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Abstract 

The Black Bay Fault is a major Paleoproterozoic, NE-SW-trending, crustal-scale feature that 

separates different tectonometamorphic domains of the southern Rae craton in the Canadian 

Shield. This structure extends from the edge of Lake Athabasca northward for 100ôs km into the 

Northwest Territories and was previously poorly constrained. Prior examination of the fault has 

been limited to small-scale studies in the Uranium City, SK vicinity. The Black Bay fault has 

previously been associated with rare-earth element and uranium mineralization in northern 

Saskatchewan, although this relationship is not fully understood. This thesis has focused on 

understanding the continuation of the Black Bay Fault into the Northwest Territories based on 

field mapping conducted as part of the GSC/NTGS GEM2 South Rae project. The observations 

are broken into three study areas: Tazin River, Insula-Labyrinth Lake and Dymond Lake. 

The Black Bay Fault has had a cryptic polyphase history.  Overall the fault is observed to be a 

steep, west-dipping structure associated with a strong NE/SW-trending fabric, but there are 

major disruptions to this trend by two NW-SE-trending segments of this fault. Field observations 

indicate it was impacted by four main deformational events, D1 to D4. D1 produced sinistral 

transpression along the fault, resulting in the uplift of the western domains relative to the eastern 

domains, a steeply west-dipping, NNE-SSW-trending gneissosity and shallowly NE-plunging 

lineations. D1 is inferred to have occurred ca. 1910 Ma in associated with the Snowbird Orogeny 

and the collision of the Hearne craton onto the eastern edge of the Rae Craton. D2 is a regionally 

limited event which modified the geometry of the fault rather than producing deformation along 

its length and resulted in the development of a left-stepping bend in the fault around Labyrinth 

Lake and another larger bend around Dymond Lake. D2 fabrics are not observed along the 

southern extent of the Black Bay Fault. This event remains very poorly constrained but is 

hypothesized to be associated with the indentation of the Slave craton into the Rae craton, further 

to the west, at ca. 1860 Ma. D3 was a dextral transpression event resulted in further west-side up 

movement on the primary Black Bay Fault trend and produced a steeply west-dipping, NE-SW-

trending gneissic to mylonitic fabric along with shallowly SW-plunging lineation. D3 began by 

1844.4 ±2.1 Ma continued until ca. 1830 Ma and was probably driven through far-field tectonic 

effects from the Trans-Hudson orogeny to the east. Differential uplift occurred during this event, 

with the fabrics becoming more ductile moving northward on the western side of the fault. D4 
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was a brittle-ductile to brittle deformation event associated with dextral movement along the 

fault and the development of a sinistral, NW-SE-trending conjugate fault/fracture system 

containing syn-tectonically emplaced mafic dykes. D4 was underway by ca. 1827 Ma and 

continued until at least ca. 1818 Ma. In addition, fault-associated rare-earth element and uranium 

mineralization previously discovered in northern Saskatchewan is observed to continue into the 

Northwest Territories, hosted primarily in S3 and S4 fabrics and possibly associated with the 

shift from a ductile regime to a brittle regime. 
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1. Introduction 

1.1 Overview 

Shear zones are important and intriguing structural features, accommodating large-scale 

deformation and providing insight into the tectonic history of an area. The Canadian Shield 

contains numerous regional-scale shear zones cross-cutting the craton, many of which have had 

little examination. The Rae craton, forming a central component of the Canadian Shield and 

composed of amphibolite to granulite facies Archean to Paleoproterozoic rocks (Hartlaub et al., 

2005), contains many of these under-examined shear zones. One of these poorly understood 

shear zones, the Black Bay Fault, is the focus of this study.  

Located in the southwestern portion of the Rae craton (Figure 1-1), the Black Bay Fault is a 

large-scale, NE/SW-trending crustal feature stretching from the Uranium City area in northern 

Saskatchewan into the southern Northwest Territories. While the Black Bay Fault was initially 

discovered in the 1950ôs (Hale, 1954), prior to this study, only the southern extent of the fault in 

northern Saskatchewan has been examined. The continuation of the Black Bay Fault into the 

Northwest Territories has previously been based predominately on lineaments present in the 

aeromagnetic surveys of the area (Pehrsson et al., 2014a). The full extent of the Black Bay Fault 

was unknown and the fault trace in the Northwest Territories remained poorly constrained. 

Previous studies on the Black Bay Fault have revealed a complicated structural history with 

reactivations and a transition from ductile through brittle-ductile to brittle deformation 

(Bergeron, 2001). Some attempts at constraining timing of deformation (i.e. Ashton et al., 2009; 

Bethune et al., 2013; Dieng et al., 2013) have indicated Paleoproterozoic deformational ages 

ranging from 2.3 Ga to 1.8 Ga. Due to this large time frame, multiple tectonic events have been 

proposed for the fault development and movement. 

The Black Bay Fault has been associated with important mineralization in the area. Around 

Uranium City, an abundance of vein-type uranium deposits are present, some of which are 

associated with the Black Bay Fault (Dieng et al., 2013). Further to the north, rare-earth element 

mineralization at the Hoidas Lake deposit (Figure 1-2) has been emplaced along fault splays off 
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of the Black Bay Fault (Normand et al., 2009). As with the study of the fault itself, the extent of 

mineralization into the Northwest territories had not been previously determined. 

1.2 Study Objectives 

The primary goal of this study was to better understand the continuation of the Black Bay Fault 

into the Northwest Territories. A primary task was to verify whether or not the aeromagnetic 

lineament and signature accurately represents the fault. More importantly, this study has been 

designed to better document the structural fabrics associated with Black Bay Fault over a large 

area. While limited studies from northern Saskatchewan have discussed the Black Bay Fault, 

most do not have a significant focus on the structural fabrics. Those that do, such as Bergeron's 

(2001) thesis, examined the fault primarily at the outcrop scale and in a limited area. The study 

presented here is much more regional in scope and is able to test whether the smaller scale 

observations agree with the bigger picture of the fault. With a larger-scale view of the structural 

fabrics, this study also attempted to better constrain the timing of different deformational events 

Figure 1-1. Geology of the Western Canadian Shield. The GEM2 South Rae and Black Bay Fault study area is indicated. 

Modified from Berman et al. (2005) and Martel et al. (2008). 
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and possible tectonic events (ie. orogenesis, far-field extension, transpression) producing the 

deformation events. As a minor focus, this study examined whether the fault-associated 

mineralization present in Saskatchewan extends into the Northwest Territories. 

1.3 Project Logistics 

Study of the Black Bay Fault in the southern Northwest Territories was completed as part of the 

GEM2 South Rae mapping project, a joint mapping project between the Geological Survey of 

Canada and the Northwest Territories Geological Survey. Field work for this large-scale 

mapping project was completed over two six-week-long field seasons (2015 and 2016). Base 

camps were located on Wignes Lake and McArthur Lake (Figure 1-2), and mapping was 

conducted primarily by helicopter-supported traverses and lakeshore work from fly camps. The 

mandate of the larger project was to map four NTS map sheets (75 A, B, G, and H) at 1:250 000 

scale (Figure 1-2). Map sheet 75 B (Abitau) provided the most opportunities to examine the 

Black Bay Fault in detail, and most of my time in the field was in this area of the project. These 

map sheets are some of the most poorly mapped sections in Canada and 75B, especially, remains 

virtually unexplored. It is displayed on the geological map of Canada (Wheeler et al., 1996) as 

simply a pink square.  

In addition to the main study area in the Northwest Territories, a week was spent in Uranium 

City area, examining some of the outcrops described in previous studies that touched upon the 

Black Bay Fault. This allowed a clear comparison of deformation in that reference area with our 

observations further north (Figure 1-2). Uranium-lead geochronology was completed on two 

samples collected during the 2015 field season in an attempt to better constrain the timing of 

deformation. 
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1.4 Thesis Layout 

This thesis is divided into seven chapters including this chapter, the introduction. Chapter two 

provides a regional context to the study area and introduces the multiple orogenic events which 

are known to have impacted the southern Rae craton. Chapter three reviews the previous studies 

Figure 1-2. Map of the different tectono-metamorphic domains in the southern Rae craton. Domain naming varies across the 

Saskatchewan-Northwest Territories boundary, but can be easily correlated: Nolan-McCann, Zemlak-Ena, Train-Firedrake and 

Dodge-Snowbird. The Porter domain may also correlate to the Zemlak domain (Bethune, 2017). The Black Bay Fault is indicated 

by the dashed line. The GEM2 South Rae project area is highlighted in black. Saskatchewan domain boundaries modified from 

Sasktchewan Ministry of  the Economy,( 2010), and NWT domains modified from D Regis et al.,( 2017) and Martel et al. (2018) 
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which have been completed on the Black Bay Fault in Saskatchewan. In chapter four, the 

structural fabrics associated with the Black Bay Fault observed in the field from three study 

areas, Tazin River, Insula-Labyrinth Lake and Dymond Lake are discussed and an initial 

deformation sequence is presented. Chapter five focuses on the geochronology in which new U-

Pb SHRIMP ages are reported and a synthesis of the published geochronology is presented to 

build an understanding of the region. Chapter six discusses the observed mineralization 

surrounding the Black Bay Fault and the fabrics which host the mineralization. Chapter seven 

attempts to combine the discussions presented in chapter four and five and constrain the timing 

of the various deformation event while also presenting possible correlations for the deformation 

events with known tectonic events. 
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2. Regional Tectonic Setting 

The study area, and the postulated extent of the Black Bay Fault, is located entirely within the 

Rae craton (Figure 1-1).  The Rae craton is one of numerous Archean cratons that amalgamated 

to form the Nuna supercontinent during the mid-Paleoproterozic era (Hoffman, 1988a). Hoffman 

(2014) proposed that the Rae craton served as a ñbackstopò for this amalgamation and was 

impacted by the Thelon-Taltson orogeny on its western margin and the Snowbird orogeny on its 

southeastern margin.  The region of the Black Bay Fault could certainly have been affected by 

these orogenic episodes.  It is possible, however, that the part of the Rae craton encompassed in 

the study area had already experienced significant deformation during the early Paleoproterozoic 

Arrowsmith orogeny (Berman et al., 2005). 

2.1 Arrowsmith orogeny 

Berman et al. (2005) proposed that an early Paleoproterozic orogeny (2.5 Ga to 2.3 Ga), the 

Arrowsmith, had occurred along the western margin of the Rae craton prior to the formation of 

the Nuna supercontinent. Previously it was believed that there was a global cessation of 

magmatism and possibly plate tectonics during this period (Condie et al., 2009) and therefore the 

Arrowsmith orogeny would not be possible. More recently however; work by Partin et al. (2014) 

have disproven the theory that a global cessation of magmatism occurred during this period, 

supporting the possible of the Arrowsmith orogeny. 

The Arrowsmith orogeny is thought to represent a Cordilleran-type collision, and the end of 

high-grade metamorphism is interpreted to have occurred at 2.34 Ga in the northern part of the 

Rae while the southern portion experienced metamorphism until 2.28 Ga (Berman et al., 2013). 

A 2.35 Ga metamorphic event observed north of the Thelon basin (Figure 2-1) has been the 

primary basis behind the postulated Arrowsmith orogeny (Berman et al., 2005), but the 

corresponding craton or body associated with the orogeny remains ill -defined. Multiple cratons 

found throughout the world show some evidence of  2.5-2.3 Ga tectonic activity, suggesting they 

may have all formed a previously unknown supercontinent (Pehrsson et al., 2013), although their 

paleolatitudes remains poorly constrained. 

In northern Saskatchewan a 2.3 Ga magmatic zone present in the Beaverlodge domain of the Rae 

craton (Hartlaub et al., 2007) may represent the southern extent of the Arrowsmith orogeny 
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(Figure 2-1). Further work in the Uranium City area has produced similar aged rocks in the 

adjacent domains (Ashton et al., 2007; Normand, 2014).  

A 2012 reconnaissance transect through the planned mapping area for the South Rae GEM2 

project by the GSC discovered both crystallization and metamorphic Arrowsmith ages in the 

domains surrounding the Black Bay Fault (Davis et al., 2015). An earlier and better understood 

event, the MacQuoid orogeny occurred on the eastern flank of the Rae craton from 2.56 to 2.5 

Ga (Pehrsson et al., 2013), but it is believed that either (1) the effects from that orogeny were not 

felt in the southwest part of the Rae craton where the Black Bay Fault is located or (2) the Black 

Bay Fault had not been developed at this time.         

  

Figure 2-1. Simplified diagram illustrating the Arrowsmith and MacQuoid orogenies on the Rae craton along with the reported 

ages matching the timing of the Arrowsmith. Band of Arrowsmith ages appear to transect through the project area. Black Bay 

Fault trace shown in red along with the GEM2 South Rae study area. Modified from Berman et al., (2013)  
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2.2  Nuna Amalgamation 

2.2.1 Thelon-Taltson orogeny 

Both the Thelon-Taltson orogeny, which occurred at 1.97 Ga and continued until 1.93 Ga 

(Hoffman, 2014), and the Snowbird orogeny, which occurred at 1.91 Ga to 1.89 Ga (Berman et 

al., 2007; Martel et al., 2008), are also potential tectonic drivers for the Black Bay Fault. The 

older Thelon-Taltson orogeny was the initial orogeny to occur during the amalgamation of Nuna. 

During this event, the Slave craton was accreted onto the western margin of the Rae craton, with 

the collision resulting in the development of the Taltson magmatic zone (Hoffman, 2014) (Figure 

2-2). Development of the large scale Great Slave Lake shear zone occurred with the collision 

which produced dextral transpression with east-side up movement along this structure (Hanmer 

et al., 1992) There is still some controversy around the tectonic setting of this orogeny. Although 

monazite dating from the magmatic zone suggests a cratonic boundary at this time (Bethune et 

al., 2013), there has been some debate over this model as the geochemical signatures in this 

region point, instead, to an intra-cratonic region (Chacko et al., 2000; De et al., 2000). While the 

eastward extent of the impact of the Thelon-Taltson orogeny in the southern Rae had been 

uncertain, recent monazite dating around Uranium City, Saskatchewan, close to the Black Bay 

Fault by Shiels et al. (2016), produced 1.93 Ga metamorphic ages, which falls into the time 

period of the Thelon-Taltson orogeny. 

2.2.2 Snowbird orogeny 

The Snowbird tectonic zone divides the western Churchill Province into the Rae and Hearne 

cratons (Figure 2-2) and extends from Hudson Bay to the Cordilleran orogeny deformation front.  

This zone was originally identified from aeromagnetic data (Gibb and Walcott, 1971) and was 

proposed to be a Paleoproterozoic orogenic suture because it truncates the Tatlson magmatic 

zone (Hoffman, 1988a). Berman et al., (2007) proposed that the Snowbird Orogeny is an early 

phase of the Trans-Hudson orogeny and is a Paleoproterozoic accretionary event of the Hearne 

(and Rae-Chesterfield block onto the Rae craton at ca. 1.9 to 1865 Ga.  

However, Neoarchean plutonism present in both the Rae and Hearne cratons at ca 2.6 Ga (Regan 

et al., 2017) has led some to believe these two cratons were already joined by this time, and the 

that Snowbird tectonic zone is actually the remnant of an Archean orogeny (Flowers et al., 2006; 

Hanmer et al., 1995; Mahan and Williams, 2005; Regan et al., 2017).  
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2.2.3 Trans-Hudson orogeny and other orogenic events 

The long lived Trans-Hudson orogeny, 1.9 to 1.8 Ga, had a far reaching tectonic influence and 

impacted this part of the Rae craton (Ashton et al., 2009; Corrigan et al., 2009). The largest 

Paleoproterozoic orogeny in the Canadian Shield and probably best known, the Trans-Hudson 

orogeny involved the collision of the Superior craton onto the Rae and Hearne cratons (Figure 

2-2). The orogen extended from the Dakotas up to the Ungava Peninsula, and the orogeny led to 

the closure of the Manikewan Ocean that was situated between these cratons (Corrigan et al., 

2009).  

Figure 2-2. Diagram showing the convergence of the various cratons on to the Rae craton during the amalgamation of the 

Nuna supercontinent  (Modified from Ashton et al., 2009) 
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The Trans-Hudson orogeny was long lasting, with the closure of the Manikewan Ocean 

commencing by 1905 Ma (Corrigan et al., 2009) and terrane accretion onto the Hearne domain 

initiating by 1.85 Ga (Ansdell, 2005). However, terminal collision of the Superior craton onto the 

Rae/Hearne craton did not occur until 1.83-1.80 Ga, with collision first starting along the 

southern margin (Bickford et al., 1990). A large thermal overprint occurred in the Hearne 

domain at this time, which is known to extend westward to the Snowbird tectonic zone 

(Schneider et al., 2007)  and to have produced dextral reactivation of the zone at 1.83 Ma (Stern 

et al., 2003). Granites of a similar age have been found further west into the southern portion of 

the Rae craton, suggesting that the terminal collision impacted this portion of the Rae craton  

(Ashton et al., 2009). 
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3. Previous Geological Work 

3.1 Early Studies 

The feature that has become known as the Black Bay Fault was identified by Hale (1954), who 

described a zone of mylonitized and deformed rocks in northern Saskatchewan that extends 

northeast from Black Bay on Lake Athabasca. Further mapping around Uranium City and the 

larger Beaverlodge mining area by Tremblay (1968) better described the zone of deformation 

and named the Black Bay Fault.  

Although Tremblay's (1968) GSC report offers a fairly comprehensive description of the various 

geological units and structures of Uranium City, it contains several geological assessments that 

are not compatible with modern processes or concepts. For example, gneissic compositional 

banding is (mis)interpreted as sedimentary beds, transposed foliation is not properly described, 

and granitization is used to describe many different metamorphic and igneous aspects observed 

in outcrops.  

However, Tremblay (1968) did recognize multiple phases of deformation of the Black Bay Fault, 

and an attempt to measure the lineations was made. Specifically, he found lineations plunging to 

both the NE and SW at angles of 30-60o on steeply dipping planes with a strike of 050o 

(Tremblay, 1968), thus providing the first publish geometry of the Black Bay Fault around 

Uranium City. He also reported evidence of an east-dipping geometry for the Black Bay Fault 

from shallow trenching of this structure in a uranium mine (Tremblay, 1968), though the location 

is not described. Further work by Tremblay (1972) identified multiple deformation events, along 

with recognition of a transition from a ductile regime towards a brittle regime in the 

deformational fabrics.  However, he does not present a kinematic assessment nor discuss the 

tectonic drivers behind this deformation.   

Further publications from the work in the Beaverlodge area by Tremblay (1971 a) produced a 

detailed geological map and two geological cross-sections. This work was primarily focused on -

the more E-W-trending faults like the ABC fault located to the east of the Black Bay Fault in the 

Beaverlodge region, where uranium mining was ongoing at that time. Two NW-SE-trending 

cross sections through the Black Bay Fault were produced (Figure 3-1) which show folded 

basement rocks with eastern fold limbs roughly matching the dip of the Black Bay Fault and 
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other parallel striking faults in the area (Figure 3-1). The geological work in the Uranium City 

area was further improved upon and modernized with a bedrock compilation of the Beaverlodge 

domain by (Macdonald, 1984).  

 Published geological surface studies within our study area in the Northwest Territories prior to 

the commencement of the GEM2 South Rae project is limited to Hoadley (1955), who spent one 

summer mapping the Abitau map sheet (NTS 75B) through aerial photograph interpretation 

surveys as well as via canoe. His assessment of structural features is limited primarily to 

foliations. No faults are indicated on Hoadley's (1955) map nor does he note a change in 

lithology or boundary where the Black Bay Fault would be expected to continue from northern 

Saskatchewan. In the southern portion of the Abitau map sheet, the Tazin River was portaged by 

Hoadley and he recorded foliation aligned with the general course of the Tazin River. While this 

trend would be expected if the Black Bay Fault is present in this location, very little 

measurements were made further away from the riverôs course. Without measurements further 

out from the river, it is not possible to conclude there is a shear zone present along the trace of 

the river in this region rather than a regional foliation that that is penetrative through the area. No 

lineations or kinematic indicators were reported during Hoadley's (1955) mapping of the Abitau 

sheet.  

3.2 Recent studies 

Prior to our investigation as part of the GEM2 South Rae project, the most detailed structural 

information that was clearly related to the Black Bay fault/shear zone comes from a few, 

spatially limited areas around Uranium City in northern Saskatchewan (Ashton et al., 2000; 

Figure 3-1. Geological cross-sections from the Uranium City area of the Black Bay Fault. A moderate east-dipping fault 

geometry was proposed for the Black Bay Fault (Modified from Tremblay (1971b)) 
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Bergeron, 2001; Kraus and Ashton, 2000).  Only one structurally focused study has been 

completed on the fault, viz., a masterôs thesis at University of Saskatchewan by Julie Bergeron 

(2001). This study focused on a few well exposed, small (meter-scale) outcrops along with two 

limited transects south of Uranium City. 

 Although the trace of the Black Bay Fault had already been identified and examined at spot 

locations prior to Bergeronôs (2001) study, hers was the first major attempt to understand the 

deformational history and appraise the level(s) of deformation. Her study confirmed that the 

Black Bay Fault produced significant amount of deformation in the shear zone, with some 

mylonites to ultra-mylonites being described near to the centre of the shear zone (Bergeron, 

2001). Dextral sense of shear was the sole motion observed in the mylonites (Bergeron, 2001), 

and the shift from ductile through brittle-ductile to brittle deformation was described in the area.  

Bergeron (2001) describes a number of outcrops situated in close-proximity to the trace of the 

fault and made transects across the fault. However, the transects were restricted to the western 

side of the fault or crossed over only into the Martin Group sedimentary rocks with an 

depositional age of ~ 1820 Ma (Morelli et al. 2009). The Martin Group has only reached lower 

greenschist facies metamorphism (Ashton et al., 2001), and only brittle fabrics were measured on 

the eastern side of the fault, and no shear sense indicators recorded by Bergeron (2001).  No 

measurements from the older and potentially more deformed basement gneisses on the eastern 

side of the fault were presented. Furthermore, the Black Bay Fault in the study is bordered by the 

Beaverlodge domain to the east rather than the Train domain (Figure 1-2) which borders the 

majority of the eastern edge of the Black Bay Fault (Ashton et al., 2001). Consequently, the 

deformation history observed here may not be very representative of the overall deformation of 

the fault due to the presence of a lower greenschist facies only observed in the western part of the 

Beaverlodge domain and not found elsewhere in the area surrounding the Black Bay Fault 

(Ashton et al., 2001).  

A small side study of the Black Bay Fault on the Cracking Stone Peninsula south of Uranium 

City by Kraus and Ashton (2000) looked at the Black Bay straight belt, which is composed of the 

Archean aged Murmac Bay Group in the Beaverlodge domain (Shiels et al., 2016). Steep NW-

dipping mylonitic fabrics with dextral kinematics were found along with shallowly SW-plunging 

lineations, which was interpreted to indicate development of the fabrics occurred through a west-
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side up dextral transpression event (Kraus and Ashton, 2000). Small, late asymmetrical S-folds 

were noted in the study and were believed to have formed during a late sinistral shearing event 

(Kraus and Ashton, 2000). This was the only study in Saskatchewan which reported any 

evidence of sinistral displacement along the Black Bay Fault. 

Beyond the focus around Uranium City, there has been some structurally focused work around 

the Hoidas Lake rare-earth element deposit ~ 60 km to the northeast by Gunning and Card 

(2005) and followed up by Normand et al. (2009). In this area, the Black Bay Fault separates the 

Zemlak (Ena) domain on the west from the Train domain to the east (Normand et al., 2009). 

These studies reported the Black Bay Fault to be west dipping (Figure 3-2), in contrast to east-

dipping reported from the south. However, there remains some disagreement here on the dip 

direction of the Black Bay Fault as Halpin's (2010) thesis on the Hoidas deposit reports the fault 

and associated splays as east dipping. 

 Two generations of ductile fabrics associated with deformation of the Black Bay Fault were 

noted by Gunning and Card, (2005), plus a subsequent brittle-ductile event. An older event 

produced southwest-trending, steeply dipping foliation, along with a more mylonitic fabric in 

some areas (Gunning and Card, 2005). Dextral shear sense indicators were found in this fabric, 

Figure 3-2. Geological cross-section of the Black Bay Fault around the Hoidas Lake area demonstrating a west-dipping fault 

geometry (from Gunning and Card, 2005) 
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along with tight, SW-plunging folds. Together these fabrics indicate a west-side up dextral 

transpression event on the Black Bay Fault (Gunning and Card, 2005).  

The later ductile deformation event was more heterogenous and produced meter-scaled mylonitic 

shear zones aligned either parallel to or overprinting the older fabric counter clockwise (Gunning 

and Card, 2005). Dextral shear sense indicators were also found in these mylonite zones, along 

with lineations shallowly plunging to both the southwest and northeast. Gunning and Card 

(2005) suggest that this fabric developed during a more strike-slip event on the Black Bay Fault. 

 A final brittle-ductile to brittle event produced a conjugate set of faults and lineaments; a W-

NW-trending component and N-NE-trending component, with dextral movement along on the 

NE component (Gunning and Card, 2005). Later mapping around the Hoidas and Nisikkatch 

deposits by Normand (2014) revealed two different episodes of NE-SW-trending ductile folding; 

an earlier event which produce NE-trending, moderately to steeply plunging folds, and a later 

event which produced SW-trending, moderately plunging folds. While not discussed, the later 

event described by Normand (2014) appears to correlate with the earlier Gunning and Card 

(2005) event.  
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4. Geology of the Black Bay Fault and surrounding areas 

4.1 Overview 

Data collected from three main study areas, the Tazin River area, the Insula-Labyrinth Lakes 

area and the Dymond Lake area (Figure 4-1), are utilized as the primary evidence in developing 

a comprehensive understanding of the Black Bay Fault and its deformation history. The Tazin 

River and the Insula-Labyrinth Lakes study areas are located in NTS sheet 75 B, and, together, 

they provide over 110 kilometers of coverage along the Black Bay Fault. The Dymond Lake 

study area located further to the north in located in NTS sheet 75G. Observations collected from 

the NTS sheet 75H portion of the Black Bay Fault are included in the Dymond Lake study area. 

During the examination of the Black Bay Fault for this thesis, the Uranium City area was 

revisited through a week-long fly camp in order to better understand our observations to the 

north in the Northwest Territories; however, the Uranium City area will not be discussed in detail 

in this thesis.  

 Through the course of the field mapping, fabrics associated with four separate episodes of 

deformation along the Black Bay Fault (D1 to D4) have been identified, in addition to a regional 

fabric (pre-D1) that appears to have existed prior to the development of the Black Bay Fault.  

Foliations associated with these various deformational episodes will be referred to as S1-S4 

while L1-L4 will be used for the respective lineations and F1-F4 will be used for the associated 

folds. Not all generations of structures are well developed in all areas and this will be discussed 

later on in this section.  

The sequencing of the events and the structural fabrics has been established, or inferred, by 

overprinting relationships at different outcrops throughout this large map region.  The supporting 

overprinting relationships are discussed through the course of the chapter and expanded on in the 

discussion section (4.5).  
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Figure 4-1. Aeromagnetic Map of the South Rae GEM2 study area. Trace of the Black Bay Fault (BBF) is shown in black along 

with the names of the various tectonometamorphic domains separated by the Black Bay Fault. Study areas for the Black Bay 

Fault highlighted: Tazin River Area (Green) and Labyrinth and Insula Lakes Area (Yellow). Also shown is the revisited 

Uranium City study area (Blue) and the Dymond Lake study area (Red)..Gemelo rare-earth element showing circled in white.  

Aeromagnetic data from Kiss and Coyle (2012)  
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4.2 Tazin River Area 

4.2.1 Introduction 

The Tazin River focus area is located in the southwestern corner of the GEM2 South Rae study 

area, in NTS 75 B (see Figure 4-1). In this region, the Black Bay Fault separates the Ena domain 

to the west of the fault (described as the Zemlak domain in Saskatchewan) from the Firedrake 

domain to the east (Figure 4-2).  The Black Bay Fault is spatially defined by a pronounced 

topographic lineament through which the Tazin River flows southerly from the NWT into 

Saskatchewan (Figure 4-2a). Furthermore, a pronounced magnetic low corresponding with the 

trace of the Black Bay Fault is visible in the aeromagnetic data of the area, separating the high 

magnetic signatures of both the Ena and Firedrake domains (Figure 4-2b). 

Aeromagnetic data and topography also indicate the existence of several fault splays extending 

SW from the trace of the Black Bay Fault into the Ena domain. These fault splays are concave to 

the west, displaying a shift in trend from NE-SW near to the Black Bay Fault to a more ENE-

WSW trend as the fault splays extend westward.  On the contrary, east of the fault in the 

Firedrake domain, the first derivative aeromagnetic data suggests the presence of a secondary 

fault trending parallel to the Black Bay Fault, but no evidence supporting this fault was observed 

in the field. Also, visible in the aeromagnetic data and satellite imagery are numerous E-W-

trending lineaments (Figure 4-2 B). These are interpreted to be late (D4 or post-D4) brittle 

fractures and faults. 

Outcrops throughout the Tazin River area generally have low relief, are limited in extent, and 

tend to be heavily covered by lichen. The geology in the area around the Black Bay Fault was 

examined in detail in one limited region using a four-day fly camp situated adjacent to the fault 

on the western side (Figure 4-2) from which multiple overland traverses were completed.  

In addition to the fly camp, five helicopter-supported traverses were completed in the Tazin 

River vicinity. The majority of the structural measurements were collected from the Tazin River 

fly camp area as the surrounding traverses were less focused on the structure of the area. The 

latter were used to establish a better regional picture of the deformation marginal to the Black 

Bay Fault. Unfortunately, due to the width of the Tazin River, establishing continuous traverses 

crossing the fault was problematic. Consequently, the western side of the fault (Ena domain) had 

greater examination than the eastern region (Firedrake domain). Additionally, exposure near to 
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the river was relatively poor due to the significant deposition of overburden along the Tazin 

River. Several Pleistocene esker systems as well as the Tazin River followed the topographical 

low expression of the Black Bay Fault.  

Figure 4-2. (A) CanImage satellite imagery of the Tazin River Area illustrating the topographical lineament of the 

Black Bay Fault.(B) Aeromagnetic Survey Map of the Tazin River Area, with area of focus during a 4-day fly camp 

highlighted in black. Fault splays extending westward from the fault into the Ena domain. Field stations shown in 

black. Aeromagnetic data from Kiss and Coyle (2012). 

A 
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4.2.2 Geology 

Ena domain 

Through our field observations, the Ena domain in the Tazin River area is subdivided into five 

map units based on lithology and structure: (1) orthogneiss, (2) foliated felsic rocks, (3) 

metasedimentary rocks, (4) paragneiss, (5) foliated mafic rocks and (6) mylonite zones (Figure 

4-6).  The different map units are intended to capture variations in the deformational fabric, from 

foliated to gneissic to gneissic with mylonitic zones. 

The majority of the rocks in the Ena domain are of upper amphibolite to granulite grade. There is 

a general compositional variance between the igneous and sedimentary protolith zones that is 

reflected in the aeromagnetic data of the area (Figure 4-2). This relationship is relied upon in the 

development of the geological map for the Ena domain, with many of the contacts inferred from 

the aeromagnetics data (Figure 4-6). Specifically, in the low magnetism regions, garnetiferous 

rocks ranging from weakly foliated to well-developed gneissic banding are commonly observed 

and assumed to be metasediments to paragneisses (Figure 4-3) (although aluminosilicates such as 

sillimanite were only rarely observed). Comparatively, in the regions with a higher magnetic 

signature, the rocks lack garnets and are well foliated to gneissic meta-plutonic rocks.  

A regression in the metamorphic grade is observed moving towards the Black Bay Fault from the 

interior of the Ena domain, with orthopyroxenes found in the rocks outside of the fault zone area. 

Additionally, unstable and altered garnets are observed in the metasediments closest to the Black 

Bay Fault, whereas garnets appear more stable in the other bands of metasediments further west.  

Figure 4-3. Field photos of typical rocks of the Ena domain, intermediate orthogneiss (A) and paragneisses (B) 

A B 
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Pegmatitic dykes rich in hyalophane, a barium-rich alkali feldspar, are commonly observed in 

the Ena domain both in deformed and undeformed intrusions (Figure 4-4). Additionally, 

orthopyroxene-bearing syenitic intrusions were observed in a few outcrops. These appear to be 

unique to the Ena domain. In addition to the felsic intrusions, a NW-trending mafic dyke swarm 

which has undergone metamorphism up to amphibolite facies was observed to crosscut the 

deformed gneisses in a few outcrops. Multiple generations of late syn-tectonic to post-tectonic 

felsic intrusions are observed to cut the various basement rocks, with some intrusions appearing 

to have been injected parallel the Black Bay Fault fabric. For example, a distinctive, undeformed, 

chalky-white and pink, aplitic granite intrusion is observed to transect all deformational fabrics. 

 The orthogneisses often contain mafic xenoliths that show alteration to diopside-allanite. This 

alteration appears to be exclusive to the Ena domain (Figure 4-4). Hydrothermal veins with the 

same diopside-allanite composition was also observed cutting basement rock. With the exception 

of the metasediments and paragneisses, the majority of the rocks situated in the Ena domain are 

strongly magnetic, and magnetite crystals up to 3mm in diameter are commonly observed in 

hand samples. The meta-sediments are variably magnetic.  

There is a significant amount of hydrothermal alteration throughout the Ena primarily seen as 

discoloration of the host rock adjacent to fracture and veins sets. This alteration was primarily 

potassic, with plagioclase in the host rock showing partial to full alteration to a salmon pink k-

feldspar or epidotization associated with pistachio-green veins. A minor amount of hematization 

Figure 4-4. Field photos of hyalophane-bearing granitic pegmatite.  Note grey-blue feldspars (A) and mafic xenoliths altered to a 

diopside-allanite composition (B) 

A B 

Ksp 
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was seen in the Tazin River area, but it is much less than what is seen in the Uranium City area 

further to the south, which shows significant amounts of hematization. 

Firedrake Domain 

Outcrops examined in (the southwestern portion of) the Firedrake domain in the Tazin River 

focus area are primarily composed of orthogneisses.  Although the ground observations stations 

are few and widely separated through the Firedrake domain, these orthogneisses are tentatively 

divided into three map units: (1) migmatitic granodiorite gneiss, (2) intermediate orthogneiss and 

(3) mylonitic gneiss. The migmatitic gneisses appear to have undergone a significant amount of 

partial melting, and the resulting melt has produced a soupy or migmatitic texture (Figure 4-5). 

The orientation of a pre-existing layering in the gneisses is highly variable in the migmatitic 

gneiss; however, a NW-SE alignment begins to develop when approaching the Black Bay Fault 

from the east. This fabric defines the intermediate gneiss map unit.  A clearly mylonitic fabric 

was observed at only one field station, near to the trace of the Black Bay Fault. Mafic xenoliths 

in the Firedrake domain do not show the diopside-allanite alteration observed in the Ena domain, 

but often contain resitite of older gneissic layering.  

Overall the metamorphic grade of the Firedrake domain in the Tazin River area is upper 

amphibolite. Garnet-bearing rocks are rare in the southern portion of the Firedrake domain due to 

the strong retrogression and were only observed in one location near to the Black Bay Fault 

(though, as noted above, outcrop examination of this part of the Tazin River focus area was 

relatively limited). Similar to the Ena domain, multiple felsic intrusions were observed to cut the 

Figure 4-5. Field photos of rocks from the Firedrake domain: (A) Soupy gneiss to migmatitic rock (intermediate in composition). 

(B) Gneissic rock with significant granitoid intrusions, some injected along gneissosity. 

A B 
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orthogneisses. Many of the intrusions in the vicinity of the Black Bay Fault appear to be syn-

tectonic, with granitoid material having been injected aligned with the gneissosity (Figure 4-5). 

Based on one observation from the air, the amphibolitic dykes noted in the Ena domain appear to 

extend across the Black Bay Fault into the Firedrake domain. As in the Ena domain, the rocks in 

the Firedrake domain show significant potassic alteration, but epidote veining is less abundant 

and diopside-allanite veins are not present. Quartz tension gashes were also occasionally 

observed whereas quartz was only found in boudin necks in the Ena domain. In all the outcrops, 

the rocks were found to be strongly magnetic using a hand magnet. Due to the lack of stations 

and the relatively smooth aeromagnetic pattern, the lithology of the Firedrake domain in the 

Tazin area could not be as well divided as for the Ena domain.  
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Figure 4-6. Simplified Geological Map of the Tazin River Area, compiled from the 2015 traverses and extrapolation from the aeromagnetic data of the area. 
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4.2.3 Structural Fabrics 

Figure 4-7. Geological map showing the various generations of foliations measured around the Tazin River fly camp 
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Overview 

The Tazin River area predominately contains three generations of deformational fabrics (S1, S3 

and S4) associated with the Black Bay Fault and are described in the following section. Notably, 

the Tazin River area is devoid of evidence of D2. The Tazin River area provides the best insight 

into the D1 and D4 out of the two main study areas. In addition, a pre-existing fabric (pre-S1), is 

present in the region and is discussed briefly. 

Pre-D1 

In the Tazin River area, an older fabric, pre-S1, is occasionally found, preserved in locations 

which have undergone the least amount of deformation (Figure 4-7). This is assumed to 

represent the fabric that existed in the area preceding the development of the Black Bay Fault. 

Preservation of pre-S1 is more frequent moving further west of the Black Bay Fault into the Ena 

domain (Figure 4-7). The character of the pre-S1 fabric here is variable, ranging from gneissic to 

weakly foliated and varying in strike from E-W to WNW-ESE (Figure 4-7 and Figure 4-8).  Note 

that pre-S1 seen in the metasediments does not appear to represent primary bedding, which was 

not identifiable in the Ena domain.  Pre-S1 was only observed in one outcrop east of the fault, in 

the Firedrake domain, with an ENE-SWS trend.  

D1  

S1 is a well-developed, steeply dipping, NNE/SSW-trending proto-mylonitic to gneissic fabric 

(Figure 4-7, Figure 4-8, Figure 4-9). There are locations along both sides of the Black Bay Fault 

in the Tazin River area where S1 fabrics and F1 folds overprint the pre-S1 fabric (Figure 4-9).   

Specifically, several outcrops that display a prominent pre-S1 gneissosity, also contain a strong 

S1 foliation that is axial planar with F1 folds of the pre-S1 gneissosity (Figure 4-9). Both 

shallowly plunging SW and NE F1 folds (S- and Z-fold asymmetry, respectively) are found 

throughout the Tazin area, but overall there is a predominance of S-fold asymmetry (indicating 

sinistral kinematics) (Figure 4-9).  In additional to the S-folds, sheath folds aligned with S1 are 

found preserved in a few outcrops, ranging from decimeters to meters in scale (Figure 4-10).  
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In general, preservation of lineations is poor in the Tazin River area, and differentiating the 

generations is difficult. In many of the outcrops few stretch lineations were easily measurable 

due to the low relief of the outcrops. L1 lineations associated with S1 were easier to identify and 

F1 fold axes were more abundant than the corresponding L3 and the majority of lineations 

preserved belong to L1. Many of the L1 lineation are parallel to the opposing fold axes the of the 

doubly plunging sheath folds, and the L1 lineations are found to plot in two weak clusters, some 

shallowly plunging to the NE lineations along with some shallowly SW-plunging lineations 

aligned parallel with the non-cylindrical fold axis (Figure 4-8). Additionally, a couple steeply 

NNE-plunging to sub-vertical lineations were measured. These lineations occur closer to the 

Black Bay Fault, near to where S-folds were also present. 

Figure 4-8.  Equal-area lower hemisphere projection of poles to S1 and pre-S1 and L1 lineations. Note 

the transition of the S1 foliation from SSW-trending near the fault to SW-trending away from the fault.  

The S1 fabric overprints the older background gneissosity pre-S1 at high angle. 
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Beyond the S-folds, other sinistral kinematic indicators are occasionally found in the S1 fabric, 

such as a mafic xenolith in a dioritic gneiss showing sinistral rotation (Figure 4-9 D). These 

sinistral indicators are most commonly found in the more gneissic sections of the Ena domain, 

and often a couple kilometers away from trace of the Black Bay Fault, rather than in mylonitic 

zones.  

Within the Ena domain, the trend in the S1 fabric is observed to undergo a clockwise shift 

moving westward away from the fault, shifting from a NNE/SSW towards an ENE/WSW trend 

(Figure 4-8). The westward shift in the S1 fabric and the lithological patterns follow the pattern 

of the interpreted fault splays. Although rare, a few sinistral kinematic indicators are present in 

the fabric adjacent to the magnetic lows. Based upon the change in trend and sinistral kinematics, 

C D 

A B 

Figure 4-9. Examples of the S folds found within the Tazin River area. S folds contain a strong axial-planar S1 foliation trending 

parallel to the axial planar of the folds overprinting the deformed pre-S1 gneissosity (A, B, C). A larger mafic xenolith defines a 

ŭ-clast in the S1 fabric, indicating sinistral motion (D). Pen indicates north 
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the aeromagnetic lows in the Ena domain are inferred to follow a set of synthetic D1 sinistral 

fault splays. 

A B 

Figure 4-10.  F1 Sheath folds found in the Tazin River Area ranging from 10ôs cm (A) to meter scale (B) deforming the pre-S1 

gneissosity. Sheath folds are found within the  S1 fabric.   

Figure 4-11. Equal-area lower hemisphere projection of poles to S3 along with the S1 

average panes as reference. Unlike S1 which becomes more E-W-trending moving westward 

from the Black Bay Fault, S3 undergoes a smaller rotation in strike. 
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D3 

 S3 is a pervasive NE/SW-trending, steeply dipping mylonitic fabric that overprints S1 (Figure 

4-12). The general trend of the S3 fabric shows a discernible, clockwise rotation moving 

westward, away from the Black Bay Fault zone, but this shift is less than what was noted in the 

S1 fabric (Figure 4-11). 

S3 is found with increasing frequency when approaching the Black Bay Fault, and it is most 

common in the mylonitic zones of the Ena domain (Figure 4-7). S3 is more heterogeneously 

developed compared to S1, predominantly found in more strongly deformed, mylonitic sections 

and bands in the more gneissic or foliated outcrops (Figure 4-16). Consequently, some outcrops 

only contain an S1 fabric. 

L3 lineations are difficult to identify in the Tazin River area and differentiating the L3 lineations 

from L1 is difficult. Only a few outcrops showing a well-developed and clear L3 stretching 

lineation are observed, though the limited data show a consistent trend. At locations where S3 is 

clearly differentiated from S1, the L3 lineation plunges moderately SW. (Figure 4-13, Figure 

4-17 B).    

A 

C 

B 

Figure 4-12. Thin sections from outcrops at both the north and south ends of the Tazin River area, close to the Black Bay Fault 

showing a clockwise overprinting of S3 on S1 (A,B). Hand sample showing S1 fabric preserved in coarser sections transposed 

and cut clockwise by finer grain S3 fabric (C). 
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 Kinematic indicators associated with D3 are well developed. For example, there are multiple 

occurrences of mafic layers that show evidence of boudinage with dextral asymmetry and pull 

apart shearing (Figure 4-14). In outcrops in close proximity to the Black Bay Fault where both 

S1 and S3 are observable, a geometrical relationship indicates dextral shear (Figure 4-12). In 

these cases, the coarser grained fabric that preserves the older S1 fabric is cut by a finer grained 

and stronger small scale D3 shear zones (Figure 4-12 C). Some transposition of S1 into S3 is 

seen in these outcrops, providing further evidence of dextral kinematics with S3.  

 

Figure 4-14. Field photos showing mafic layers that have been boudinaged and dextrally sheared. 

Figure 4-13. (A) Equal-area lower hemisphere plot showing S1 (blue), S3 (green) and a moderately SW-plunging L3. (B) Field 

photo of an exposed S3 plane showing the SW-plunging L3 stretching lineation. 

A B 






































































































































































































