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Abstract

The Black Bay Fault is a major Paleoproterozoic; 8lf-trending, crustakcale feature that

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

Shield. Thisstrat ur e extends from the edge of Lake AtHh
NorthwestTerritories andvas previouslyoorly constrained. fibr examination of the fault has

been limited to smakcale studies in the Uranium City, SK vicinifthe Black Bay fault has

previously been associated with r@@th element and uranium mineralization in northern
Saskatchewan, although this relationship is not fully undersidos thesis has focused on
understandinghe continuationof the Black Bay Fault into thNorthwest Territoriebased on

field mapping conducted as part of the GSC/NTGS GEM2 South Rae phdjeabbservations

are broken into three study areas: Tazin River, Inkalayrinth Lake and Dymond Lake.

The Black Bay Fault has hadteyptic polyphaséhistory. Overall théaultis observed to be a

steep, westlipping structure associated with a strong NE/8®ding fabric, but there are

major disruptions to this trend by two NBE-trendingsegments of this faulEield doservations
indicate it was irpacted 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 wedipping, NNESSWtrending gneissosity and shallowly Niinging

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

and the collision of the Hearne cratomtothe eastern edge of the Rae Craton. D2 is a regionally
limited event whichmodified the geometry of the faulther than producing deformation along

its length andesulted inthedevelopment of a lefstepping bend in the fault around Labyrinth
Lakeand another larger bend around Dymond L&K&fabrics are not observed along the

southern extent of the BlackaB 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 furtiseleugst
movement on the primary Black Bay Fault trend and produced a steepigip@sy, NESW-
trendinggneissic to mylonitic fabric along with shallowBwW-plunging lineation. D3 began by

18444 +2.1Ma continued untita.1830 Ma and waprobablydriven though farfield tectonic

effects from the TranBludsonorogenyto the eastDifferential uplift occurred during this event

with the fabrics becoming more ductile moving northward on the western side of th®4ault.



was a brittleductile to brittle deformi@don event associated with dextral movement along the

fault and the development of a sinistitd\W-SE-trending conjugate fault/fracture system

containing syrtectonically emplaced mafic dykes. D4 was underwagab$827 Ma and

continued until at leasta.1818 Ma. In addition, faulissociated rarearth 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 associatdtewith

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 featacesmmmodating largscale
deformation ad providing insight into the tectonic historyariarea. The Canadian Shield
containsnumerous regionadcale shear zoserosscutting the craton, many of which have had
little examinationThe Raecraton, forming a central component of the Canadiaal&hand
composed of amphibolite to granulite facies Archean to PaleoproterozoiqHankiaub et al.,
2005) contains many of thesenderexaminedshear zone®ne of these poorly understood

shear zoneghe Back Bay Faultis the foas of this study.

Located in the southwestern portion of the Rae cri&murel-1), the Black Bay Fault is a
largescale, NE/SWtrending crustal feature stretching from the Uranium City area in northern
Saskatchewan into thewtbern Northwest Territorie§Vhile the Black Bay Fault wasitially

di scover ed (Hale 194)pior tb this Sualynly the southern extent of tifeultin
northern Saskatchewanditaeen examined he continuation of the Black Bay Fault into the
Northwest Territories has previously been bgz@dlominately ofineaments present in the
aeromagnetic surveys of the af@ahrsson et al., 2014ahe full extent of thélack Bay Fult

wasunknown and the fault trace in the Northwest Territorgsaired poorly constraired.

Previous studies omé Black Bay Fault have revealed a complicated structural history with
reactivations and a transition from ductile through brittletile to brittle deformation
(Bergeron, 2001)Some attempts at constraining timing of deformatien Ashton et al., 2009;
Bethune et al., 2013; Dieng et al., 20haye indicated Paleoproterozoic defonm@al ages
ranging from 2.3 Ga to 1.8 GAue tothislarge tine frame, multiple tectonieventshave been

proposed for the fauttevelopment and movement

TheBlack Bay Falt has beemassociated withmportantmineralization in the area. Around
Uranium Cty, an abundance of veigpe uranium deposi@re presensomeof whichare
associated with the Black Bay Fa(lltieng et al., 2013)Further to the north, ra@arth element

mineralization at the Hoidas Lake depdbigurel-2) has been emplaced along fault splays off



of the Black Bay FaulfiNormand et al., 2009As with the study of the fault itself, the extent of
mineralization into the Northwest territoribadnot been previously determined.

Western Canadian Shield
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J 1.7 Ga basins

. 1.85-1.81 Ga Hudsonian granites
B 187-1.85 Ga granites

[ 20-1.9 Ga Taltson-Thelon
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. 1.9 & 2.5 Ga Snowbird granulites
. 2.0-1.82 Ga sedimentary basins

. 2.1-1.8 Ga Coronation and
Goulbourn Supergroups
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[ 25-1.9 Ga Hurwitz

and Wollaston basins
[ 2524 Ga Sherman bas
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Black Bay Fault

Study Area

]
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Figure 1-1. Geology of the Western Canadian Shield. The GEM2 South Rae and Black Bay Fault study area is indicate
Modified fromBerman et al(2005)and Martel et al. (2008).

1.2 Study Objective

The primarygoal of this study was to better understand the continuation of the Black Bay Fault
into the Northwest Territorieg\ primary task wasotverify whetheror notthe aeromagnetic
lineament and signature accurately represents the Kéoie importantly this studyhas been
designedo better document the structural fabrics associated with Black Bay Fault over a large
area. Whildimited studies from northern Saskatchewan have discussed the Black Bay Fault,
mostdo not havea significant focus on the structiifabrics. Those that dosuch aBBergerors
(2001)thesis examined the fault primarily at the outcrop scabel in a limited ared he study
preseredhere is much more regional in scope andble to test whether the smaller scale
observations agree with the bigger picture of the fault. With a lsage view of the structural
fabrics, this study also attempted to better constrain the timing of different deformational event
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and possibleeictonicevents (ie. orogenesis, faeld extension, transpression) producthg
deformation event#s a minor focus, this study examined whether the-tsdbciated

mineralization present in Saskatchewan eddanto the Northwest Territories.

1.3 ProjectLogistics

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 Suivieyd work for thislargescale

mapping projectvas completed over twaix-weeklong field seasons (2015 and 201Base

camps were located on Wignes Lake and McArthur L&kgufe1-2), and mapping was
conducted primarily by helicoptesupported traverses and lakeshore work from fly caiffips.
mandate of the larg@rojectwas to magour NTS map sheets (75 A, B, G, and H) at 1:250 000
scale(Figurel-2). Map sheet’5 B (Abitau)providedthe most opportunitie® examine the

Black Bay Fault in detailand most of my time in the field was in this area of the projéese

map sheets are some of the most poorly mapped sections in Cana&®aespecially remairs
virtually unexploredlt is displayedn the gelogical map of Canad@Vheeler et al., 1996)s

simply a pink square

In addition to the main study area in the NomiswTerritories, a week was spent in Uranium
City area, examining some of the outcrops desdiib@revious studiethattouched upon the
Black Bay FaultThis allowed a cleacomparisorof deformation in that reference anseh our
observations furtharorth (Figure1-2). Uraniumlead 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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Figure 1-2. Map of the differentectonemetamorphiclomains in the southern Rae craton. Domain naming varies across t
SaskatchewaiNorthwest Territories boundary, but can be easily correlated: NMaann, ZemlalEna, TrainFiredrake and
DodgeSnowbird. The Porter domain may also correlate to the Zemlak ddBeihune, 2017)The BlackBay Fault is indicate
by the dashed line. The GEM2 South Rae project area is highlighted in black. Saskatchewan domain boundaries modi
Sasktchewan Ministry of tlieconomy(,2010) and NWT domains modified frdinRegis et al(,2017)and Martel et al.(2018)

1.4 Thesis Layout

This thesis iglividedinto seven chptersincluding this chapter, the introduction. Chapter two
provides a regional context to the study amedintroduceshe multiple orogenic events which
are known to have impacted the s@nthRae craton. Chapter threeiewsthe previous studies
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which have been completed on the Black Bay Fault in Saskatchéwelmapter four, the
structural fabrics associated with the Black Bay Fault observed in thérieidhree study
areas, Tazin River, Insulaabyrinth Lake and Dymond Lake are discussed anditali
deformation sequence is presentédapter fivefocuses on the geochronology in which new U
Pb SHRIMP ages are reported and a synthesis of the published geochrismpleggntedo

build an understanding of the regi@haptersix discusses the gkrved mineralization
surrounding the Black Bay Fault and the fabmdsch host the mineralizatio@hapter seven
attemptgo combine the discussions presented in chapter four andrfd@nstrain the timing

of the various deformation event while afgesenting possible correlations for the deformation

events with knowrectonic events



2. Regional Tectonic Setting

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

Rae cratonKigurel-1). The Rae craton is one of numerous Archean csaltah amalgamated

to form the Nuna supercontinent during the {Raleoproterozic ergdoffman, 1988a)Hoffman

(2014)pr oposed that the Rae craton served as a 0fl
impacted by the Thelemaltsonorogenyon its western mang and the Snowbirdrogenyon its

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

these orogenic episodes. It is possibayever that the part of the Rae craton encompassed in

the study area had alreadypexienced significant deformation during the early Paleoproterozoic

Arrowsmithorogeny(Berman et al., 2005)

2.1 Arrowsmithorogeny

Berman et al(2005)proposedhatan early Paleoproterozarogeny(2.5 Ga to 2.3 Ga}he
Arrowsmith,hadoccurredalong the western margin of the Rae craigar tothe formation of
the Nuna supercontinerRreviously it was believed that there wagl@al cessatiorof
magmatism and possibly plate tectonics during this péGoddie et al., 2009ndthereforethe
Arrowsmith orogeny would not be possibMore recently howevemork by Partin et al(2014)
have disproven thiheory that ajlobal cessation of magmatismacurred during this period
supporting the pasble of the Arrowsmith orogeny.

The Arrowsmithorogenyis thoughtto represent a Cordilleragpe collision, and the end of
high-grade metamorphism isterpretedo have occurred at 2.34 Ga in the northern part of the
Rae while the southern portion exigeiced metamorphism until 2.28 @erman et al., 2013)

A 2.35 Ga metamorphic event observed north of the Thelon @FEgire2-1) has been the
primary basis behind th@ostulatedArrowsmithorogeny(Berman et al., 2005putthe
corresponding craton or bodgsociated with the orogergmainsll -defined.Multiple cratons
found throughout the world show some evidence 0f2235Ga tectonic activity, suggesting they
may have all formed a previously unknosupercontinenfPehrsson et al., 201,3)Ithough their

paleolatitudesemains poorly anstrained.

In northern Saskatchewan a 2.3 Ga magmatic zone present in the Beaverlodge ddradtaef t

craton(Hartlaub et al., 200/nay represent the southern extent of the Arrowsoritigeny



(Figure2-1). Further work in the Urania City area has produced similar aged rocks in the
adjacendomaing/Ashton et al., 2007; Normand, 2014)

A 2012reconnaissandeansect through the planned mapping area for the South Rae GEM2
project by the GSC discovered both crystallization and metamorphic Arrowsmitmages
domains surrounding the Black Bay Faildavis et al., 2015)An earlier and better understood
event, the MacQuoidrogenyoccurred on the eastern flank of the Resgonfrom 2.56 to 2.5
Ga(Pehrssn et al., 2013)but it is believed thatither (1) theeffects fromthatorogenywerenot
felt in the southwegtartof the Raecratonwhere the Black Bay Fault is located(2) the Black

Bay Fault had not been developed at this time.
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Figure 2-1. Simplified diagram illustrating the Arrowsmith and MacQuoid orogenies on the Rae craton along with the re
ages matching the timing of the Arrowsmith. BanArodwsmith agesippear to transect through the projearea. Black Bay
Fault trace shown in red along with the GEM2 South Rae study area. Modifie@&onan et al.(2013)



2.2 NunaAmalgamation

2.2.1 ThelonTaltsonorogeny

Both the ThelorTaltsonorogeny which occurred at 1.97 Gand continued until 1.93 Ga
(Hoffman, 2014)and theSnowbirdorogeny which occurred at 1.91 Ga 1.89 GgBerman et

al., 2007; Martel etlg 2008) arealsopotentialtectonic drivers for the Black Bay Fault. The
older ThelonTaltsonorogenywas thenitial orogenyto occur during the amalgamation of Nuna
During thisevent the Slave cratowasaccreted onto the western margin of the &agon,with
the collisionresulting in the development of thaltson magmatic zongloffman, 2014)Figure
2-2). Develpment of the large scale Great Slave Lake shear zone occurred with the collision
which produced dextral transpression with eadé up movement along this struct{ifanmer

et al., 1992)here is still some controversy arouthe tectonic setting dhis orogeny Although
monazite datinfrom the magmatic zonauggests cratonic boundary at this tinjBethune et

al., 2013) there has been some debate over this modbeageockmical signatures in this
region point instead{o an intracratonic regior{Chacko et al., 2000; De et al., 2000}hile the
eastward extent of the impact of the Thelaltsonorogenyin the ®uthern Rae had been
uncertain, recent monazite dating around Uranium City, Saskatchelosa tothe Black Bay
Fault byShiels et al(2016) produced 1.93 Ga metamorphic ggelich falls into the time

period ofthe ThelonTaltsonorogeny

2.2.2 Snowbirdorogeny

The Snowbird tectonic zone divides the western Churchill Peevimto the Rae and Hearne
cratong(Figure2-2) and extends from Hudson Bay to the Cordillevpamgeny deformation front
This zonewas originallyidentified fromaeromagnetidata(Gibb and Walcott, 19719nd was
proposedo bea Paleoproterozoigrogenic suturéecause it truncatése Tatlson magmatic
zone(Hoffman, 1988a)Berman et al.(2007)proposed that the Snowbird Orogeny is aryear
phase of the TrarAdudson orogeny and is a Paleoproterozoic accretionary event of the Hearne
(and RaeChesterfield block onto the Rae craton at ca. 1.9 to 1865 Ga.

However, Neoarchean plutonism present in blothRae and Hearne cratatsa 2.6 GgRegan
et al., 2017has led some tbelievethese twacratonswvere already joined by thigne, and the
that Snowbird tectonic zone actuallytheremnantof an Archearorogeny(Flowers et al., 2006;
Hanmer et al., 1995; Mahan and Williams, 2005; Regan et al., .2017)
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Figure 2-2. Diagram showing theanvergence of the various cratons on tof@e craton during the amalgamation of
Nuna supercontinent (Modified from Ashton et al., 2009)

2.2.3 TransHudsonorogenyand otler orogenic events

Thelong lived TransHudsonorogeny 1.9 to 1.8 Gahad a far reaching tectonic influence and
impacted thipartof the Raecraton(Ashton et al., 2009; Corrigan et al., 200B)e largest
Paleoproterozoiorogenyin the Canadian Shielshd probablypestknown the TrangHudson
orogenyinvolved the collision of the Superior craton onto the Rae and Hearne offaigunse
2-2). The orogerextended from t Dakotas up to the UngaPeninsulaand theorogenyled to
the closuref the Manikewan Oceatinat was guated between tisecratonsCorrigan et al.
2009)



TheTransHudsonorogenywas long lasting, with the closure of the Manikewan Ocean
commencing by 1905 Mgorrigan et al., 20099nd terran@ccretion onto the Hearne domain
initiating by 1.85 Ga(Ansdell, 2005) However, terminal collision dhe Superiocratononto the
Rae/Hearne craton did not occur until 28880 Ga with collision first startig along the
southern margi@Bickford et al., 199Q)A large thermal ovemmnt occurred in the Hearne
doman at this timewhichis known to extend westward to tBerowbird tectonic zone
(Schneider et al., 2007andto haveproduced dextral reagtitionof the zone at 1.83 Mgbtern
et al., 2003)Granites of a similaagehave been found further west into the southern podion
theRae craton, suggestinigatthe terminal collision impactetthis 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 wmoas the Black Bay Fault wadentified by Hale (1954) who

describech zone of mylonitizednddeformed rocksn northern Saskatchewé#matextends
northeast from Black Bagn Lake Athabasca. Further mappiagpundUranium Cityand the
larger Beaverlodge mining area byemblay(1968)better descriletthe ne of deformation

and namedhe Black Bay Fault.

AlthoughTremblays (1968)GSCreportoffersa fairly comprehensivdescription othe various
geological units and structures of Uranium Cityzontainsseveralgeologicalassessments that

are not compatible with modepmocessesr conceptskor example, geissic compositional
banding igmis)interpreted as sedimentary beds, transposed foliation is not properly described,
and granitization is used to describe many diffenegttamorphic and igneoaspects observed

in outcrops.

However,Tremblay(1968)did recognizemultiple phases of defmation of the Black Bay Fault,
and an attempt to measure the lineations was nseifically, he foundineations plunging to
both the NE ad SW at angles of 360° on steeply dipping planes with a strike050°

(Tremblay, 1968)thusproviding the first publish geometry of the Black Bay Fault around
Uranium City.He also reportedvidence of an eastipping geomty for the Black BayFault

from shallow trenchin@f this structuren a uranium minéTremblay, 1968)thoughthe location

is not describa Further work byTremblay(1972)identified nultiple deformation events, along
with recognition of dransition from a ductile regime towardsbrittle 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 byeBremblay(1971a) produced a
detailed geological magnd two geological crossections. This work was primarily focused-on
the more BW-trendingfaults like the ABC faultocatedto the east of the Black Bay Fault in the
Beaverlodge region, where uranium mining wasaomg at that timeTwo NW-SE-trending

cross sectionthrough the Black Bay Faultere producedFigure3-1) which show folded
basement rockwith eastern fold limbs roughly matching the dip of the Black Bay Fault and
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Figure 3-1. Geological crosssections from the Uranium City area of the Black Bay Fault. A moderatelippstg fault
geometry was proposed for the Black Bay Fault (Modified from Tremblay (1971b))

other parakl striking faults in the areaHigure3-1). The geologicaWork in the Uranium City
areawas further improved upon and modernized with a bedrock compilation of the Beaverlodge
domainby (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 limitetb#alley(1955), who spent one
summer mapping the Abitanapsheet (NTS 75B) through aerathotograph interpretation
surveysas wellasvia canoe. His assessmenttiucturalfeatures idimited primarily to
foliations. No faults are indicatedn Hoadey'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
Saskatchewarn the southern portion of the Abitamapsheet, the Tazin River was portaged by
Hoadley ande recordd 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 t
outfrom the riverit is not possible to concludkere is a shear zone present along the trace of
the river in this region rather tharregional foliationthat that is penetrative througie areaNo
lineationsor kinematic indicatorsrerereportedduringHoadleys (1955)mapping of the Abitau

sheet

3.2 Recent studies

Prior toour investigatioras part of the GEM2 South Rae projeise most detailedtructural
informationthat was clearly related the Black Bayfault/shear zoneomesfrom afew,

spatially limited areas around Uranium City in northern Saskatchégnon et al., 2000;
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Bergeron, 2001; Kraus and Ashton, 2Q00@nly one structurally focused study has been
completed on the faulziz.,a ma s t e at Orsversithof Saskatchewan by Julie Bergeron
(2001). Thisstudy focused on a few well expossethall (meterscalg outcrops along with two
limited transects south of Uraum City.

Although thetraceof the Black Bay Faulad already beedentified and examined at spot

| ocati ons pr i orstutdyoher8vasrthg Brst majod astempodi@dOrdtand the
deformational historndappraisehe leve(s) of deformationHer study confirmedhatthe
Black Bay Fault produced significant amount of deformation in the shear zone, with some
mylonites to ultramylonites being described near to the centre of the shea(Bergeron,
2001) Dextral sense of shear was the sole motion observed mytibeites(Bergeron, 2001)

and the shift from ductile through brittthictile to brittle deformation was describm the area.

Bergeron (2001)lescribes a number of outcrapsiated in closg@roximity to the trace of the

fault and madéransectscross the fault. However, the transagererestrictedto the western

side ofthe fault or crossed ovenly into the Martin Grougedimentary rockaith an

depositional age of ~ 1820 M&lorelli et al. 2009) The MartinGroup has only reachddwer
greenschistacies metamorphisifishton et al., 2001 and onlybrittle fabrics were measured on
the eastern side of the fault, and no shear sense indicators recorded by Bergeron (2001). No
measurements frothe older angbotentiallymore deformed basement gneisseshe eastern

side of the faultvere presentedrurthermore, the Black Bay Fault in the stislipordered by the
Beaverlodge domain tine east rather than the Tralamain(Figurel-2) which borders the

majority of the eastern edge of the &t&Bay Fault{Ashton et al., 2001 Consequentlythe
deformation history observed here may not be very representative of the overall deformation of
the fault due to the presenceadliower greenschist facies only observed in the western part of the
Beaverlodge domaiand 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 Penswittaof Uranium
City by Kraus and Ashto2000)looked at the Black Bay straight helhich iscomposed of the
Archean aged MurmaBay Group in the Beaverlodge doméBhiels et al., 20165teepNW-
dippingmylonitic fabrics with dextral lkkematics were found along with shallov@yV-plunging

lineations whichwas interpreted tondicatedevelopment of the fabriagcurred througla west
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side up dextral transpression ev@fitaus and Ashton, 2000fmall, late asymmetricat®lds
werenoted in the study and were believedh&wveformed during a late sinistral shearing event
(Kraus and Ashton, 20007 his was the only study in Saskatchewan which reported any

evidenceof sinistraldisplacement along thel&k Bay Fault.

Beyond thdocus around Uranium Cityhere has beesome structurally focused work around
the Hoidad ake rareearth element deposit ~ 60 km to the northea$ioyning and Card
(2005)and followed up byNormand et al(2009) In this area, the Black Bay Fault separates the
Zemlak (Ena) domain on the west from the Train domain to théNashand et al., 2009)

These studies reported the Black Bay Fault to k&t dipping Figure3-2), in contrast to east
dipping reported fronthe south. However, there remains some disagreement here on the dip
direction of the Black Bay Fault &alpin's (2010)thesis on the Hoidas deposit regdhte fault

and associated splaysesstdipping.

Two generations of ducélfabrics associated with deformation of the Black Bay Fault were
noted byGunning and Card2005) plus a subsequent brititkictile eventAn older event
produced southwestending, steepldipping foliation,along with a morenylonitic fabricin

someareagGunning and Card, 2009)extral shear sense indicators were found in this fabric
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along with tighf SW-plunging folds Together these fabrigsdicate a wesside up dexal
transpression event on the Black Bay F&Blinning and Card, 2005)

Thelaterductiledeformation event was more heterogenous and producedsoated mylonitic
shear zones alignegitherparallelto or overprinting the older fabricounter clockwis€Gunning
and Card, 2005Dextral shear sense indicators were also found in these mylonite alomes
with lineationsshallowly plunging to both the southwest and northé&ashning and Card
(2005)suggest thathis fabricdeveloped during a more strifstip 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-NE-trending component, with dextral movement along on the
NE componen{Gunning and Card, 2009)ater mapping around the Hoidas and Nisikkatch
deposits byNormand(2014)revealed two different episodes of ME\V-trendingductile folding;
an earlier event which produce NiEEending, moderately to steeply plunging folds, and a later
event which produaeSW-trending, moderately plunging folds. \lhnot discussed, the later
event described bjlormand(2014)appears to correlate with the earli@unning and Card
(2005)event.
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4. Geology of the Black Bay Faudind surrounding areas

4.1 Overview

Data collected fronthreemainstudyareas, the Tazin River arghe InsulaLabyrinth Lakes
areaand the Dynond Lake areéFigure4-1), are utilized as the primary eviderinedeveloping

a comprehensive understanding of the Black Bay Fault and its deformation hisiflyazin
Riverand the Insuld.abyrinth Lakes study arease located in NTS sheet 75 B, atajether,

they provide over 110 kilometers of coverage along the Black Bay FaeltDymond Lake

study area located further to the narthiocated in NTS sheet 75G. Observations collected from
the NTS sheet 75H portion of the Black Bay Fault are incdludehe Dymond Lake study area.
During the examination of the Black Bay Fdit this thesis the Uranium City area was
revisitedthrough aveeklongfly campin order to better understand our observatiorthe

north in the Northwest Territories; howasy 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
deformationalong theBlack Bay Faul{D1 to D4) have been identified, in addition tcegional
fabric (preD1) that appears to have existed prior to the development &idlc& Bay Fault
Foliations associated with these various deformational episodes will be referred t84s S1
while L1-L4 will be used for the respective lineaticarsd A-F4 will be used for the associated
folds. Not all generations of structures avell developed in all areas atfus will be discussed

lateron in this section

The sequencing of the events and the structural fabrics has been established, or igferred, b
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 sectior®(5).
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Figure 4-1. Aeromagnetic Map of the South Rae GEM2 study area. Trace of the Black BiaBB&) is shown in black alor
with the names of the various tectonometamorphic domains separated by the Black Bay Fault. Study areas for the Bl
Fault highlighted: Tazin River Area (Green) and Labyrinth and Insula Lakes Area (Yellow). Also sttbemmevisited

Uranium City study area (Blue) and the Dymond Lake study area (Red)..Gemegartdrelement 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 sbethwestern corner ttie GEM2South Raestudy
area, ilNTS 75 B (seeFigure4-1). In thisregion, the Black Bay Fauteparatethe Enadomain
to the west of théault (described as théemlakdomain inSaskatchewgrfrom the Firedrake
domainto the easfFigure4-2). The Black Bay Fauls spatially defined by pronounced
topographic lineamenhtough which the Tazin River flows southerly from the NWT into
Saskatchewa(Figure4-2a). Furthermore, a pronounced magnetic lmwresponding witlthe
trace of theBlack Bay Faulis visible in the aeromagnetilataof the areaseparatinghehigh

magnetic signatueeof both the Ena and Firedrake domalrigire4-2b).

Aeromagnetic data and topography also indicatexisencenf severafault splays extending
SW from the trace of the Black Bay Fault into the Ena domEirese fault splays are concave to
the west, displaying shift in trendfrom NE-SW near to the Black Bay Fauth a more BE-

WSW trendasthe fault splays extend westwar@®n the contraryeast of thedult in the

Firedrake domain, the first derivative aeromagnetic slaggestshe presence @& secondary
fault trendingparallel to theBlack Bay Fault, but no evidence supportihgs fault was observed
in the field.Also, visible in the aeromagnetic dadnd satellite imagery are numerougve
trending lineament@~igure4-2 B). These areterpretedo be latgD4 or postD4) brittle
fractures andiaults.

Outcrops throughout the Tazin River area generally have low reliefp@tediin extent, and
tend to be heavilgovered by lichenThegeologyin the area arounithe Black Bay Fault was
examined in detaih one limited region usingfaur-day fly camp situated adjacent to the fault

on the western sidgigure4-2) from which multiple overland traverses were completed

In addition to the fly camgdive helicoptersupportedraverse were completed in the Tazin
River vicinity. The majority of the structural measurements were collected from the Tazn Ri
fly camp area as the surrounding traverses were less focused on the structure of Tihe area.
latter wereused to establish better regional picturef the deformation marginal the Black

Bay Fault.Unfortunately, due to the width of the Tazin Rivestablishing continuousaverses
crossing the fault was problemati@onsequentlythe western side of the faEna domainjhad

greater examinatiotihan the eastern regighiredrake domain)Additionally, exposureear to
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the river was relatively g due to the significant deposition of overburden along the Tazin
River. Several Pleistocenesker systemas well as the Tazin River followeke topographical

low expressiorof the Black Bay Fatil

Figure4-2. (A) Canlmag satellite imagery of the Tazin River Area illustrating the topographical lineament ¢
Black Bay Fault.(BAeromagnetic Survey Map of the Tazin River Avath area of focus during 4-day fly camg
highlighted in black. Fault splays extending westiveitom the fault into the Ena domairield stations shown in
black.Aeromagnetic data from Kiss and Coyle (2012).
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4.2.2 Geology

Ena domain

Through our field observation$iyd Enadomain in the Tazin River aréasubdivided into five

map unitsbased on lithology and stiure (1) orthogneiss, (2)oliated felsic rocks, (3)
metasedimeratry rocks (4) paragneiss, (Spliated mafic rocks and (@hylonite zonesKigure

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 theocks in theEna domairareof upper amphibolite to granuligrade There is

a general compositional variance between the igneous and sedimentary protolith zones that is
reflected in the aeromagnetiataof the areaKigure4-2). This relationships relied upon in the
developmenof thegeological map for the Ena domain, with many of the contacts inferred from
the aeromagneticata(Figure4-6). Specifically, n the low magnesimregions garnetiferous

rocks ranging from weakly foliated well-developed gneissibandingare commonly observed

and assumed to eetasediments to paragneis@iéigure4-3) (although aluminosilicates such as

sillimanite were only rarelpbservedl Comparatively, in the regions with a higher magnetic

signaturethe rocks lack garnets aadcewell foliated to gneissic megalutonic rocks.

Figure 4-3. Field photos of typical rocks of the Ena domain, intermediate orthog(rﬂeim paragneisses (B)
A regression in the metamorphic grade is observed moving tower@ack Bay Faulirom the

interior of the Ena domain, with orthopyroxeriesndin the rocks outside of tHault 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.
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Pegmatitic dykes rich in hyalophane, aibarrich alkali feldspar, are commonly observed in

the Ena domaiboth in deformed and undeformed intrusioRg(re4-4). Additionally,
orthopyroxenebearing syenitic intrusns were dserved in a few outcrop$hese appear to be
unigue to the Ena domailm addition to the felsic intrusions, a N#énding mafic dyke swarm
which has undergone metamorphispto amphibolite faciesvas observed to crosscut the
deformedgneissesn a fewoutcrops Multiple generations of late sytledonic to posttectonic

felsic intrusiors are observed to cut the various basement rocks, with some intrusions appearing
to have been injected parallel the Black Bay Fault faboc.example, distinctiveg undeformed

chalky-white andpink, aplitic granit intrusion is observed to transect all deformational fabrics.

o 20 4 4 e 4

Figure 4-4. Field photos of hyalophargearing granitic pegmatite. Note grejue feldspars (A) and mafic xenoliths altered
diopsideallanite composition (B)

The orthogneisses often contain mafic xenolitia showalteration to diopsidallanite. This
alteration appears to be exclusive to the Ena do(Réguire4-4). Hydrothermal veins with the
same diopsid@llanitecomposition was also observed cutting basement Wik. the exception
of the metasediments and paragneis$esntajority of the rocks situated in the Ena domain are
strongly magneticand magnetite cryssbp to 3mm in diametearecommonlyobservedn

hand samples. Thaetasediments are variably magnetic.

There is a significant amount of hydrothermal alteration throughout thprignarily seeras
discoloration of the host ro&ddjacent to fracture anakins setsThis alteration was primarily
potassi¢cwith plagialase in the host rock showipgrtial to fullalteration to asalmon pinkk-
feldsparor epidotizatiorassociated witlpistachiegreen veinsA minor amount ohematization
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was seen in the TazRiver areabut it is much less than what is seetthi@ Uranium City area

further to the souttwhich shovg significant amounts of hematization.

FiredrakeDomain

Outcrops examined ifthe southwestern portion)ahe Firedrake domairn the Tazin River

focus area arprimarily composed of orthogneissealthough theground observationstations

are few and widely separated through the Firedrake domain, these orthogneisses are tentatively
divided into three map units: (1) migmatigcanodioritegneiss(2) intermediaterthagneiss and

(3) mylonitic gneissThe migmatitic gneisseppear to havendergone a significant amount of
partial meltingand the resulting melt has produ@doupy or migmatitic textur@igure4-5).
Theorientation ofa pre-existinglayering in the gneisses is highly variable in the migmatitic
gneiss; however, a NVBE alignment begins to develop when approaching the Black Bay Fault
from the east. This fabric defines the intermediate gneiss map unieadyanylonitic fabric

was observed at only offield station,near tathe trace of the Black Bay FauMlafic xenoliths

in theFiredrakedomaindo not show the diopsidalanitealterationobserved in the Ena domain

but often contaimesitite ofolder greissic layering.

5t Uy G b

Figure 4-5. Field photos of rocks from the Firedrake domain: (A) Soupy gneiss to migmatitic rock (intermediate in comg
(B) Gneissic rock with significant granitoid intrusions, some injected aloniggsity.

Overallthe metamorphic grade of the Firedrala@nainin the Tazin River area is upper
amphibolite Garnetbearing rocks are rare in teeuthern portion of thEiredrakedomaindue to
the strong retrogressi@ndwere only observeih one locationnear tothe Black Bay Fault
(though as noted aboveutcrop examinatioof this part of the Tazin River focus areeas
relativelylimited). Similar tothe Ena domain, multiple felsic intrusiowereobserved to cut the
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orthogneissesMany of the intrusionsn thevicinity of the Black Bay Faulappear to be syn
tectonic, with granitoid material having been injecigned with thegneissosity Figure4-5).
Based on one observation from the deg &mphibolitic dykesotedin the Ena domain appear to
extend across the Black Bay Faulo the Firedrake domaids inthe Ena domain, the rocks in
the Firedrake domain show significant potassic alteratiohepidote veining is less abundant
and diopsidallaniteveins arenot present. Quartz tension gashes were also occasionally
observedvhereagjuartz was only found in boudin nedksthe Ena domairin all the outcrops,
the rocks were found to Isronglymagneticusing a hand magnddue to the lack of stations
and therelatively smoothaeromagnetic pattern, the lithologytbé Firedrakedomainin the

Tazin area could not be as well dividedasthe 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 aerafataofetic area.
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4.2.3 Structural Fabrics

Tazin River Fly Camp

N

Granitoid Intrusion
Mylonite Zone
Orthogneiss
Foliated Felsic Rock
Metasediments
Foliated Mafic Rock

Mylonitic Gneiss

L

—~v— pre-S1 <1— S1 <<&"> S3 ====== Black Bay Fault 0— 05— 1-Km

Figure 4-7. Geological map showing the various generationfobidtionsmeasured around the Tazin River fly camp
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Overview

The TazinRiver aregredominately contains three generations of defaamalk fabrics (S1, S3
and S4)xssociated with the Black Bay Faattd aredescribed in the following section. Notably,
the Tazin River area is devoid of evidence of Di2e Tazin River area provides the best insight
into the D1 and D4 out of the two maitudy areasln addition a preexisting fabric (preS1), is

presenin the regiorand is discussed briefly.

Pre-D1

In the TazinRiver area, an olddrbric, pre-S1, is occasionally foundgpreserved in locations

which have undergone the least amount of me&bion(Figure4-7). This is assumed to

represent the fabric that existed in the area preceding the development of the Black Bay Fault.
Preservation gbre-S1is more frequent moving further west of the Black Bay Fault into tiee E
domain Figure4-7). The character of thgre-S1fabric here is variable, ranging from gneissic to
weakly foliated and varying in strike from\& to WNW-ESE Eigure4-7 andFigure4-8). Note
thatpreS1seen in the metasediments does not appear to represent primary bedding, which was
not identifiable in the Ena domaiireS1was only observed in one outcrop east of the fault, in
the Firedrake domain, witm&NE-SWS trend.

D1

S1 is awell-developed, steeply dippinNE/SSWtrendingproto-mylonitic to gneissic fabric
(Figure4-7, Figure4-8, Figure4-9). There are locatioredong both sides of tHglack Bay Fault
in the Tazin River areahere S1 fabrics and F1 folds overprint gne-S1fabric (Figure4-9).
Specifically, several outcrops that display a promipeetS1gneissosityalso contaira strong
S1 foliation thais axial planar with F1 foldsf the pre S1gneissosity Figure4-9). Both
shallowly plunging SW and NE F1 folds-(&d Zfold asymmetry, respectively) are found
throughout the Tazin area, but overall there is a predomirdr&éold asymmetry (indicating
sinistral kinematicsfFigure4-9). In additional to the $olds, $eath foldsaligned with S1 are
found preserved iafew outcrops, ranging from decimeters to meters in s€agie4-10).
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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. Lhdations associated with S1 were easier to identify and
F1 fold axes were more abundant than the correspoh8iagd the majority of lineations
preserved belong to LMany of the L1 lineation are parallel to the opposing fold axes the of the
doubly plungng sheath foldsand thel 1 lineations are found to plot in two weak clusters, some
shallowly plunging to the NE lineations along with some shallowly{8Wiging lineations

aligned parallel with the neaylindrical fold axis(Figure4-8). Additionally, a couple steeply
NNE-plungingto subvertical lineations were measured. These lineations occur closer to the

Black Bay Faultpear towhere Sfolds were also present.

L1 ’ineations

S1 poles close
to the fault

= S1 poles away =
from the fault

Figure 4-8. Equalarea lower hemisphere projection of poles to S1 aneSirand_1 lineations. Nott
the transition of the S1 foliation from SSk¥nding near the fault to S\vending away from the fault
The S1 fabric overprints the older background gneissositBfirat high angle.
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Beyond the Solds, other sinistral kinematicdncators are occasionally foundthe S1 fabric
such as a mafic xenolith in a dioritic gneiss simaginistral rotation Figure4-9 D). These
sinistral indicator@remostcommonlyfound in the more gneissic sections of the Bomnain

andoften a couple kilometers aw&pm trace of the Black Bay Fault, rather than in mylonitic
zones.

Figure 4-9. Examples of the S folds found within the Tazin River area. S folds contain a strorganaalS1 foliation trending

parallel to the axial planar of the folds overprinting the deformed$itegneissosity (A, B, C). A larger mafanolith defines a
U-clast in the S1 fabric, indicating sinistral motion (D). Pen indicates north

Within the Ena domain, the trend in the S1 fabric is observed to undergo a clockwise shift
moving westward away from the fault, shifting froriBNE/SSW towardsraENE/WSW trend

(Figure4-8). Thewestwardshift in the Sifabric and the lithological patterns follow the pattern
of the interpreted fault splayAlthough rare, a few sinistral kinematic indicators are present i

the fabric adjacent to the magnetic lows. Based upon the change in trend and sinistral kinematics,
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the aeromagnetic lows in the Etd@mainare inferred to follow a set afyntheticD1 sinistral
fault splays.

Figure 4-10. F1 Sheath folds found in the Tazi n dédrmingthe pkSle
gneissosity. Sheath folds are found within the S1 fabric.

v

S3 poles close A R =
to the fault

e

@ °
o H v
‘2 3 S3 poles away
~ o from the fault
;s A4

Figure4-11. Equalarea lower hemisphere projection of poles to S3 along with the S1
average panes as reference. Unlike $ictv becomes more-¥/-trending moving westwarc
from the Black Bay Fault, S3 undergoes a smaller rotation in strike.

29



D3
S3is a pervasive NE/SWending steepy dipping mylonitic fabricthat overprints S{Figure

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

westward away from the Black Bay Fault zone, but this shift is less Wizatwas noéd in the
S1 fabric(Figure4-11).

Figure 4-12. Thin sections from outcrops at both the north and south ends oftireRiver area, close to the Black Bay Faul
showing a clockwise overprinting of S3 on S1 (A,B). Hand sample showing S1 fabric preserved in coarser sections trar
and cut clockwise by finer grain S3 fabric (C).

S3 is found with increasing frequency when approaching the Black Bay Fault, and it is most
common in the mylonitic zones of the Ena domé&ilgre4-7). S3 ismorehetepngeneously
developeccompared to Slpredominantlyfoundin more strongly deformed, mylonitic sections
and bands in the more gneissic or foliated outcrbggi(e4-16). Consequently,@ame 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 wdkveloped and clear L3 stretching
lineation are observed, though the limited data show a consigiedt &t locations where S3 is
clearly differentiated from S1, the L3 lineation plunges moderately S\¢ure4-13, Figure

4-17B).
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Figure 4-14. Field photos showing mafic layers that have been boudinaged and dextrally sheared.

Kinematic indicatorassociated with D3 are well develop&dr example, there are multiple
occurrences of mafic layers that show evidence of boudinage with dextral asymmetry and pull
apart sheang (Figure4-14). In outcrops in close proximity to the Black Bay Fault where both
S1 and S3 are obrrable,a geometrical relationship indicates dextral stiEmure4-12). In
these cases, the coarser grained fahdtpreservethe older S1 fabric is cut by a finer grained
andstrongersmall scale D3 shear zon@sgure4-12 C). Some transposition of S1 into S3 is

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