophysical conductors (Wollenberg, pers. comm., 2009). 
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Figure 3.5: Geological map of the Bar Lake area. Note that the large outcrops of quartzite with no structures are interpreted from LANDSAT 

imagery and aerial observations. See section 4.4 for more detailed discussion of the structural geology (original in colour). 
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Figure 3.6: Unconformable and tectonized contact between underlying Neoarchean BIF and 
overlying Paleoproterozoic orthoquartzite in the eastern part of the Bar Lake area (Figure 3.5, 
locality G). Note the green to pink colouration and elongation of brecciated quartzite proximal 
to the unconformity (dashed line), indicative of higher strain and alteration (original in colour). 
 
Psammitic to pelitic schists 

The orangey grey to buff weathered psammitic schist is exposed in the northeastern part of the 

Ukalik map area. It is dominated by 1-2 mm grains of quartz and plagioclase feldspar with up to 

8% chlorite and 2% pyrite, the latter is partly oxidized producing the orangey hue of the rock. Its 

contact with the overlying QFP schist is not exposed. This differs from the interlayered light to 

dark greenish grey and rusty-weathered feldspathic psammitic to pelitic schist that outcrops in 

the western part of the Ukalik Lake map area (Figure 3.2). Both the lighter and darker layers in 

this rock type are fine grained (1-2 mm), and their weight is noticeably greater than the 

Paleoproterozoic grey schist within the Ketyet River group (see below). They contain up to 5% 

visible pyrite, partly oxidized, in hand specimens and have a distinct sulphuric pong. The unit 

comprises mainly quartz, plagioclase feldspar, muscovite and sericite, with subordinate 

potassium feldspar. Toward the southern exposure of this unit, the rock takes on a greenish 

colouration caused by the presence of chlorite. This unit is similar and possibly correlative to the 
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feldspathic psammitic to pelitic schists exposed in the Bar Lake area (Figure 3.5), which are 

interlayered at the centimetre to metre scale and are locally phyllitic. The pale pink to medium 

grey-weathered psammitic derivative in the Bar Lake area is fine grained, containing quartz, 

plagioclase and lesser potassium feldspar grains up to 1 mm in diameter in an evenly dispersed 

chlorite matrix with trace amounts of pyrite. The dark grey-weathered pelitic schist interlayers 

are finer grained (less than 1 mm) and are more chloritic/phyllitic, as indicated by a distinct 

sheen on the foliated surfaces. 

 

Feldspathic psammitic to psammopelitic schist 

The unit that was previously mapped as Amarulik wacke in the vicinity of the Kiggavik uranium 

deposit (Hadlari et al., 2004) is a medium grey-weathered feldspathic psammitic to 

psammopelitic schist, henceforth referred to as the Kiggavik schist, with up to 5% disseminated 

pyrite and rare thin 2-5 cm interbeds of laminated magnetite iron formation associated with 

garnet and amphibole in adjacent beds. This rock has a strong penetrative schistosity defined by 

biotite and muscovite, is less fissile than the psammitic schists in the Ukalik and Bar Lake areas, 

and contains coarse grains, up to 2 mm, of quartz, plagioclase and K-feldspar. It is thinly and 

generally indistinctly bedded with rare and small graded sections (Figure 3.7), whereas the 

Amarulik wacke along the Meadowbank road (Figure 1.2) is medium to thickly bedded at the 

metre scale. For these reasons, the Kiggavik schist has been reassigned to Neoarchean Sequence 

4 rather than the Sequence 6 Amarulik wacke (Figure 2.1; Pehrsson et al., 2010), although this 

assignment is currently being tested (pers. comm., Jefferson, 2011). 
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Figure 3.7: A core sample of the Kiggavik schist showing both coarse and fine grained facies, 
separated by a re-activation surface. Note the fining toward the left of the photograph in both 
facies (photograph taken by Dr. Charles W. Jefferson; original in colour). 
 
 

3.3 Snow Island suite 

Quartz-feldspar porphyritic schist 

The quartz-feldspar porphyritic schist (QFP schist) has a distinctive orangey grey to buff 

weathered surface (Figure 3.8A). It consists of 1-5 mm diameter quartz, potassium- and 

plagioclase-feldspar phenocrysts that comprise 5% of the rock within a strongly schistose 

groundmass (Figure 3.8B-D). The quartz phenocrysts resemble “eyes” and this rock type is 

therefore commonly referred to and described as quartz-eye porphyritic schist. It is best 

exposed in the Nipterk and Ukalik Lake areas, whereas it is not exposed in the Bar Lake area and 

only locally represented in both outcrop and drill core near Kiggavik. The unconformity with the 

overlying rocks of the Ketyet River group is typically located beneath a relatively thin 

monomictic quartzite-metaconglomerate that is discussed in more detail in the next section. 
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Figure 3.8: QFP schist of the Snow Island suite A: outcrop-scale photograph of a typical exposure 
(Figure 3.3, locality W); B: close-up photograph showing quartz-eyes (Figure 3.3, locality W); C: 
close-up of a sawed surface showing the quartz-eyes and K-feldspar phenocrysts (Sample 
11JPM118-C01 from locality D, Figure 3.2). Note the striations oblique to the main fabric are saw 
marks; D: photomicrograph in plane polarized light of sample 11JPM118-C01 showing the 
quartz-eyes, K-feldspar phenocrysts and minor chlorite (original in colour). 
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3.4 Ketyet River group 

Monomictic metaconglomerate 

The basal unit of the Ketyet River group is a monomictic metaconglomerate (Figure 3.1) that is 

only observed in the Nipterk and Ukalik Lake areas where its exposure is excellent. It contains 

clasts of pale blue-, pale grey- and cream-coloured quartzite. The clasts range in diameter from 3 

cm to 2 m with an average diameter of 30 cm (Figure 3.9) and are supported in a matrix of fine-

grained, metallic-grey pelitic schist. In one locality in the Ukalik Lake area (Figure 3.2; locality B), 

the metaconglomerate is light orangey to buff-weathered, dominantly clast supported, 

polymictic, and contains 5 mm to 10 cm (3 cm on average), well-rounded clasts of granite, QFP 

schist, quartzite and chert (Figure 3.9B). A granitic clast from this locality yielded an age of 2.62 

Ga (Rainbird et al., 2010), representing a maximum depositional age for the unit. The matrix is 

quartzofeldspathic, locally chloritic and was probably derived from the nearby felsic rocks, e.g., 

the QFP schist. Elsewhere in the Ukalik Lake area, the basal metaconglomerate is as previously 

described and closely resembles the one at Nipterk Lake, except that it is much thicker, up to 

600 m across strike of the main foliation. 
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Figure 3.9: Exposed metaconglomerate at the base of the Ketyet River group. A: Typical 
monomictic version throughout the Nipterk Lake area (Figure 3.3, locality V); B: Local polymictic 
version in the central part of the Ukalik Lake area (Figure 3.2, locality B; original in colour). 
 

Micaceous quartzite 

In the Nipterk Lake area, the unconformable contact between the QFP schist and 

metaconglomerate is sharp and irregular. Where the metaconglomerate is absent, the 

unconformity is defined by muscovite- and sericite-bearing quartzite (micaceous quartzite; 

Figure 3.1). The quartz grains within this unit generally resemble the “eyes” observed in the QFP 

schist (Figure 3.10), and are therefore inferred to have been at least partially derived from it. 

The amount of muscovite, sericite and quartz eyes diminishes gradually toward the succeeding 

cream to white-weathering orthoquartzite unit (described below), suggesting that the latter is 

stratigraphically higher in the succession. The nature of the unconformity at Ukalik Lake is less 

clear in places, due to inadequate exposure and deformation. In the northern part of the map 

area, the QFP schist was initially thought to be interlayered (5-10 cm scale) with thin, 1-2 cm 

reddish pink hematite-stained quartzite beds (Figure 3.11; Figure 3.2, locality K) and this to be 

overlain by a thick and relatively clean, white orthoquartzite whose basal contact had not 

previously been detected. Additional fieldwork at this locality in 2011, however, documented 

that the apparent interlayering is actually restricted to the basal micaceous quartzite, and that 

the contact with the QFP schist is farther down the lithostratigraphic section. Locally 
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metaconglomerate was also found right along the unconformity. Above the metaconglomerate, 

the micaceous quartzite gradationally transitions upward into clean white orthoquartzite that 

locally contains foresets confirming the younging direction away from the QFP schist (Figure 

3.12). In the eastern part of the Ukalik area (Figure 3.2; locality A) the QFP basement schist is 

more clearly separated from the thick orthoquartzite sequence by a 2 m interval of micaceous 

quartzite, similar to that found at Nipterk Lake. 

 
Figure 3.10: Micaceous quartzite in the Ukalik Lake area showing “quartz eyes”, similar to those 
in the QFP schist (Figure 3.2, locality A), in A: outcrop, and B: a photomicrograph under cross-
polarized light (original in colour). 
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Figure 3.11: Interlayered micaceous quartzite/schist and orthoquartzite in the northern Ukalik 
Lake area (Figure 3.2, locality K). S0 is transposed parallel to S1 (original in colour). 
 

Orthoquartzite 

The orthoquartzite (Figure 3.1) is dominantly creamy to pale bluish white and well exposed in all 

map areas. This unit is locally pale green owing to the presence of up to 4% fuchsite (Figure 

3.13), which has been suggested to originate from altered detrital diopside grains from nearby 

ultramafic rocks of the Woodburn Lake group (Ashton, 1988). This discolouration is especially 

evident in thin, 2 to 10 cm thick micaceous quartzite interbeds that additionally contain up to 

35% muscovite and sericite. These interbeds are common in the orthoquartzite in all map areas, 

but seem to be somewhat more prevalent in the vicinity of Bar Lake. In the Ukalik and Bar Lake 

areas, well preserved, metre-scale trough cross-bedding (Figure 3.12) indicates a younging 

direction toward the overlying grey pelitic schist. In one exposure at Bar Lake (Figure 3.5, 

location E), both trough cross-bedding and ball-and-pillow structures are present (Figure 3.14), 

supporting this interpretation. Near the contact with the grey schist, the quartzite locally 

contains beds of decimetre-scale quartz-pebble meta-orthoconglomerate (Figure 3.15A). At one 
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locality, these conglomerate beds are stained by orangey yellow and black iron sulphide and 

uranium oxide minerals (Figure 3.15B) and have elevated gamma-ray emissions relative to 

background. Forum Uranium Corp. calls this occurrence the “Graphite Zone”, noting that it 

extends some 2 km along strike with local grades up to 1.07% U3O8 (Forum Uranium, 2011). At 

Nipterk Lake, thin 5-10 mm interlayers of discontinuous dark grey pelitic schist are present 

within the quartzite, especially in the uppermost 5-10 m of the unit. 

 

The upper contact of the quartzite is sharply gradational to intercalated with the overlying grey 

pelitic schist. In many places this contact tends to be highly strained, obscuring stratigraphic and 

younging relationships. In the western part of the Bar Lake map area, however, this contact is 

well exposed and expressed by an approximately 50 m interval of intercalated grey pelitic schist 

and coarse-grained quartzite (up to 8 mm diameter) with local and minor sulphide and uranium 

oxide staining (Figure 3.16). This interval gradationally transitions into clean orthoquartzite that 

contains 30 cm thick beds of the previously described quartz-pebble meta-orthoconglomerate 

proximal to granulestone. The discovery of this transition zone was made in 2011 and a sample 

of the granulestone was taken for future detrital U-Pb zircon dating. 

 

Orthoquartzite in the Kiggavik area was previously mapped as Woodburn Lake group, but due to 

its similarity to the Ketyet River group quartzite, it is now considered to be part of the latter. A 

north-south section of drill cores was examined and demonstrated the same stratigraphic 

relationships observed in the other areas: the orthoquartzite and pelitic schist succession 

sharply overlie QFP schist, confirming their affiliation with the Paleoproterozoic Ketyet River 

group (Figure 3.17). 
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Figure 3.12: Trough cross-bedding in orthoquartzite in the A: Northern Ukalik Lake area, 2 m 
away from the QFP schist, and indicating younging (upward in photo) away from the latter 
(Figure 3.2, locality K), and B: in the Bar Lake area (Figure 3.5, locality F), 5 m away from the grey 
pelitic schist indicating younging toward the latter (toward the left of the photo; original in 
colour). 
 

 
Figure 3.13: Orthoquartzite A: with trace amounts of fuchsite (green) in the Nipterk Lake area 
(Figure 3.3, locality U), and B: typical exposure obscured by lichen and fractures in the Bar Lake 
area (Figure 3.5, locality O; original in colour). 
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Figure 3.14: Primary structures at the top of the quartzite unit, showing younging direction 
toward the grey pelitic schist (Figure 3.5, locality E). A: Ball-and-pillow and associated flame 
structure; coarser-grained sediments sank down into the underlying muddier interbed. B: trough 
cross-bedding in quartzite younging toward grey pelitic schist (out of frame, 15 m to the right of 
picture; original in colour). 
 
 

 
Figure 3.15: Quartzite-pebble metaconglomerate in the Bar Lake area (A) with local uranium 
oxide staining (B; Figure 3.5, locality F; original in colour). 
 
 

 
Figure 3.16: Coarse-grained quartzite and interbedding of grey pelitic schist in the eastern part 
of the Bar Lake area (Figure 3.5, locality P; original in colour). 
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Grey pelitic schist 

In the Nipterk Lake area, the grey pelitic schist is divided at the outcrop scale into two sub-units, 

dark and light grey; however, these sub-units are too thin to represent at the scale of the 

current map. The dark grey schist is the more abundant sub-unit in all map areas, although its 

exposure is poor in the Bar Lake and Kiggavik areas where it is typically exposed on the sides of 

quartzite ridges and narrow stream gulleys. In the Nipterk Lake area it is distinguished by local 1-

3 cm layers that comprise 5-10% kyanite and chloritoid porphyroblasts that range up to 5 mm in 

a matrix dominated by muscovite, sericite, and minor chlorite, a mineral assemblage indicating 

low to moderate pressure (4 – 6 kbars), lower greenschist facies metamorphism (Riemer, 2011; 

Figure 3.18). It is also interlayered with 1-2 cm beds of light grey schist (Figure 3.19), the 

abundance of which increases away from the quartzite – grey pelitic schist contact. This 

interlayering is also observed at the Ukalik and Bar Lake areas; however, the kyanite and 

chloritoid porphyroblasts are absent at the latter, reflecting a lower (sub-greenschist facies) 

metamorphic grade (Riemer, 2011). In the southern part of the Ukalik Lake map area the contact 

with the quartzite is poorly exposed, but in the north, the quartzite grades sharply upward into 

kyanite- and chloritoid-bearing grey pelitic schist that locally includes clasts of reworked 

quartzite within a chloritic matrix. Local metre-scale light grey pelitic schist units, more 

prevalent at Nipterk Lake, are characterized by 2-5 mm rusty weathering sulphide nodules 

(Figure 3.20). The relationship between the dark and light grey pelitic schists is uncertain, but in 

general the light grey schist tends to be farther from the quartzite than the dark grey schist and 

is therefore inferred to be higher in the stratigraphic succession and may correspond to the base 

of Ps3 (Figure 2.2). Whatever the case, the fine-scale “rhythmic bedding” and pyrite nodules 
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that characterize the grey pelitic schist are diagnostic of a deep-water depositional 

environment. 

 

 
Figure 3.17: N-S cross-section of drill cores proximal to the Kiggavik uranium deposit showing 
the same lithostraigraphic succession observed in the other study areas. The sequence 
encountered in drill core is consistent with being situated in the overturned limb of a south-
verging overturned fold, cored by QFP schist. Observations from outcrop exposure in the SSE 
(station 10JPM092) were used to constrain extend the section (original in colour). 
  



43 
 

 
Figure 3.18: Chloritoid porphyroblasts in the grey pelitic schist near Ukalik Lake (Figure 3.2, 
locality Q) in outcrop (A, B), and in thin section under C: plane-polarized light and D: cross-
polarized light. The spaced cleavage that deflects around the porphyroblasts corresponds to S3 
(see chapter 4; original in colour). 
 
 

 
Figure 3.19: Interbedding of light and dark grey pelitic schist in the vicinity of A: Nipterk Lake 
(Figure 3.3, locality R) and B: Bar Lake (local rhythmic layering, Figure 3.5, locality F; original in 
colour).  
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Metagabbro 

The metagabbro weathers dark green to pale brown and outcrops in three localities in the 

northwestern part of the Bar Lake map area (Figure 3.5) and in one locality in the Ukalik Lake 

map area (Figure 3.2. This medium-grained (1-3 mm) rock is dominated by chlorite 

pseudomorphing amphibole and plagioclase feldspar with less than 2% pyrite. In the Bar Lake 

area, the metagabbro is well exposed, intrudes the grey pelitic schist, and is structurally 

concordant with primary compositional layering (Figure 3.21); in the Ukalik Lake area, its 

exposure is poor but it is inferred to intrude the orthoquartzite. Locally and proximal to the grey 

pelitic schist in the Bar Lake area, there is a thin 1-2 m zone of dark green to black dolomitic 

mafic schist that weakly reacts with acid and has a more penetrative schistosity than the 

metagabbro. Given its concordance with bedding in the pelitic schist, the metagabbro is 

interpreted as a sill whose margins were altered due to absorption of fluids from the schist, thus 

reducing the competency of the rock and allowing development of a more pronounced foliation. 

Given the relatively more calcic composition of metagabbro and the proximity to the dolomitic 

mafic schist, the latter is likely a product of contamination of the grey pelitic schist by the 

metagabbro. 

 

The metagabbro in the Bar Lake area is interpreted as the intrusive equivalent of the Ketyet 

River group metabasalts that are exposed near Whitehills Lake (Figure 1.2). Furthermore, it is 

hypothesized that it may be correlative with the metagabbroic sheets that cut the Woodburn 

Lake group (“Shultz metadiabase”) immediately to the east of the Bar Lake area, one of which 

was dated at 2153 +/-4 Ma by A. Roddick and A. LeCheminant (U-Pb baddeleyite; unpublished 

date reported by Hadlari et al., 2004). The metagabbro at the dating locality was examined in 

2011, and appears to be the same as the metagabbro to the west. A sample of the latter was 
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therefore collected for geochronology analysis to test this correlation, although it yielded no 

datable baddeleyite. Six samples of the metagabbro were also collected for geochemistry for 

comparison to one another and to metabasalts of the Ketyet River group, and are discussed 

further in Chapter 5 (section 5.3). 

 

 
Figure 3.20: Sawn surface showing dark and light grey pelitic schist interbeds with hematite 
nodules west of Nipterk Lake (Figure 3.3, locality S). Note that the smaller nodules are localized 
within the lighter beds along the bottom of the photograph. Striations oblique to bedding are 
saw marks (original in colour). 
 

 
Figure 3.21: Metagabbro in the western Bar Lake area (Figure 3.5, locality H). A: outcrop 
photograph showing the contact with the grey pelitic schist. B: Close up photograph of the 
metagabbro showing its brown weathered colour (original in colour). 
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3.5 Hudson suite 

Syenite 

A homogeneous, salmon-pink weathered, medium-grained syenite intrudes the QFP schist and 

quartzite in the southern and central parts of the Nipterk and Ukalik Lake map areas, 

respectively (Figure 3.3, 3.2). This unit was also documented in drill core in the Kiggavik area 

where 10-50 cm intervals of it can be seen to intrude the Kiggavik schist as well as the Ketyet 

River group quartzite and pelitic schist. The syenite is dominated by equant to elongate, 

subhedral potassium and plagioclase feldspar, both of which are partly altered to fine-grained 

reddish pink clay minerals (Figure 3.22). This unit both cross-cuts and contains the regional S2 

foliation (see Chapter 4), indicating that it was emplaced synchronous with the development of 

the latter. A sample was collected from a locality in the Nipterk Lake area for age dating (see 

Chapter 5) where these relationships are best demonstrated (Figure 3.3; locality X). 

 

 

 
Figure 3.22: Hudson suite syenite west of Nipterk Lake (Figure 3.3, locality X) in A: outcrop and 
B: thin section under plane polarized light showing a moderately developed S2 foliation (original 
in colour). 
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Bostonite 

Brownish red-weathered intensely hematite-stained bostonite, also referred to as a 

microsyenite, occurs as thin 1-3 m wide subvertical dykes in the Ukalik and Bar Lake areas 

(Figures 3.2, 3.5). They are dominated by medium-grained (1-2 mm) potassium and plagioclase 

feldspar phenocrysts in a fine-grained groundmass (Figure 3.23A). Like the Hudson suite syenite, 

these dykes locally exhibit weak development of the regional S2 foliation, especially along their 

contacts. 

3.6 Other intrusive rocks 

Lamprophyre 

Dark green to grey lamprophyre dykes, up to 3 m wide, are observed in the northern part of the 

Ukalik Lake map area and in drill cores in the Kiggavik area. They are medium grained (2-3 mm) 

and are characterized by phlogopite and amphibole phenocrysts in a groundmass dominated by 

plagioclase feldspar (Figure 3.23B). These dykes are similar to those associated with the 

Christopher Island Formation of the Dubawnt Supergroup (Peterson, 2006), and are likely 

equivalent to them. 

 
Figure 3.23: A: Bostonite dyke in the western Bar Lake area (Figure 3.5, locality P) and B: 
lamprophyre dyke in the Ukalik Lake area showing phlogopite phenocrysts (Figure 3.2, north of 
locality Q; original in colour). 
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CHAPTER 4 

STRUCTURAL GEOLOGY 

4.1 Introduction 

Tectonic structures associated with four generations of ductile deformation were documented 

in this study. These structures were observed in the QFP schist of the ca. 2.6 Ga Snow Island 

suite, and the rocks of the Woodburn Lake and Ketyet River groups, whereas they are absent in 

the rocks of the Dubawnt Supergroup, constraining their age to be early Paleoproterozoic. 

Earlier Archean deformational fabrics have only been locally documented within the sequence 3 

(ca. 2.7 Ga) felsic volcanic rocks of the Woodburn Lake group (Figure 2.1), where two sets of 

isoclinal folds and associated intense foliations were observed (Ashton, 1988; Pehrsson et al., 

2004). These fabrics were not observed in the overlying thick orthoquartzite sequence by 

previous workers or during this study, and therefore, they likely developed prior to its 

deposition (Pehrsson et al., 2004). Furthermore, these Archean fabrics were not detected in any 

of the outcrops of Woodburn Lake group encountered during this study. The Paleoproterozoic 

deformational events and associated structures and fabric elements documented in this study 

are compared with those of previous workers (Ashton, 1988 and Zaleski et al., 2000) in Table 

4.1. Notably, the fourth deformational event documented by previous workers was not 

observed in this detailed study and vice-versa. This discrepancy is likely due to the scale of 

mapping for the respective studies. To remain consistent with the regional deformation, the last 

generation of ductile deformation observed in this study is considered to be D5, i.e., the four 

generations of deformation discussed in this study are D1, D2, D3, D5. 

 

Structures and tectonic fabric elements associated with D1 - D3 and D5 are best preserved in the 

QFP and grey pelitic schists of the Snow Island suite and Ketyet River group, respectively; 
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however, these units are commonly poorly exposed due to their strong susceptibility to 

weathering and erosion. Structures and fabrics are also present in the better exposed and more 

resistant Ketyet River group orthoquartzite, but due to its essentially monomineralic character 

and lack of distinctive marker horizons except for its basal and upper contacts, recognition of 

these structural fabrics can be extremely difficult, if not impossible in some places. With careful 

observation, however, structures such as bedding, graded bedding, cross bedding and 

schistosity can be detected. Certain structures, like bedding, also tend to be more obvious on 

aerial photographs which can be an invaluable aid to structural mapping in the “seas of white 

quartzite”. 

 

In the succeeding four sections of this chapter, the structural geology of each map area will be 

presented separately in order to address the area-specific objective relevant to each, as outlined 

in detail in section 1.2.1. For convenience, these objectives are briefly summarized here: 

 Nipterk Lake area: establish stratigraphic relationships of the well-exposed Ketyet River 

group from the basal unconformity upwards, in order to describe and define the 

geometry and sequence of structures that have affected it. 

 Ukalik Lake area: determine whether or not the orthoquartzite is interbedded with the 

ca. 2.6 Ga Snow Island suite QFP schist, and establish if an early phase of deformation 

controls the map pattern. 

 Bar Lake area: determine if the orthoquartzite sequence here is correlative to that 

documented in the Nipterk and Ukalik Lake areas, and examine its margins to determine 

whether or not this exposure represents a “klippe”. 
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 Kiggavik area: test the lithostratigraphic relationships observed in the other map areas 

to determine whether or not they are valid here, with related implications for mineral 

exploration. 

The remaining sections of this chapter compare and discuss the structural geology of each area 

to one another in an effort to see if, and how, the structures correlate across the region. 

Accompanying geological maps, representing enlarged versions of Figures 3.2, 3.3, and 3.5, are 

available in the back pocket. 

 

Table 4.1 (next page): Summary of deformational structures and comparison to previous work 

around the Nipterk Lake and Ukalik Lake areas. Cells are shaded with respect to the generation 

assignment in this study, e.g., structures in cells that are shaded light red are correlative to D3 in 

this study. Structures associated with D1’ were only locally observed in previous studies and 

occur exclusively in Archean rocks. Structures associated with D4’ were interpreted to have 

developed during D4, but were separated for correlation purposes to this study. *D1 and D2 were 

previously recognized as a single event. 
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Phase Ashton (1988) Zaleski (2000) This study 
(Nipterk/Ukalik) 

This study (Bar 
Lake/Kiggavik) 

D5   Moderately S-
plunging NW- and 
NE-trending kink 
bands and 
crenulation cleavage. 

NE- and NW-
trending, sub-
vertical brittle 
faults. 

D4’ Sub-horizontal 
NE- and SW-
plunging 
crenulations. 

   

D4 Gently to 
moderately NE- 
and SW-trending 
minor folds. 

Open to tight, N to 
NE-trending 
upright folds. 

  

D3 S- to SE-plunging 
extension 
lineations. 

SE-verging open to 
tight folds with 
sub-horizontal SW-
plunging 
crenulation 
lineations. 

Sub-horizontal, 
doubly-plunging (E 
to W) crenulation 
lineation associated 
with gently N-
dipping axial planes 
of recumbent folds. 

Shallowly SW-
plunging 
crenulation 
lineations (rare). 

D2 Moderately SE-
dipping 
schistosity with 
associated gently 
to steeply E-NE 
to SE-plunging 
S1/2 intersection 
lineation. 

*Tight to isoclinal 
folds with 
associated E- to SE-
dipping crenulation 
cleavage. 

Moderately E- to NE-
plunging S- to SE-
dipping, overturned 
folds (transposing D1 
structures). 

Shallowly to 
moderately NW-, 
W-, and SW-
plunging closed to 
tight folds with NE-
, NW-, and N-
dipping axial planar 
schistosity. 

D1 Moderately SE-
dipping isoclinal 
folds with axial 
planar schistosity 
and gently to 
moderately NE- 
to SE-plunging 
S0/1 intersection 
lineation. 

 Moderately E- to NE-
plunging, S- to SE-
dipping isoclinal F1A 
and F1B folds with an 
axial planar 
schistosity. 

Shallowly to 
moderately NW-, 
W-, and SW-
plunging isoclinal F1 
folds with axial 
planar schistosity. 

D1’ Moderately SE-
dipping isoclinal 
folds with axial 
planar 
schistosity. 
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4.2 Nipterk Lake 

The earliest deformational event (D1) in the Nipterk Lake area (Figure 3.3) is recorded by 

isoclinal folds (F1) of primary bedding (S0) with a continuous schistosity (S1) that is now sub-

parallel to bedding. S1 is defined by the alignment of phyllosilicate minerals (chlorite, muscovite, 

sericite) in the schists and alignment of muscovite and flattening of quartz in the micaceous 

quartzite and orthoquartzite, as well as by flattening of clasts in the metaconglomerate. The F1 

folds and related S1 schistosity have been co-axially re-folded and transposed sub-parallel to the 

moderately south-dipping axial planes of gently to moderately east-plunging closed to tight F2 

folds (Figure 4.1), creating a composite foliation (S0/1/2). Due to severe transposition, particularly 

along F2 fold limbs, S1 is only discernible from S2 in F2-hinge zones where the two fabrics are at a 

high angle to each other (Figure 4.2). F2 folds typically display fanning cleavage (S2) that can 

locally be seen to transect both limbs of F1 folds (Figure 4.2); the associated S1-S2 intersection is 

parallel to the F2 fold axis (L2) and plunges gently to moderately toward the east and coincides 

with the F1 fold axes (Figure 4.1). The co-axial superposition of the F2 folds on the earlier F1 

isoclines, i.e., both generations of folds share the same fold axis, created a type 3 “hook” 

interference pattern, which is visible on the meso- and macroscopic scales (Figures 4.2 and 3.3). 

This pattern is also evident from the geometric relationships between structural elements when 

plotted on a stereonet (e.g., L1 and L2 roughly plot on top of each other; Figure 4.1). 

 

The Nipterk Lake area is divided into a northern and southern structural panel, separated by the 

Nipterk Fault (Figure 3.3), where the latter contains a higher proportion of basement rocks (QFP 

schist) than the northern panel, which is dominated by the grey pelitic schist. Thrust 

displacement is inferred based on the juxtaposition of older basement rocks (QFP schist; 

southern panel) on younger rocks (grey pelitic schist and orthoquartzite; northern panel). This 
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thrust fault, along with imbricates, is axial planar to a map-scale F2 fold (Figure 3.3), although 

due to the transposition of S1 by the F2 folds, the fault may have developed during D1. The 

juxtaposition as well as the co-axial interference pattern is illustrated in an annotated aerial 

photograph of the Nipterk Lake area (Figure 4.3). Proximal to these faults, the intensity of the 

composite S0/1/2 foliation increases and the rocks can be described as “phyllonites” – rocks that 

have been strongly affected by low temperature shearing processes and cause alignment of 

muscovite along the foliation plane. 

 
Figure 4.1: Stereograph showing the attitude of various structural elements in the Nipterk Lake 
area. Transposition of S0 and S1 parallel to S2 is evident by their poles plotting in the same area. 
Note that L1 (blue dots) and L2 (green dots) roughly plot on top of one another, i.e., F1 and F2 are 
co-axial, diagnostic of type 3 fold interference pattern. L3 (red dots) are doubly plunging, likely a 
result of later F5 folding (orange; original in colour). 
 
 



54 
 

 
Figure 4.2: F1 fold, defined by interlayering of quartzite and grey pelitic schist, re-folded by F2 in 
the central part of the Nipterk Lake area (Figure 3.3, locality I). The S1 cleavage is parallel to the 
F1 axial trace. Note the fanning F2 cleavage that cross-cuts both limbs of the F1 fold (original in 
colour). 
 
Sub-horizontal, doubly-plunging east-west third generation folds (F3) are noted in zones marked 

by a strong and ubiquitous crenulation lineation (L3) on the composite S0/1/2 surfaces (Figures 4.1 

and 4.4). L3 is best defined by bending and kinking of micaceous minerals in the pelitic and QFP 

schists, as well as stretched quartz grains in the orthoquartzite. The axial planes of F3 folds are 

poorly defined at the outcrop scale, but are sub-horizontal to gently north-dipping based on 

their geometry observed in oriented thin sections as well as observations in the adjacent Ukalik 

Lake area, where they are better exposed (see section 4.3; Figure 4.4 C, D). F3 folds appear to 

have no discernible effect on the local map pattern, but may have had a more regional effect, 

i.e., their wavelength is larger than the map area. 

 

Finally, the last deformational event (D5) is recorded by a set of moderately south-plunging, 

northwest- and northeast-trending conjugate kink-bands (F5; Figures 4.1 and 4.5). It is 

represented on the map scale by large conjugate fractures/lineaments as well as gentle re-

folding of earlier fabrics, notably the S2 foliation and the axial trace of F2 folds (Figure 3.3). 
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Figure 4.3: Annotated aerial photograph of the Nipterk Lake map area, looking toward the northeast, illustrating co-axial F2 refolding of F1 folds 
and transposition of S1 parallel to the F2 axial planar S2 foliation. Note that the QFP schist is more exposed in southern part of the map (toward 
the right in the photograph; modified from Riemer, 2011; original in colour).  
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Figure 4.4: L3 crenulation lineations on S0/1/2 surfaces (Sm) near Nipterk Lake (A, C; Figure 3.3, 
locality W) and Ukalik Lake (B, D; Figure 3.2, locality Q). Note that they have been re-folded by 
sub-vertical F5 crenulations (A, B). F3 axial planes seen in oriented thin section (10JPM014-A01) 
under crossed polarized light (C) and in outcrop near Ukalik Lake where F3 folds are expressed at 
a larger scale (D; original in colour). 
 
 

 
Figure 4.5: F5 crenulation folds oriented in a conjugate pair in the Nipterk Lake area in both A: 
outcrop, and B: thin section under plain polarized light (Figure 3.3, locality W; original in colour). 
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4.3 Ukalik Lake 

The Ukalik Lake area is dominated by a regional-scale F2 fold that has co-axially re-folded earlier 

isoclinal F1 folds and D1 discontinuities (Figure 3.2). The superposition of moderately to steeply 

northwest-verging closed F2 folds on the F1 isoclines is similar in style (type 3) to Nipterk Lake 

and resulted in repetition of the lithostratigraphic succession (Figure 3.2). In the eastern part of 

the map area, the F1 and F2 folds are moderately northeast-plunging, whereas in the western 

part of the area they are moderately southwest-plunging. Additionally, there is evidence 

suggesting the existence of pre-F1 folds that developed during the early stages of D1, therefore, 

the F1 folds in this area are referred to as F1A (pre-F1) and F1B where they can be distinguished 

from one another. These earlier folds are best seen in the southeastern part of the area where 

the komatiitic schist is structurally overlain by QFP schist (both Archean) and core an F1A 

anticline in the southern limb of the main F2 fold (Figure 3.2). This F1A anticline was subsequently 

folded by the F1B folds, best defined in the map area by the folded QFP schist at locality A (Figure 

3.2). The relationships of these early F1A and F1B folds and significant faults described below are 

illustrated in a WSW-ENE cross-section (B-B’ on Figure 3.2) along the F2 axial trace (Figure 4.6). 

 

Smaller F1 and F2 folds are also well exposed in the northwest and southeast of the map area 

near the “Riemer Lineament” (R.L.). It is notable that the QFP schist and orthoquartzite was 

previously interpreted as being interbedded in these zones (Zaleski et al., 2000) rather than 

interfolded, as evidenced by the multiple repetitions of the stratigraphic section and fold 

interference pattern (Figure 3.2). 

 

Two regional-scale structural discontinuities were documented in this area to have also caused 

repetition of the lithostratigraphic section. Both of these faults have been deformed by F1B folds 
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as well as the succeeding folding events, and therefore, must have developed prior to the 

completion of D1, e.g., at the same time as F1A folding during the early stages of D1. One fault, 

labeled “Fault 1” on Figures 3.2 and 4.6, is localized within or along the upper contact of the 

Ketyet River group grey pelitic schist. It was first identified in the northern limb of the major F2 

fold (locality C, Figure 3.2) where it steeply dips to the south and juxtaposes Archean QFP schist 

in its hanging wall (older) against the grey pelitic schist in its footwall (younger; Figure 4.7). This 

fault is inferred to have developed in the grey pelitic schist and when extrapolated along strike, 

one can see clearly that it was folded by F1B and F2. The second fault (Fault 2; Figure 3.2) is 

poorly exposed and located between the QFP schist and the upper meta-paraconglomerate in 

the Ketyet River group quartzite (locality D, Figure 3.2). It is similar to Fault 1 in that it cuts out 

part of the stratigraphic section, i.e., the grey pelitic schist, places the older ca. 2.6 Ga QFP schist 

structurally above the upper meta-paraconglomerate in the quartzite, and is folded by both F1B 

and F2. These two faults are interpreted to be connected (Figure 4.6), forming a single 

discontinuity zone that may merge with a basal discontinuity or décollement and is proposed to 

be traceable into the Nipterk Lake map area (discussed further in section 4.7.1). 

 

The younger D3 structures are similar to those observed in the Nipterk Lake area, but are better 

developed in the Ukalik Lake area. The L3 crenulation lineation is again ubiquitous and doubly E-

W-plunging; however, the F3 folds are larger and more noticeable, and have gently north-

dipping axial planes (Figure 4.4D). Despite the improved development of F3 folds, they still have 

no discernible effect on the map pattern. 

 

F5 folds are of the same character as in the Nipterk Lake area. They are kink bands that 

developed in a conjugate set, trending north-northwest and north-northeast, and plunging 



59 
 

moderately to steeply toward the south-southwest and south-southeast. At the map-scale, D5 is 

represented by the Riemer Lineament and its conjugates (Figure 3.2 and 4.8). It is suspected that 

these D5 structures are responsible for the deflection of the F2 axial trace, as illustrated in the 

Nipterk Lake area (Figure 3.2). 

 

 

 

 
 
Figure 4.6: WSW-ENE cross-section (B-B’, Figure 3.2) of the Ukalik Lake area, along the F2 axial 
trace. This section illustrates an early F1A anticline, cored by komatiitic schist, thrusted over the 
younger rocks of the Ketyet River group and then re-folded by F1B. Fault 1 and Fault 2 are 
interpreted as being connected. A splay off the main fault, at a higher structural level, is inferred 
to explain the lack of komatiitic schist in the WSW (original in colour). 
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Figure 4.7: N-S cross-section (A-A’, Figure 3.3) of the northern limb of the megascopic F2 fold in 
the Ukalik Lake area, illustrating the thrust fault (Fault 1) which placed the older QFP schist over 
the younger grey pelitic schist of the Ketyet River group. Geology above the pink section line is 
extrapolated (original in colour). 
 
 
 

 
Figure 4.8: Illustration showing the Riemer Lineament and its possible conjugates in the Ukalik 
Lake area (Figure 3.2). 
 
 

4.4 Bar Lake 

The Bar Lake area (Figure 3.5) is a regional-scale oval outlier of Ketyet River group 

orthoquartzite that has been cut by multiple north-northwest- and east-trending late brittle 

faults, the latter showing apparent dextral strike-slip displacement, dividing the area into several 

“blocks” (Figure 3.5). This late faulting, discussed in more detail below (section 4.4.4), resulted in 

the blocks being misoriented with respect to one another, and thus the earlier tectonic 
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structures related to D1 – D3 are misoriented between each block as well. The area has therefore 

been sub-divided into three structural domains (I, II, III; Figure 3.5) following the procedures 

defined by Ramsey and Huber (1978). Each structural domain is defined by similar attitude and 

style of the same generation of tectonic fabric; domains I to III are respectively distinguished by 

the west-southwest-, south-, and northwest-striking F2 axial planes. These sub-divisions are 

critical in assessing the structural relationships in this area to avoid correlating variably re-

oriented structural trends. 

 

4.4.1 Domain I 
 

Domain I consists of three large and three small masses of quartzite (Figure 3.5), with the two 

most western masses mapped in the most detail and informally referred to from west to east as 

“The Tip” and “U-block”. Two foliations were documented within this domain, the first (S1) is a 

strong continuous schistosity that is best defined by the micas in the 2-5 cm scale micaceous 

quartzite/schist interbeds, and is generally slightly discordant to primary bedding (S0). Due to 

the lack of distinct and continuous marker beds in the quartzite blocks, the F1 fold hinges are 

elusive and rarely observed (Figure 4.9). In a transect from southwest to northeast along the 

axial trace of F2 folds, the angular relationship between S0 and S1 alternates from clockwise-to-

bedding to counter-clockwise-to-bedding (Figure 4.10) at the 5-10 m scale, however, attesting to 

the existence of early isoclinal folds. This is especially evident to the east of “U-block” where 

well-exposed metagabbro and grey pelitic schist are exposed (Figure 3.5) and serve as useful 

marker horizons that outline these early folds. In this section of Domain I, the amplitude of the 

F1 folds can be measured to be up to 200 m, but it is likely greater than this given the unknown 

extent of the fold limbs that continue under Quaternary cover. In addition, this area 
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demonstrates polyharmonic folding caused by the competency contrast between the 

metagabbro, grey pelitic schist and quartzite (Figure 4.11) and these differences in rock type 

need to be taken into consideration when evaluating fold attributes, such as amplitude, which 

vary significantly. 

 

 
Figure 4.9: F1 fold within orthoquartzite in the Bar Lake area; bedding is traced by dashed white 
line (Figure 3.5, locality O; original in colour). 
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Figure 4.10: Idealized illustration showing the angular relationship of first generation cleavage 
with respect to bedding, where looking down the F1 fold axis (A: simplified, single generation 
fold; B: re-folded F1 isoclinal folds that characterize the thesis areas. Cleavage on the right side 
of the antiform is rotated clockwise (CW) with respect to bedding, whereas on the left side, it is 
rotated counter-clockwise (CCW). Cleavage is at a high angle (90°) to bedding in the hinge zone 
(original in colour). 
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Figure 4.11: Aerial photograph overlain with geological field observations and interpretations in the northeastern part of U-Block in the Bar Lake 
area (original in colour). 
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A weakly demarcated and steeply northwest-dipping axial planar S2 foliation defined by 

stretched and flattened quartz grains is at a high angle to both S0 and S1. In “the tip” area (Figure 

3.5), bostonite dykes follow this S2 foliation at the map scale and are themselves weakly foliated. 

An associated shallowly southwest-plunging intersection lineation produced by the two 

foliations is ubiquitous throughout the entire area. A π-pole diagram (Figure 4.12) reveals that 

poles to both S0 and S1 roughly define a common great circle (some discordance due to 

incomplete transposition) with a common pole (π-pole = fold axis) corresponding to this 

lineation. The fact that S0 and S1 fit to a common great circle substantiates the inference of 

earlier folds; furthermore, given that there is one common lineation suggests that L2 paralleled 

L1, indicative of co-axial (type 3) refolding.  

 

Within this domain as a whole, hook-style folding is best represented by “U-block” (Figure 3.5) 

and is the same pattern as that observed in the Nipterk Lake area, although in detail there are 

differences in attitude of the fold axes and the axial planes in respective areas. This pattern is 

not distinctly recognizable on the map in “the tip”, which resembles a type 2 “boomerang” 

pattern; however, the pattern is misleading and is likely caused by the truncation of the outcrop, 

specifically removing the megascopic F1 fold limbs similar to those in “U-block”, by the 

southwest-trending fault that borders Domain I and II, as well as subsequent erosion. Note, 

however, there is also local evidence of transitional behavior toward a type 2 pattern suggested 

by a slight offset of L1 and L2 lineations (up to 20 degrees). 

 

Tectonic structures associated with D3 are poorly represented in this domain, but shallowly 

southwest-plunging L3 crenulation lineations, co-axial with earlier F1 and F2 fold axes, were 

observed in some outcrops of grey pelitic schist (Figure 4.13). 
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F5 kink bands like those observed in the Nipterk and Ukalik Lake areas were not observed in this 

domain. Structures associated with D5 are probably expressed by a late set of regional north-

northwest-striking sub-vertical brittle faults/fractures (Figures 1.2 and 3.5); however, due to the 

high volume of fractures and the extensive range of orientations, a relationship with D5 could 

not be definitively established. 

 

 

 
 
Figure 4.12: π-pole diagram showing S0 and S1 sharing a roughly common great circle and fold 
axis, the latter parallels the S1-S2 intersection lineation, indicating co-axial refolding (original in 
colour). 
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Figure 4.13: Photograph, view looking SW, of grey pelitic schist in the western Bar Lake area 
showing L3 parallel to the L1-2 intersection lineation. Note that the axes of all three lineations 
plunge toward the SW and all are roughly parallel; L3 is on the foliation plane, piercing through 
the plane of the photograph. The L3 annotation has been drawn as a line across the main 
foliation to illustrate its location in the photo (Figure 3.5, locality Z; original in colour). 
 

4.4.2 Domain II 
 

Outcrops of both quartzite and grey pelitic schist are poorly exposed in domain II in comparison 

to the rest of the area, with most of the exposure being frost-heaved and obscured by 

Quaternary cover. The nature and attitude of structures in this domain are similar to those in 

domain I. S0 is again slightly discordant to S1 (Figure 4.14), and their angular relationship 

alternates at the metre scale. These S0 and S1 foliations have been openly folded by shallowly to 

moderately west-plunging F2 folds that verge toward the east-southeast, with an associated 

northwest-trending enveloping surface that reflects the pre-F2 trend of S1 (Figure 4.14). The S1-S2 

intersection lineation is again strong and ubiquitous in this domain, whereas D3 structures were 

not evident and D5 structures likely correspond to the north-northwest-trending 

faults/fractures. 
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Figure 4.14: Domain II π-pole diagram showing S0 and S1 sharing a roughly common great circle 
and fold axis, similar to that in Domain I. Measurements are limited in this domain due to poor 
outcrop exposure (original in colour). 
 
 

4.4.3 Domain III 
 

Domain III is the largest of the three domains and contains the largest mass of exposed quartzite 

in the map area, informally named “E-block”. The quality of the outcrop is generally exceptional 

with locally poorer areas where frost-heaving is prevalent, especially in the western and 

southeastern parts of the block. Despite this excellent exposure, there are no readily 

distinguishable and extensively continuous interbeds or marker horizons to assist with structural 

interpretation, e.g., shaley beds defining folds. Distinct S0 and S1 foliations can still be commonly 

identified in the discontinuous micaceous quartzite interbeds, thus the attitude of the folds can 

be established stereographically as in the other structural domains (Figure 4.15). Whereas the 

angular relationship between S0 and S1 alternates at the metre scale in domains I and II, it 

changes to the hundreds-of-metres and kilometre scale across domain III. This reduced 
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frequency of alternation implies fewer F1 folds within this domain, which may be due to: 1) the 

competency of a large mass of quartzite and its resistance to deformation; 2) a relatively 

horizontal erosional surface cutting across shallowly dipping F1 axial planes, thereby increasing 

the thickness of exposed fold limbs; 3) the limbs of F1 folds being much larger in this domain 

than in the other two; or 4) a combination of these three factors. 

 

Early F1 folds can be seen in the BIF that is structurally below and is exposed along the eastern 

margin of E-block (locality G, Figure 3.5). These folds are recumbent, trend north-south and have 

shallowly west-dipping axial planes with fold axes that plunge shallowly toward the northwest 

(Figure 4.16). The S0 and S1 fabrics are folded by open to closed, northwest-plunging F2 folds that 

are overturned toward the south-southwest. 

 

As in Domains I and II, the poles to S0 and S1 in Domain III, respectively, plot along two great 

circles that are sub-parallel to one another and share the same pole, which defines a common 

(F1 and F2) fold axis. In the quartzite, the F2 folding is locally evident by the strong S1-S2 

intersection lineation and mullions (locality J, Figure 3.5) where the axial planar cleavage is 

defined by the flattened quartz (Figure 4.17). The grey pelitic schist is poorly exposed in this 

domain, but its exposure with respect to the quartzite is useful to establish stratigraphic order 

and positioning within F1 folds, e.g., an inferred F1 syncline toward the western side of E-block 

(Figure 3.5). 
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Figure 4.15: Domain III π-pole diagram showing S0 and S1 sharing a roughly common great circle 
and fold axis, similar to that in Domains I and II (original in colour). 
 
 
The resulting enveloping surface of the F2 folds trends north-south, dips moderately to the east 

and represents the orientation of the S1 foliation prior to F2 folding. It differs in attitude from the 

enveloping surface of the F1 folds in the underlying BIF suggesting that the quartzite package is 

discordant to rocks below. Furthermore, the contact between the quartzite and BIF is highly 

strained, and the lower portion of the former contains dismembered quartzite that is hematite-

stained and stretched at the metre scale, parallel to the contact (Figure 3.6). In addition, on 

aerial photographs one can see clearly that the main structural fabrics (S1 and S2) in E-block are 

truncated at its eastern margin (Figure 4.18). These observations suggest that this is a tectonic 

contact and that the overlying rocks have been transported, i.e., most likely thrust into place. 

 

The grey pelitic schist also preserves the rarely observed D3 structures, which have similar 

relationships to those described in domain I. L3 crenulation lineations are co-axial with and 

overprint the earlier folds and have sub-horizontal axial planes and shallowly northwest-
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plunging fold axes. D5 can be distinguished in this domain, but only within the BIF, where they 

are characterized by a conjugate set of northeast- and northwest-trending crenulations (F5) that 

are sub-horizontally plunging (Figure 4.19). Both F3 and F5 again have had minor to no effect on 

the map pattern. 

 

 
Figure 4.16: Recumbent F1 folds in BIF in the eastern part of the Bar Lake area (Figure 3.5, 
locality G; original in colour). 
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Figure 4.17: Elongated orthoquartzite mullions defined by the intersection of S1 and S2 at locality 
J, Figure 3.5 (A). B: close-up of a mullion showing the faint flattened quartz grains that define 
each fabric and outline of photograph C. C: Close-up of B showing better definition of the 
flattened quartz grains that define the two fabrics. D: Photomicrograph under crossed polarized 
light of sample 11JPM055-A01 (B and C), showing the cross-cutting S2 cleavage defined by 
muscovite and deformed quartz grains, the latter showing differential undulatory extinction 
with respect to the nearby grains (original in colour). 
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Figure 4.18: Aerial photograph of the main tectonic fabrics (S1 and S2) being truncated against 
the margin of E-Block in the eastern Bar Lake area (original in colour). 
 
 

 
Figure 4.19: Conjugate F5 crenulation kink bands in BIF in the eastern section of the Bar Lake 
area (Figure 3.5, locality G; original in colour). 
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4.4.4 Comparison of domains I - III 
 

Although the attitudes of the main structures differ across the map area, several relationships 

between them are common in all three structural domains: 1) S1 is slightly discordant to S0; 2) 

the poles to S0 and S1 share the same great circle, the pole of which generally coincides with the 

prominent S1-S2 intersection lineation, implying co-axial folding of F1 and F2; and 3) the F2 axial 

planes are nearly perpendicular to F1 axial planes where observed in F2 hinges. Given these 

common relationships and the fact that F3 is co-axial with the earlier folds in domains I and III, 

this likely also applies in domain II, where less data was collected. Furthermore, all of these 

structures must have had similar attitudes up to and including D3, and were then modified, 

presumably during D5 brittle faulting. 

 

Comparing the respective domains (Figure 4.20) shows that the main structures are rotated with 

respect to one another. This is most obvious for the F2 folds which show similar geometry 

(upright to inclined and gently to moderately plunging) but are misoriented with respect to one 

another. This rotation and/or differential movement must have resulted from brittle rather than 

ductile deformation as the latter would have modified the pre-existing structures in a more 

pervasive and consistent fashion. This rotational and/or translational displacement is therefore 

ascribed to the late east-west- and north-northwest-trending brittle faults that transect the map 

area. The main east-west-trending fault, informally named the “Bar fault”, has an apparent 

dextral strike-slip movement of 4 km. These faults are interpreted to have developed during D5. 

Their orientations locally parallel the axial planes of major F1 and F2 folds, for example, the 

northeast-southwest-trending fault defining the domain I and II boundary is parallel to the F2 

axial plane in U-block of domain I, suggesting pre-existing structures may have influenced 

localization of these faults. 
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Figure 4.20: Geological map of the Bar Lake area showing the π-pole diagrams of each structural domain (I – III). Note how the relationship 
between the structures and fabrics remains the same in all three domains, but each domain is rotated with respect to one another. Symbols in 
stereoplots are the same as in previous figures; original in colour).  
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4.5 Kiggavik 

The Kiggavik uranium deposit is located 3 km south of the northeast-trending “Thelon Fault”, 

which marks the boundary between the Thelon Formation to the north and the basement rocks 

to the south (Figure 1.2). The fault comprises a series of en-echelon northeast-trending 

segments, sub-parallel to earlier F2 axial planes, all of which dip steeply toward the north with 

near-vertical slickenstriae. Overall the Thelon fault offsets the Schultz Lake intrusive complex 

(west of Kiggavik) right laterally by 25 km (Figure 1.2) and has a later north-side-down dip-slip 

component of up to 700 m (Davis et al., 2011). It is in turn offset by younger north-northwest-

trending faults that parallel the Mackenzie diabase dyke swarm (Figure 1.2) and is likely to be a 

continuation of the Bar fault in the Bar Lake area. 

 

In the Kiggavik area, the ductile structural fabrics are similar to those in the Bar Lake area. S0 is 

again slightly discordant to S1, which developed axial planar to isoclinal west-southwest-plunging 

F1 folds. These have been co-axially re-folded by south-verging F2 folds that produce a north-

northwest- to south-southeast-trending enveloping surface. Locally, as shown in Figure 4.21, 

north-northwest-striking D1 thrust faults are suspected where thick beds of moderately west-

dipping quartzite are truncated by shallowly-moderately east-dipping quartzite beds. The trend 

of the thrust fault is roughly perpendicular to the F2 axial planes and S0 is sub-parallel to S1 in the 

quartzite in both the hanging wall and footwall of this interpreted thrust. Faulting is therefore 

thought to have occurred during the later stages of D1. 

 

Geological relationships evaluated from drill core data in Figure 3.17 were extended toward the 

north using outcrop data collected on three systematic traverses. Collectively, these data were 

used to construct a longer north-south cross-section shown in Figure 4.22. The data along this 
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section line are best explained by a series of south-verging overturned folds, cut by thrust faults. 

The validity of this structural style was confirmed during the 2011 field season. The type 3 

interference pattern resulting from co-axial F1 and F2 folds is not evident in this extended section 

due to extrapolation and simplification of sub-surface and outcrop data. If augmented with 

additional drill core data, the Type 3 pattern would probably be evident. This section 

furthermore demonstrates that the lower Ketyet River group stratigraphy (as seen in other 

areas) is locally inverted due to early recumbent folding. 

 

As in the Bar Lake area, D3 and D5 structures in the Kiggavik area are poorly represented. Based 

on limited data and only a few observations, L3 crenulation lineations appear to be parallel to 

the earlier fold axes and D5 is again represented by a set of steeply north-plunging conjugate 

crenulation cleavages that trend northwest-southeast and northeast-southwest. 

 
Figure 4.21: Early D1 fault in orthoquartzite north of the Kiggavik uranium deposit (E 563265, N 
7148230). A: Outcrop photograph looking north (black line outlines the fault); B: close up. Note 
that the main fabric on the left side of the fault (footwall) is truncated against that of the right 
side (hanging wall) and not folded (original in colour). 
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Figure 4.22: Simplified extended N-S cross-section of the geology near the Kiggavik uranium deposit showing three thrust faults that cause 
repetition of strata. Topographic relief is negligible and the section has no vertical exaggeration. Above surface geology is extrapolated. 
Observations from stations 10JPM092 – 10JPM097 were used to extend Figure 3.17 (original in colour). 
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4.6 Relationship between deformation and metamorphism 

The rocks within the four study areas record a relatively low metamorphic grade. In the Nipterk 

and Ukalik Lake areas, the grey pelitic schist contains porphyroblasts of kyanite and chloritoid in 

a matrix dominated by muscovite, sericite and trace amounts of chlorite; the latter is also 

present in the matrix of the QFP schist (Figures 3.18 and 3.8D). This assemblage indicates lower 

greenschist facies metamorphism (low temperature and low to moderate pressure conditions). 

The growth of the kyanite and chloritoid porphyroblasts as well as the chlorite is 

contemporaneous with the development of S2 (Riemer, 2011). This relationship is indicated by 

the composite S0/1/2 foliation both enveloping and being deflected into and out of the 

porphyroblasts. The porphyroblasts are also deflected and bound by the later L3 crenulation 

lineations, further constraining the timing of their growth (Figure 3.18). The timing of peak 

metamorphism in the area is therefore synchronous with D2. 

 

In contrast to the Nipterk and Ukalik Lake areas, kyanite, chloritoid, and chlorite are absent in 

the grey pelitic schist in the Bar Lake and Kiggavik areas. Here, the grey pelitic schist is 

dominated by muscovite and sericite, indicating the rocks have undergone lower grade, sub-

greenschist facies metamorphism. 

4.7 Comparison of map areas 

4.7.1 Nipterk and Ukalik Lake map areas 
 

The Nipterk and Ukalik Lake areas are proximal to one another, and as a result, have 

stratigraphic and structural elements in common that can be linked and interpreted using legacy 

data (Zaleski et al., 1997a, b). As illustrated in Figure 4.23, the two areas are connected by a 
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prominent ridge of Ketyet River group orthoquartzite that is bounded to the north by the 

associated grey pelitic schist. The pelitic schist can be traced to the northern and central parts of 

the Nipterk and Ukalik Lake areas, respectively, where it is in sharp contact with the ca. 2.6 Ga 

QFP schist. As discussed in section 4.3, based on this juxtaposition of older basement rock (QFP 

schist) against the younger grey pelitic schist in the Ukalik Lake area, a major thrust fault (Fault 

1/2) is interpreted along this contact. In Figure 4.23, it is inferred to extend into the Nipterk Lake 

area and is herein referred to as the “Nipterk-Ukalik Fault”. Given the extent of this fault 

(approximately 15 km in length within the map area), and its relatively early timing, i.e., the fact 

that it has been folded by both F1 and F2 folds, it may represent a major splay off a basal 

décollement surface developed during D1. 

 

The geometry and attitude of the structures in both of these areas are similar; the isoclinal F1 

folds and their associated S1 foliation have been co-axially refolded and transposed parallel to 

moderately to steeply south-dipping F2 axial planar schistosity (S2). This is especially evident 

when comparing the early structures in the Nipterk Lake area to those in the two localities along 

the Riemer Lineament in the Ukalik Lake area (Figures 3.2 and 4.23) where more intense F1 

folding is evident with several repetitions of the stratigraphic section in a small area. The plunge 

of the F1 and F2 folds, however, differs between the two areas, but is co-axial in both. From the 

Nipterk to Ukalik Lake area, the fold axes change from gently to moderately east-plunging to 

moderately southwest-plunging, and then to moderately northeast-plunging, creating saddle-

like geometry. Furthermore, the L3 crenulation lineations are also doubly-plunging and the F2 

axial traces are deflected several times along this section (Figure 4.23), implying that subsequent 

folding and/or faulting during D5 has modified these fabrics.  
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Figure 4.23: Synthesis map of the Nipterk to Ukalik Lake area. Compiled from detailed maps of 
this study (Figures 3.2 and 3.3), legacy maps (Zaleski et al., 1997b), and filled in with geological 
observations and interpretations from airphotographs (original in colour). 
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4.7.2 Nipterk/Ukalik Lake and Bar Lake/Kiggavik map areas 
 

The structural style in the Bar Lake and Kiggavik areas is comparable to that observed in the 

Nipterk and Ukalik Lake (northeastern) map areas (type 3 interference), although there are 

some variations, specifically the recognition of two early phases of folding (F1A and F1B) in the 

Ukalik Lake area, as well as the intensity of D1- and D2-related structures. The most significant 

difference is the incomplete transposition of S0 to the S1 foliation; in the northeastern map areas 

there is little to no discordance between S0 and S1, possibly because of more severe 

transposition caused by F1A and F1B prior to D2, whereas in the Bar Lake area the angle between 

S0 and S1 is up to 20 degrees. Furthermore, in the northeastern map areas the S0/1 fabrics are 

transposed parallel to the moderately south- to southeast-dipping F2 axial planar schistosity (S2), 

creating a composite S0/1/2 foliation, whereas in the Bar Lake area F2 folds are not tight and the 

S2 cleavage is generally north-dipping and at a high angle to S0 and S1 in F2 hinge zones. This lack 

of transposition of the S0 and S1 fabrics indicates that the intensity of F2 folding in the Bar Lake 

area was less than in the northeastern map areas. In addition, the hundreds-of-metres scale 

alternating cleavage-bedding relationships observed in “E-block” in the Bar Lake area, indicating 

the presence of large-scale F1 folds, is not observed in the northeastern map areas. This further 

corroborates the decreased intensity of D2 here, and may also suggest that the intensity of the 

F1 folds is not as great in the vicinity of Bar Lake or the orientation of the D1 and/or D2 stress 

fields was not consistent across the region. Either of these scenarios could be influenced by 

varying thicknesses of the rock types, the orientation of pre-existing Archean tectonic 

structures, or a variation in structural level. 

 

There are also significant differences in the nature of later D3 and D5 structures. For example, 

both D3 and D5 structures are less obvious and developed in the Bar Lake area. In addition, the 
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kyanite and chloritoid porphyroblasts ubiquitous in the grey pelitic schist in the Nipterk and 

Ukalik Lake areas are absent there, indicating that the deformation in the Bar Lake area 

occurred under lower grade conditions (i.e., lower temperature and pressure). This suggests 

that the Bar Lake and Kiggavik areas were at a somewhat higher structural level than the Nipterk 

and Ukalik Lake areas at ca. 1.83 Ga, the approximate time of regional metamorphism (Pehrsson 

et al., 2004). Given the higher structural level and that the S2 fabric is discordant with the 

tectonized eastern margin of “E-block” in the Bar Lake area; it is likely that the isolated outlier of 

the Ketyet River group there was initially transported along an early thrust fault during D1. This is 

analogous to the Nipterk-Ukalik Fault that transported a panel of Ketyet River group quartzite 

and grey pelitic schist in the Ukalik Lake area, thus implying it is a klippe. This fault and the 

transport may be related to the formation of large scale nappe-like folds similar to those 

observed in modern fold-thrust belts (e.g., Joshi and Tiwari, 2009), and then reactivated during 

D2. These ideas are discussed further in chapter 6. 
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CHAPTER 5 

GEOCHRONOLOGY AND GEOCHEMISTRY 

5.1 Introduction 

Before this study, there was considerable debate on the age and affiliation of the thick 

orthoquartzite units in the region northwest of Baker Lake, with some advocating an Archean 

age (e.g., Ashton, 1988), and others Paleoproterozoic (e.g., Pehrsson et al., in prep.). Whereas 

this study demonstrates that the Ketyet River group represents a different lithostratigraphic 

assemblage than the Neoarchean Woodburn Lake group, it was deemed important to try to 

substantiate it by analytical methods (i.e., geochronology and geochemistry). In order to 

improve our understanding of the timing of deposition of the Ketyet River group and the 

deformational events that have affected it, two samples were collected from the Nipterk Lake 

area for U-Pb geochronological analysis of zircons using the Sensitive High Resolution Ion 

Microprobe (SHRIMP). Additionally, six samples of metagabbro were collected for geochemical 

analysis, four from the western Bar Lake area and two from the Ukalik Lake area, to test their 

correlation with one another as well as with mafic rocks in the Ketyet River group and the 

equivalent Five Mile Lake metabasalts of the Amer group. Twenty-seven additional samples of 

the Ketyet River and Amer group metabasalts were collected and provided by the GSC for this 

comparison. 
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5.2 Geochronology 

5.2.1 Sample selection and rationale 
 
Grey pelitic schist 

A sample of the dark grey pelitic schist (10JPM030-B02) was collected from the central part of 

the Nipterk Lake area near the contact with the orthoquartzite (Figure 3.3; locality Y). Given the 

lack of Paleoproterozoic detritus in the underlying orthoquartzite ca. 2 km east of Nipterk Lake 

(e.g., Davis and Zaleski, 1998), and based on work by Rainbird et al. (2010), it was anticipated 

that the pelitic schist would contain a wider range of zircon ages, including potentially younger 

(Paleoproterozoic) ages, reflecting a broader and more extensive source region of 

Paleoproterozoic basin development (Rainbird et al., 2010). This sample was therefore selected 

to determine the maximum depositional age as indicated by the youngest detrital zircon 

recovered from the schist. Owing to its lithostratigraphic association with the orthoquartzite, 

i.e., it is conformable and part of the same depositional sequence, a Paleoproterozoic age would 

prove that the orthoquartzite belongs to the Ketyet River group, rather than the Neoarchean 

Woodburn Lake group. Furthermore, it would indicate a change in the source of the detritus and 

provide insight into its provenance. 

 

Syenite 

The second sample (10JPM018-B02) was syenite collected from a small pink- to red-weathering 

syenite body in the southern part of the Nipterk Lake area (Figure 3.3; locality X) where it 

intrudes the QFP schist and Ketyet River group quartzite and cross-cuts the composite S0/1/2 

foliation, but contains a weakly developed S2 foliation, suggesting that it was emplaced during 

late D2 time (Figures 3.3, 3.25). This unit resembles the Martell syenite of the ca. 1.84 Ga Hudson 

suite (van Breemen et al., 2005; Peterson and van Breemen, 1999) and its age was expected to 
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reflect that, and also to confirm the ca. 1.84 Ga age of the second deformational event 

(Pehrsson et al., 2004). 

 
5.2.2 Analytical procedures 
 

The preparation and analysis of the samples followed the protocols outlined by Stern (1997). 

Staff of the J.C. Roddick Ion Microprobe Laboratory at the GSC prepared the samples and guided 

the author during analysis in the spring of 2011. Briefly, the zircon was separated from the two 

samples using standard crushing, grinding and heavy-liquid techniques, and additionally divided 

into magnetic fractions using a Franz™ separator (Stern, 1997). The zircon were then cast in a 

2.5 cm diameter, 7 mm thick epoxy mount (GSC #IP602) along with fragments of a GSC standard 

zircon (z6266; 206Pb/U238 age: 559 Ma) for calibration. The mount was polished using a 9, 6, and 

1 µm diamond compound to expose the mid-sections of the zircon, and subsequently coated 

with 4 nm of high-purity Au. The zircon were then photographed in back-scattered electron and 

cathodoluminescent modes using a Cambridge Instruments scanning electron microscope to 

show internal variations within the zircon (e.g., zoning). Finally, the mount was lightly repolished 

using 1 µm diamond paste to remove the Au coating, and then recoated with 7 nm of Au for 

SHRIMP analysis. 

 

For each sample, both the centre and perimeter of zircon were chosen for spot analysis, while 

avoiding fractures, in order to obtain ages related to original and late-stage growth of the zircon. 

The analyses were done using a 200 µm Kohler aperture that generated ca. 30 µm beam 

diameter and 0.65 µm deep elliptical pits. The count rates of ten isotopes of Zr+, U+, Th+, and Pb+ 

and background were measured over six scans with a single electron multiplier (Stern, 1997). 

Data processing, error propagation and graphing were accomplished using SQUID 2.50 and 
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Isoplot 3.6 software (Ludwig, 2003); data that were greater than 10 % discordant were not 

plotted on statistical (probability) density diagrams used for evaluation of ages. The 1σ error of 

206Pb/238U reported in Table 5.1 (see below) incorporates a ±1.25 % error in calibration of the 

standard zircon (Stern and Amelin, 2003). Error ellipses on the concordia diagrams, and the 

weighted mean errors are reported at 2σ. 
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Table 5.1: U-Pb data from the Ketyet River group grey pelitic schist and Hudson suite syenite. 

Spot name U Th Th 206Pb* 
204

Pb ± 
204

Pb f(206)
204

 
208*

Pb ±
 208

Pb 
207*

Pb ±
207

Pb 

(ppm) (ppm) U (ppm) 
206

Pb 
206

Pb 
206*

Pb 
206

Pb 
235

U 
235

U 

Grey Pelitic schist 
          10488-1.1 150 105 0.697 65 0.000031 0.000011 0.053 0.1926 0.0001 12.940 0.190 

10488-3.1 276 210 0.761 119 0.000013 0.000005 0.022 0.2204 0.0000 12.872 0.170 

10488-7.1 34 24 0.693 15 0.000000 0.000000 0.000 0.2116 0.0000 13.562 0.272 

10488-8.1 93 41 0.439 42 0.000019 0.000068 0.032 0.1301 0.0000 13.686 0.215 

10488-10.1 65 38 0.584 30 0.000044 0.000033 0.076 0.1772 0.0001 13.823 0.212 

10488-11.1 247 204 0.825 89 0.000022 0.000006 0.038 0.2518 0.0001 8.908 0.119 

 

Spot name 
206*

Pb ±
206

Pb Corr 
207*

Pb ±
207

Pb 
206

Pb ±
206

Pb 
207

Pb ±
207

Pb Disc. 

238
U 

238
U Coeff 

206*
Pb 

206
Pb 

238
U 

238
U 

206
Pb 

206
Pb (%) 

Grey Pelitic schist 
         10488-1.1 0.505 0.007 0.8900 0.1857 0.00125 2636 28 2702 11 3.0 

10488-3.1 0.504 0.006 0.9696 0.1853 0.00060 2630 28 2699 5 3.1 

10488-7.1 0.513 0.009 0.9004 0.1917 0.00167 2670 40 2754 14 3.7 

10488-8.1 0.530 0.007 0.8797 0.1873 0.00140 2742 31 2716 12 -1.2 

10488-10.1 0.535 0.007 0.9000 0.1874 0.00125 2762 31 2717 11 -2.0 

10488-11.1 0.417 0.005 0.9587 0.1548 0.00059 2249 24 2397 6 7.3 
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Table 5.1 (continued) 

Spot name 
U Th Th 206Pb* 

204
Pb ± 

204
Pb 

f(206)
204

 

208*
Pb ±

 208
Pb 

207*
Pb ±

207
Pb 

(ppm) (ppm) U (ppm) 
206

Pb 
206

Pb 
206*

Pb 
206

Pb 
235

U 
235

U 

Syenite 
           10487-01.1 77 58 0.755 33 0.000028 0.000015 0.049 0.2203 0.0001 12.229 0.180 

10487-25.1 39 15 0.394 19 0.000255 0.000057 0.443 0.1052 0.0005 15.762 0.301 

10487-11.1 54 38 0.700 24 0.000112 0.000023 0.195 0.2043 0.0004 12.245 0.191 

10487-09.1 55 14 0.262 27 0.000000 0.000000 0.000 0.0815 0.0000 17.365 0.260 

10487-45.1 117 49 0.420 49 0.000013 0.000008 0.023 0.1278 0.0000 12.081 0.168 

10487-02.1 94 76 0.804 41 0.000074 0.000023 0.128 0.2391 0.0003 12.217 0.175 

10487-05.1 111 87 0.781 47 0.000053 0.000072 0.092 0.2359 0.0002 11.908 0.178 

10487-10.1 46 23 0.504 20 0.000135 0.000039 0.234 0.1535 0.0004 13.312 0.213 

10487-15.1 60 38 0.639 28 0.000002 0.000002 0.004 0.1855 0.0000 14.637 0.241 

10487-17.1 67 37 0.549 31 0.000047 0.000014 0.082 0.1669 0.0001 13.908 0.227 

10487-18.1 97 30 0.308 57 0.000034 0.000010 0.058 0.0857 0.0000 26.247 0.361 

10487-19.1 72 56 0.772 31 0.000083 0.000022 0.144 0.2216 0.0003 12.259 0.181 

10487-22.1 62 22 0.350 31 0.000114 0.000047 0.198 0.1041 0.0002 17.072 0.255 

10487-23.1 135 58 0.425 66 0.000071 0.000020 0.123 0.1221 0.0002 16.831 0.229 

10487-27.1 80 51 0.643 36 0.000070 0.000024 0.121 0.1830 0.0002 14.161 0.219 

10487-28.1 58 38 0.661 24 0.000000 0.000000 0.000 0.2088 0.0000 12.156 0.184 

10487-29.1 122 97 0.795 59 0.000048 0.000009 0.083 0.2389 0.0002 16.427 0.225 

10487-32.1 111 75 0.674 49 -0.000021 -0.000029 -0.036 0.1958 -0.0001 13.236 0.268 

10487-35.1 44 20 0.456 20 0.000149 0.000098 0.258 0.1376 0.0004 15.477 0.619 

10487-37.1 67 38 0.564 39 0.000075 0.000015 0.130 0.1623 0.0002 26.012 0.377 

10487-43.1 65 16 0.251 32 -0.000036 -0.000019 -0.062 0.0778 0.0000 16.463 0.244 
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Table 5.1 (continued)                   

Spot name 
206*

Pb ±
206

Pb Corr 
207*

Pb ±
207

Pb 
206

Pb ±
206

Pb 
207

Pb ±
207

Pb Disc. 

238
U 

238
U Coeff 

206*
Pb 

206
Pb 

238
U 

238
U 

206
Pb 

206
Pb (%) 

Syenite 
          10487-01.1 0.504 0.007 0.9150 0.1760 0.00105 2631 29 2613 10 -0.8 

10487-25.1 0.557 0.010 0.9074 0.2052 0.00165 2854 40 2866 13 0.5 

10487-11.1 0.510 0.007 0.8892 0.1741 0.00124 2658 30 2595 12 -3.0 

10487-09.1 0.586 0.008 0.9204 0.2149 0.00126 2974 33 2940 9 -1.4 

10487-45.1 0.493 0.006 0.9435 0.1779 0.00082 2582 28 2631 8 2.3 

10487-02.1 0.505 0.007 0.9261 0.1755 0.00095 2634 29 2609 9 -1.2 

10487-05.1 0.489 0.006 0.8841 0.1765 0.00123 2567 28 2618 12 2.4 

10487-10.1 0.517 0.007 0.8800 0.1867 0.00142 2687 31 2711 13 1.1 

10487-15.1 0.541 0.008 0.9354 0.1962 0.00114 2788 35 2792 10 0.2 

10487-17.1 0.538 0.008 0.9359 0.1874 0.00108 2777 34 2717 9 -2.7 

10487-18.1 0.681 0.009 0.9621 0.2795 0.00105 3349 35 3357 6 0.3 

10487-19.1 0.503 0.007 0.9120 0.1767 0.00107 2628 29 2619 10 -0.4 

10487-22.1 0.580 0.008 0.9130 0.2134 0.00130 2950 32 2929 10 -0.9 

10487-23.1 0.566 0.007 0.9579 0.2156 0.00084 2892 30 2946 6 2.3 

10487-27.1 0.529 0.008 0.9381 0.1942 0.00104 2737 32 2775 9 1.7 

10487-28.1 0.491 0.007 0.9049 0.1796 0.00116 2574 29 2647 11 3.3 

10487-29.1 0.564 0.007 0.9560 0.2111 0.00085 2885 30 2911 6 1.1 

10487-32.1 0.517 0.010 0.9693 0.1857 0.00092 2686 43 2702 8 0.7 

10487-35.1 0.533 0.021 0.9675 0.2106 0.00213 2754 87 2907 16 6.5 

10487-37.1 0.680 0.009 0.9441 0.2775 0.00132 3344 36 3346 7 0.1 

10487-43.1 0.569 0.008 0.9231 0.2099 0.00119 2903 32 2902 9 -0.1 
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Table 5.1 (continued) 
          

Spot name U Th Th 206Pb* 
204

Pb ± 
204

Pb f(206)
204

 
208*

Pb ±
 208

Pb 
207*

Pb ±
207

Pb 

(ppm) (ppm) U (ppm) 
206

Pb 
206

Pb 
206*

Pb 
206

Pb 
235

U 
235

U 

Syenite 
           10487-50.1 17 12 0.703 8 0.000315 0.000065 0.546 0.2153 0.0012 13.634 0.281 

10487-54.1 100 53 0.531 47 0.000046 0.000010 0.079 0.1448 0.0001 15.307 0.215 

10487-62.1 72 67 0.928 32 0.000071 0.000017 0.123 0.2658 0.0003 12.665 0.189 

10487-64.1 153 64 0.417 66 0.000029 0.000009 0.050 0.1224 0.0001 12.175 0.176 

10487-70.1 68 47 0.699 32 0.000085 0.000021 0.148 0.1826 0.0003 14.530 0.257 

10487-73.1 97 61 0.625 48 0.000075 0.000015 0.130 0.1672 0.0002 16.848 0.239 

10487-77.1 124 126 1.015 55 0.000159 0.000046 0.276 0.2921 0.0008 12.244 0.201 

10487-80.1 56 46 0.821 28 0.000063 0.000017 0.109 0.2409 0.0003 16.654 0.254 

10487-81.1 42 28 0.672 18 0.000093 0.000030 0.162 0.1911 0.0003 12.540 0.242 

10487-84.1 61 51 0.847 27 0.000181 0.000068 0.314 0.2383 0.0007 12.539 0.203 

10487-87.1 72 47 0.649 33 0.000117 0.000036 0.203 0.1772 0.0004 13.880 0.211 

10487-89.1 61 42 0.701 27 0.000170 0.000047 0.295 0.2092 0.0006 12.454 0.195 

10487-94.1 76 48 0.629 36 0.000114 0.000046 0.197 0.1849 0.0004 15.345 0.228 

10487-98.1 125 101 0.810 52 0.000116 0.000019 0.201 0.2387 0.0005 12.212 0.172 

10487-101.1 117 58 0.492 59 -0.000042 -0.000020 -0.072 0.1413 -0.0001 17.092 0.238 

10487-109.1 130 78 0.599 54 0.000214 0.000054 0.370 0.1383 0.0005 12.106 0.177 

10487-110.1 141 66 0.470 68 0.000000 0.000000 0.000 0.1354 0.0000 16.827 0.231 

10487-112.1 52 36 0.688 24 0.000083 0.000111 0.143 0.1790 0.0003 13.460 0.258 
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Table 5.1 (continued) 
         

Spot name 
206*

Pb ±
206

Pb Corr 
207*

Pb ±
207

Pb 
206

Pb ±
206

Pb 
207

Pb ±
207

Pb Disc. 

238
U 

238
U Coeff 

206*
Pb 

206
Pb 

238
U 

238
U 

206
Pb 

206
Pb (%) 

Syenite 
          10487-50.1 0.526 0.009 0.8026 0.1880 0.00231 2724 37 2722 20 -0.1 

10487-54.1 0.546 0.007 0.9435 0.2034 0.00095 2807 30 2851 8 1.9 

10487-62.1 0.512 0.007 0.9109 0.1792 0.00111 2667 30 2643 10 -1.1 

10487-64.1 0.498 0.007 0.9570 0.1774 0.00074 2605 30 2626 7 1.0 

10487-70.1 0.550 0.008 0.7725 0.1914 0.00215 2827 31 2752 18 -3.4 

10487-73.1 0.583 0.008 0.9394 0.2095 0.00102 2962 32 2899 8 -2.7 

10487-77.1 0.510 0.007 0.8049 0.1741 0.00169 2656 29 2595 16 -2.9 

10487-80.1 0.573 0.008 0.9134 0.2108 0.00131 2920 33 2909 10 -0.5 

10487-81.1 0.510 0.007 0.7455 0.1782 0.00229 2659 31 2633 21 -1.2 

10487-84.1 0.512 0.007 0.8583 0.1776 0.00147 2665 30 2628 14 -1.7 

10487-87.1 0.542 0.007 0.9025 0.1859 0.00122 2790 31 2703 11 -4.0 

10487-89.1 0.511 0.007 0.8820 0.1767 0.00130 2662 30 2620 12 -2.0 

10487-94.1 0.544 0.007 0.9145 0.2044 0.00123 2802 31 2859 10 2.5 

10487-98.1 0.488 0.006 0.9362 0.1816 0.00090 2561 28 2665 8 4.7 

10487-101.1 0.586 0.008 0.9492 0.2116 0.00093 2972 31 2916 7 -2.4 

10487-109.1 0.483 0.006 0.9025 0.1819 0.00115 2539 28 2668 10 5.8 

10487-110.1 0.565 0.007 0.9560 0.2159 0.00087 2888 31 2948 6 2.5 

10487-112.1 0.526 0.009 0.8454 0.1855 0.00190 2726 36 2700 17 -1.2 

 
Spot name follows the convention x-y.z; where x = sample number, y = grain number and z = spot number. Multiple analyses in an individual 
spot are labelled as x-y.z.z. Uncertainties reported at 1s (absolute) and are calculated by numerical propagation of all known sources of error. 
f206204 refers to mole fraction of total 206Pb that is due to common Pb, calculated using the 204Pb-method; common Pb composition used is 
the surface blank (4/6:  0.05770; 7/6:  0.89500; 8/6:  2.13840). *refers to radiogenic Pb (corrected for common Pb). Discordance relative to 
origin = 100 * (1-(206Pb/238U age)/(207Pb/206Pb age)). Calibration standard 6266; U = 910 ppm; Age = 559 Ma; 206Pb/238U = 0.09059. Error in 
206Pb/238U calibration 1.25%. Th/U calibration: F = 0.03900*UO + 0.85600. 
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5.2.3 Results 
 

Table 5.1 reports results of U-Pb analyses from both samples. Associated concordia and 

statistical diagrams for the two samples are displayed in Figures 5.2, 5.4 and 5.5, and the results 

for each sample are discussed sequentially below. 

 

Grey pelitic schist 

Crushing and mineral separation yielded only 13 zircon from the grey pelitic schist. These range 

from 30 to 125 µm in length, and only six could be analysed within 10% discordance, probably 

due to their small size and the presence of fractures. Almost all of the zircon are equant with 

rounded margins, demonstrating strong abrasion during transportation, with the exception of 

three zircons that are subhedral, elongate and prismatic (Figure 5.1). Some of the zircon contain 

small minor inclusions and are cut by fractures. Internal igneous zoning is locally evident but 

does not conform to grain boundaries, indicating that it was truncated during erosion (e.g., 

10488-11.1; Figure 5.1). 

 

The youngest 207Pb/206Pb age from these grains was 2397 ± 6 Ma, but the analysis is 7.3% 

discordant with significant lead loss (Figure 5.1: grain 10488-11.1; Table 5.1). With exception of 

this one analysis, all zircons yielded near-concordant ca. 2.75 Ga ages (within 3.7 % discordance; 

Figure 5.2). 

 

Syenite 

A total of 116 zircons, ranging from 60 – 200 µm in length, were recovered from the sample of 

syenite, of which 39 were analysed within 10% discordance. The crystals range from euhedral to 

anhedral, although they are dominantly subhedral, are variably zoned and fractured, and have 



94 
 

no rims indicative of secondary zircon growth. On the basis of shape, four morphologies were 

identified. (1) Euhedral elongate, doubly-terminated prisms that display concentric zoning and 

have an aspect ratio of 4:1 (e.g., 10487-60; Figure 5.3). (2) Euhedral to subhedral stubby prisms 

with an aspect ratio of 2:1 (e.g., 10487-28; Figure 5.3). This is the dominant zircon morphology 

and typically shows concentric zoning and may contain inclusions. Some of these crystals appear 

to be partially resorbed, demonstrated by the truncation of the internal zoning, and may have 

been classified as type 1 grains if they were not damaged (e.g., 10487-5; Figure 5.3). (3) 

Anhedral to subhedral equant zircons that display weak internal zoning that is discordant to the 

margins of the crystal (e.g., 10487-15; Figure 5.3). (4) Anhedral elongate prisms that display 

weak concentric zoning and have an aspect ratio of 3:1 (e.g., 10487-23; Figure 5.3). 

 

The zircons from this sample yielded exclusively Archean ages ranging from ca. 3.3 to 2.6 Ga 

(Figure 5.4). These ages define four distinct clusters ca. 3.3, 2.9, 2.7 and 2.6 Ga and are shown 

on a frequency histogram with their relative probabilities (Figure 5.5). The mean age of the most 

populated cluster of youngest ages is 2622.7 ± 8.2 Ma. In general, there is no correlation 

between the morphology of the zircon and their ages, although the zircon of the youngest ca. 

2.6 Ga population typically displayed better-defined zoning. 
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Figure 5.1: Backscattered electron image of selected analyzed grains recovered from a sample of 
Ketyet River group grey pelitic schist (sample 10JPM030-B02; GSC sample 10488). Numbers 
refer to grain identification in Table 5.1; red ellipses are approximated position and size of 
SHRIMP analyses (original in colour). 
 

 
Figure 5.2: Concordia diagram showing the results of the SHRIMP analysis of the zircon collected 
from the Ketyet River group grey pelitic schist (original in colour). 
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Figure 5.3: Backscattered electron image of selected analyzed grains recovered from a sample of 
Hudson suite syenite (Martell syenite; sample 10JPM018-B02; GSC sample 10487). Numbers 
refer to grain identification in Table 5.1; red ellipses are approximated position and size of 
SHRIMP analyses. Respectively, grains 10487-60, -28.1, -15.1, and -23.1 are examples the four 
different zircon morphologies (1 – 4) observed in this sample (original in colour). 
 
 

5.2.4 Interpretations and discussion 
 

Grey pelitic schist 

This sample shows a cluster of analyses at ca. 2.7 Ga suggesting that the grey pelitic schist 

detritus is sourced from the Woodburn Lake group. This is younger than the 3.0 – 2.81 Ga 

detrital zircon ages of the nearby orthoquartzite reported by Davis and Zaleski (1998). The 

youngest zircon (10488-11.1) that shows lead loss can be interpreted in two ways; 1) this 

analysis is only 7% discordant (Table 5.1) and its 207Pb/206Pb concordia intersection age is very 

close to the true age, ca. 2.4 Ga, or 2) the analysis should fit with the rest of the population. If 

the former option is correct, this represents detritus from a Paleoproterozoic source and 

constrains the maximum depositional age of the grey pelitic schist as ca. 2.4 Ga. Furthermore, 

because these rocks were deformed by D1, the maximum age of D1 must also be ca. 2.4 Ga. 

However, a regression through the concordant analyses and a fixed lower concordia intercept at 

1840 ± 20 Ma, the age of regional metamorphism (Rainbird et al., 2010), produces a discordia 

line that passes through the discordant analysis. Given that the morphology and texture of this 
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zircon is the same as the others (Figure 5.1), it is more likely that the second option is correct, 

and the zircon was chemically reset during metamorphism, i.e., it experienced more Pb loss. 

 

Syenite 

Given that the syenitic intrusion cross-cuts the orthoquartzite that unconformably overlies the 

ca. 2.6 Ga QFP schist, as well as the latter, its age must be younger than these units and 

therefore, the zircons are interpreted to be inherited. Based on the frequency and distribution 

of the ages, the inheritance is mainly from the rocks of the immediately underlying ca. 2.6 Ga 

Snow Island suite, ca. 2.7 Ga Woodburn Lake group, and the older granitoid rocks pre-dating the 

latter. Furthermore, this sample resembles the Hudson suite (Martell syenite), which in addition 

to containing complexly zoned zircons with rounded cores, has been reported to contain a weak 

foliation (Peterson and van Breemen, 1999). It is notable that this suite is interpreted to be 

derived from in-situ melting of older Archean crust (Peterson and van Breemen, 1999). In 

keeping with this, zircon recovered from samples of this suite are commonly inherited, have 

indistinguishable isotopic compositions from the host rocks, and rarely have overgrowth rims 

(van Breemen et al., 2005; Peterson and van Breemen, 1999). These observations are consistent 

with those made in this study, and therefore the syenite is interpreted to have intruded ca. 1.84 

Ga and toward the end of D2. 
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Figure 5.4: Concordia diagram showing the results of the SHRIMP analysis of the zircon collected 
from the Hudson suite syenite (original in colour). 
 
 

 
Figure 5.5: Distribution of ages returned from the SHRIMP analysis of the zircon collected from 
the Hudson suite syenite (original in colour). 
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5.3 Geochemistry 

5.3.1 Sample selection 
 

A total of five samples of metagabbro, thought to be correlative with each other and the Ketyet 

River group metabasalts, were collected in the summer of 2011: four from the western Bar Lake 

area (11JP468B02A, B, 11JP468A03B, 11JPM095A02B; BLG) and one from the Ukalik Lake area 

(11JPM139B02; ULG). Due to the poor exposure in the Ukalik Lake area, a sample of metagabbro 

(11JPM153A02), previously mapped as Woodburn Lake group mafic volcanics (WLV), but similar 

in appearance to the metagabbro of the Ketyet River group, was collected approximately 3 km 

west-northwest of the Ukalik Lake map area to determine its affiliation. These and an additional 

27 samples of the Ketyet River group metabasalt and their equivalents in the Amer group (Five 

Mile Lake metabasalt; KYRB; Figure 2.2), were analysed using Inductively Coupled Plasma-

emission Mass Spectrometry (ICP-MS) in March of 2012, in order to compare their geochemical 

signatures and test their correlation. These analyses are located in Appendix B. 

 

5.3.2 Interpretations 
 

As a first step of this comparison, the samples were classified by plotting the Nb/Y and Zr/Ti 

ratios on a volcanic rock-type discrimination diagram after Pearce (1996; Figure 5.6). On the 

basis of this classification, the KYRB and BLG overlap one another in the “basalt” field, with one 

sample of the former plotting near the “basaltic andesite / basalt” boundary along with the ULG 

(Figure 5.6). The sample of WLV (11JPM153A02) plots entirely within the “basaltic andesite” 

field. 
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Figure 5.6: Volcanic rock discrimination diagram (after Pearce, 1996) showing similar 
classification of the mafic volcanic rocks from the Five Mile Lake area (Amer group), Ketyet River 
group and the metagabbro samples collected from the western part of the Bar Lake area and in 
the Ukalik Lake area (original in colour).  
 

In order to compare the geochemical signatures of these samples, the analyses were plotted on 

a Rare Earth Element (REE) diagram (Figure 5.7), normalized to primitive mantle. On this 

diagram, elements are organized according to their degree of relative compatibility from left 

(incompatible) to right (compatible) to demonstrate how evolved a sample is relative to its 

norm, i.e., the more negative the slope, the more evolved the sample. As show in Figure 5.7, the 

27 samples of KYRB (shaded) have nearly identical signatures, plotting within a narrow range. 

The BLG samples and lone WLV sample have nearly identical signatures, with all five analyses 

showing distinctive Nd and Eu anomalies suggesting that they are equivalent. Furthermore, the 

ULG has similar anomalies along a more negative slope, suggesting that it may belong to the 

same suite, but is more evolved. The WLV and one of the BLG samples (11JP468B02B) both plot 

within the range of the KYRB. This substantiates correlation of the BLG metagabbro with the 
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KYRB; however, the Pearce plot (Figure 5.6) clearly distinguishes the WLV (albeit only one 

sample) from the KYRB. 

 

A further comparison on an extended rare earth and trace element diagram (spider diagram; 

Figure 5.8), normalized to normal mid-oceanic ridge basalt (N-MORB), shows similar results to 

those in Figure 5.7. Elements on this diagram are again organized with increasing compatibility 

to the right, as in Figure 5.7. The samples of KYRB plot within a narrow range (shaded) which 

almost fully overlaps both the ULG and WLV samples (Figure 5.8). The BLG samples show a 

nearly identical signature with respect to each other, all having distinct Nb, Zr, Hf, and Ti 

anomalies. These anomalies are also seen in the ULG and WLV, but are less pronounced. 

Additionally, the ULG has a more negative slope, similar to the relationship seen in Figure 5.7. 

 

In summary, the geochemical signatures of the BLG samples are similar with respect to each 

other, but are distinct from the KYRG. However, given their proximity to the Ketyet River group, 

i.e., they are interpreted to be sills within the Ketyet River group (see Chapter 3, section 3.4), 

they may be part of the same suite. The variations between the two sample sets would 

therefore reflect differences in the degree of evolution of the source from which they were 

derived. The BLG samples have a shallower slope compared to the rest of the samples (Figures 

5.7, 5.8), suggesting they were derived from a less evolved source. Considering these 

interpretations, the metagabbros in the Bar Lake area may have been emplaced prior to the 

KYRB.  

 

The ULG sample has a distinct geochemical signature compared to the KYRB as well. It has a 

more negative slope than all of the other samples (Figures 5.7 and 5.8), but has the same 
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anomalies as the BLG samples. Similar to the BLG, it is also emplaced within the lower 

stratigraphy of the Ketyet River group, although its exposure is limited. The ULG may be derived 

from a slightly more evolved source than the KYRB and could represent a relatively late pulse of 

magmatism, although still around the same time as the KYRB. 

 

Finally, the WLV has a geochemical signature that is similar to the KYRB (Figures 5.7 and 5.8); 

however, it does not plot with the KYRB samples in the discrimination diagram (Figure 5.6). This 

sample may be related to the KYRB, but given a lack of stratigraphic relationships similar to 

those observed in the BLG and ULG samples, its assignment remains as Woodburn Lake group. 
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Figure 5.7: Rare Earth Element diagram normalized to primitive mantle showing a similar 
geochemical signature of the Ketyet River group and Five Mile Lake mafic volcanic rocks 
(shaded) and the metagabbro samples collected from the western part of the Bar Lake area 
(BLG) and in the Ukalik Lake area (ULG and WLV; original in colour). 
 
 

 
Figure 5.8: Spider diagram normalized to Normal-Mid-Oceanic Ridge Basalts (N-MORB). Samples 
collected from the Ukalik Lake area (ULG and WLV) show a similar geochemical signature to 
those of the Ketyet River group and Five Mile Lake mafic volcanic rocks (shaded). The 
metagabbro samples collected from the western Bar Lake area (BLG) show a similar, but 
depleted, signature (original in colour). 

  



104 
 

CHAPTER 6 

TECTONIC SYNTHESIS 

6.1 Introduction 

In the course of this study, the stratigraphic sequence of the lower Ketyet River group has been 

established (Chapter 3). The basal monomictic quartzite-metaconglomerate demarcates the 

unconformity with the underlying ca. 2.6 Ga Snow Island suite QFP schist, which in turn overlies 

rocks of the Neoarchean Woodburn Lake group. In localities where the metaconglomerate is 

absent, the QFP schist is overlain by micaceous quartzite that grades into white orthoquartzite. 

This is overlain by grey pelitic schist that contains kyanite and chloritoid porphyroblasts in the 

Ukalik and Nipterk Lake areas, which are absent in the Bar Lake and Kiggavik areas. The contact 

with the orthoquartzite is sharp to gradational and is locally characterized by granulestone 

interbeds at its interface. At one locality, the pelitic schist is intruded by a metagabbroic sill 

whose geochemical signature suggests that it may be a less evolved variant of the Ketyet River 

group plagioclase-phyric metabasalts in the Whitehills Lake area and Amer belt (Figures 5.7 and 

1.2). This entire succession is crosscut by later syn-D2 syenitic intrusions (Martell syenite; 

Chapter 5) and bostonite and lamprophyre dykes that are part of the ca. 1.84 Ga Hudson suite 

which was emplaced contemporaneously with regional metamorphism. 

 

In this study, tectonic structures associated with four ductile deformational events (D1-D3 and 

D5) were documented in the lower Ketyet River group (Chapter 4). In all four areas, primary 

bedding (S0) has been isoclinally folded by F1 folds. Thrust faults emplaced older isoclinally 

folded basement rocks (e.g., QFP schist) on top of the grey pelitic schist of the Ketyet River 

group and were also folded by F1 folds, implying that: 1) the faults developed early during D1, 

prior to F1, and/or 2) more than one phase of tight folding occurred during D1 (F1A and F1B). The 
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Nipterk-Ukalik Fault (Figure 4.23) is an example of such a fault and given its extent, it may 

represent a splay off a basal décollement surface associated with nappe-like folds that 

commonly develop in fold-thrust belts, e.g., the Alps or Himalayas. The F1A and F1B folds and 

their associated faults were co-axially re-folded by F2 folds, and cut by later D2 thrust faults (e.g., 

Nipterk Fault; Figure 3.3). In the Nipterk and Ukalik Lake areas, S0 and S1 are parallel to each 

other and have been transposed parallel to the south- to southeast-dipping axial planes of tight 

to close F2 folds, creating a composite S0/1/2 foliation. The F2 folding was accompanied by the 

thrusting of D1 and early D2 structures, prevalent in a north-south corridor from the Chesterfield 

Fault zone to the North Meadowbank River (Figure 1.2; Pehrsson et al., in prep). To the 

southwest, observations in the Bar Lake and Kiggavik areas indicate that the intensity of F1 

and/or F2 folding was not as great as in the northeast. Instead of being sub-parallel to one 

another, S0 and S1 are up to 20 degrees discordant. Furthermore, the F2 folds here are generally 

north-dipping and in their hinges, S0 and S1 are at a high angle to S2. 

 

The nature of the later (D3 and D5) structures also differs between areas. In the northeastern 

map areas, D3 is recorded by F3 crenulations with gently north-dipping axial planes a sub-

horizontal crenulation lineation (L3) that is ubiquitous and east-west plunging, whereas in the 

southwestern areas, it is rarely observed and parallel to the F1 and F2 fold axes. A conjugate set 

of crenulation kink bands (F5) developed during D5 and are northwest- and northeast- trending 

with sub-vertical plunging fold axes in the vicinity of Nipterk and Ukalik Lakes. Similar to L3, 

these kink bands are rarely observed in the Bar Lake and Kiggavik areas. The strain associated 

with D5 was likely taken up by the plethora of brittle fractures and faults there, causing several 

blocks to be misoriented with respect to one another in the Bar Lake area. Additionally, the F4 

folds mapped in the Meadowbank River and Whitehills Lake areas (e.g., Pehrsson et al., 2004; 
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Hadlari et al., 2004; Zaleski et al., 1997) were not observed in the four map areas in this study, 

although their effects can be seen between the Nipterk and Ukalik Lake areas (Figure 4.23). 

These larger folds have a more significant control on the map pattern and likely developed prior 

to the kink bands. 

 

These observations in addition to the absence of the low to moderate pressure kyanite-

chloritoid metamorphic assemblage in the Bar Lake area suggest that it was at a higher 

structural level compared to the Nipterk and Ukalik Lake areas. Furthermore, the eastern margin 

of “E-Block” (Figure 3.5) is highly strained where the orthoquartzite is in sharp contact with 

Woodburn Lake group BIF. The quartzite is dismembered and stretched parallel to the contact 

and the tectonic fabrics within the former are discordant with those in the underlying BIF. 

Together, this suggests that the outlier of Ketyet River group in the vicinity of Bar Lake is 

possibly a large nappe-style klippe. 

 

In this chapter, the above summarized observations and interpretations are considered and 

temporally and spatially related to regional tectonic events with the support of previous work. 

Prior to constructing a tectonic model, both the depositional and deformational constraints 

must be reviewed on a regional scale in order to associate those events with the structures and 

fabrics observed in this study. 

 

6.2 Timing constraints of tectonism 

Despite the fact that the central Rae Province has been deformed by orogenic events dating 

back to the Archean, the intense deformation that has affected the rocks of the Ketyet River 

group is limited by its maximum depositional age and must be younger than the ca. 2.6 Ga QFP 
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schist that it unconformably overlies. Detrital zircon dating of the four Paleoproterozoic 

assemblages (Ps1 – Ps4) that characterize the Rae Province, as represented by the Ketyet River, 

Amer, and Penrhyn-Pilings groups (Rainbird et al., 2010) provide some first-order constraints on 

the timing of deposition and deformation. The ca. 2.3 – 1.95 Ga age of the oldest sequence, Ps1, 

is poorly constrained and largely based on comparison to the lower Hurwitz group, although the 

latter was deposited on the Hearne craton, which is thought to have been physically separated 

from the Rae craton (see below) at the time. Of these four sequences, only the first three were 

affected by D1 (Jefferson et al., 2012), whose maximum age is therefore constrained by the 

youngest detrital zircon in Ps3, i.e., 1.95 – 1.92 Ga (Rainbird et al., 2010). This is also the 

maximum depositional age of Ps4, which unconformably overlies previously deformed (D1) Ps1 – 

Ps3 sequences and was in turn affected by D2. The upper limit of the latter is therefore ca. 1.92 

Ga. The minimum age is ca. 1.84 Ga, the inferred age of the Nipterk Lake syenite intrusion, 

which intruded during the late stages of D2 and is interpreted to belong to the Hudson (Martell 

syenite) suite. The minimum age for D2 is also corroborated by an 1835 ± 1 Ma pegmatite dyke 

that cross-cuts the S2 fabric south of the Meadowbank gold deposit, and is the age of regional 

metamorphism (Pehrsson et al., 2004; Rainbird et al., 2010). 

 

D3 and D5 affected all four sequences, although their timing is more elusive and could not be 

fully established from observations within this study. Pehrsson et al. (2004) reported that an 

1840 Ma monzodiorite near Tehek Lake to the southeast of the Meadowbank gold deposit 

(Figure 1.2) was deformed by both F3 and the regional F4 folds, providing an 1840 Ma maximum 

age for D3. Ar-Ar ages of ca. 1790 Ma were obtained from crenulated biotite porphyroblasts near 

the Meadowbank gold mine and, depending on the cooling history of the area, may represent 

the maximum age of the regional D4 reported by Zaleski et al. (2000) and Pehrsson et al. (2004). 
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The F5 crenulations observed in this study typically form a conjugate set suggesting that the 

rocks were deformed in the brittle-ductile transition zone, at 6 – 15 km depth. Based on the 

above age constraints and the age of the Dubawnt Supergroup (ca. 1.84 – 1.54 Ga), 

sedimentation of the latter must have been initiated toward the end of D2. The subsequent 

deformational events, D3 – D5, took place before deposition of the Dubawnt Supergroup was 

complete, because aside from minor open folds along the Thelon Fault, the Thelon Formation 

and younger units of the Supergroup are essentially undeformed. 

 

6.3 Regional tectonic model 

Figure 6.1 shows a series of cartoons that illustrate the depositional and deformational events 

within the study area to external collisional events that are reported to have affected the central 

Rae sub-province (e.g., Corrigan et al., 2009) through time. Although it has been argued that the 

Snowbird Tectonic Zone (STZ) is not a cratonic boundary (e.g., Hanmer et al., 1995), given the 

relatively small amount of time between deposition of Ps1 – Ps3 and the beginning of D2, it is 

difficult to reconcile the intense F1A and F1B folding with known orogenic activity without 

considering that the Rae and Hearne sub-provinces were once separated. Consistent with 

Corrigan et al. (2009) and Pehrsson et al. (in prep.), it is therefore postulated that these two sub-

provinces/cratons were independent prior to deposition of the first three early Paleoproterozoic 

sequences, and that their subsequent collision was responsible for D1 deformation (Figure 6.1). 

Corrigan et al. (2009) report that collision of the Rae and Hearne cratons occurred ca. 1.92 – 

1.865 Ga. 

 

D1 produced isoclinal recumbent F1A and F1B folds as well as early thrust faults, such as the 

Nipterk-Ukalik Fault, that affected the rocks of the Ketyet River group as well as the ca. 2.6 Ga 
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Snow Island suite QFP schist and the rocks of the Neoarchean Woodburn Lake group. The F1A 

folds are only observed and distinguished from the F1B folds at the map-scale in the Ukalik Lake 

area. The F1 folds are also observed distal to the Rae-Hearne collisional margin, in the rocks of 

the Amer group (Figure 1.2), although the intensity of the folding in the latter is not as great. 

Given that these folds are associated with early basement-involved thrust faults and both are 

regionally extensive, the style of D1 deformation resembles that in more recent continent-

continent collisional orogens (i.e., the hinterland of modern fold and thrust belts), such as the 

Himalayan Mountains, the Alps and the Rocky Mountains (e.g., Joshi and Tiwari, 2009; Ganne et 

al., 2005; Brown, 2004). Continent-continent orogens such as the Alps are typified by several-

kilometre-scale megascopic nappes that comprise gently plunging, tight to isoclinal doubly-

verging F1 folds and associated thrust faults, such as the Nipterk-Ukalik Fault (Joshi and Tiwari, 

2009; Rutti et al., 2005; Escher and Beaumont, 1997). Within the region of this study, northeast-

trending linear exposures of Amer and Ketyet River groups (Figure 1.2) may be the 

manifestation of these megascopic nappes, modified by subsequent folding. Splays off the basal 

nappe thrust (décollement) may be expressed as the tectonized contact between the 

orthoquartzite and the BIF on the eastern margin of E-Block in the Bar Lake area (Figure 3.6) and 

the Nipterk-Ukalik fault in the Nipterk and Ukalik Lake areas (Figure 4.23). These faults allowed 

for relatively fast exhumation of the nappe pile prior to erosion and deposition of Ps4 and 

subsequent D2 deformation (Figure 6.1). 

 

The peak of regional metamorphism coincided with ca. 1.84 Ga D2 deformation, the age 

constraints of which are better defined than D1. This event is likely related to the collision of the 

Sugluk craton, a smaller craton to the east (Corrigan et al., 2009), with the previously 

amalgamated Rae and the Hearne cratons ca. 1.865 – 1.84 Ga (Corrigan et al., 2009; Figure 6.1). 
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The F2 folds co-axially refolded the earlier F1A and F1B isoclines across the entire region and 

produced axial planar thrust faults (e.g., Nipterk Fault, Figure 3.3). In the Nipterk and Ukalik Lake 

areas, the F2 folds are intense and well developed, demonstrated by the transposition of S0 and 

S1 parallel to the south- to southeast-dipping axial planes of the tight to close F2 folds. This 

differs from the Bar Lake and Kiggavik areas, where S1 is at a high angle to S2 in the hinges of 

macroscopic F2 folds and S0 is up to 20 degrees discordant to S1. This style of refolding is again 

documented in recent fold and thrust belts where the intensity of folding and transposition is 

greater near the basal thrust and pre-shearing relationships, such as cleavage-bedding, are 

preserved at higher structural levels (Joshi and Tiwari, 2009). This, together with the absence of 

the syn-D2 kyanite-chloritoid metamorphic assemblage, corroborates the inference that the 

southwestern map areas were at a higher structural level than the northeastern areas during D2. 

 

The subsequent D3 and D5 events and their associated structures observed in this study are 

poorly constrained and likely related to the termination of the Trans-Hudson orogeny and final 

closure of the Manikewan Ocean that separated the Rae-Hearne cratons from the Superior 

craton to the East. Deposition of the Dubawnt Supergroup began ca. 1.84 Ga, toward the end of 

D2, and continued during subsequent D3 deformation. The rocks of the Woodburn Lake group, 

Snow Island suite and Ketyet River group were further deformed in a ductile environment post-

peak metamorphism during D3, producing shallowly dipping, sub-horizontal F3 crenulations. 

Given the geometry of this folding and the timing of this event, it is postulated that D3 is related 

to extensional faulting before and during Thelon Basin development (Pehrsson et al., in press). 

Furthermore, the fact that the D3 structures and fabrics are ubiquitous in the Nipterk and Ukalik 

Lake areas, but rare to absent in the Bar Lake and Kiggavik areas, further substantiates the 

notion that the latter is structurally higher. The F5 conjugate kink bands observed in this study, 
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indicate a ductile to brittle transition, signifying the end of ductile deformation affecting the 

rocks of the Ketyet River group. This is evident by the brittle faulting in the Bar Lake area that 

caused misalignment of earlier ductile structures between three blocks. 

 

 

Figure 6.1: Cross-sectional (NNW-SSE) schematic time slices of the Rae and Hearne sub-
provinces and their relationship to the deposition of Ps1-3 and the first two deformational 
events (D1-D2). Deposition of Ps1-3 occurred when the Rae and Hearne sub-provinces were 
separated. Dash-dotted line in bottom section represents the trace of F1 folds. Folding during D2 
is exaggerated to emphasize the type 3 interference pattern (original in colour). 
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CHAPTER 7 

CONCLUSIONS 

7.1 Conclusions 

Through targeted detailed mapping of four selected areas, Nipterk Lake, Ukalik Lake, Bar Lake, 

and Kiggavik, a better understanding of the stratigraphic and structural relationships of the 

lower Paleoproterozoic Ketyet River group and its relationship to the Archean basement rocks 

was established. This knowledge provides a critical understanding of the basement rocks and its 

context with respect to mineral deposits in the region, such as the Kiggavik unconformity-

related uranium and Meadowbank gold deposits. The key observations and interpretations of 

this study are as follows: 

1) The Ketyet River group in the four study areas comprises basal monomictic and locally 

polymictic metaconglomerate, micaceous quartzite, orthoquartzite, grey pelitic schist, 

and metagabbro. The metaconglomerate is dominated by clasts of quartzite that range 

up to 2 m, have an average size of 30 cm, and are in a pelitic matrix. This unit 

unconformably overlies, and in one locality, contains clasts of quartz-feldspar 

porphyritic (QFP) schist of the ca. 2.6 Ga Snow Island suite. The metaconglomerate is 

typically less than 5 m thick, but reaches more than 100 m in thickness in the Ukalik Lake 

area. Where the metaconglomerate is absent, the unconformity is demarcated by 

micaceous quartzite that contains “quartz eyes” resembling the quartz phenocrysts in 

the underlying QFP schist. The contact of the basal metaconglomerate and micaceous 

quartzite with the overlying orthoquartzite is gradational over several centimetres to 

metres. The upper contact of the orthoquartzite with the grey pelitic schist is typically 

sharp, with some local inter-bedding and thin (less than 1 m) granule to pebble 

metaconglomerate beds. Trough cross-bedding near the upper and lower contacts of 



113 
 

the orthoquartzite and graded beds with local ball and pillow structures support these 

stratigraphic younging relationships. The metagabbro occurs as sills within the pelitic 

schist and is concordant with primary bedding. 

2) The basal metaconglomerate, micaceous quartzite, orthoquartzite, pelitic schist, and 

metagabbro units constitute the first two of four early Paleoproterozoic regional 

sequences (Ps1 – Ps4) that were originally defined by Rainbird et al. (2011). These 

sequences have been reaffirmed and refined by this and related study of the 

Northeastern Thelon Compilation activity. They have been correlated by Rainbird et al. 

(2011) between a number of metasedimentary belts across the western Churchill 

Province, including the Amer, Ketyet River, and Hurwitz groups. In the four study areas 

of this thesis, Ps1 comprises the basal metaconglomerate, micaceous quartzite and 

orthoquartzite. Ps2 here comprises the grey pelitic schist and metagabbro. Ps3 and Ps4 

are not present within the detailed study areas, but are present in the Ketyet River 

group around Whitehills Lake and along the Amer belt northwest of the study areas. 

3) The Ps2 metagabbro exposed in the Bar and Ukalik Lake areas have similar stratigraphic 

relationships within the Ketyet River group. The geochemical signature of the Bar Lake 

metagabbro is distinct from the Ketyet River group and Amer groups Five Mile Lake 

basalts; however, it may be part of the same suite. The signature shows the metagabbro 

is from a less evolved source and would therefore be relatively older than the Ketyet 

River group basalts. Conversely, the geochemical signature of the Ukalik Lake 

metagabbro is more evolved than those of the Ketyet River group basalts and may 

represent late-stage magmatism. The geochemical signature of a sample of the 

Woodburn Lake group mafic volcanics suggests that it may be related to the Ketyet 
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River group basalts; however, the absence of field relationships, similar to those in the 

Bar and Ukalik Lake areas, does not provide strong evidence to support this. 

4) The rocks of the Ketyet River group have been deformed by five phases of ductile 

deformation (D1 – D5), with the first two phases being the most intense, controlling the 

map pattern. F1A and F1B folds are isoclinal, shallowly dipping to recumbent, and 

accompanied by significant discontinuities interpreted as D1 thrusts. F1A and F1B folds 

have an associated axial planar schistosity that are indistinguishable from one another 

(S1) and have been co-axially re-folded by shallowly plunging, closed F2 folds, producing 

a type 3 “hook” interference pattern. The attitude of the D1 and D2 fabrics varies across 

the region; in the north, the F2 folds are shallowly east-plunging with moderately south-

dipping axial planes, whereas in the south, they are shallowly southwest-plunging with 

north-dipping axial planes. The third and last ductile deformational events produced F3 

and F5 crenulations which are more intense and dominant in the northeastern map 

areas. Here, the F3 crenulations produced a strong and ubiquitous sub-horizontal L3 

lineation that is over-printed by a conjugate set of steeply southwest- and southeast-

plunging F5 crenulations. In the southern part of the region, the L3 crenulation lineation 

is co-axial with the first two phases of folding. F5 is poorly represented in this part of the 

region and is masked by a plethora of brittle fractures. Fabric elements associated with 

D4 were not observed in the detailed study areas but are attributed to broad northerly 

trending open folds that deflect the S1 and S2 structures evident between the Ukalik and 

Nipterk map areas. Late faulting in the Bar Lake area offset and rotated several “blocks”, 

allowing for three structural domains to be defined (I – III). In each domain, the 

relationship between different structures and associated fabrics is the same; however, 
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their attitudes vary between domains and there appears to be a clockwise rotation of 

the blocks from domain I – III (west – east). 

5) The kyanite-chloritoid metamorphic assemblage within the pelitic schist in the 

northeastern map areas records low to moderate pressure and low temperature 

conditions characteristic of lower greenschist facies metamorphism. Such 

porphyroblasts are absent in the Bar Lake and Kiggavik areas. Considering the minimal 

effects of late ductile deformation in the latter areas, i.e., the decreased observations of 

structures and fabrics associated with D3 and D5, as well as the absence of kyanite-

chloritoid porphyroblasts, the Bar Lake and Kiggavik areas are interpreted as structurally 

higher levels than the Nipterk and Ukalik areas. 

6) Syenite intruding the ca. 2.6 Ga QFP schist and orthoquartzite in the Nipterk Lake area 

both cross-cuts and contains the S2 fabric, indicating its emplacement was late-D2. A 

sample collected for geochronology yielded only inherited zircons that range from ca. 

2.6 – 3.3 Ga, with an average age of 2622.7 ± 8.2 Ma. This intrusion appears to be 

compositionally and texturally similar to, and is considered to be a representative of, the 

Martell syenite within the ca. 1.84 Ga Hudson suite. 

7) Detrital zircons recovered from a sample of the grey pelitic schist returned Archean ages 

that average 2745 ± 33 Ma. The youngest zircon recovered gave a highly discordant U-

Pb age of 2397 ± 6 Ma. This zircon is texturally similar to the Archean grains, and likely 

belongs to this population. A reference line through this analysis and the average 

returned age gives a lower intercept of 1840 ± 20 Ma, corresponding to the age of 

regional metamorphism. 

8) Regionally, Paleoproterozoic sequences Ps1 – Ps3 were deformed by all five ductile 

deformational events described above, whereas Ps4 was deposited after D1 and prior to 
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D2. Based on previous detrital zircon studies and correlation to other Paleoproterozoic 

sedimentary belts, the first three sequences were deposited after the 2.6 Ga QFP schist, 

ca. 2.3 – 1.92 Ga. This provides a maximum age limit for D1, which is likely to be 

associated with the collision between the Rae and Hearne cratons ca. 1.92 – 1.865 Ga. 

The collision produced megascopic folds that resemble nappes, similar to those found in 

the present-day Himalayan Mountains, which were quickly exhumed along D1 thrust 

faults that pre-dated and accompanied the F1 folds. Ps4 was deposited unconformably 

over the folded and thrusted Ps1 – Ps3 sequences and quickly deformed during D2, ca. 

1.84 Ga. This event best correlates to the collision of the Sugluk craton along the eastern 

margins of the Rae and Hearne cratons ca. 1.865 – 1.84 Ga. The tectonic drivers 

associated with D3 to D5 are poorly constrained, but are likely related to the termination 

of the Trans-Hudson orogeny. 
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APPENDIX A 

THIN SECTION DESCRIPTIONS 
 
 
009-C01 – Parallel to L3 
Mineralogy 
60-70% Quartz 
 0.1 - 1mm; Subidio-xenoblastic, equant – elongate (stretched) 
 Curved – sutured grain boundaries with initial stages of grain boundary migration 
 Larger crystals are polycrystalline (2-3% total rock); average size: 0.9 - 1mm; these are 

porphyroclasts. 
 Undulatory extinction 
 Dominates the groundmass and also occurs as veins and en-echelon right-stepping 

tension gashes that are oblique to Sm 
  
5-10% K-feldspar (Orthoclase) 
 0.1 – 0.9mm; Subidio-xenoblastic, equant 
 Curved grain boundaries 
 Difficult to differentiate between quartz; bi-axial, continuous zoning 
 Some crystals have been partially altered to sericite 
  
10-15% Muscovite 
 0.1mm; mostly subidio-xenoblastic, some isolated crystals are idioblastic; elongate 
 Curved grain boundaries 
 Occurs mainly as anastomosing mattes that define the main schistosity 
 Some (<5% total) occur oblique to Sm and are isolated crystals, i.e. not mattes. 
 Birefringence varies throughout slide from second order pink to green 
 Pleochroic pale green – clear; resembles chlorite in this case; beginning of prograde 

reaction 
 Relief changes with rotation of stage 
 
1-2% Sericite 
 0.1-0.2mm; Xenoblastic, elongate 
 Occurs as a fine grained alteration of the orthoclase crystals; very little within 

muscovite mattes 
 
2% Hematite 
 Less than 0.1mm; xenoblastic, equant 
 Occurs as anastomosing mattes with muscovite that define Sm 
 Pleochroic dark – light brown; may be some biotite here as well, but too fine grained 
 Mainly isotropic, some remains dark brown 
 
1% Opaque 
 0.2 – 0.5mm; idioblastic - xenoblastic 
 Equant and elongate; some cubes (Pyrite) 
 



II 
 

1% Monazite 
 </= 0.1mm; subidioblastic, equant 
 Sutured grain boundaries 
 Third order green – pink interference colours 
  
<1% Zircon 
 < 0.1mm; subidioblastic, elongate 
 Curved grain boundaries 
 
<1% Cordierite? 
 0.2mm; subidio-xenoblastic, elongate 
 Curved grain boundaries 
 Poikioblastic 
 Starting to alter to sericite / pinite 
 Weak first order yellow 
 Minor pleochroic halos 
 Altered plagioclase 
 
Textures and fabrics relationships 
The overall texture of the rock is heteroblastic; porphyroclasts of polycrystalline quartz are the 

only large crystals in the section, otherwise the rock is granoblastic (i.e. the groundmass). 
 
S0: compositional layering (~8mm spacing) defined by two zones: quartz-rich zone and 

muscovite/hematite zone. Muscovite is within quartz-rich zones (50% less Ms) 
S1: anastomosing schistosity (0.25mm spacing) defined by muscovite, hematite/iron oxide 

staining, and flattened/elongate grains of quartz and plagioclase 
F2:  gentle folding of minerals, defined by muscovite and hematite; this may reflect S3 refolded 

by F4. The former is more likely due to a lack of F4 fanning cleavage along these folds. 
S3: may be reflected as schistosity parallel to S1 in this section and refolded (as described above); 

doubtful. 
L3: non-existent in this section due to orientation 
S4: discrete crenulation cleavage defined by muscovite, quartz; 0.25mm spacing. The crenulation 

is variably developed; locally zonal crenulation. Occurs as a conjugate set; some quartz veins 
filled in parallel to one of the directions (toward the top-right). Some of the conjugate sets 
are only 30° apart; however, there are quartz veins parallel to S1 (60°), therefore the middle 
orientation are in-filled extension fractures (most dominant). 

 
 
 
 
Interpretations 
Kinematic indicators: related to movement during D3 (// L3) 
 Quartz porphyroclasts 
  Delta porphyroclast (0.25mm) showing dextral movement 
  C-S-C’ fabric showing dextral movement; defined by hematite bands. C’ obscures 

porphyroclasts making them appear as sigma; however, embayment’s defined by 
muscovite can still be seen supporting the previous interpretation 

 



III 
 

Timing of cordierite 
 Inclusions within cordierite are parallel with conjugate S4 and a weak pressure shadow exists 

as well as minor wrapping of muscovite around the porphyroblasts. These porphyroblasts 
were therefore crystallized syn-S4. 

 
Protolith: Sub-arkosic arenite 
Metamorphic facies: lower greenschist facies 
Rock name: Muscovite quartzite 
 
 
 
   -       3) 
General description 
 This section is intensely crenulated by F3 (main folding) and F4 (cross-cutting crenulations). 

There are several quartz porphyroclasts, some are polycrystalline, and range in size, sphericity, 
roundness. This rock is dominated by quartz and muscovite. Z-M-S F3 folds are visible; these 
are likely third order folds. Second order F3 folds (i.e. the larger folds that contain the third 
order folds) are consistently Z-folds with relatively upright – steeply dipping axial planes. 

 

 
 
 
Mineralogy 
5 - 10% Porphyroclasts 
 8%  Quartz (total) 
   0.5 – 2mm, xenomorphic, elongate – equant 
   Some grains have high sphericity and are highly recrystallized (sutured grain 

boundaries within grain). 
   Trails of fine grain (0.05mm) quartz with sutured grain boundaries; suggest that 

these porphyroclasts were much larger initially – the reason they are still 
preserved in a highly deformed rock. Some grains are very fractured with the 
fine grained polycrystalline quartz filling in fractures. 

 
 2%  Altered plagioclase feldspar 
   0.6mm, xenomorphic, equant – elongate 
   95% altered to fine grained sericite 
   Deflects S1 fabric 
 
30 - 35% Muscovite 
  0.1 – 0.35mm, subidiomorphic, elongate 
  Relief changes with rotation of the stage; back reacted paragonite (high pressure 

mica)? 
  Generally occurs as folded mattes, but also as fine grained isolated crystals. 

2
nd

 order 

3
rd

 order 



IV 
 

 
50% Quartz 
  0.05 – 0.01mm, xenomorphic, elongate – equant 
  Sutured – curved grain boundaries 
  Occurs as main groundmass and trails behind porphyroclasts. Also occurs as thick, 0.1 

– 0.2mm bands (possibly flattened and stretched out porphyroclasts). 
 
1%  Monazite 
  0.015mm, subidiomorphic, equant 
  Some of this may also be epidote – too small to determine 
 
2 - 4% Iron oxide / biotite 
  Staining along main foliation. Mud stained muscovite? 
 
 
Textures and fabric relationships 
Overall texture of the rock is lepidoblastic; mattes of muscovite and bands of polycrystalline 

quartz are folded and define the main schistosities. 
 
S0: No obvious representation. May be transposed to main foliation (S1/S2) 
 
S1/2: Strong schistose cleavage defined by muscovite and elongated quartz. 
 
S3: Discrete – zonal crenulation cleavage strongly defined by muscovite as well as elongated 

quartz crystals. Discrete cleavage is moderately developed, but not continuous throughout 
the entire rock (generally 0.8mm, but up to 8mm). Discrete bands are defined by muscovite 
and dominantly occur in the hinges of the F3 folds. 

 
F3: Most dominant fold in this rock, defined by the folding of S1/2. Interlimb angle: 110 - 140°. 

Good folding throughout rock; ranges from Z-M-S folds several times. Amplitude: 0.8mm, 
Period: 2 - 3mm. Overall asymmetry of fold: Z-fold. 

 
D4: fabrics related to this event are not obvious in this section. May be gentle warping parallel to 

the section. 
 
Protolith: Quartz feldspar schist 
Rock name: Quartz eye feldspathic schist 
 
 
018-B02 – Quartz syenite 
Mineralogy 
1-3% Quartz 
 0.2 - 0.8mm; equant, subhedral 
 Straight – curved grain boundaries 
 Weak undulatory extinction 
 Concoidal fractures 
 <1% fluid inclusions; causing dustier appearance 
 



V 
 

15-20% Plagioclase 
 0.2 – 0.8mm; equant – elongate, sub-anhedral 
 Straight – curved grain boundaries 
 Albite and carlsbad twinning 
 Over 50% of each grain is altered to a reddish pink, fine grained mineral; hematite 
 
70-75% K-feldspar (Orthoclase) 
 0.1 – 1mm; equant, subhedral 
 Curved – sutured grain boundaries 
 Fractures; some conjugate sets 
 Over 50% of each grain is altered to a reddish pink, fine grained mineral 
 
1-2% Zircon 
 80-100µ (~0.01mm); subhedral - anhedral 
 Pleochroic haloes within orthoclase; very dark reddish pink alteration 
 Some anhedral grains may be monazite 
 
1-2% Monazite 
 0.1-0.2mm; equant, subhedral 
 High third-order interference colours 
 Pleochroic halo surrounding crystals 
 
1-2% Epidote 
 0.1-0.3mm; Sub-anhedral  
 Curved grain boundaries 
 Also occurs as late fracture-fill 
 
Fabrics and textures 
- Vuggy-type filling of coarser grained plagioclase and orthoclase. Heterogranular texture. 
- Reddish alteration defines a weak spaced schistosity (Sm = S2). Between alteration bands, 
coarser and finer grained groundmass define the schistosity 
Sm is folded by zonal-discrete crenulations that have an apparent interlimb angle of 90°. 
Locally, weak zonal crenulation / deformation bands 
 
 
067-A01-1 – Quartzite 
Field context 
Same as below. 
 
General description 
Same as 067-A01-2, but without the obvious and fining upward indictor. 
 
 
067-A01-2 – Quartzite 
Field context 
On the other side of a narrow quartzite ridge. More fuchsitic over on this side and it appears 
that there are some finer and coarser grained beds. 
 



VI 
 

General description 
S0: fining upward sequence indicating a younging direction toward the northwest. This is 
opposite to the younging direction indicated by the foresets on the other side of this ridge, 
implying an early F1 fold. 
Quartz (50 - 60%, 0.2 – 1mm), muscovite/fuchsite (30 - 40%), K-feldspar/sericite alteration (1 - 
3%), trace hematite and opaques. The overall texture of the rock is fairly primary and clastic 
looking as a result of the two major perpendicular trending foliations (S1 and S2). 
 
Sm is S1 and is parallel to S0. F2 folds are difficult to see, but their axial planes are approximately 
perpendicular to Sm. 
 
 
068-B01 – Pelitic schist 
Field context 
Same as below. 
 
General description 
Chloritoid-bearing pelitic schist that has sandy (quartz) lenses within it. 
 
 
068-A01 – Quartzite 
Field context 
Went from uniform transposed fabrics to the east to more messy looking cross fabrics. Foresets 
indicate younging toward the southeast. Main fabric looks like it will bend around toward the 
west – north. 
 
General description 
All quartz, except for about 5-10% muscovite, 1% hematite, and trace monazite. Porphyroclasts 
of quartzite (10-15%) range from 1 – 5mm and are mostly elongated. This is a fairly ordinary 
looking sample of quartzite. 
 
 
072-A01 – Micaceous quartzite 
Field context 
On the eastern edge of a block of micaceous quartzite. Good S2 CW to S0/1 relationship here. 
 
General description 
micaceous quartzite with S2 cleavage CW to S0/1. This rock is similar to 088-A01. Mainly quartz 
(70%) and muscovite (25%) with traces of opaques, hematite and monazite. 
 
There are hints of a type 3 fold interference pattern in this sample, but it is difficult to trace the 
quartzite around folds. Shearing has occurred along limbs of folds, severing them from their 
hinges. 
 
073-B01 – Light grey pelitic schist 
Field context 
Same as below. 
 



VII 
 

General description 
Similar to 073-C01, but the Sm is stronger, more defined and contains more muscovite (50 – 
60%). Matrix also contains quartz (30%, 0.2 – 0.4mm). Porphyroclasts are again quartzite (3 – 
5%). Good monazite grains in this sample (1%, up to 0.2mm). 
 
Fabric observations are the same as 073-C01. 
 
073-C01 – Light grey schist 
Field context 
On smaller outcrops with swamp to the south and east. Outcrop has quartzite, typical dark + 
light grey/metallic schist and some of the light grey schist looks like it may have quartz eye’s in 
it, similar to the QFP. 
 
General description 
Porphyroclasts of quartzite (5 - 10%; 1 – 2mm, elongate, variously recrystallized) are more 
abundant in one half of the sample than the other, representing S0 (Sm is CCW to bedding). 
Matrix is composed of quartz (50% quartz, 0.2mm), muscovite (30 - 35%, 0.2 – 1mm), calcite (3 – 
5%, 0.3mm), opaque’s (3%; likely pyrite), trace monazite, trace chlorite (0.1 - 0.2mm, occurs 
with chlorite). 
 
Mica fish showing possible dextral (step up; most likely) or sinistral (rotate/duplex) 
displacement. Large fold is F2 and small isoclinal folds, defined by muscovite are F1. F1 folds are 
sheath folds as the section is cut perpendicular to the F2 fold axis. 
Sm is defined by muscovite, calcite, and elongated quartz grains; Sm = S1. F2 folds are the large 
folds in this sample and are discretely crenulated by F3, which have fold axes slightly oblique to 
the F2 fold axes. Faint cross-crenulation ~60 degrees from Sm. 
 
078-A02 – Pelitic schist 
Field context 
Same as the sample below; sequence 3 wacke. 
 
General description 
Lots of muscovite, biotite and around 10% quartz. Easy to pick out monazite grains in this 
sample. Sm is highly crenulated (zonal – discrete). 
 
078-A03 –Chlorite psammitic schist 
Field context 
Sequence 3 wacke near Tern Lake. Very fine grained rock with subhorizontal bedding. 
 
General description 
Good folding in this sample and a significant amount of chlorite and quartz. 
 
079-A01 – Amarulik wacke; psammitic schist 
Field context 
On the top rim of a road-side quarry along the Meadowbank road. Several different phases; 
finer grained and coarser grain. 
 
General description 
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Quartz, K-feldspar, biotite, chlorite, sericite (altered K-feldspar), and muscovite (trace). 
 
Strong Sm continuous schistosity parallel’s S0 (repeating fining upward sequences), cross-cut by 
an overprinting schistosity defined by chlorite and biotite, ~40 degrees from Sm. Chlorite is highly 
concentrated along a large crenulation/lineation that is of the same orientation. Sm is also gently 
folded with rare grains of chlorite axial planar (90 degrees from Sm). 
 
084-A01 – Pebbly Quartzite 
Field context 
Same as the sample below. 
 
General description 
Typical sample of this lithology; fewer clasts (20%, quartzite + rare K-feldspar; 0.2 – 3mm) than 
samples described below. Matrix (80%) is made up of 10 - 15% muscovite and 85 - 90% quartz. 
Trace chlorite and pyrite. 
 
Same fabrics as previously described in 087-A01. Porphyroclasts show dextral displacement. 
 
084-A02 – Pelitic schist 
Field context 
Outcrop also contains quartzite and a quartzite that contains quartz eye’s, closely resembling 
the QFP. 
 
General description 
Quartz (15%, 0.02 – 0.2mm, equant, larger grains are now quartzite), Muscovite (40%, typical 
form), chloritoid (20%, elongate, obscured hourglass zoning, pseudo-bowtie twinning, 0.1 – 
0.3mm), carbonaceous clay (20% black, vfg), hematite (5%). There appears to be a variation in 
composition across sample (e.g. bedding); slightly more quartz rich on one side. 
 
Sm is a very strong spaced (0.02 – 0.1mm) schistosity that is crenulated creating an anastomosing 
texture. Sm appears to be a result of discrete crenulations defined by the muscovite, hematite 
and carbonaceous clay. The chloritoid is bound between these crenulations as well as deflects 
the S-fabric and therefore provides a maximum age for the growth of the mineral. The lineation 
is likely L2 or L3; this is difficult to determine given that these fabrics are parallel to each other. 
There is a faint trace of a cross-cutting crenulation ~70 degrees from Sm. 
 
087-A01 – Pebbly Quartzite 
Field context 
On the eastern side of a large quartzite ridge. This sample is an interbedded pebble bed within 
the quartzite. 
 
General description 
Pebble quartzite made up of clasts quartzite that exhibit various degrees of recrystallization, all 
within a carbonaceous clay matrix. Clasts range in size from 0.5 - 8mm and are equant - 
elongate. Matrix (5% of total rock) is blackish clay, sericite, muscovite and 0.02mm quartz grains. 
Some quartzite clasts are orthoquartzite, some are micaceous quartzite, chert. 
 



IX 
 

Sm is defined by the orientation of quartzite clasts. There is a weak crenulation that cuts the rock 
and is best seen by the undulatory extinction of the quartz; difficult to see due to the various 
orientations of quartz grains. 
 
 
088-A01-1 – Quartzite 
Field context 
Big quartzite ridge with pebble beds toward the pelitic schist (two samples below). 
 
General description 
Muscovite (30-35%), quartz (60%; 0.2 – 1mm, equant - elongate), calcite (3-5%, 0.04 – 0.3mm, 
equant, brown edges). Entire rock appears to have a strong, classic anastomosing fabric. Grain 
sizes in this rock are larger than the typical quartzite. 
 
Sm is defined folded quartz grains and is definitely S1. Furthermore, there is a lot of folding going 
on in this rock and S1 is refolded by F2. The muscovite in the rock surrounds the quartz grains, 
but it is difficult to track the folds using this given the anastomosing texture; as a result of this 
fabric, the muscovite appears to have two dominant orientations forming the usual conjugate 
set seen in other samples. These orientations seem to be parallel to the limbs of the early folds 
and not axial planar. There is a long and moderate crenulation that cuts the folds and is probably 
L4. 
 
088-A01-2 – Pebbly quartzite 
Field context 
Lots of quartzite (above sample) with some thin pebble beds (this sample). 
 
General description 
 3-5% porphyroclasts of quartzite that range from 0.8 – 4mm. Matrix is 25% muscovite (0.2 – 
0.4mm), 70% quartz (0.1 – 0.2mm; equant - elongate), trace hematite. About 5% of the 
muscovite is of the larger grain size and is later (over-prints the Sm). 
 
Sm is a continuous schistosity defined by muscovite and elongated quartz grains. There is a weak 
anastomosing fabric defined by the muscovite along Sm suggesting that it is weakly crenulated. 
The same conjugate set of muscovite is present as well. ~70 degrees from Sm are larger, but still 
weak, crenulations that deform the quartz grains and weakly align some of the muscovite 
parallel to this fabric. These crenulations are parallel with the main fabric, offsetting faults and 
fractures in the sample and is likely L4. Porphyroclasts show dextral movement which is 
consistent with the faults within the rock. The brittle faults occurred shortly after the shearing: 
the deflected mica around the porphyroclasts are displaced, but not through the clast. 
 
088-A02 – Pelitic schist 
Field context 
Right between a thin lake and a quartzite ridge on a down slope. There are some good F1 folds in 
this outcrop and you can see the younging direction (fining upward) change directions around 
the folds. 
 
General description 
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Rock has two main components/compositions: pelitic schist and psammopelitic schist. The 
former is fine grained and closely resembles the pelitic schist at Nipterk Lake (e.g. 026-A01) in 
that it contains dark blackish carbonaceous clay, but it does not have the kyanite and chloritoid. 
It’s mainly composed of the carbonaceous clay (very fine grained), muscovite (~65%), quartz 
(25%, 0.02mm) and up to 2% pyrite and up to 3% biotite that is 0.1 – 0.3mm in size (some 
retrograded to chlorite). The muscovite in this layer occurs throughout it and in mattes. The 
composition of the psammopelitic layer is similar, but contains different proportions: 55% 
quartz, 25% muscovite, 5% biotite (unstable; retrograding to chlorite), 3% chlorite and 2% 
pyrite. 
 
Sm is a continuous schistosity defined by muscovite and some larger grains of biotite in the more 
pelitic layer, and best preserved in this layer as well. Sm is deformed by a moderately developed 
discrete crenulation cleavage. The muscovite is also aligned 60 degrees away from the main 
crenulation forming a conjugate set and gives the rock an anastomosing texture. In the pelitic 
layer, a strong discrete crenulation cleavage is developed parallel to Sm: this initially appears to 
be a C-S fabric, but the chevron folds are consistent with kinking. These crenulations are likely 
L3. 
 
089-A01 – Amer conglomerate 
Field context 
Ayagaq basal conglomerate. This sample was taken from a steep cliff-face, beyond which was 
quartzite with large “box” folds with ripple marks. 
 
General description 
The matrix can be divided into two main groups: siliceous coarse grained and pyritic + micaceous 
fine grained. The former is dominated by quartz grains (80%) that are ~0.1mm in size and 
muscovite (19%) with trace amounts of pyrite. This matrix resembles a typical sample of 
micaceous quartzite. The latter group contains ~60% quartz (0.01mm), muscovite (30%) and 
pyrite (10%) that is mainly cubic and between 0.01 – 0.3mm in size. Trace epidote. The rock 
contains ~50-60% matrix (1/4 of which is the coarse grained group). Clasts include quartzite, 
chert(?), and K-feldspar (altering to sericite and appears to be in a hematite altered 
leucogranite). 
 
Sm is a continuous schistosity defined by muscovite. The conjugate set of over-printing 
sericite/muscovite grains is here as well; not very continuous through rock, but ubiquitous. 
 
095-A01 – Kiggavik quartz-feldspar porphry 
Field context 
Fine grained felsic volcanic rock, or transition into a quartzite. Based on the sample below, this is 
more likely a tuff. 
 
General description 
Similar to below, but K-feldspar is decreased substantially. Furthermore, this is a much finer 
grained rock. Quartz (70%) is 0.02mm in size. Muscovite (5-10%). Trace chlorite (retrograde) and 
1% pyrite. The remainder are porphyroclasts of quartz, plagioclase feldspar and K-feldspar that 
are 1 – 3.5mm in size and sub-idiomorphic. The plagioclase has albite twinning and the K-
feldspar is a good carlsbad twin; both feldspars are altering to sericite. 
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Sm is a continuous schistosity defined by muscovite. This is kinked by crenulations that produced 
a Z-symmetry, dextral drag fold. This may be a tuff; the porphyroclasts appear to be syn-Sm. 
 
095-A02 – Kiggavik quartz-feldspar porphry 
Field context 
This looks like it is a felsic volcanic rock, not a mylonitized granite. Across the outcrop it appears 
to be much finer grained (sample above). 
 
General description 
Quartz (35%) and K-feldspar (35%) are the main components in this sample, followed by 
muscovite (20%). K-feldspar and quartz porphyroclasts make up the remainder; 8 + 2%. The 
porphyroclasts may be best preserved in the hinges of early F1 folds. There is up to 2% pyrite. 
Grain size on minerals (quartz+K-feldspar) is 0.02mm for most of the sample; 0.2mm quartz 
grains in pressure shadows around porphyroclasts (also implying they are pre-Sm). There is a 
layer of quartz+muscovite that resembles a typical micaceous quartzite. 
 
The main fabric is again a continuous schistosity defined by the muscovite, quartz and K-
feldspar. Drag folds caused by tension gashes and fractures (~75 degrees from Sm) are of Z-
symmetry and show dextral offset. These are parallel to larger quartz veins in the sample. There 
is also an alignment of muscovite as a conjugate set; one direction parallel to the tension gashes 
(not very dominant). 
 
105-A01 – Feldspathic wacke 
Field context 
Orangey pink feldspathic wacke / psmammitic schist. This is what was originally mapped as the 
Amarulik wacke, but may be sequence 4 wacke. 
 
General description 
Main components of this sample are quartz (35%) and K-feldspar (30%). The quartz is equant 
(minor elongate), ~0.2mm in size and has sutured to annealed grain boundaries. The K-feldspar 
is similar to the description of the quartz, and is dusty pink in plane light and is altering to 
sericite. Some grains appear to by porphyroclasts and are up to 1.5mm in size, but altered to 
epidote. Chlorite (15%) is elongate and generally prismatic (prograde); some grains (~20% of the 
chlorite) are retrograde and are xenomorphic. Pyrite is cubic and up to 1%. Epidote is present as 
veins and alteration around K-feldpar and parallel to the main fabric (likely altered K-feldspar). 
Calcite occurs as veins throughout the sample. Muscovite (10%) has the usual characteristics. 
 
Sm is a continuous schistosity defined by the chlorite, muscovite and epidote. Sm is weakly 
deformed by a zonal crenulation cleavage and again by a weak zonal crenulation that is more 
pervasive through the sample and is parallel to the epidote veins. 
 
106-A01 – Garnet-Biotite-Chlorite-Calcite schist 
Field context 
Small outcrop of psammitic schist with a dyke/sill of granite or syenite cutting through it. Some 
cooling along the edges around contact. 
 
General description 
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Main mineral is quartz (40-50%) which is 0.1-0.2mm, equant – elongate and has sutured and 
annealed grain boundaries. The biotite (25-30%) is elongate and prismatic. Grains are between 
0.2 - 0.8mm long, subidiomorphic and are pleochroic dark olive brown – pale brown. There is 
both pro- (5%) and retro- (2%) grade chlorite in this sample. Grains are mainly 0.2 - 0.6mm in 
length and are elongate. Calcite (1-2%) is sparry and shows typical characteristics and twinning. 
It is frequently found near the garnet porphyroblasts as well as in veins. The garnet (2%) 
porphyroblasts are between 1 - 2.5mm in size and are subidio- to xeno-blastic. All the garnets 
appear to be pre-Sm as demonstrated by large pressure shadows of quartz and deflected mica 
that define Sm. Pyrite is 0.1mm and is up to 2%. 
 
The main fabric is a very strong continuous schistosity that is defined by the mica’s, elongated 
quartz and to a minor extend, the calcite. Sm has been further deformed by a zonal crenulation 
cleavage that is ~ 75 degrees oblique to it. These crenulations produce s-symmetry drag folds 
that show sinistral displacement. The garnet porphyroclasts record a weak fabric (Pre-Sm); the 
inclusion within the garnet are aligned and are oblique to Sm. This is S1 and Sm = S2. The late 
crenulation is likely S4. 
 
 
114-A01 – Micaceous quartzite 
Field context 
Below the unconformity at unconformity Lake. This may be Neoarchean sequence 4, 
paleoweathered and hydrothermally altered. Very red and siliceous. 
 
General description 
This sample is orangey red due to hematite (~5-10%). Quartz is the dominant mineral (~50%) 
and the grains are generally 0.15 – 0.2mm in size, equant and elongate, subidiomorphic and 
have sutured – annealed grain boundaries. Muscovite is the other main constituent of this 
sample (~35%) and is of typical character; a small portion may be sericite. Epidote is observed in 
and around larger (0.2mm thick) fractures. Porphyroclasts account for the remainder of the 
mineralogy within this sample and are dominantly quartz with long trails, both the clasts and 
trails are recrystallized. Minor K-feldspar porphyroclasts exist and are being altered to sericite. 
These clasts are more tabular in shape, subidiomorphic are up to 0.4mm in size. 
 
Main fabric in this sample is a strong continuous schistosity defined by the muscovite and 
elongated quartz. Together they make alternating bands that are between 0.2 – 0.6mm thick 
that resemble the interlayering of quartzite and QFP schist at Ukalik Lake. This main fabric has 
been further deformed producing a zonal – discrete crenulation cleavage that is best defined by 
the muscovite, but also by the quartz. Later fracturing has also occurred and there are tension 
gashes ~80-90 degrees to the main foliation. 
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APPENDIX B 

GEOCHEMISTRY RESULTS 
 
 

ACME ANALYTICAL LABORATORIES LTD. 
  

Method WGHT 4A-4B 4A-4B 4A-4B 

Client: Geological Survey of Canada 
 

Analyte Wgt SiO2 Al2O3 Fe2O3 

Job Number: VAN12000809 
  

Unit KG % % % 

Project: GEM-U 
  

MDL 0.01 0.01 0.01 0.04 

Shipment ID: NRCan-07M052461W/001 
      P.O. Number: 3000469533 

       Received: 21-Feb-12 
  

Analyte Wgt SiO2 Al2O3 Fe2O3 

Sample Area Latitude Longitude Type 
    09JP014A01 Amer Lake 

  
Rock 0.33 50.21 13.39 14.57 

09JP014A02 Amer Lake 
  

Rock 0.21 48.38 14.98 12.91 

09JP018E Amer Lake 
  

Rock 0.25 42.23 15.66 12.19 

09JP040A02 Whitehills Lake 
  

Rock 0.13 55.04 14.09 13 

10JJ068A02 Whitehills Lake 
  

Rock 0.47 49.78 14.46 15.38 

10JP177A02 Whitehills Lake 64.541939 -96.295331 Rock 0.27 53.58 13.1 14.3 

10JPC027A02 Amer Lake 
  

Rock 0.21 46.92 12.64 16 

10JPC044A01B Amer Lake 
  

Rock 0.29 49.25 14.54 17.96 

10JPC044A02B Amer Lake 
  

Rock 0.21 50.23 14.48 16.57 

10JPC044A04B Amer Lake 
  

Rock 0.18 45.96 14.35 18.75 

10JPC044A05B Amer Lake 
  

Rock 0.24 49.57 14.4 16.11 

10JPM002A02 Whitehills Lake 64.646172 -96.226372 Rock 0.08 52.63 11.78 12.16 

10JPM003A02 Whitehills Lake 64.641142 -96.224634 Rock 0.17 54.49 13.85 14.13 

11JP219A01B West of AMZ 65.225917 -98.539586 Rock 0.29 52.05 14.04 14.86 

11JP219A02B West of AMZ 65.225917 -98.539586 Rock 0.31 51.26 14.18 15.49 
 



B 
 

 
4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ni Sc LOI 

 
% % % % % % % % PPM PPM % 

 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.002 20 1 -5.1 

 
MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ni Sc LOI 

Sample 
           09JP014A01 4.01 6.73 2.11 1.51 1.7 0.29 0.16 0.009 56 31 5.1 

09JP014A02 2.81 5.84 5.09 2.02 1.81 0.31 0.14 0.008 47 34 5.5 

09JP018E 8.04 3.7 0.29 6.87 1.86 0.32 0.24 0.011 62 35 8.3 

09JP040A02 2.36 5.67 3.9 1.45 1.5 0.17 0.13 <0.002 50 15 2.4 

10JJ068A02 5.28 4.04 4.51 0.7 1.78 0.3 0.19 0.008 50 33 3.3 

10JP177A02 2.44 5.52 3.99 1.42 2.06 0.23 0.16 <0.002 34 15 2.9 

10JPC027A02 4.38 6.66 2.72 1.67 1.69 0.38 0.21 0.006 46 31 6.5 

10JPC044A01B 3.84 3.14 4.19 0.76 1.91 0.33 0.15 0.007 48 36 3.7 

10JPC044A02B 5.16 3.43 3.61 0.86 1.76 0.29 0.16 0.007 58 31 3.2 

10JPC044A04B 4.47 5.17 3.75 0.72 1.82 0.3 0.25 0.007 51 34 4.2 

10JPC044A05B 4.43 7.11 2.8 1.69 1.8 0.29 0.21 0.007 54 35 1.3 

10JPM002A02 5.96 6.2 3.03 0.24 1.13 0.12 0.17 0.028 199 17 6.3 

10JPM003A02 2.58 3.04 4.49 1.85 1.54 0.16 0.14 <0.002 56 16 3.5 

11JP219A01B 4.42 7.89 2.82 0.66 1.78 0.33 0.22 0.009 28 32 0.7 

11JP219A02B 4.35 7.74 2.94 0.89 1.76 0.32 0.22 0.008 33 34 0.7 
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4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
Sum Cu Zn Mo Pb Ba Be Co Cs Ga Hf 

 
% PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

 
0.01 5 5 1 1 1 1 0.2 0.1 0.5 0.1 

 
Sum Cu Zn Mo Pb Ba Be Co Cs Ga Hf 

Sample 
           09JP014A01 99.76 9 110 <1 6 447 <1 38.3 0.5 18.3 3.6 

09JP014A02 99.78 19 84 <1 4 612 <1 30 3.1 19 4 

09JP018E 99.71 <5 183 2 3 354 <1 74.5 0.5 21.1 3.9 

09JP040A02 99.74 129 104 <1 14 416 1 43.5 4 21.9 4.2 

10JJ068A02 99.76 28 180 <1 8 276 <1 46.6 0.7 18.2 4.4 

10JP177A02 99.73 313 120 <1 12 385 1 41.4 10.1 21.4 5.6 

10JPC027A02 99.75 6 121 1 4 738 <1 43.4 5.3 18.7 3.7 

10JPC044A01B 99.8 23 104 1 7 248 1 50.7 0.7 21.8 4.3 

10JPC044A02B 99.79 <5 137 <1 6 324 2 45.9 0.6 19.6 3.8 

10JPC044A04B 99.79 <5 150 2 8 326 1 41.9 1.4 20.3 3.9 

10JPC044A05B 99.71 <5 232 2 26 677 2 38.5 5.1 19.8 4.2 

10JPM002A02 99.8 102 109 <1 3 142 <1 55.3 0.3 18.8 2.6 

10JPM003A02 99.75 202 115 1 11 533 <1 50.5 14.2 21.3 5.7 

11JP219A01B 99.82 10 55 3 4 170 <1 34.8 1.1 19.7 3.7 

11JP219A02B 99.81 <5 53 2 3 169 <1 33.6 0.7 20.9 3.7 
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4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
Nb Rb Sn Sr Ta Th U V W Zr Y 

 
PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

 
0.1 0.1 1 0.5 0.1 0.2 0.1 8 0.5 0.1 0.1 

 
Nb Rb Sn Sr Ta Th U V W Zr Y 

Sample 
           09JP014A01 7 24.6 1 166.1 0.4 3.2 0.9 266 <0.5 131 31.6 

09JP014A02 7.7 40.1 <1 58.7 0.5 3.7 0.8 287 <0.5 142.8 33.5 

09JP018E 8.6 53.7 <1 22.3 0.5 3.8 2.9 272 <0.5 144.6 33.6 

09JP040A02 10 43.8 1 479.7 0.9 6.8 1.8 213 <0.5 164.1 20.3 

10JJ068A02 7.2 13.7 <1 76.7 0.6 3.9 0.9 272 0.7 142.6 33.8 

10JP177A02 13.1 52.6 2 369.3 0.9 9 2.9 175 <0.5 209.7 25.7 

10JPC027A02 7.4 38.4 <1 97.2 0.4 3.3 1 290 <0.5 139 38.7 

10JPC044A01B 8.5 13.4 1 57.7 0.5 3.8 0.9 309 <0.5 152.5 30.8 

10JPC044A02B 7.2 12.1 <1 68.3 0.4 3.3 0.7 226 <0.5 135.8 27.4 

10JPC044A04B 7.7 15.5 <1 87.2 0.5 3.4 0.7 249 <0.5 139.9 32.8 

10JPC044A05B 8.1 54.9 <1 265.7 0.4 3.3 0.7 274 <0.5 140.5 31.9 

10JPM002A02 6.7 3.4 1 186.5 0.4 3.2 0.7 167 <0.5 110.7 13.9 

10JPM003A02 9.1 51.3 1 287.9 0.7 7.8 2.2 214 1.6 166.7 19.9 

11JP219A01B 7.9 21.6 <1 317.8 0.5 3.2 0.9 256 0.7 140.3 28.7 

11JP219A02B 7.5 41.4 <1 316 0.4 3.5 0.7 268 0.6 139.5 30.9 
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4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er 

 
PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

 
0.1 0.1 0.02 0.3 0.05 0.02 0.05 0.01 0.05 0.02 0.03 

 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er 

Sample 
           09JP014A01 24.3 49.8 6.18 25 5.68 1.69 6.11 0.93 5.28 1.18 3.12 

09JP014A02 23.9 53.5 6.3 29.1 5.86 1.56 6.04 0.97 5.95 1.19 3.27 

09JP018E 19.8 43.3 5.17 20.4 4.75 1.62 5.24 0.92 5.34 1.25 3.41 

09JP040A02 30.3 61.2 6.78 25.6 5.42 1.65 5.37 0.76 4.26 0.68 1.83 

10JJ068A02 26.3 55.5 6.38 26.1 5.37 1.75 6.16 0.99 6.65 1.26 3.55 

10JP177A02 39.1 79.6 8.98 37.2 7.62 1.88 6.51 0.96 5.34 0.94 2.36 

10JPC027A02 26.1 49.8 6.5 29.7 5.42 2.01 6.11 1.01 6.42 1.38 4.21 

10JPC044A01B 29.3 47.9 5.62 22 4.88 1.39 5.41 0.95 5.79 1.3 3.91 

10JPC044A02B 21.1 44.5 5.43 22.2 5.17 1.53 4.77 0.82 5.35 1.06 2.86 

10JPC044A04B 22.1 47 5.82 26 5.5 1.63 5.72 0.98 5.9 1.23 3.58 

10JPC044A05B 21.2 46.2 5.69 25.6 5.11 1.78 5.67 0.94 5.91 1.23 3.48 

10JPM002A02 16.2 34.4 4.44 18.5 3.91 1.18 3.5 0.53 2.88 0.58 1.35 

10JPM003A02 30.6 64.4 7.5 30.9 5.58 1.64 5.19 0.76 4.2 0.77 1.95 

11JP219A01B 22 46.7 5.83 23.4 4.91 1.44 5.3 0.87 5.28 1.13 3.19 

11JP219A02B 19.8 44.6 5.5 23.5 4.64 1.59 5.31 0.9 5.37 1.08 3.09 
 
  



F 
 

 
4A-4B 4A-4B 4A-4B 2A Leco 2A Leco LOI G806 2A F 

 
Tm Yb Lu TOT/C TOT/S LOI FeO F 

 
PPM PPM PPM % % % % PPM 

 
0.01 0.05 0.01 0.02 0.02 -5.1 0.01 10 

 
Tm Yb Lu TOT/C TOT/S LOI FeO F 

Sample 
        09JP014A01 0.52 3.02 0.52 0.53 <0.02 5.1 9.34 350 

09JP014A02 0.58 3.4 0.5 0.89 <0.02 5.5 8.43 318 

09JP018E 0.57 3.96 0.58 1.37 0.14 8.3 8.47 346 

09JP040A02 0.28 1.73 0.25 0.03 <0.02 2.4 5.54 397 

10JJ068A02 0.55 3.59 0.52 0.22 0.07 3.3 11.03 477 

10JP177A02 0.36 2.04 0.31 0.1 <0.02 2.9 4.01 452 

10JPC027A02 0.61 3.85 0.61 1.2 <0.02 6.5 11.35 402 

10JPC044A01B 0.54 3.25 0.52 0.41 0.07 3.7 10.96 248 

10JPC044A02B 0.46 2.88 0.45 0.17 <0.02 3.2 12.51 378 

10JPC044A04B 0.51 3.42 0.48 0.58 <0.02 4.2 12.47 227 

10JPC044A05B 0.55 3.21 0.48 0.09 <0.02 1.3 10.73 331 

10JPM002A02 0.2 1.25 0.18 0.97 <0.02 6.3 8.82 319 

10JPM003A02 0.29 1.94 0.25 0.18 0.08 3.5 4.98 272 

11JP219A01B 0.45 2.99 0.47 <0.02 <0.02 0.7 11.81 376 

11JP219A02B 0.48 2.95 0.48 <0.02 <0.02 0.6 12.11 338 
 
  



G 
 

    
Method WGHT 4A-4B 4A-4B 4A-4B 

    
Analyte Wgt SiO2 Al2O3 Fe2O3 

    
Unit KG % % % 

    
MDL 0.01 0.01 0.01 0.04 

    
Analyte Wgt SiO2 Al2O3 Fe2O3 

Sample Area Latitude Longitude Type 
    11JP269A02 Amer Lake 65.466224 -96.757718 Rock 0.89 51.01 13.52 15.41 

11JP270A02 Amer Lake 65.44172 -96.73306148 Rock 0.51 51.31 14.19 14.19 

11JP270B02 Amer Lake 65.44172 -96.73306148 Rock 0.31 47.5 16.81 11.2 

11JP274A02A Amer Lake 65.44172 -96.63620819 Rock 0.39 51.77 13.66 15.69 

11JP275B01 Amer Lake 65.44172 -96.595297 Rock 0.32 48.82 16.19 15.6 

11JP275B02 Amer Lake 65.44172 -96.595297 Rock 0.19 49.68 16.09 14.2 

11JP276B02 Amer Lake 65.440929 -96.586215 Rock 0.46 50.55 14.8 15.12 

11JP277A02 Amer Lake 65.449377 -96.493398 Rock 0.94 47.5 14.82 18.4 

11JP314A02 West of AMZ 65.22522224 -98.52750257 Rock 0.4 51.83 14.24 14.8 

11JP519A02 W of Five Mile Lake 65.24184879 -97.59044127 Rock 0.42 51.48 13.5 15.59 

11JP528A02 Five Mile Lake 65.44108873 -97.12040799 Rock 0.39 49.95 13.94 16.05 

11JP529A02 E of Five Mile Lake 65.45154205 -96.94397973 Rock 0.17 49.36 13.56 15.59 

11JPM095A02B Bar Lake (west) 64.50516 -97.072119 Rock 0.6 44.64 12.71 10.35 

11JPM139B02 Ukalik Lake 65.236339 -95.970085 Rock 0.53 40.92 20.2 11.75 

11JPM153A02 West of Ukalik Lake 65.237192 -96.055344 Rock 0.53 56.06 14.08 9.31 

11JP468A03B Bar Lake (west) 64.51736543 -97.04048693 Rock 0.19 43.63 13.73 12 

11JP468B02A Bar Lake (west) 64.51736543 -97.04048693 Rock 0.19 43.17 15.59 12.92 

11JP468B02B Bar Lake (west) 64.51736543 -97.04048693 Rock 0.15 42.1 16.02 11.3 
 
  



H 
 

 
4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ni Sc LOI 

 
% % % % % % % % PPM PPM % 

 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.002 20 1 -5.1 

 
MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ni Sc LOI 

Sample 
           11JP269A02 4.26 6.97 2.6 1.27 1.76 0.31 0.18 0.007 49 33 2.5 

11JP270A02 4.27 6.03 2.82 0.93 1.81 0.3 0.22 0.008 48 34 3.7 

11JP270B02 6.94 4.91 2.22 1.52 2.09 0.38 0.16 0.009 42 40 6 

11JP274A02A 4.37 6.16 1.39 1.19 1.75 0.32 0.19 0.007 48 32 3.3 

11JP275B01 4.83 2.23 4 1.97 2.03 0.34 0.14 0.011 53 38 3.6 

11JP275B02 4.55 2.6 4.68 2.03 2.06 0.33 0.12 0.009 48 37 3.5 

11JP276B02 4.7 3.44 2.52 1.84 1.88 0.36 0.17 0.008 41 35 4.4 

11JP277A02 5.63 1.97 3.61 1.59 1.84 0.32 0.16 0.008 36 34 4 

11JP314A02 4.72 6.99 2.51 1.31 1.78 0.28 0.16 0.008 54 33 1.1 

11JP519A02 4.2 6.33 3.48 0.86 1.7 0.27 0.17 0.007 42 32 2.2 

11JP528A02 4.42 5.39 3.83 0.66 1.76 0.29 0.25 0.008 42 33 3.2 

11JP529A02 4.68 5.89 2.01 1.26 1.77 0.27 0.19 0.007 44 32 5.2 

11JPM095A02B 9.87 15 1.54 0.24 0.65 0.07 0.16 0.034 171 46 4.4 

11JPM139B02 14.11 0.35 0.04 2.73 0.99 0.25 0.13 0.043 170 26 8 

11JPM153A02 3.42 4.64 2.86 1.8 1.09 0.25 0.1 <0.002 20 19 6.2 

11JP468A03B 8.95 13.3 2.05 0.24 0.71 0.06 0.2 0.026 135 30 4.8 

11JP468B02A 7.74 10.35 3.43 0.46 0.69 0.1 0.2 0.02 94 26 5.1 

11JP468B02B 6.45 10.65 4.17 0.3 0.78 0.11 0.19 0.016 82 14 7.7 
 
  



I 
 

 
4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
Sum Cu Zn Mo Pb Ba Be Co Cs Ga Hf 

 
% PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

 
0.01 5 5 1 1 1 1 0.2 0.1 0.5 0.1 

 
Sum Cu Zn Mo Pb Ba Be Co Cs Ga Hf 

Sample 
           11JP269A02 99.79 12 126 <1 8 501 <1 40.4 3.4 19.5 3.5 

11JP270A02 99.76 105 141 1 12 404 <1 54 1.1 20.5 3.5 

11JP270B02 99.72 168 33 2 10 321 <1 33.9 3.7 23.7 4 

11JP274A02A 99.81 25 132 2 12 326 <1 45.3 0.6 18.7 3.3 

11JP275B01 99.78 34 128 2 1 330 2 52 0.5 22.5 4.9 

11JP275B02 99.81 11 111 1 2 353 <1 41.9 1.3 20 4.5 

11JP276B02 99.78 33 118 1 2 556 <1 40.4 1 18.9 3.7 

11JP277A02 99.8 16 125 <1 2 335 <1 38.9 2.9 19.8 4.3 

11JP314A02 99.77 <5 55 <1 4 460 <1 51.8 2.3 21.3 3.5 

11JP519A02 99.79 25 122 <1 7 369 <1 45.2 0.8 19.6 4 

11JP528A02 99.78 28 131 1 14 256 3 47 0.2 22.2 3.8 

11JP529A02 99.77 10 111 <1 6 540 <1 46.7 0.8 19.6 3.5 

11JPM095A02B 99.7 97 72 <1 9 170 <1 44.5 0.5 14.2 2 

11JPM139B02 99.53 6 285 <1 2 818 <1 39.3 2 21 4.3 

11JPM153A02 99.8 48 98 <1 3 475 <1 20.3 1 19.3 3.9 

11JP468A03B 99.72 176 127 <1 13 75 2 51.5 1.2 17 1.6 

11JP468B02A 99.76 58 98 <1 11 131 4 41.7 3.7 16.2 1.2 

11JP468B02B 99.77 157 85 <1 9 95 4 76.6 1.7 17.5 1.9 
 
  



J 
 

 
4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
Nb Rb Sn Sr Ta Th U V W Zr Y 

 
PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

 
0.1 0.1 1 0.5 0.1 0.2 0.1 8 0.5 0.1 0.1 

 
Nb Rb Sn Sr Ta Th U V W Zr Y 

Sample 
           11JP269A02 7.3 29.5 <1 196.4 0.4 3.1 0.8 267 0.6 130.4 29.4 

11JP270A02 7.7 16.1 <1 360.2 0.3 3.2 0.9 261 <0.5 132.2 29.7 

11JP270B02 8.2 44.4 <1 117.8 0.5 3.8 0.9 314 0.5 161 35.1 

11JP274A02A 7.5 19.4 <1 220.6 0.4 3.3 0.7 251 <0.5 131.5 31.2 

11JP275B01 9.5 13 1 47.9 0.4 4.6 1 341 0.7 165.2 29.6 

11JP275B02 9.3 20.3 <1 47.1 0.5 4 0.8 303 0.5 150.1 29 

11JP276B02 7.2 24.1 1 113.9 0.4 3.9 0.8 271 <0.5 142.3 29.7 

11JP277A02 7.4 40 <1 24.8 0.4 3.3 0.8 283 <0.5 142.3 31.6 

11JP314A02 8.6 50.8 2 269.2 0.5 3.1 1 292 0.7 136.9 32.9 

11JP519A02 8.1 15.6 2 243.9 0.4 3.9 0.9 273 <0.5 138.7 32.1 

11JP528A02 8.2 12.6 1 239.6 0.5 3.6 0.8 289 <0.5 144.2 31.9 

11JP529A02 7.6 18.1 1 181.1 0.3 3.5 1 285 <0.5 140.9 30.5 

11JPM095A02B 3.9 6.8 <1 396.9 0.2 2.4 0.6 242 <0.5 48.2 23.5 

11JPM139B02 8.2 120 1 25.1 0.6 7.2 1.9 211 3.4 162.2 13.4 

11JPM153A02 7 46.4 2 251.3 0.5 3 0.6 163 0.6 161.7 31.9 

11JP468A03B 3.8 5.7 <1 267.7 0.3 2.5 0.7 264 <0.5 51.2 21.5 

11JP468B02A 7.4 14.1 <1 240.9 0.3 2.3 0.7 228 <0.5 51.5 23.2 

11JP468B02B 11.8 8.4 1 223.6 0.5 4.2 1.1 239 <0.5 64.9 25.1 
 
  



K 
 

 
4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 4A-4B 

 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er 

 
PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

 
0.1 0.1 0.02 0.3 0.05 0.02 0.05 0.01 0.05 0.02 0.03 

 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er 

Sample 
           11JP269A02 23.7 48.9 5.95 24.6 5.14 1.54 5.47 0.92 5.47 1.15 3.2 

11JP270A02 22.1 43.8 5.47 24.5 4.89 1.67 5.28 0.88 5.21 1.02 3.1 

11JP270B02 29.1 64.1 7.75 29.6 6.18 1.95 6.16 0.98 5.86 1.29 3.69 

11JP274A02A 21.6 47.7 5.93 26.5 5.35 1.55 5.68 0.93 5.48 1.16 3.24 

11JP275B01 21.8 42.7 5.12 21.3 5.07 1.44 5.22 0.95 5.44 1.16 3.51 

11JP275B02 16.8 39.3 4.88 20.7 5.07 1.35 5.13 0.9 4.88 1.14 3.07 

11JP276B02 21.6 44.1 5.68 23.5 4.9 1.46 5.31 0.89 4.73 1.03 3.41 

11JP277A02 20.6 48.2 6.41 25.6 5.18 2.17 5.43 0.9 5.02 1.09 3.34 

11JP314A02 22.9 46.7 5.74 23.3 5.17 1.78 5.66 0.95 5.9 1.2 3.24 

11JP519A02 24.2 48.8 6.08 24.3 5.39 1.47 5.61 0.95 5.67 1.29 3.72 

11JP528A02 25.4 51.8 6.33 26 5.52 1.9 5.8 1 5.69 1.3 3.58 

11JP529A02 23.1 48.3 5.91 26.1 5 1.61 5.3 0.97 5.49 1.18 3.4 

11JPM095A02B 10.4 24.2 3.55 15.9 4.1 1.13 4.38 0.73 4.6 0.88 2.19 

11JPM139B02 32.1 70.1 8.73 31.6 6.91 1.56 4.74 0.62 3.07 0.5 1.46 

11JPM153A02 24.1 50.6 6.29 25.8 5.08 1.37 5.07 0.84 4.97 0.99 2.96 

11JP468A03B 11.9 27.4 3.73 17.4 4.44 1.26 4.53 0.77 4.36 0.93 2.55 

11JP468B02A 13.8 31.6 4.38 19.5 4.66 1.34 4.36 0.76 4.23 0.91 2.44 

11JP468B02B 18.8 42.2 5.69 21.7 5.48 1.33 5.13 0.83 4.68 0.91 2.66 
 
  



L 
 

 
4A-4B 4A-4B 4A-4B 2A Leco 2A Leco LOI G806 2A F 

 
Tm Yb Lu TOT/C TOT/S LOI FeO F 

 
PPM PPM PPM % % % % PPM 

 
0.01 0.05 0.01 0.02 0.02 -5.1 0.01 10 

 
Tm Yb Lu TOT/C TOT/S LOI FeO F 

Sample 
        11JP269A02 0.46 2.92 0.48 0.16 <0.02 2.5 10.71 391 

11JP270A02 0.47 2.77 0.47 0.21 0.27 3.7 8.4 357 

11JP270B02 0.58 3.68 0.59 0.63 0.06 6 8.03 869 

11JP274A02A 0.5 3.26 0.45 <0.02 0.08 3.3 8.64 364 

11JP275B01 0.57 3.21 0.57 0.08 0.06 3.6 10.92 342 

11JP275B02 0.49 2.93 0.47 0.13 <0.02 3.5 9.98 379 

11JP276B02 0.5 3.22 0.5 0.27 <0.02 4.4 11.66 385 

11JP277A02 0.5 2.85 0.48 0.12 0.07 3.9 12.24 467 

11JP314A02 0.51 3.18 0.56 0.05 <0.02 1.1 10.97 365 

11JP519A02 0.51 2.96 0.46 0.02 0.05 2.2 11.06 268 

11JP528A02 0.5 3.34 0.48 0.21 0.03 3.2 9.01 372 

11JP529A02 0.52 3.34 0.51 0.45 <0.02 5.2 8.19 332 

11JPM095A02B 0.35 2.29 0.36 0.6 0.04 4.4 5.4 728 

11JPM139B02 0.18 1.43 0.19 <0.02 <0.02 8 8.77 711 

11JPM153A02 0.43 2.4 0.38 0.98 <0.02 6.2 7.46 659 

11JP468A03B 0.36 2.37 0.35 0.7 0.07 4.8 7.97 1060 

11JP468B02A 0.35 2.34 0.33 0.73 0.06 5.1 9 1160 

11JP468B02B 0.41 2.41 0.36 1.43 0.61 7.7 7.15 716 
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See chapter 3 for detailed lithological descriptions.

Structural geology for this area is discussed in chapter 4, section 4.3.
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See chapter 3 for detailed lithological descriptions.

Structural geology for this area is discussed in chapter 4, section 4.2.
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Geological map of the Bar Lake area
See chapter 3 for detailed lithological descriptions.

Structural geology for this area is discussed in chapter 4, section 4.4.

“Graphite zone”
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See chapter 3 for detailed lithological descriptions.

Structural geology for this area is discussed in chapter 4,
sections 4.2, 4.3, and 4.71.
Geology between the Nipterk and Ukalik Lake map areas
is from Zaleski et al., 1997b.
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