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Abstract 

The Aberdeen Lake supracrustal belt is located alongside the northeast Thelon Basin in south-

central Nunavut. The belt hosts recently-discovered unconformity-related uranium occurrences, 

including the Tatiggaq, Qavvik and Ayra prospects. New geological mapping, structural analysis, 

whole rock lithogeochemistry, U-Pb zircon geochronology, and fluid inclusion analysis were 

conducted to interpret the stratigraphy, tectonic setting, and structural geology of the belt, and its 

uranium metallogeny.  The revised lithostratigraphy of the Aberdeen Lake supracrustal belt 

consists of: 1) a ca. 2750 Ma Lower Sequence of komatiite, TTG (tonalite-trondhjemite-

granodiorite) intrusions, and mafic gneiss; 2) a ca. <2687 Ma Middle Sequence of ca. 

psammopelitic gneiss, iron formation and a ca. 2680 Ma felsic gneiss; and 3) a ca. < 2650 Ma 

Upper Sequence of pelitic to psammopelitic gneiss with minor iron formation and arkosic gneiss. 

Transecting these Neoarchean supracrustal rocks are the ENE-trending Thelon and Judge Sissons 

faults, which record long-lived, dextral transcurrent movement with complex reactivation and fluid 

flow histories.  A ca. 1830-1760 Ma initial faulting event produced damage zones consisting of 

multiple fracture sets, quartz veins and hydrothermal breccias, surrounding core zones of mosaic 

to chaotic breccias and cataclasites with dextral slip.  A ca. 1760-1750 Ma epithermal faulting 

event comprises cross-cutting comb, crustiform-cockade, and lattice bladed quartz veins 

associated with Pitz Formation volcanism.  Late reactivation events at ca. 1600-1300 Ma are 

expressed as irregular, fractures, non-cohesive crackle to mosaic breccias and gouges, which were 

the primary pathways for uranium-bearing hydrothermal fluids.  The Tatiggaq, Qavvik and Ayra 

prospects are located between or along ENE- to NE-trending secondary faults associated with the 

Thelon and Judge Sissons fault zones.  Steep-dipping fracture and non-cohesive breccia zones 

along these faults host most of the uranium mineralization within medial to proximal alteration 
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halos characterized by strong clay, sooty sulphide and hematite.  Fluid inclusion work suggests 

that a ≥300ºC, reduced, sulphur-bearing basement fluid acted as the primary reductant for uranium 

mineralization.  This fluid was transported by fault-valve seismically-driven fluid injections into a 

large interconnected and reactivated fault system, which initially formed during dextral 

transcurrent movement along the Thelon and Judge Sissons faults. 

 

Keywords: Aberdeen Lake supracrustal belt, Rae domain, U-Pb geochronology, oceanic plateau, 

Thelon fault, Judge Sissons fault, Thelon Basin, strike-slip fault, unconformity-related uranium, 

fluid inclusions, Tatiggaq prospect, fault-valve 
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with an axial plane S4 cleavage (UTM 534702E; 7136213N).  Photo locations as UTM coordinates 
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modified from Tschirhart et al. (2011).  Abbreviations: HIS – Hudson Intrusive Suite. ..........................90 
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Figure 3.10. Photographs of quartz veins in the damage zone of the Thelon and Judge Sissons faults. (a) Cross-

polarized light photomicrograph of quartz grains with growth zoning defined by inclusion-rich bands 
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of Ketyet River Group quartzite (Qzite), hydrothermal quartz crackle breccia (Q), and quartz-veined 

hematite-altered Archean supracrustal rocks (WR), within brecciated Thelon Formation basal 

conglomerate. The red matrix consists of coarse-grained sandstone with small pebble-sized clasts (UTM 

569010E; 7150698N). Pencil (15 cm in length) for scale. (d) Close-up of mosaic quartz breccia (Q) clast 

in (c). Cap of pencil (1 cm) for scale. Photo locations were recorded in UTM coordinates using datum 
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Figure 3.11. Photographs of breccia in the core zone of the Judge Sissons fault. (a) Field photograph of matrix-

supported mesocataclasite with clasts (Q – quartz vein; WR – hematite-altered wall rock) varying in size 
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hematized mesocataclasite (outlined by the medium dashed line) surrounded by hematite-altered chaotic 
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fractures (blue dotted lines) cut across the quartz veins (UTM 559696E; 7136817N). Pencil exposed 

over 5 cm for scale. Photo locations in UTM coordinates using datum WGS84, Zone 14N. ...................96 

Figure 3.12. Field photograph and stereonet diagram of slickenlines and slip surfaces measured along the Thelon 

and Judge Sissons faults. (a) Hematite-altered ultracataclasite with well-developed trailed material 

slickenlines indicative of dextral displacement. Arrow denotes the movement direction of the missing 

hanging wall (UTM 560108E; 7147700N). Pencil cap is 0.8 cm wide. (b) Equal-area stereonet diagrams 

of fault slip surfaces plotted as great circles with rakes of slickenlines plotted as close circles. Arrows 

indicate the sense of movement. Photo locations in UTM coordinates using datum WGS84, Zone 14N.
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textured quartz in the damage zone of the Judge Sissons fault (UTM 559488E; 7136745N). (c) Vein 

with fine-grained comb- and bladed-textured quartz and hematite along its margins and layered 

crustiform-banded quartz along its centre. Wall rock consists of hematite-altered ultracataclasite (DDH 

AYA-004, UTM 527833E; 7131730 N, 103 m depth). (d) Cockade-textured quartz vein with irregular 

crustiform quartz surrounding wall rock and quartz vein fragments (outlined by dotted line) along the 

Judge Sissons fault (UTM 559488E; 7136745N). (e) Angular clast of comb-textured quartz vein within 

strongly hematite altered Thelon Formation conglomerate (DDH: ABR-009B, 76 m; UTM 528044E; 
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7131844N). (f) Rounded clasts of hematite-altered rhyodacite of the Pitz Formation and white to clear 

comb- to bladed-textured quartz vein in clasts of clay-altered coarse-grained sandstone and 

conglomerate of the Thelon Formation (DDH ABR-009B, 69.8 m; UTM 528044E; 7131844N). Pencil 

(8 mm in width) for scale; LN = lichen; Qzite = Ketyet River group quartzite. Photo locations in UTM 
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Figure 3.14. Drill core photographs of late reactivation fault structures along the Thelon and Judge Sissons faults. (a) 

Clay-altered gouge along margin of clay-altered mesocataclasite (DDH TUR-026, 75.3 m, UTM 

548966E; 7135453N). (b) Non-cohesive, clay-altered breccia in Thelon Formation sandstone. Dotted 

lines outline some of the clasts (DDH ABR-004, 35.5 m, UTM 528036E; 7131868N). (c) Irregular 

cross-cutting specular hematite veins (DDH TUR-046, 154.1 m, UTM 549472E; 7135559N). (d) 

Irregular and discontinuous clay veins (DDH TUR-060, 127.8 m, UTM 548898E; 7135824N). Photo 
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drill hole location: UTM 527833 E; 7131731N. Photo locations in UTM coordinates using datum 
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Figure 3.16. Uni-directional rose diagrams and equal area, lower hemisphere contoured stereonet diagrams of 

structures related to the late reactivation event(s). The contoured stereonet diagrams were created using 

the Kamb contouring method (Kamb 1959) with an inverse area square smoothing technique from 
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Figure 3.17. Drill core photographs of uranium mineralization within clay-altered and non-cohesively fractured and 

brecciated Archean supracrustal rocks. (a) Fracture-controlled and replacement pitchblende 

mineralization within clay-altered psammopelite gneiss. Assay values in vicinity of photograph = 3.17% 

U3O8 over 0.5 m (DDH SAN-006, 288 m, UTM 533545E; 7135796N). (b) Massive and fracture-
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Assay values in vicinity of photograph = 3.01% U3O8 over 0.3 m (DDH TUR-017, 135 m, UTM 

548875E, 7135500N). Photo locations in UTM coordinates using datum WGS84, Zone 14N. .............104 
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mineralization and the surrounding alteration halo. See Figure 3.3 for location of the Tatiggaq prospect.
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Figure 3.19. Representative cathodoluminescence images of zircons from samples dated by Laser Ablation ICP-MS 

U-Pb geochronology. Ablation pits are outlined with yellow circle. 207Pb/206Pb dates for ablated material 

are reported on photographs and zircon number corresponds to data in Appendix C - Table S4. (a) 
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gneiss. Data point error ellipses are 2σ. ...................................................................................................107 
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fluorescent rim zonation patterns and < ca. 1800 Ma 207Pb/206Pb dates. Ablation pits are outlined with 
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1395 Ma. (b) Zircon with unusual and irregular non-fluorescent growth zones that returned a 207Pb/206Pb 

date of ca. 1640 Ma. (c) Long prismatic and zoned zircon with thin non-fluorescent patches with a 
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Figure 3.23. Paragenetic model of the different quartz and breccia events related to movement along the Thelon and 

Judge Sissons faults. (a) Initial faulting event - early fracturing and formation of the damage zone. (b) 

Initial faulting event- vein infill of early fractures, early pervasive maroon hematite alteration and 

subsequent formation of quartz hydrothermal crackle breccias. (c) Initial faulting event - ongoing fault 

movement led to the development of the core zone protocataclasites and mesocataclasites. (d) 

Epithermal faulting event - quartz veining event with comb, crustiform, cockade and bladed textures. (e) 

Late reactivation event - creation of non-cohesive fractures, breccia and gouge along the margins of and 

nearby older fault structures. (f) Late reactivation event - emplacement of specular hematite (HS) and 
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Figure 4.1. Map of the regional geology of the western Churchill Province and bounding orogenic belts. The square 

represents the study area and the location of the Aberdeen Lake supracrustal belt. Abbreviations: ALb: 

Aberdeen Lake supracrustal belt, ASZ: Amer shear zone, BCB: Barclay belt, BF: Bathurst fault, CB: 

Chesterfield Block/domain, CBb: Committee Bay belt, CSZ: Chantrey shear zone, CRS & SRG: Clarke 

River schist and Snow River gneiss (Dubawnt Lake area), ERGB: Ennadai-Rankin greenstone belt; 
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GRSZ: Grease River shear zone, MBg: Murmac Bay group, MF: McDonald fault, MRg: Mary River 

group, PAb: Prince Albert belt, Pg: Penrhyn Group, Plg: Piling Group, STZ: Snowbird Tectonic Zone, 

TSZ: Tyrrell shear zone, TTO: Taltson-Thelon Orogen, WBSZ: Wager Bay shear zone, Wg: Wollaston 
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Kiggavik uranium deposit. Map modified after Sanborn-Barrie et al. (2002), Hartlaub et al. (2004), and 

Pehrsson et al. (2013). CorelDraw®2017 (Version 19.1.0.419) was used in the preparation of this figure.
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termed the Schultz Lake Intrusive Complex in the map area (Miller and Peterson, 2015). Map created 

with UTM coordinates using datum WGS84, Zone 14N. ESRI ArcGIS (Version 10.6) was used in the 
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mineralization along steep-dipping fractures and heavy disseminated uranium mineralization in the 
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prospect (Sample 14UX010: SAN-006; 252 m; UTM 533646E; 7135796N). (a) Photomicrograph 

showing heavy disseminations of pyrite and possible marcasite in strongly clay altered wall rock. The 



xx 

quartz vein material and quartz grains within the wall rock show a distinct corrosion by the strong clay 

alteration (5x reflected light image). (b). Close-up of alteration wall rock showing the overprinting 

sulphide mineral growth over strong clay alteration. Very fine black minerals consist of pitchblende 
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in psammopelitic gneiss.  Wall rock is strongly bleached and moderately clay-altered (SAN-016; 262 m; 

UTM 533556E; 7135704N). Photo locations as UTM coordinates using datum WGS84, Zone 14N. ..182 
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supracrustal gneiss along the Judge Sissons fault (UTM 559259E; 7136655N. a) Cross polarized 

photomicrograph of thin quartz veins that cut highly-brecciated and hematized wall rock.  Quartz vein 

material made into chips for fluid inclusion analysis. (b) Quartz vein chip used for fluid inclusion 

analysis, red box outlines area where fluid inclusions were analysed from. (c) Fluid inclusion map 

showing L>V FIA, dotted box outlines close-up image shown in next figure. (d) Close-up of L>V 

inclusions.  (e) Graph showing the homogenization temperatures (Th) for the inclusions. (f) Graph 

showing the Tm(ice) (ice melting temperature) values. Photo locations as UTM coordinates using datum 

WGS84, Zone 14N. .................................................................................................................................191 



xxii 

Figure 4.23.  Fluid inclusion data for sample 14ALT004 (AYA-007; 35.1 m; UTM 528177E; 7131924N). a) 

Strongly clay-altered, course- to very coarse-grained sandstone with quartz and hematized quartz vein 

clasts. (b) Photomicrograph showing the quartz and quartz vein clasts with a strong clay-altered matrix. 

(c) Close-up of quartz grain used for microthermometry and circles outline FIA location (d) 

Photomicrograph of L>V inclusion FIA (e) Close-up of pseudosecondary inclusions.  (f) Graph 

outlining the homogenization temperatures. Photo locations as UTM coordinates using datum WGS84, 

Zone 14N. ................................................................................................................................................193 

Figure 4.24.  Fluid inclusion data for sample 14FLT017 (TUR-026; 178.2 m; UTM 548966E; 7135453N). (a) Drill 

core from TUR-026 showing the uranium mineralized interval where the sample was collected from.  

Note abundant bleaching and overprinted dark red hematite and orange limonite alteration. (b) Close-up 

of core sample with thin gray, veinlets that were sampled for fluid inclusion microthermometry analysis. 

(c) Reflected light photomicrograph of quartz veinlets showing strong corrosion of the quartz vein and 

quartz clasts in the strongly clay altered psammopelitic wall rocks. (d) Zoomed in reflected light 

photomicrography of vein and wall rock showing significant finely disseminated pyrite and dark 

coatings of uraninite surrounding the sulphide minerals, and the quartz boundaries.  Photo locations as 

UTM coordinates using datum WGS84, Zone 14N. ...............................................................................194 

Figure 4.25.  Fluid inclusion data for sample 14FLT017 continued. (a) Photomicrograph showing prismatic quartz 

crystals and their fluids inclusion within the vein. Note extensive vapour-only inclusion clusters in the 

centres and cross-cutting quartz crystals.  Red box shows location of next figure. (b) Close-up 

photomicrograph showing primary vapour-only inclusions along crystal boundaries, pseudosecondary 

L>V inclusions and irregular clusters of secondary vapour inclusion. (c) Zoom out of same vein 

showing the large amount of linear vapour-only inclusion cross-cutting the quartz vein. (d) Close-up of 

extensive vapour-only inclusion trains and clusters.  (e) Fracture with secondary L>V +S inclusions. (f) 

Close up of L>V +S inclusions. Photo locations as UTM coordinates using datum WGS84, Zone 14N.

 .................................................................................................................................................................196 

Figure 4.26.  Fluid inclusion data for sample 14UX009 (TUR-018; 127.4 m; UTM 548863E; 7135512N). (a) Comb-

textured quartz vein that has been overprinted by extensive clay- and sooty sulphide alteration. (b) 

Reflected light photomicrograph of quartz vein and wall rock contact.  Note strong corrosion of quartz 

along wall rock margin.  Very fine-grained disseminated sulphide present throughout the wall rock with 

weakly disseminated pitchblende. (c) Fluid inclusion chip of quartz vein showing location of L>V+S 

inclusion FIA.  Note strong radial clusters of vapour-only inclusions in the centre of the main quartz 

crystal and numerous linear vapour-only inclusion trains. (d) Close-up of pseudosecondary L>V+S 

inclusion. (e) Graph showing homogenization temperatures for the L>V+ S FIA. Photo locations as 

UTM coordinates using datum WGS84, Zone 14N. ...............................................................................198 

Figure 4.27.  Fluid inclusion data for sample 14UX009 continued. (a) Microthermometry chip outlining FIA areas 

1.2 and 1.3. (b) Area 1.2 with pseudosecondary L>V+S inclusions with homogenization temperatures 



xxiii 

largely less than 100ºC. (c) Area 1.3 with FIA cluster of pseudosecondary V>L inclusions. (d) Close-up 

of area 1.3 showing inclusion that were analysed.  All inclusions had homogenization temperatures at or 

>300 ºC. ...................................................................................................................................................200 

Figure 4.28. Drusy quartz crystal preserved along a fracture surface within strongly clay alteration Thelon 

Formation. (AYA-007; 81.6 m; UTM 528177E; 7131924N). Photo locations as UTM coordinates using 

datum WGS84, Zone 14N. ......................................................................................................................204 

Figure 4.29. Synthesis of fluid inclusion data. (a) Epithermal faulting event fluids. (b) Post-Thelon Formation fluids.

 .................................................................................................................................................................205 

Figure 4.30. Revised model for uranium mineralization in the Thelon Basin. Thelon (a) Pre-late reactivation event 

and pre- hydrothermal alteration (background).  Thelon Formation at top in yellow, faults shown with 

breccia pattern and represent master or secondary ENE-trending fault zones.  Smaller faults shown by 

the solid line. (b) Post Thelon Formation fault movement(s) brings large amounts of oxidized fluids 

(post- or syn-diagenesis) deep along the master and secondary ENE-trending structures creating the 

maroon zone alteration.  At depth the fluids become more reduced and eventually some weakly reduced 

fluid is sealed along the faults. (c) Normal movement along the faults releases overpressured weakly 

reduced fluids that move up the faults and create the extensive white zone alteration.  (d). Oxidized 

fluids percolate downward again along the vast fault structures related to master Thelon and Judge 

Sissons fault zones during an interseismic period.  (e) Sealing of the faults leads to an even larger 

overpressured reservoir of reduced fluids, that are trapped at depth along the faults.  (f) Subsequent 

normal movement along the faults releases the overpressured reduced fluids up and into the overlying 

rocks along the faults creating the gray zone alteration.  Synchronous with this movement is the 

interaction of uranium-rich oxidized fluids allowing for the precipitation of uranium.  Ongoing ruptures 

along these structures continues the interplay of oxidized fluids interacting with sulphidic fluids as well 

as the gray zone altered rock. ..................................................................................................................212 

 

 

 

 

 

 



xxiv 

List of Appendices 

APPENDIX A 

Analytical methods .....................................................................................................................................................235 

APPENDIX B 

Supplementary Figures ...............................................................................................................................................239 

APPENDIX C 

Supplemental Electronic Files ....................................................................................................................................244 

 

 

 

 

 

 

 

 

 

 

 



xxv 

Preface 

Judge Sissons Fault 

The Judge Sissons fault, which has become a large part of my thesis, is named as such due to its 

near proximity to Judge Sissons Lake, which is approximately 20 km southeast of Aberdeen Lake.  

The lake is named after John Howard Sissons who in 1955 became the 1st Judge of the Territorial 

Court of the Northwest Territories, a post he held until 1966.  He was known for several key rulings 

during his tenure as judge in regard to liquor ordinances, adoptions, and gaming and fishing rights 

of aboriginal and Inuit people.  He also presided over two unique murder cases involving the harsh 

and remote arctic living conditions endured by the Inuit.  The first case involved a woman accused 

of murdering her husband’s killer and then while walking to the nearest trading post for food had 

to abandon her own two infant children.  The other involved a band of Inuit people in the Cape 

Dorset region who murdered a fellow band member who was threatening their stability and 

survival.  In both cases Judge Sissons incorporated the moral and situational aspects of these crimes 

and determined that the laws that represent the majority of Canada were not adequate to fit these 

harsher situations.  In the first trial, the accused was acquitted and in the second trial, one of the 

accused was acquitted and the other was given a reduced two-year sentence. These unique rulings 

and how Judge Sissons challenged the law based on the different situations and society of the Inuit 

people would be his legacy.  Due to his impact in the north, the Inuit gave Judge Sissons the name 

“Ekoktoegee” meaning “the one who listens and to whom the people tell things”. 

Reference 

Bucknall, B.O. 1967.  John Howard Sissons and the Development of Law in northern Canada.  Osgoode 

Hall Law Journal, v. 5, no. 2, article 2. 
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Chapter 1 
 

1 Introduction 

1.1 Background 

The Thelon Basin, located within Canada’s Nunavut and Northwest Territories (Figure 1.1), is one 

of three major Paleo- to Mesoproterozoic intracontinental siliciclastic basins that host 

unconformity-related uranium deposits. The deposits are spatially-related with an unconformity 

between the basin and the underlying faulted basement rocks, and are hosted within both the basin 

and basement (Hoeve and Sibbald, 1978; Cuney, 2009).  The other two basins are the Athabasca 

Basin in Saskatchewan, which hosts the highest-grade uranium mineralization in the world at the 

McArthur River (261,000 tU at 19.5% U), Cigar Lake (135,040 tU at16.6% U) and Arrow (77,457 

tU at 2.2% U) deposits, and the McArthur Basin in Australia, which contains lower grades but 

substantial tonnages at the Ranger 1- no.3 (179,790 tU at 0.084% U), and Jabaluka 2 (120,500 tU 

at 0.46% U) deposits (IAEA-TECDOC-1842, 2018).  The largest deposits discovered in the Thelon 

Basin are the Andrew Lake (22,755 tU at 0.38% U) and Kiggavik (15,560 tU at 0.27% U) deposits 

(IAEA-TECDOC-1842, 2018), however, only a small fraction of the Thelon Basin has been 

explored from 1968 to 1982, and from 2005 to 2012, whereas large parts of the basin have seen 

minimal exploration at most. 
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Figure 1.1: Map representing the regional geology of the western Churchill Province and bounding orogenic belts.  
The square represents the study area and the location of the Aberdeen Lake supracrustal belt. Abbreviations: ALb: 
Aberdeen Lake supracrustal belt, ASZ: Amer Shear Zone, BCB: Barclay Belt, BF: Bathurst Fault, CB: Chesterfield 
Block, CBb: Committee Bay belt, CSZ: Chantrey Shear Zone, CRS & SRG: Clarke River schist and Snow River gneiss 
(Dubawnt Lake area), ERGB: Ennadai-Rankin greenstone belt, GRSZ: Grease River Shear Zone, MBg: Murmac Bay 
group, MF: McDonald Fault, MRg: Mary River group, PAb: Prince Albert belt, Pg: Penrhyn Group, Plg: Piling 
Group, STZ: Snowbird Tectonic Zone, TSZ: Tyrrell Shear Zone, TTO: Taltson-Thelon Orogen, WBSZ: Wager Bay 
Shear Zone, Wg: Wollaston Group, and WLg: Woodburn Lake group (modified after Sanborn-Barrie et al. (2002); 
Hartlaub et al. (2004); Pehrsson et al. (2013)). 

 

Uranium deposits are divided into fifteen deposit types (Dahlkamp, 1993; IAEA-TECDOC-1842, 

2018). The deposits formed in vastly different geological environments (Cuney, 2009), which 
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changed through geological time (Hazen et al., 2009; Cuney, 2010).  Examples of the uranium 

deposit types include intrusive, granite-related, polymetallic iron oxide breccia complex, volcanic-

related, unconformity-related, metasomatite, sandstone-hosted (e.g. roll-front type), quartz-pebble 

conglomerate, and surficial deposits (IAEA-TECDOC-1842, 2018). Although there are several 

types of uranium deposits, unconformity-related uranium deposits are the most sought-after 

deposit type because of the exceptional mining grades that can be up to 19.5% U (IAEA-TECDOC-

1842, 2018; e.g. McArthur River deposit).  For perspective, the average grades of all other known 

uranium deposit types with resources >50,000 tU, not including unconformity-related deposits, are 

approximately 0.043% U (IAEA-TECDOC-1842, 2018), although tonnages from these lower 

grade deposits can be substantial such as the vast granite-hosted Rossing deposit (246,500 tU @ 

0.03% U) in Namibia, the IOCG Olympic Dam deposit (2,125,230 tU at 0.023% U – uranium is a 

byproduct to a vast Cu and Au resource) in Australia, and the quartz pebble conglomerate Vaal 

Reefs deposit (195,645 tU at 0.027% U) in South Africa (IAEA-TECDOC-1842, 2018). 

 

The diversity in uranium deposits is due to two main factors: 1) uranium is a relatively plentiful 

lithophile element in the Earth’s crust with an average concentration of approximately 2.6 ppm 

(Taylor, 1964; Plant et al., 1999; Hazen et al., 2009; Haynes et al., 2016), which is orders of 

magnitude greater than silver (0.075 ppm) and gold (0.004 ppm) (Haynes et al., 2016; World 

Nuclear Association, 2021); and 2) due to its different valence states, mainly U4+ and U6+, it is 

incorporated in a plethora of minerals, including oxides (uraninite), silicates, niobates, tantalates, 

titanates, phosphates, oxyhydroxides, carbonates, arsenates, vanadates, molybdates, tungstates, 

sulphates, selenites, tellurites, and can even be key components of solid-state organo-compounds 

(Finch and Murakami, 1999; Cuney, 2009; Bowell et al., 2011).  Unconformity-type deposits form 
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from oxidizing brines carrying uranium as hexavalent uranyl ions (UO22+) and residing in vast 

aquifers developed within large intracontinental siliciclastic basins (Cuney, 2009; Cuney, 2010; 

Richard et al., 2016).  The brines interact with the basin and basement rocks and in the process 

evolve from NaCl-rich to CaCl2-rich brines (Derome et al., 2005), which contain an order of 

magnitude more uranium (up to 600 ppm) in solution than the NaCl brines (Richard et al., 2016).  

The precipitation of uranium requires the reduction of oxidized hexavalent uranyl complexes in 

solution to create reduced uranium minerals, mainly uraninite and coffinite.  The exact processes 

and/or minerals responsible for the reduction of the uranium-rich oxidizing brines are highly 

debated with some advocating for active mechanisms involving mobile hydrocarbon or hydrogen 

reductant within the mineralizing fluids with these reductants coming from interaction of the brines 

with graphite-bearing pelitic gneisses or graphite-bearing shear zones (Hoeve and Sibbald, 1978; 

Hoeve and Quirt, 1987, Kyser et al., 1989; Martz et al., 2019).  Others prefer passive processes 

whereby oxidized, uranium-rich fluids are reduced by reactions with graphite (Wallis et al., 1983; 

Komninou and Sverjensky, 1996; Jefferson et al., 2007) or Fe-rich minerals such as biotite, garnet, 

amphibole, chlorite, or sulphides (Wilde and Wall, 1987; Fuchs and Hilger, 1989; Komninou and 

Sverjensky, 1996; Alexandre et al., 2005; DeDecker, 2019). More recently, others suggested that 

uranium was redistributed as a result of late redox reactions involving meteoric water infiltrating 

pre-mineralized zones and creating miniature roll front-like deposits (Mercadier et al., 2010).   In 

all models, reactivated basement faults are thought to play an important role in channeling 

hydrothermal fluids and creating traps for uranium mineralization (Hoeve and Sibbald, 1978; 

Wilde and Wall, 1987; Fuchs and Hilger, et al., 1989; Lorilleux et al., 2002; Jefferson et al., 2007; 

Martz et al., 2019).  
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The thesis explores the structural controls on the formation of unconformity-type deposits using 

deposits in the Thelon Basin in Nunavut, as examples.  As opposed to many other studies that 

focuses exclusively on the deposits themselves, a broader approach is followed in the thesis and 

the geology of the rocks hosting mineralization are first described before focusing on the deposits.   

 

1.2 Thesis objectives 

 

The overarching objective of the thesis is to determine the controls on unconformity-related 

uranium mineralization in the Aberdeen Lake area through detailed study of its stratigraphy, 

structural setting and deformation history (see Table 1.1 for a summary of main volcanic, 

magmatic, orogenic, sedimentary, seismic and hydrothermal events in the Aberdeen Lake area)  

The study provides a new fault-driven model for the formation of unconformity-related uranium 

deposits in the northeast Thelon Basin area. 
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Table 1.1. Volcanic, magmatic, orogenic, sedimentary, seismic and hydrothermal events of the Aberdeen Lake area. 

 

EVENT TYPE AGE DESCRIPTION REFERENCES
Mackenzie dikes Magmatic ca. 1267 Ma Diabase dike swarm LeCheminant  and Heaman, 1989

Late Reactivation 
Events

Seismic and 
hydrothermal ca. 1600-1300 Ma

Broad timeline of normal fault 
development, non-cohesive 
fractures/breccias and uranium 
mineralization. Grare et al., 2018; 2020; Chapter 3

Kuungmi Formation Volcanism ca. 1540 Ma Shoshonitic basalt, U-Pb baddeleyite age Chamberlain et al., 2010

Fluorapatite 
cement Hydrothermal 1667 +/- 6 Ma Thelon Formation diagenesis Davis et al., 2011

Thelon Formation Sedimentation  < 1740 Ma
Thelon Formation deposition, U-Pb 
detrital zircon and U-Pb apatite age

Rainbird and Davis, 2007; Miller et al., 
1989

McRae Lake dikes Magmatic ca. 1750 Ma Leucogabbro dikes
LeCheminant, unpublished data; 
Peterson et al., 2015a

Epithermal Faulting 
Event

Seismic and 
hydrothermal ca. 1760-1750 Ma Epithermal type veining, fault reactivation Chapter 3

Pitz Formation Volcanic
1757.6 +/- 3.3 Ma & 

1753.7 +/- 1.6 Ma
Pitz Formation rhyolite flows (a part of 
the Wharton group) Rainbird et al., 2001

Initial Faulting 
Event Seismic <  ca. 1830-1760 Ma

Development of dextral transcurrent fault 
zones Chapter 3

Hudson Intrusive 
Suite Magmatic ca. 1845-1795 Ma

Granodiorite, monzogranite, mafic 
syenite (Martell Syenite), lamprophyre 
intrusions

Sandeman et al., 2000; Peterson et al., 
2002; van Breemen, et al., 2005; Miller 
and Peterson, 2015; Chapter 3

Trans-Hudson 
orogeny Orogenic ca. 1870-1800 Ma

Northwest-directed subduction and 
collisional zone along eastern Hearne 
Craton

Bickford et al., 1990; 1994; Tran et al., 
2003; Corrigan et al., 2005

Snowbird orogeny Orogenic ca. 1900 Ma Enigmatic collisional/suture zone Berman, 2010; Berman et al., 2007

Taltson-Thelon 
orogeny Orogenic ca. 2000-1930 Ma

East-directed subduction and collision 
along the western Rae Craton margin

Henderson and van Breeman, 1992; 
Roddick and van Breeman, 1994; 
Berman, 2010 

Amer/Ketyet River 
groups Sedimentary ca. 2300-1910 Ma

Fluvial, marine and lacustrine rift-basin 
sediments

Heywood, 1977; Tippett and Heywood, 
1978; Patterson, 1986; Rainbird et al., 
2010; Calhoun et al., 2011, 2012; 
Pehrsson et al., 2013; Jefferson et al., 
2015; Percival et al., 2017

Arrowsmith 
orogeny Orogenic ca. 2550-2300 Ma

Long-lived Andean-type tectonic vent 
along western Rae craton margin; evolved 
into a continental arc system

Schultz et al., 2007; Berman et al., 
2010; 2013

MacQuoid orogeny Orogenic ca. 2560-2500 Ma

Continental arc along the eastern 
Rae/Chesterfield domains, NW-
subduction Berman, 2010

Pukiq Lake 
Formation

Volcanic and 
magmatic ca. 2610-2580 Ma Subvolcanic sills and volcanic flows

Roddick et al., 1992; Peterson et al., 
2015c

Snow Island Suite Magmatic ca. 2610-2580 Ma

Gabbro to granite intrusions, including 
quartzofeldspathic gneiss, Marjorie Lake 
area

LeCheminant and Roddick, 1991; 
Peterson et al., 2015c; Chapter 3

Upper Sequence Sedimentary < ca. 2650 Ma Psammopelite, pelite, BIF Chapter 2

Middle Sequence
Volcanic and 
magmatic ca. 2680 Ma Felsic gneiss Chapter 2

Middle Sequence Sedimentary < ca. 2687 Ma Biotite quartzofeldspathic paragneiss, BIF Chapter 2

Lower Sequence
Volcanic and 
magmatic ca. 2750 Ma

Komatiite, metagabbro, TTG, and TTG-
contaminated mafic gneiss Chapter 2
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The specific thesis objectives are as follows: 

1. Determine the rock units of the Aberdeen Lake area through bedrock mapping, whole rock 

lithogeochemistry and U-Pb zircon geochronology;  

2. Provide a new tectonic model for the formation of the Neoarchean greenstone belts in the 

Rae domain; 

3. Present the ductile and brittle structural setting of the study area by detailed outcrop 

mapping, analysis of oriented drill core, and U-Pb zircon geochronology; 

4. Characterize the structural, alteration, and mineralization settings for the Tatiggaq, Qavvik 

and Ayra prospects through oriented drill core analysis, alteration geochemistry, detailed 

petrography, fluid inclusion analysis; and 

5. Propose a new genetic model for the formation of unconformity-related uranium deposits 

in the Thelon Basin area and compare it with that proposed for the formation of uranium 

deposits in the Athabasca Basin. 

 

1.3 Organization of the thesis 

The thesis is divided into five chapters with this first chapter providing an overview of the different 

types of uranium deposits, the importance of unconformity-related uranium deposits, and the 

primary hydrothermal mechanisms that control the formation of unconformity-related uranium 

deposits. The objectives of the thesis are also presented. Chapter 2 investigates the geochemistry 

and chronology of the Archean Aberdeen Lake supracrustal rocks, which represent the basement 

rocks to the Thelon Basin. It proposes a new interpretation for the stratigraphy and genesis of these 

rocks and provides new insights into the tectonic history of the Neoarchean Rae domain.  Chapter 
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3 studies the complex and long-lived structural history of the Aberdeen Lake area, beginning with 

the formation of Paleoproterozoic regional fabrics, folds and thrust faults followed by late 

Paleoproterozoic dextral transcurrent faulting along the Thelon and Judge Sissons faults and 

concluded with the reactivation of these transcurrent faults during the uranium event in the 

Mesoproterozoic. Regional and detailed mapping were conducted to interpret the structural history 

of the area and U-Pb geochronology was done to constrain the age of those events. Chapter 4 

describes the geochemistry, alteration, and structure of the high-grade Tatiggaq, Qavvik and Ayra 

uranium prospects.  This is complemented by a fluid inclusion study to constrain the pre- and syn-

mineralization history of the fluids along the vast Thelon-Judge Sissons fault system. Using this 

information, a new revised genetic model is proposed for unconformity-related uranium deposits 

of the northeast Thelon Basin.  Chapter 5 presents the conclusions of this study and implications 

for future mineral exploration in the Thelon Basin.  

 

1.4 Clarifications and revisions to published Chapter 3 after thesis defence 

• The ca. 1750 Ma volcanism should have been attributed to the Pitz Formation of the 

Wharton Group rather than the Wharton Group senso stricto as the latter also includes older 

aeolian sediments of the Amarook Formation. 

• The strong silicification-brecciation inferred to be related to a ca. 1750 Ma epithermal 

faulting event in Chapter 3 was similarly noted by Peterson et al. (2015a; b), Jefferson et 

al. (2013) and Grare et al. (2018; 2020). 
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• Silica stromatolites interpreted to have formed in phreatic hot springs related to Pitz 

Formation volcanism are present in the study area south of Aberdeen Lake (Peterson et al., 

2015a; Jefferson et al., in press).  These inferred hot spring deposits are evidence of the 

surface expression of the ca. 1750 Ma epithermal faulting event. 

• Within the Thelon Basin sedimentation section of the discussion, the Thelon Formation is 

said to have undergone roughly 200 million years of relative tectonic quiescence.  This is 

partially incorrect because the Thelon Basin shows evidence of soft-sediment deformation, 

syn-depositional faulting and stratigraphic discontinuities (Hiatt et al., 2003; Davis et al., 

2011; Jefferson et al., 2011; Jefferson et al., in press). However, the basin is still overall 

intact, has relative lithostratigraphic continuity, and is not disrupted by major structural 

discontinuities as observed in other major fault-related basins (e.g. strike-slip basins, 

Christie-Blick and Biddle, 1985).  The continuity of the sedimentary units, albeit some 

with more variability and complexity, is a possible reason for the large and long-lived 

unconformity-related uranium hydrothermal systems in the Thelon and Athabasca basins.  

In a more tectonically-active sedimentary environment, major hydrothermal systems would 

not have formed and persisted, resulting in much smaller uranium mineralizing systems or 

none at all.  Furthermore, the presence of seismic-related sedimentary structures does not 

negate the presence of substantial interseismic periods between faulting events and the 

evidence of pre- and post-Thelon diagenesis tectonism further demonstrates the dynamic 

and complex fault and fluid flow history of the Thelon basin as discussed in Chapter 4.   

• The report of late reactivation events in the Mallery Lake area requires clarification.  The 

presence of epithermal type fluorite veins and low-grade precious metal (Au-Ag) 

mineralization in the Mallory Lake area (Biczok, 1996; Turner, 2000; Turner et al., 2003) 
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has been attributed to high heat flow and faulting during the emplacement of the ca. 1750 

Ma Kivalliq Igneous Suite (Biczok, 1996; Jefferson et al., 2013; Peterson et al., 2015a; b),  

and a ca. 1400 Ma Sm-Nd errorchron age (Turner et al., 2003) is inferred to reflect 

geochronological resetting during a regional event (Jefferson et al., 2013; Peterson et al., 

2015a; b).  A first assemblage of fluid inclusions suggests that the florite veins formed 

during an epithermal event event (Turner, 2000; Turner et al., 2003).  A second assemblage 

of fluid inclusions has high-salinity (23-31 wt.% NaCl equivalent) and low temperatures 

(90-150ºC) fluids. The latter suggests that the Mallory Lake area was affected by fluids 

that are similar to those associated with unconformity-related uranium deposits.  The ca. 

1400 Ma age thus suggests that the uranium mineralization event of the Thelon Basin area 

may have been indirectly dated by Turner (2000), which was the reason for adding the 

Mallery Lake data to the discussion. 
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Chapter 2 
 

2 Geology,  lithogeochemistry and U-Pb geochronology of the  Aberdeen Lake area, 

Nunavut: New insights  into the Neoarchean tectonic  evolution of the central Rae 

domain 

R.C. Hunter, B. Lafrance, L.M. Heaman, G. Zaluski, D. Thomas 

(Published: Precambrian Research 310 (2018) 114-132) 

Abstract 

The Aberdeen Lake supracrustal belt is one of several Neoarchean greenstone belts preserved 

within the Rae domain of the Western Churchill Province. We divide the belt into: (1) a Lower 

Sequence of ca. 2750 Ma komatiite, TTG (tonalite-trondhjemite-granodiorite) intrusions, and 

TTG-contaminated Fe-tholeiitic mafic gneiss; (2) a Middle Sequence of ca. < 2687 Ma 

psammopelite gneiss, iron formation and ca. 2680 Ma intermediate to felsic intrusive rock; and (3) 

a ca. < 2650 Ma Upper Sequence of pelite to psammopelite gneiss with minor iron formation and 

arkosic gneiss. The common association of komatiite with quartzite units and bimodal 

metavolcanic rocks, has previously been interpreted to indicate a continental rift setting for the 

formation of Neoarchean greenstone belts across the Rae domain. However, the lack of clastic 

metasedimentary rocks and felsic metavolcanic rocks in the Lower Sequence of the Aberdeen Lake 

supracrustal belt, the presence of uncontaminated komatiite, and the general absence of inherited 

zircons older than ca. 2750 Ma in the TTG and mafic gneiss units, suggest that the Lower Sequence 

formed as an oceanic plateau or oceanic crust between older, Paleoarchean to Mesoarchean, proto-

Rae microcratons. Erosion of the cratons and the emergence of the oceanic plateaux due to their 

accretion/subcretion to these cratons shed ca. 2687-2870 Ma detritus that were deposited as the 
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Middle Sequence into adjacent oceanic basins. Renewed uplift of the Lower and Middle sequences 

led to the emplacement of ca. 2680 Ma felsic intrusions, and the later deposition of the ca. < 2650 

Ma Upper Sequence. The involvement of oceanic plateaux is a new tectonic interpretation for the 

formation of the Neoarchean greenstone belts in the Rae domain. 

2.1 Introduction 

Various tectonic settings have been suggested for the formation of Archean greenstone belts and 

their stratigraphic assemblages (e.g. Jackson et al., 1994; Bleeker, 2008). Several workers espouse 

a continental rift environment for the origin of Archean greenstone belts based on the following 

evidence: (1) the bimodal compositional of the volcanic rocks; (2) the accumulation  of thick 

sequences of clastic sedimentary units; (3) the presence of older crust within or next to greenstone 

belts; (4) the crustal-contaminated geochemical signatures of mafic volcanic rocks; and (5) the 

presence of inherited zircon populations within both volcanic and intrusive rock units (Thurston 

and Chivers, 1990; Bickle et al., 1994; Hunter et al., 1998; Cousens, 2000; Thurston and 

Kozhevnikov, 2000; Hartlaub et al., 2004). Some workers advocate ocean floor or oceanic plateau 

settings based on: (1) the absence of crustal contamination in mafic and ultramafic rocks; (2) the 

paucity of felsic volcanic rocks; (3) the lack of inherited zircons in volcanic rocks and intrusions; 

and (4) the absence of pre-existing older basement rocks (Kusky and Kidd, 1992; Appel et al., 

2001; Fumes et al., 2009; Nesbitt et al., 2009). Finally, others suggest that Archean green- stone 

belts formed by the interaction of oceanic crust or oceanic plateau with convergent volcanic arc or 

continental margin settings through subduction, accretion or subcretion processes (Kusky and 

Kidd, 1992; Desrochers et al., 1993; Skulski and Percival, 1996; Aspler and Chiarenzelli, 1996; 

Puchtel et al., 1998; Polat and Kerrich, 1999; Kerrich et al., 1999; Polat and Kerrich, 2000; 

Hollings et al., 2000; Scott et al., 2002; Bédard et al., 2013; Lodge et al., 2015; Bédard, 2018). 
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These interpretations are not mutually exclusive and greenstone belts within the same craton could 

have formed in more than one tectonic setting. 

Deciphering the tectonic setting of Archean greenstone belts is challenging and is compounded by 

the poor exposure of stratigraphic and contact relationships, the presence of strong deformation 

and metamorphism, the lack of geochronological data, and an incomplete understanding of 

Archean tectonic processes (Condie, 1981; Nisbet, 1987). Resolving the tectonic setting of 

greenstone belts requires field work to define units and their contact relationships, geochronology 

to bracket the emplacement or deposition of those units, and geochemistry to interpret the 

petrogenesis of volcanic rocks and intrusions. Application of those tools to the poorly known 

Aberdeen Lake supracrustal belt in the central Rae domain not only provides new information on 

the geology of this belt, it also sheds new light on the tectonic interpretation of other Neoarchean 

belts across the Rae domain. Prior correlation of rocks of the Aberdeen Lake area with those of 

the Woodburn Lake group of the adjacent Kiggavik and Meadowbank areas (LeCheminant et al., 

1983; Jefferson et al., 2011; Tschirhart et al., 2013; Pehrsson et al., 2013) suggest a continental rift 

setting (Ashton, 1988; Zaleski et al., 2000; Pehrsson et al., 2013) or a continental marginal arc 

setting (Annesley, 1990) for their formation. The aims of this paper are to: (1) define a 

lithostratigraphy for the Aberdeen Lake supracrustal belt through geological mapping, 

geochemistry and geochronology; (2) interpret the tectonic setting of the belt; (3) compare its 

geology to that of other Neoarchean greenstone belts in the Rae domain; and (4) discuss the 

implications of the interpretation proposed here for the late Archean tectonic history of the Rae 

domain. 
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2.2 Regional geology 

The Rae domain, together with the adjacent Hearne domain and the Chesterfield block, form the 

western Churchill Province (Figure 2.1). The Rae domain bounds the Hearne domain and the 

Chesterfield block along the Snowbird tectonic zone (Hoffman, 1988; Ross et al., 2000; Mahan 

and Williams, 2005; Berman et al., 2007; Martel et al., 2008).  The western Churchill Province is 

an amalgamation of >2900 Ma granitic gneisses and supracrustal rocks interpreted to be a 

Mesoarchean continent named Nunavutia (Schau and Ashton, 1988), infolded with Neoarchean, 

ca. 2680-2740 Ma, highly deformed greenstone belts. From north to south, these include the Mary 

River group, the Committee Bay belt, Woodburn Lake group and Clarke River schist/Snow River 

gneiss of the Rae domain (Ashton, 1988; Peterson et al., 2002; Skulski et al., 2002; Bethune and 

Scammell, 2003a,b; Sherlock et al., 2004; Peterson, 2006; MacHattie, 2007; Pehrsson et al., 2013; 

Sanborn-Barrie et al., 2014), and the Kaminak, Henik, Rankin, Yathkeyd, and MacQuoid belts  of 

the Hearne Domain (Aspler and Chiarenzelli, 1996; Skulski et al., 2002; Hanmer et al., 2004, 

Figure 2.1). The ca. 2680-2740 Ma greenstone belts have similar stratigraphic assemblages across 

the Rae domain. They consist of a lower mafic to ultramafic volcanic sequence with minor felsic 

volcanic rock and TTG intrusions, followed by locally preserved intermediate to felsic volcanic 

rocks, which are overlain by one or two separate sedimentary sequences of pelite, psammopelite, 

banded iron formation, and minor arkose  
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Figure 2.1: Map representing the regional geology of the western Churchill Province and bounding orogenic belts.  
The square represents the study area and the location of the Aberdeen Lake supracrustal belt. Abbreviations: ALb: 
Aberdeen Lake supracrustal belt, ASZ: Amer Shear Zone, BCB: Barclay Belt, BF: Bathurst Fault, CB: Chesterfield 
Block, CBb: Committee Bay belt, CSZ: Chantrey Shear Zone, CRS & SRG: Clarke River schist and Snow River gneiss 
(Dubawnt Lake area), ERGB: Ennadai-Rankin greenstone belt, GRSZ: Grease River Shear Zone, MBg: Murmac Bay 
group, MF: McDonald Fault, MRg: Mary River group, PAb: Prince Albert belt, Pg: Penrhyn Group, Plg: Piling 
Group, STZ: Snowbird Tectonic Zone, TSZ: Tyrrell Shear Zone, TTO: Taltson-Thelon Orogen, WBSZ: Wager Bay 
Shear Zone, Wg: Wollaston Group, and WLg: Woodburn Lake group. Red X’s represent the Meadowbank gold and 
the Kiggavik uranium deposits (modified after Sanborn-Barrie et al. (2002); Hartlaub et al. (2004); Pehrsson et al. 
(2013)). 

(Ashton, 1988; Aspler and Chiarenzelli, 1996; Davis and Zaleski, 1998; Bethune and Scammell, 

2003b; Sherlock et al., 2004; Pehrsson et al., 2013; Sanborn-Barrie et al., 2014). Extensive late 

Archean magmatism began at ca. 2667 Ma with the emplacement of granitic intrusions and 

concluded by ca. 2580-2610 Ma with the emplacement of granitic to gabbroic intrusions and 
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extrusion of felsic volcanic flows of the Snow Island Suite (Roddick et al., 1992; Hinchey et al., 

2011; Peterson et al., 2015a). 

The Neoarchean supracrustal belts and orthogneiss suites were affected by plutonism and 

granulite- to amphibolite-facies metamorphism related to the MacQuoid (ca. 2560-2500 Ma) and 

Arrowsmith (ca. 2300-2550 Ma) orogenies (Berman, 2010; Berman et al., 2013; Pehrsson et al., 

2013). The MacQuoid orogeny is thought to be related to the growth of a continental arc along the 

eastern Rae - Chesterfield block craton margin during northwest-dipping subduction. This event 

generated the voluminous ca. 2580-2610 Ma intrusions of the Snow Island Suite (Berman, 2010; 

Berman et al., 2013). The Arrowsmith orogeny is thought to represent a long-lived Andean-type 

tectonic event along the western Rae craton margin that began at ca. 2550 Ma with the collision 

and accretion of undefined cratons and then evolved into a continental arc system that lasted until 

ca. 2300 Ma (Schultz et al., 2007; Berman et al., 2010, 2013). Subsequent rifting of the craton 

during the Paleoproterozoic led to the deposition of the Amer Group and correlative Ketyet River 

group in fluvial to marine/lacustrine rift basins preserved as northeast-trending basement-cover 

infolds in the underlying Rae domain (Corrigan et al., 2009; Berman, 2010). The Amer and Ketyet 

River groups consist of quartzite, arkose, pelite, and carbonate sedimentary rocks, as well as minor 

mafic volcanic rocks. They are inferred to be deposited between ca. 2300 Ma, the age of the 

youngest detrital zircons within lower quartzite units of the Amer and the Ketyet River groups, and 

ca. 1910 Ma, the youngest detrital zircons preserved in the uppermost units of the Amer Group 

(Heywood, 1977; Tippett and Heywood, 1978; Patterson, 1986; Rainbird et al., 2010; Calhoun et 

al., 2011, 2012; Pehrsson et al., 2013; Jefferson et al., 2015). 
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Between ca. 1800-2000 Ma, the Woodburn Lake, Amer and Ketyet River groups experienced three 

Paleoproterozoic tectonic events, including the Taltson-Thelon (ca. 1930-2000 Ma), Snowbird (ca. 

1900 Ma), and Trans-Hudson (ca. 1800-1870 Ma) orogenies (Ashton, 1988; Hrabi et al., 2003; 

Zaleski, 2005; Berman et al., 2007). Thermal relaxation following these orogenic events produced 

large extensional and intracratonic basins and related igneous activity in the hinterland regions of 

the orogens (Peterson et al., 2002). The Baker Lake, Wharton, and Barrensland groups of the 

Paleoproterozoic Dubawnt Supergroup (Gall et al., 1992; Rainbird et al., 2003) were pre- served 

as relatively intact basins overlying the remnants of the Amer and Ketyet River groups. The Baker 

Lake Group consists of alluvial-fluvial to lacustrine sedimentary rocks and coeval ultrapotassic 

volcanic rocks (Peterson et al., 2002; Rainbird et al., 2003; 2006) that are coeval with the 

emplacement of peraluminous granodiorite plutons of the ca. 1795-1845 Ma Hudson Intrusive 

Suite (Peterson et al., 2002; van Breemen et al., 2005). In the Aberdeen Lake area, the Hudson 

Intrusive Suite is compositionally and texturally diverse and consists of aphanitic to porphyritic 

syenite, granite to gabbro, and lamprophyre dykes (Sandeman et al., 2000; Miller and Peterson, 

2015). The Wharton Group was then deposited over the block-faulted Baker Lake Group as 

alluvial to aeolian sandstone and conglomerate with intercalated rhyolite flows (Rainbird et al., 

2003). Feldspar porphyritic granite of the ca. 1750-1765 Ma Kivalliq Igneous Suite (van Breemen 

et al., 2005; Peterson et al., 2015b) was emplaced deeper in the crust and is thought to be the 

intrusive equivalent to rhyolite flows of the Pitz Formation present in the Wharton basins. The 

bimodal Kivalliq Igneous Suite is compositionally diverse and is locally associated with mafic to 

intermediate dykes and gabbroic bodies (Peterson et al., 2002), including the ca. 1750 Ma McRae 

Lake dyke in the Aberdeen Lake area (Ernst and Bleeker, 2010). 
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The western Churchill Province is transected by a series of ductile to brittle shear zones, including 

the northeast-trending, Tyrrell, Amer, and Chantrey dextral shear zones, the ENE-trending, 

McDonald fault, Grease River and Wager Bay dextral shear zones, and the northwest-trending, 

sinistral, Bathurst Fault (Figure 2.1).  The Barrensland Group of the Thelon Basin was deposited 

after the formation of these faults and shear zones above a 50-100 m thick regolith of weathered 

basement rocks (Chiarenzelli, 1983; Gall and Donaldson, 1990). Sedimentation began with the 

deposition of the Thelon Formation as fluvial to shallow marine sandstone and conglomerate 

(Cecile, 1973; Hiatt et al., 2003; Palmer et al., 2004). The age of the Thelon Formation is 

constrained between ca. 1750 Ma, the age of the underlying Wharton Group felsic volcanic rocks 

(Pitz Formation), and ca. 1667 Ma, the age of fluorapatite cement in sandstone of the Thelon 

Formation (Davis et al., 2011). The overlying Kuungmi and Lookout Point formations consists of 

shoshonitic basalt and stromatolitic limestone, respectively (Rainbird and Davis, 2007). Late, 

north-northwest-trending diabase dykes of the ca. 1267 Ma Mackenzie dyke swarm (LeCheminant 

and Heaman, 1989) cut across all rocks of the Western Churchill Province. 

2.3 Aberdeen Lake geology 

Apart from reconnaissance mapping (LeCheminant et al., 1983; Jefferson et al., 2011) very limited 

research has been done on the Aberdeen Lake supracrustal belt rocks so the emplacement and 

depositional history of the belt prior to this study is largely unknown. Partial melting, less than 

15% outcrop exposure, and amphibolite-facies metamorphism have destroyed most primary 

structures so distinguishing original lithological units in the field can be challenging. This work 

combines multi-year regional mapping with high resolution total field and vertical derivative 

magnetic maps acquired by Cameco Corporation and more than 100 diamond drill holes in areas 

covered by overburden, to produce a regional map of the Aberdeen Lake area. The map, together 
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with detailed outcrop mapping of key lithological and contact relationships, whole rock 

geochemistry, and U-Pb geochronology, provides a framework for subdividing the rocks into dis- 

tinct stratigraphic sequences, which are then used for interpreting the geological history of the 

area. 

The Aberdeen Lake area is located to the south of the Thelon Basin’s northeastern lobe in southern 

Nunavut (Figure 2.1). The area is underlain by high-grade, Neoarchean supracrustal gneisses that 

are interfolded with Neoarchean Snow Island Suite, and intruded by granite and syenite of the 

Proterozoic Hudson Intrusive Suite. Flat-lying felsic volcanic and clastic rocks of the Wharton 

Group and fluvial quartz arenite of the Thelon Basin unconformably overlie these rocks (Figure 

2.2). The Neoarchean supracrustal gneisses and orthogneiss suites have been affected by four 

ductile deformation events (D1-D4) (Pehrsson et al., 2013). The D1-D2 events produced a 

pronounced composite S1/S2 foliation and gneissic banding, which is axial planar to NE- to NW-

trending, tight to isoclinal F2 folds, which are locally bounded by thrust faults along highly 

attenuated F2 fold limbs (Figure 2.2). The folds plunge parallel to a L2 stretching lineation, which 

becomes more pronounced along the transposed limbs of F2 folds next to the thrust faults.  The D3 

event is locally manifested by outcrop-scale F3 folds with an axial planar S3 crenulation cleavage. 

Broad to open, north-trending F4 folds with an axial planar S4 cleavage formed during the D4 event. 

They overprint the F2 folds producing map-scale Type III fold interference patterns (Ramsay, 
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1967).

 

Figure 2.2: Simplified geological map of the Aberdeen Lake area. Compilation of map largely based on authors original 
work with minor elements modified from LeCheminant et al. (1983), Paul et al. (2002), Hadlari et al. (2004) and 
Jefferson et al. (2011). 

 

The high-grade Neoarchean supracrustal gneisses are divided into three sequences, the Lower, 

Middle and Upper sequences, representing distinct lithological packages. The Lower Sequence 

consists of two rock assemblages: interleaved komatiite and metagabbro, and interleaved mafic 

gneiss and minor felsic gneiss. The first assemblage of interleaved komatiite and metagabbro 

gneiss is located east of Marjorie Lake. Komatiite is dark brown on weathered surface, fine- 

grained, and massive to schistose. In thin section, it is metamorphosed to tremolite (30-40%) 
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within a matrix of serpentine and chlorite containing 10-15% iron oxides.  Relict spinifex textures 

(Figure 2.3a) are defined by dendritic serpentine  

 

Figure 2.3: Photographs of the rock units in the Aberdeen Lake area: a) komatiite gneiss of the Lower Sequence with 
relict spinifex texture (UTM 509976E, 7119616N); b) mafic gneiss of the Lower Sequence, pencil parallel to the S1/S2 
composite gneissic fabric, black minerals are hornblende (UTM 536231E, 7141127N); c) Lower Sequence felsic 
gneiss cut by a gabbro dyke, pencil parallel to the S1/S2 composite fabric (UTM 537116E, 7140589N); d) biotite 
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quartzofeldspathic paragneiss infolded with banded iron formation of the Middle Sequence (UTM 505236E, 
7122044N); e) felsic gneiss of the Middle Sequence, strong L2 lineation gives the unit an almost massive texture (UTM 
507651N, 7121061N); and f) sillimanite-bearing pelitic gneiss of the Upper Assemblage, main interpreted fabric as 
S1/S2 (Drill hole: TUR-007, 106.2 m, collar location: UTM 5413332E, 7141041N).  UTM coordinates are provided 
using datum WGX84, zone 14N. 

 

± chlorite. Serpentine and chlorite clusters (1-2 mm) completely replace primary olivine or 

pyroxene. Metagabbro is exposed as massive outcrops of dark grey homogeneous rocks with an 

average grain size of 0.5-1.0 mm and a strong L2 lineation. It consists of hornblende (60%), 

plagioclase (25%), epidote (10%), trace iron and titanium oxides, and relict augite (7%) largely 

retrogressed to hornblende and epidote. 

Mafic gneiss in the Lower Sequence differs from the metagabbro by its greater compositional 

variability expressed by a strong gneissic banding defined by alternating dark grey, hornblende- 

rich layers, and white to pink feldspar-rich layers. The mafic gneiss is a medium- to coarse-grained 

rock consisting of 40-75% plagioclase, 20-45% hornblende, 3-10% biotite, 1-5% pyrite and 

specular hematite, and trace spinel, garnet, and epidote (Figure 2.3b).  More felsic, homogeneous 

units are locally interlayered with the mafic gneiss. They form conspicuous, 0.5-5.0-m-thick, fine- 

to medium-grained (0.5-2 mm), white to pale grey lenses consisting of 20-30% quartz, 65-75% 

plagioclase feldspar, 3-10% biotite retrogressed to chlorite, 1-2% pyrite, and trace apatite (Figure 

2.3c). One 20-cm-thick lens consists of light pink, aphanitic to fine-grained feldspathic fragments, 

varying in size from 0.5-4.0 cm, which are flattened oblique to the gneissic banding in the 

surrounding rocks. 

The Middle Sequence is dominated by fine- to medium-grained, biotite quartzofeldspathic 

paragneiss, consisting of 5-20% biotite, 15-25% quartz, 55-80% plagioclase and 1-2% pyrite 

(Figure 2.3d). It contains biotite- and feldspar-rich, fragments or clots (1-5 mm) with diffuse 
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boundaries. Peak metamorphic garnet porphyroblasts with well-defined crystal faces are present in 

more biotite-rich paragneisses.  Silicate-facies banded iron formation, consisting of grunerite, 

quartz, and up to 40% garnet, is spatially associated with the gneisses. The biotite 

quartzofeldspathic paragneiss is inferred to be of sedimentary origin based on its biotite content, 

the presence of possible lithic clasts, and its association with iron formation. Amphibolitic units 

with an average thickness of 0.5 m are locally interbedded with the paragneisses. A distinct felsic 

gneissic unit with quartz phenocrysts is present but its contacts with the biotite quartzofeldspathic 

paragneisses are not exposed (Figure 2.3e). The quartz phenocrysts comprise 5-15% of the rock 

and they are sur- rounded by a fine-grained uniform matrix composed of ∼60% feldspar, 20-30% 

quartz, up to 10% biotite and trace pyrite. Small, biotite-rich, wedge-shaped lenses, varying in 

length from 5-10 mm, may represent relict lithic fragments. 

The Upper Sequence consists of fine- to medium-grained, well banded, pelitic, psammopelitic and 

arkosic gneisses (Figure 2.3f). The pelitic gneiss comprises 40-70% feldspar, 10-15% quartz, 20-

35% chlorite-altered biotite, 1-7% garnet, 1% sillimanite, and 1-3% pyrite. Distinct sillimanite 

knots, varying in size from 1-3 mm, are partially replaced by muscovite. The psammopelitic gneiss 

consists of 60-75 % feldspar, 10-15 % quartz, 5-20% chlorite-altered biotite, 1-3% muscovite, 

minor garnet, and trace pyrite. The arkosic gneiss contains ∼75-90% feldspar, 5-15% quartz, 1- 

5% biotite, 1-3% muscovite and trace pyrite. Rare graphitic laminae are present in drill core and a 

few layers of silicate-facies banded iron formation, similar to those in the Middle Sequence, are 

interlayered with the pelitic and psammopelitic gneisses. 
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2.4 Lithogeochemistry 

Sixty-four samples were analyzed for their trace, minor and major element composition. The 

analytical methods are described in Appendix A and the data are presented in Appendix C – 

Supplemental Electronic Files - Tables S1 (orthogneiss samples) and S2 (metasedimentary 

samples). These geochemical data are used to better define units of the Aberdeen supracrustal belt 

and to provide constraints on their petrogenesis and tectonic setting. 

2.4.1. Lower sequence 

2.4.1.1. Interlayered komatiite and metagabbro assemblage 

The two analyzed komatiite samples have an average composition of 45.0 wt.% SiO2, 30.0 wt.% 

MgO, 8.3 wt.% Fe2O3, 5.5 wt.% Al2O3, 3.4 wt.% CaO (see Appendix C - Table S1). They plot in 

the basalt field (Figure 2.4a) on the Nb/Y vs. Zi/TiO2 diagram of Winchester and Floyd (1977), 

and in the komatiite field (Figure 2.4b) on the cation diagram of Jensen and Pyke (1982). 
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Figure 2.4: Major and trace element discrimination plots for the Aberdeen Lake area, including: a) Nb/Y vs. Zr/TiO2 
diagram (Winchester and Floyd, 1977); b) Al-(Fe+Ti)-Mg ternary diagram (Jensen and Pyke, 1982); c) Nb/Yb vs. 
Th/Yb diagram (Pearce, 2008) (CC - Continental Crust; N-MORB - Normal Mid-Ocean Ridge Basalt; E-MORB - 
Enriched Mid-Ocean Ridge Basalt; OIB - Ocean Island Basalt); d) Ab-An-Or ternary diagram (Irvine and Baragar, 
1971); and e) A/CNK - Na2O/K2O - FMSB ((FeO+MgO)wt.%+(Sr+Ba)wt.%) ternary diagram (Laurent et al., 2014) 
(TTG - Tonalite-Trondhjemite-Granodiorite). 
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On the rare earth element (REE) diagram normalized to chondrite values, the two samples have 

flat, unfractionated REE patterns with chondrite-normalized La/Ybcn ratios of ∼1.44 and absolute 

REE abundances that are 7 to 10 times greater than chondrite values (Figure 2.5a).  When plotted 

on the primitive-mantle normalized extended multi-element diagram, the komatiite samples have 

weak negative Nb, Eu, and Ti anomalies (avg. Nb/Nb∗ = 0.31, Eu/Eu∗ = 0.36, and Ti/Ti∗ = 0.54) 

and absolute high-field strength element abundances (HFSE) that are 2 to 4 times greater than 

primitive mantle values (Figure 2.5b). On the Nb/Yb vs. Th/Yb diagram the komatiite samples 

plot slightly above the MORB-OIB array between the N-MORB and E-MORB compositions 

(Figure 2.4c).  
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Figure 2.5: Chondrite-normalized (CHD) REE and primitive mantle-normalized (PM) multi-element plots on 
Aberdeen Lake area samples, including: a) CHD - komatiite and metagabbro; b) PM - komatiite and metagabbro; c) 
CHD - mafic gneiss; d) PM - mafic gneiss; e) CHD - Lower and Middle Sequence felsic gneiss; and f) PM - Lower 
and Middle Sequence felsic gneiss. Chondrite and primitive mantle values used from Sun and McDonough (1989). 

In addition to their elevated MgO and Al2O3/TiO2 ratio (23:1), the samples contain high Ni (∼1700 

ppm), Cr (∼2100 ppm), and Co (∼88 ppm) values, and low TiO2 (0.24 wt.%) and Y (8 ppm) 

values. These values, together with their flat REE patterns from the middle REE to heavy REE 

(Gd/Ybcn ∼1), are similar to those of Munro-type Al-undepleted and Ti-depleted komatiites of the 
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Abitibi subprovince of the Archean Superior Province (Nesbitt et al., 1979) and komatiites of the 

Prince Albert greenstone belt of the Rae domain (Richan et al., 2015). 

Metagabbro is represented by two samples with low SiO2 (48.0 wt.%) and high Al2O3 (14.4 wt.%), 

Fe2O3 (12.7 wt.%), CaO (10.7 wt.%), and MgO (6.4 wt.%) content and elevated Sr (315 ppm), Ba 

(142 ppm), V (266 ppm), and Zr (98 ppm) trace element values. They plot in the basalt field on 

the Nb/Y vs. Zi/TiO2 diagram of Winchester and Floyd (1977) and in the tholeiitic basalt field on 

the cation diagram of Jensen and Pyke (1982) (Figures 2.4a, b). The metagabbro are slightly 

enriched in light rare earth elements (LREE) with La/Ybcn ratios of 1.60-1.64 and they have flat, 

multi-element patterns similar to the komatiites (Figures 2.5a, b).  On the Nb/Yb vs. Th/Yb 

diagram, they plot along the MORB-OIB array (Figure 2.4c) between the N-MORB and E-MORB 

compositions. 

2.4.1.2. Interlayered mafic gneiss and minor felsic gneiss assemblage 

To mitigate the effects of secondary processes such as hydrothermal alteration on the interpretation 

of the mafic gneiss data, the samples were divided into two groups consisting of three ‘least 

altered’ samples represented by closed diamond symbols, and eight ‘more altered’ mafic gneiss 

samples represented by open diamond symbols on Figures 4a, b, c and 5c. Least altered samples 

differ from the more altered samples by their < 2.5 wt.% Loss On Ignition (LOI) values, and > 2.0 

wt.% Na2O values and/or < 10 Al2O3/ Na2O ratios (Spitz and Darling, 1978). 

The least altered mafic gneiss contains 45.0-55.6 wt.% SiO2, 0.72-1.17 wt.% TiO2, 14.7-17.2 wt.% 

Al2O3, 8.6-13.2 wt.% Fe2O3, 5.6-7.9 wt.% MgO, 1.5-3.7 wt.% K2O, 5.0-9.0 wt.% CaO, 2.4-3.8 

wt.% Na2O, and high Ba (237-928 ppm), Sr (354-681 ppm), Cr (40-370 ppm) and V (108- 275 

ppm) values (see Appendix C - Table S1). On the Nb/Y vs. Zi/TiO2 diagram, the least altered 
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mafic gneiss samples plot in the basalt field and the more altered samples plot in the basalt and 

andesite/basalt fields (Figure 2.4a). When plotted on the cation ternary plot of Jensen and Pyke 

(1982), the least altered samples are located in the tholeiitic basalt field, whereas the more altered 

samples plot as tholeiitic and calc-alkalic basalts and andesites (Figure 2.4b). On the Nb/Yb vs. 

Th/Yb diagram, they have compositions that are intermediate between enriched mid-ocean ridge 

basalt (E-MORB) and oceanic island basalt (OIB) and they plot between the MORB-OIB array 

and the volcanic arc array (Figure 2.4c), with the more altered samples plotting closer to average 

continental crust (represented by symbol “CC”) than the least altered samples. Due to their higher 

K2O, Sr, Ba, and ferromagnesian mineral content, the least altered mafic gneisses plot within the 

sanukitoid field on the ternary A/CNK - N/K - FMSB diagram, where A/CNK = (Al2O3/(CaO + 

Na2O K2O)), N/K = (Na2O/K2O) and FMSB = ([FeO + MgO]wt.% * [Sr + Ba]wt.%) (Figure 2.4e). 

On the chondrite-normalized REE diagram, the least altered mafic gneiss samples are fractionated 

and enriched in LREEs with chondrite-normalized La/Ybcn values varying from 9.2-28.1 (Figure 

2.5c). Extended element patterns normalized to primitive mantle display similar enrichment in the 

more compatible elements and pronounced negative Nb and Ti anomalies (Figure 2.5d). 

The felsic gneisses differ from the mafic gneisses by a greater abundance in SiO2 (64.3-73.5 wt.%) 

and Na2O (4.6-5.8 wt%), and decreased content in TiO2 (0.1-0.5 wt.%), Fe2O3 (1.1-4.4 wt.%), and 

MgO (0.4-1.4 wt.%). They plot in the andesite/basalt field (Figure 2.4a) on the Nb/Y vs. Zr/TiO2 

diagram of Winchester and Floyd (1977), and within the dacite to rhyolite fields (Figure 2.4b) on 

the cation diagram of Jensen and Pyke (1982) (Figure 2.4b). On the Nb/Yb vs. Th/Yb diagram, 

they plot midway between the MORB-OIB array and volcanic arc array close to average 

continental crust composition (Figure 2.4c). Their composition is that of TTGs on the ternary 

normative Ab-An-Or diagram and the ternary A/CNK - N/K - FMSB diagram (Figures 2.4d, e). 
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They are calc-alkaline (Zr/Y > 7; Barrett and MacLean, 1994), peraluminous (Al2O3/CaO + Na2O 

+ K2O = 1.5-1.7) rocks with low ferromagnesian oxide contents (FeO + MgO + MnO + TiO2 = 

1.6-5.9%), an average Mg- number of 0.25, and average Ni and Cr concentrations of 6 ppm and 

27 ppm, respectively. The REE and extended element patterns of the felsic gneisses are similar to 

those of the mafic gneiss with average La/Ybcn values of 21.2 and pronounced Nb and Ti anomalies 

(Figures 2.5e, f). 

2.4.2. Middle sequence 

2.4.2.1. Felsic gneiss 

Four samples were analyzed. The Middle Sequence felsic gneiss is more silica- and potassium-

rich than the felsic gneiss samples of the Lower Sequence. Major element compositions range from 

69.1-72.8 wt.% SiO2, 0.20-0.41 wt.% TiO2, 14.2-15.6 wt.% Al2O3, 2.0-3.6 wt.% Fe2O3, 0.7-1.7 

wt.% MgO with elevated trace element concentrations of Ba (799-1125 ppm), Th (10.4-12.3 ppm), 

and U (2.0-3.5 ppm) (see Appendix C - Table S1). They plot in the andesite-basalt field and 

trachyandesite field on the Nb/Y vs. Zr/TiO2 diagram of Winchester and Floyd (1977), in the dacite 

and rhyolite fields on the major element cation diagram of Jensen and Pyke (1982), and in the 

granodiorite and granite fields on the Ab-An-Or diagram of Irvine and Baragar (1971) (Figures 

2.4a, b, d). The felsic gneisses are calc-alkaline (Zr/Y > 7; Barrett and MacLean, 1994) and 

peraluminous, and they differ from the felsic gneisses of the Lower Sequence by their less 

fractionated REE slopes (La/Ybcn ratios of 21-32) (Figures 2.5e, f).  On the ternary A/CNK - N/K 

- FMSB classification diagram, they plot within the hybrid granite and biotite, two-mica granite 

fields (Figure 2.4e). 
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2.4.2.2. Biotite quartzofeldspathic 

paragneiss 

Biotite quartzofeldspathic paragneisses of the 

Middle Sequence contain 60.3-72.7 wt.% 

SiO2, 0.36-0.59 wt.% TiO2, 13.6-18.0 wt.% 

Al2O3, 2.32- 6.23 wt.% Fe2O3, 2.31-5.05 wt.% 

K2O, and 8.9-15.7 ppm Co (see Appendix C - 

Table S2). As they are metasedimentary rocks, 

they are described using different diagrams 

than those for igneous rocks. They plot in the 

psammopelitic field (Figure 2.6a) on the 

normative Feldspar-Quartz-Corundum ternary 

diagram of Gilboy (1982) and in the wacke to 

arkose field (Figure 2.6b) on the 

Log(SiO2/Al2O3) vs. Log(Fe2O3/K2O) diagram 

of Herron (1988). 

Figure 2.6: Sedimentary discrimination diagrams: a) 
normative metasedimentary rock classification diagram 
(Gilboy, 1982); b) geochemical classification diagram 
for terrigenous sands and shales (Herron, 1988); and c) 
Fe2O3/Al2O3 vs. Co diagram. (Cross - Upper Sequence, 
Triangle - Middle Sequence, Diamond - Iron Formation 
(Middle Sequence)). 
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2.4.3. Upper sequence 

Pelitic, psammopelitic and arkosic gneisses of the Upper Sequence contain 53.1-68.9 wt.% SiO2, 

0.4-0.7 wt.% TiO2, 13.5-18.9 wt.% Al2O3, 3.5-12.0 wt.% Fe2O3, 2.2-6.4 wt.% K2O, and 10.4-25.6 

ppm Co (see Appendix C - Table S2).  They plot in the psammopelitic field (Figure 2.6a) on the 

normative Feldspar-Quartz-Corundum ternary diagram of Gilboy (1982) and in the shale to wacke 

field (Figure 2.6b) on the Log(SiO2/Al2O3) vs. Log(Fe2O3/K2O) diagram of Herron (1988). Their 

composition overlaps but is slightly more pelitic than the biotite quartzofeldspathic gneiss of the 

Middle Sequence. A further difference includes their relatively higher and more variable Fe2O3 

and Co contents (Figure 2.6c). Two banded iron formation samples plot in the Fe-Shale field and 

are relatively more enriched in Co and Fe2O3 than the other rocks of the Middle and Upper 

sequences (Figures 2.6b, c). 

2.5 Geochronology 

Seven samples representing the main lithological units of the Lower, Middle and Upper sequences 

were collected for LA-ICP-MS U-Pb zircon geochronology (Figure 2.2).  Between 41 and110 

zircons with an average of 82 zircons per sample were analyzed and age uncertainties are reported 

at the 2σ level. In select zircons, 2-4 spots were analyzed to test for multiple age components. For 

the metasedimentary samples, individual ages used to determine detrital age peaks have < ± 10% 

discordance, however, grains with < ± 5% discordance were used to calculate the maximum 

depositional age. Age population peaks for the metasedimentary samples were determined using 

the unmixing routine in Isoplot (Ludwig, 2003). The methodology is described in Appendix A and 

the data are listed in Appendix C – Supplemental Electronic Files - Table S3. 
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2.5.1. Lower sequence 

2.5.1.1. GC-204970: felsic gneiss  

The sample was collected from a 2 m thick interval of felsic gneiss within an outcrop dominated 

by mafic gneiss.  It is composed primarily of quartz and plagioclase feldspar and contains a weak 

foliation defined by chlorite. The zircons are subrounded prismatic grains, and 100-300 µm in size 

with aspect ratios of 2:1 to 3:1. They are colourless to light brown and have well- developed, 

internal oscillatory zoning and strongly CL (cathodoluminescence) fluorescent rim overgrowths 

(see Appendix B - Figures S1a-d). The majority of 207Pb/206Pb dates range from 2702-2782 Ma, 

and a single zircon (No. 74) has an older 207Pb/206Pb date of 2818 ± 13 Ma (discordance = 8.5%). 

On a Concordia diagram, the zircon analyses lie on a discordia line that yields an upper intercept 

date of 2748.1 ± 7.6 Ma (n = 96; MSWD = 3.6) (Figure 2.7a). Zircons 35, 61, 74 and 81 were 

excluded from the Concordia calculation due to their distinctly young or old 207Pb/206Pb dates and 

> 10% discordance (Appendix C - Table S3). The ca. 2750 Ma date is interpreted as the 

crystallization age of the felsic gneiss. 
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Figure 2.7: Laser Ablation ICP-MS U-Pb zircon 
Concordia diagrams for the orthogneiss units of 
the Aberdeen Lake area. Data point error ellipses 
are 2σ. Samples include: a) GC-204970 (felsic 
gneiss - Lower Sequence); b) GC- 204972 (mafic 
gneiss - Lower Sequence); and c) GC-204954 
(felsic gneiss - Middle Sequence). 

 

2.5.1.2. GC-204972: mafic gneiss 

The mafic gneiss sample was collected 

from an outcrop of banded, medium- to 

coarse-grained hornblende and 

plagioclase feldspar-rich gneiss with a 

strong L2 lineation. The mafic gneiss 

zircons are colourless to light brown, 

subrounded to semi-prismatic, and range 

in size from 100-400 µm with equant to 

elongate (4:1) aspect ratios. The grains 

have moderately- to well-developed 

oscillatory zoning with younger rim 

overgrowths (see Appendix B - Figures 

S1e-i). The bulk of the 207Pb/206Pb dates 

span from 2715-2770 Ma. Plotted on a 

Concordia diagram, the sample yields an 

upper intercept date of 2754.4 ± 9.7 Ma 

(n = 43; MSWD = 1.4) (Figure 2.7b).  
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Zircon 2 was omitted from the calculation due to its anomalously young and discordant 207Pb/206Pb 

date of 2341 ± 13 Ma (discordance = 12.8%). The ca. 2750 Ma date is interpreted as the 

crystallization age of the mafic gneiss. 

2.5.2. Middle sequence 

2.5.2.1. GC-204954: felsic gneiss 

The felsic gneiss sample was collected from the west part of the study area, east of Marjorie Lake. 

The sample is composed primarily of fine- to medium-grained feldspar and quartz aligned into a 

strong L2 fabric. The zircons are prismatic and vary in length from 100-500 µm with aspect ratios 

of 3:1 to 5:1. The zircon CL images indicate faintly preserved oscillatory zoning and a large 

prismatic core (see Appendix B - Figure S2). The 207Pb/206Pb dates range from 2669 ± 11 Ma 

(discordance = 3.6%) to 2695 ± 12 Ma (discordance = -3.1%). A Concordia plot yielded an upper 

intercept date of 2679.6 ± 2.5 Ma (n = 109; MSWD = 2.6) (Figure 2.7c). Zircon 57 was excluded 

from the Concordia calculation due to its high error and discordance. The ca. 2680 Ma date is 

interpreted as the crystallization age of the rock. 

2.5.2.2. GC-204953: biotite quartzofeldspathic paragneiss 

The sample was collected from an outcrop 150 m northwest of GC-204954. It is a fine- to medium-

grained biotite-rich gneiss with intercalated iron formation. It has a strong, wavy S2 gneissic fabric 

and a late biotite-defined S4 cleavage. Sixty-three zircons were analyzed and the grains vary in 

size from 50-200 µm and are rounded to subrounded with aspect ratios of up to 2:1. CL images 

show zircons with coarse prismatic cores and faint oscillatory zoning, and zircons with stronger 

oscillatory zoning and locally preserved inherited cores (see Appendix B - Figure S3). The detrital 

zircon 207Pb/206Pb dates range from 2522-3085 Ma (n = 63). Two 207Pb/206Pb age peaks are 
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identified at 2707.7 ± 1.4 Ma (57% of grains), 

and 2850.0 ± 3.0 Ma (14% of grains) (Figure 

2.8a). The youngest concordant zircon has a 

date of 2687 ± 7 Ma (discordance = 1.2%) and 

is interpreted as the maximum depositional 

age for this paragneiss. 

Figure 2.8: Laser Ablation ICP-MS U-Pb zircon 
relative frequency diagrams using AgeDisplay 
(Sircombe, 2004) for the metasedimentary units of the 
Aberdeen Lake area. Mean 207Pb/206Pb age nodes are 
shown in the red dashed line with the ages written 
adjacent to them. The blue transparent boxes show the 
broad detrital source age patterns for each of the 
samples. Samples include: a) GC-204953 (biotite 
quartzofeldspathic paragneiss - Middle Sequence); b) 
GC-204952 (psammopelitic gneiss - Upper Sequence); 
c) GC-204967 (psammopelitic gneiss - Upper 
Sequence); and d) GC-204973 (psammopelitic gneiss - 
Upper Sequence). 

2.5.3. Upper sequence 

2.5.3.1. GC-204952: psammopelitic gneiss 

The sample was taken from a strongly F2 

folded psammopelitic gneiss with a strong L2 

lineation in the southwestern end of the study 

area close to outcrops of Snow Island Suite 

granite. Zircon grains have aspect ratios of 2:1 

to 3:1 with long dimensions varying from 100-

400 µm. In transmitted light, most zircons are 

colourless and subrounded (consistent with a 

detrital origin). Some have well-developed 
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oscillatory zoning, which locally overgrew partially resorbed xenocrystic or inherited cores (see 

Appendix B - Figures S4a-g). The distribution of 207Pb/206Pb dates spans 2454-2902 Ma (n = 75). 

Provenance age peaks are defined at 2690 ± 0.7 Ma (27% of grains), 2719.4 ±0.9 Ma (23% of 

grains), 2784.5 ± 0.7 Ma (25% of grains), and 2871.7 ± 1.1 Ma (13% of grains) (Figure 2.8b). The 

youngest concordant zircon of 2654 ± 7 Ma (discordance = 1.4%) is interpreted as the maximum 

depositional age of this rock. 

2.5.3.2. GC-204967: psammopelitic gneiss 

The sample was collected from a psammopelite outcrop intercalated with banded iron formation. 

Zircons are subrounded, colourless to light brown, with an average aspect ratio of 2:1 and long 

dimensions varying in length from 100-200 µm. CL images display zircons with both oscillatory 

zoning and irregular zoning patterns (see Appendix B - Figures S4h-l). The zircons yielded a wide 

range of 207Pb/206Pb dates from 2568-2905 Ma (n = 74). Age peaks are present at 2688.6 ± 1.6 Ma 

(19% of grains), 2760.7 ± 2.0 Ma (20% of grains), 2804.5 ± 1.5 Ma (23% of grains), and 2873.4 

± 1.9 Ma (15% of grains) (Figure 2.8c). The youngest concordant zircon has a date of 2649 ± 10 

Ma (discordance = -2.7%) and is interpreted as the maximum depositional age of this 

psammopelitic gneiss. 

2.5.3.3. GC-204973: psammopelitic gneiss 

The sample was collected from drill hole TUR-053 at an approximate vertical depth of 145 m from 

a raft of psammopelitic gneiss preserved within Hudson Intrusive Suite granite. It is well foliated 

and intercalated with banded iron formation.  The zircons are colourless to light brown in 

transmitted light, 50-200 µm in size, and rounded to semi-prismatic in shape with aspect ratios of 

up to 2:1. 207Pb/206Pb zircon dates are distributed from 2481-2926 Ma (n = 102). Significant detrital 
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zircon age peaks are present at 2683.7 ± 2.3 Ma (30% of grains), 2739.0 ± 1.2 Ma (55% of grains) 

and 2851.4 ± 2.4 Ma (15% of grains) (Figure 2.8d). The youngest concordant zircon is dated at 

2653 ± 14 Ma (discordance = 3.8%), which is interpreted as the maximum depositional age of this 

rock. 

2.6 Discussion 

2.6.1. Geochemistry of the Aberdeen Lake supracrustal belt 

Secondary processes such as hydrothermal alteration and metamorphism can affect primary rock 

compositions. To assess the effects of hydrothermal alteration on rock compositions, all samples 

with the exception of the komatiites and paragneisses are plotted on the alteration box plot of Large 

et al. (2001), which compares their Hashimoto alteration index (100 * (MgO + K2O)/(MgO + K2O 

+ CaO + Na2O)) to their Chlorite-Carbonate-Pyrite index (100 * (MgO + Fe2O3)/(MgO + Fe2O3 + 

CaO + Na2O)). Most samples lie within the “Least Altered Box” (Figure 2.9) with the exception 

of the altered mafic gneiss samples that have LOI values > 2.4 wt.%. The latter define a linear trend 

extending towards the chlorite-pyrite alteration node, which is consistent with the chloritization of 

ferromagnesian minerals observed in thin section. 
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Figure 2.9: Hashimoto Index vs. Chlorite-Carbonate-Pyrite Index diagram for Aberdeen Lake supracrustal belt 
samples. 

 

Komatiites of the Lower Sequence have a weak negative Nb anomaly and variable Ti and Eu 

anomalies (Figures 2.5a, b). The negative Nb anomaly is consistent with contamination of the 

ultramafic melt with felsic crustal material (Hollings and Kerrich, 1999; Hollings et al., 1999), but 

their flat unfractionated REE and extended trace element patterns (Figures 2.5a, b), as well as 

their composition slightly above the N-MORB - OIB array on the Nb/Yb vs. Th/Yb diagram of 

Pearce (2008) (Figure 2.4c) suggest that only minor crustal contamination was involved. Similarly, 

the associated metagabbro has a flat to slightly enriched LREE trace element patterns with variable 

Nb and Ti anomalies, and plots along the N-MORB - OIB array (Figures 2.5a, b, and 4c). 
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Felsic gneisses of the Lower Sequence are similar in composition to TTG magmas. TTGs are calcic 

to calc-alkalic, peraluminous (1.0 < Al2O3/(CaO + Na2O + K2O) < 1.3), silica-rich (65% < SiO2  

< 75%),  sodium-rich (K2O/Na2O < 0.4),  and calcium poor (1 wt.% < CaO < 5  wt.%) with low 

ferromagnesian oxide concentrations (FeO + MgO + MnO + TiO2 < 5 wt.%) and low Mg-number 

(Mg/(Fe + Mg) = 0.35-0.50) (Moyen et al., 2003; Martin et al., 2005; Laurent et al., 2014). They 

also have strongly fractionated REE patterns with (Ce/Yb)n = 10-40 (Moyen et al., 2003). The 

felsic gneisses are slightly more peraluminous (Al2O3/CaO + Na2O + K2O = 1.5-1.7), possibly due 

to alkali mobility during secondary processes, and they have lower Mg-numbers (average 0.3). 

Otherwise, their composition is similar to TTG magmas and they plot in the TTG field on the 

ternary Na2O/K2O - FMSM - A/CNK classification diagram (Figure 2.4e) of Laurent et al. (2014) 

consistent with these rocks originating as TTG magmas. 

Mafic gneisses of the Lower Sequence have compositional attributes of both mafic, mantle- 

derived melts, as indicated by their low SiO2 (< 56 wt.%) and high Fe2O3 (> 8 wt.%), Cr (40-80 

ppm) and V (186-275 ppm) concentrations, and felsic crustal melts, as indicated by their strongly 

fractionated LREE and HREE, strong enrichment in LREE ((Ce/Yb)n = 9-14), and pronounced 

negative Nb and Ti anomalies.  They are similar in composition to sanukitoid magmas (Moyen et 

al., 2003; Martin et al., 2005; Laurent et al., 2014), but their Mg-numbers (0.3-0.4) are lower than 

that typical of sanukitoid magma (> 0.7 from Moyen et al., 2003; >0.6 from Martin et al., 2005). 

Because they plot as Fe-tholeiitic basalts on the cation diagram of Jensen and Pyke (1982) and 

above the N-MORB - OIB array on Pearce (2008)’s diagram suggesting crustal contamination, and 

they have REE and extended trace element patterns similar to the felsic gneisses, they are 
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interpreted as mantle-derived Fe-tholeiitic melts that was contaminated by felsic TTG melts during 

their ascent through the crust. 

The felsic gneisses of the Middle Sequence are more silicic, potassium-rich, and have more highly 

fractionated REE concentrations ((Ce/Yb)n = 15-22) than the felsic gneisses of the Lower 

Sequence. They plot within the hybrid granite and biotite- two-mica granite fields on the ternary 

Na2O/K2O - FMSM - A/CNK classification diagram of Laurent et al. (2014), suggesting that they 

formed by remelting of crustal material, such as TTGs and metasedimentary rocks (Laurent et al., 

2014). 

2.6.2. Chronology of the Aberdeen Lake supracrustal belt 

The komatiite and metagabbro of the Lower Sequence represent interlayered ultramafic and mafic 

tholeiitic flows and intrusions (Figure 2.10). The TTG melts (GC-204970) and the mafic gneiss 

(GC-204972) have upper intercept Concordia ages of 2749.5 ± 7.7 Ma and 2754.5 ± 9.7 Ma, 

respectively, providing a crystallization age of ca. 2750 Ma for both rocks (Figure 2.11 - Lower 

Sequence). The single distinctly older ca. 2818 Ma grain from sample GC-204970 (TTG gneiss) 

is inferred to represent a possible xenocrystic zircon or inherited zircon core from an earlier ca. 

2820 Ma volcanic event. The komatiite and metagabbro were intruded by ca. 2750 Ma TTG melts, 

which mixed with Fe-tholeiitic melts to produce the ca. 2750 Ma mafic gneisses. This suggests 

that the mafic Fe-tholeiitic magmatism and the growth of the volcanic substrate began before and 

continued after ca. 2750 Ma. 
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Figure 2.10: Schematic lithostratigraphic section of the Aberdeen Lake supracrustal belt showing the major 
stratigraphic units and their ages. U-Pb ages provided from this study are in bold, * denotes maximum depositional 
age. Italicized ages were compiled as follows: Ketyet River group quartzite (Pehrsson et al., 2013); Wharton Group 
(van Breemen et al., 2005); Thelon Formation (Davis et al., 2011); and Mackenzie diabase (LeCheminant and 
Heaman, 1989). 

The Middle Sequence consists of clastic sedimentary rocks and exhalative chemical rocks (Figure 

2.10). Detrital zircon dates from the psammopelitic gneiss (GC-204953) range from ca. 2680-2790 
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Ma with few zircons older than 2800 Ma and a few others as young as 2520 Ma (Figure 2.11 - 

Middle Sequence). The younger zircons have dates of ca.  2520 to 2660 Ma with > 10% 

discordance and either represent modified ages due to Pb-loss or mixed ages related to younger 

metamorphic events. Similarly, the three dates of ca. 2900-3100 Ma from older zircons have > 

10% discordance indicating Pb-loss, and thus cannot be considered as representative source ages. 

The youngest concordant zircon has a date of 2687 ± 7 Ma (discordance=1.2%), which is 

interpreted as the maximum depositional age of the sample and Middle Sequence. Two age peaks 

are defined at ca. 2707 Ma, and 2850 Ma but include a high percentage of > 10% discordant grains, 

so their source ages are more broadly defined between ca. 2687-2750 Ma, and ca. 2800-2875 Ma. 

The ca. 2687-2750 Ma ages represent 54% of all zircons suggesting that this unit is sourced from 

rocks similar in age to the Lower Sequence and the Woodburn Lake group (Figure 2.11 - Middle 

Sequence). The less important ca. 2800-2875 Ma ages (14% of all zircons) suggest minor input 

from a more distal source area. Similar detrital zircon ages are reported for quartzite of the Amer 

and Ketyet River groups in the central Rae domain (Table 2.1; Rainbird et al., 2010). The 2679.6 

± 2.5 Ma crystallization age of the intrusive felsic gneiss (Figure 2.10) in the Middle Sequence 

(sample GC-204954) indicates a minimum depositional age of ca. 2680 Ma for the Middle 

Sequence (Figure 2.11 – Middle Sequence).  

 

 

 

 



51 

 

Ages (Ma) Rock Units/Source Areas References 

 ca. 1910-
2300 

Ketyet River group quartzite Pehrsson et al., 2013 (and references 
therein) 

2590-2610 Snow Island Suite Roddick et al., 1992; Hinchey et al., 
2011; Peterson et al., 2015a 

ca. 2660 Ayra Gneiss (Aberdeen Lake area) and max. age of 
Upper Sequence; granodiorite gneiss (Boothia 
mainland) 

Hunter (unpublished data); Hinchey et 
al., 2011 

2680 Felsic gneiss (extrusive/intrusive rock); max. age of 
Amarulik Wacke (WLg); psammite (CBb) 

this study; Pehrsson et al., 2013 (and 
references therein); Sanborn-Barrie et al., 
2014 

ca. 2710 Felsic to intermediate volcanic rock (WLg - 
Pipedream-Third Portage assemblage); dacite 
tuff/flow and quartz feldspar porphyry (CBb) 

Pehrsson et al., 2013 (and references 
therein); Sanborn-Barrie et al., 2014 

ca. 2720 Felsic volcanic rocks (WLg); max. age quartzite 
(CBb) 

Pehrsson et al., 2013 (and references 
therein); Sanborn-Barrie et al., 2014 

ca. 2730 Rhyolite lapilli tuff (CBb) Sanborn-Barrie et al., 2014 

ca. 2740 Submarine mafic to intermediate flows, subordinate 
felsic volcanic flows, BIF 

Pehrsson et al., 2013 (and references 
therein) 

2800 Secondary source peak in Ayagaq quartzite (Amer 
Group) 

Rainbird et al., 2010 

2850-2860 Primary/secondary source peaks in Lower Ketyet 
River group quartzite 

Rainbird et al., 2010 

ca. 2860 Granodiorite Hadlari et al., 2004 (and references 
therein) 

 

Table 2.1: Summary of U-Pb ages that are observed in the Aberdeen Lake area and possible correlative rock units or 
source areas from the Rae domain (Roddick et al., 1992; Hadlari et al., 2004; Rainbird et al., 2010; Hinchey et al., 
2011; Pehrsson et al., 2013; Sanborn-Barrie et al., 2014; Peterson et al., 2015a).  List of abbreviations: WLg - 
Woodburn Lake group; CBb - Committee Bay belt. 

 

The Upper Sequence also represents a sequence of clastic sedimentary rocks and exhalative 

chemical rocks (Figure 2.10). It has a wider detrital zircon age distribution than the Middle 

Sequence with most zircons varying in age from ca. 2650-2925 Ma with a few younger zircons 

dated be- tween ca. 2525 and 2650 Ma (Figure 2.11 - Upper Sequence). Ca. 2525-2625 Ma dates 

have > 5% discordance and were likely modified during the Snow Island Suite magmatic event. 
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The youngest concordant zircons for the three analyzed samples have a date of ca. 2650 Ma, which 

is interpreted as the maximum depositional age of the psammopelitic gneisses and Upper 

Sequence. Several peaks representing the ages of the source rocks define two broad ranges from 

ca. 2680- 2800 Ma (66-79% of total zircons) and ca. 2850-2900 Ma (6-15% of total zircons). 

Within the first range of ca. 2680-2800 Ma dates, peaks at ca. 2680-2690 Ma and ca. 2720-2760 

Ma suggest that the Upper Sequence was sourcing rocks similar in age to those of the Lower 

Sequence and to the felsic gneiss of the Middle Sequence. Within the second range of ca. 2850-

2900 Ma dates, a peak at ca. 2850-2870 Ma could be sourcing ca. 2860 Ma granodiorite in the 

Meadowbank area (Table 2.1 and references therein), but as several of those dates are from 

inherited cores within younger zircons, the cores may simply represent older zircons that were 

entrained in younger melts that were subsequently eroded (see Appendix B - Figures S4d, and f; 

and Figure 2.11 - Upper Sequence).  

 

Figure 2.11: Schematic synopsis of the U-Pb zircon geochronology created using the 207Pb/206Pb ages for the 
Aberdeen Lake area.  
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The geochronological data indicate that the Aberdeen Lake supracrustal belt rocks can be 

correlated with other Neoarchean supracrustal sequence across the Rae domain but with some 

differences (Figure 2.12). The ca. 2750 Ma Lower Sequence in the Aberdeen Lake supracrustal 

belt has a comparable lithostratigraphy and is similar in age within error (± 8-10 Ma) to the 

komatiite and mafic metavolcanic rocks in the Meadowbank area (ca. 2740 Ma Sequence 1 of the 

Woodburn Lake group) (Ashton, 1988; Pehrsson et al., 2013), and slightly older than the ca. 2730 

Ma metavolcanic rocks in the lower Committee Bay belt (Sanborn-Barrie et al., 2014). The Lower 

Sequence is also similar to undated mafic metavolcanic rocks in the Dubawnt Lake area, Barclay 

Belt, and Mary River Group. It mainly differs from the Woodburn Lake group and the Committee 

Bay belt by the lack of ca. 2710-2720 Ma intermediate metavolcanic rocks present in these two 

areas, possibly due to their excision during thrusting or differences in the tectonic evolution of the 

belts.  

 

Figure 2.12: Schematic diagram comparing the stratigraphy of the Neoarchean supracrustal belts within the Rae 
domain. Simplified stratigraphic columns include the Mary River group (Young et al., 2004; Johns and Young, 2006), 
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Barclay belt (Hinchey et al., 2007), Committee Bay belt (Sanborn-Barrie et al., 2014), Woodburn Lake group (Ashton, 
1988; Pehrsson et al., 2013), Aberdeen Lake supracrustal belt (this study), and Dubawnt Lake area (Peterson, 2006). 

 

The ca. 2680-2687 Ma Middle Sequence correlates with metasedimentary rocks, which strati- 

graphically overlie metavolcanic rocks in the Meadowbank area (Sequence 3 of the Woodburn 

Lake group), Dubawnt Lake area (Clarke River schist), and Barclay belt (Peterson, 2006; Hinchey 

et al., 2007, 2011; Pehrsson et al., 2013). It differs by the presence of ca. 2680 Ma felsic intru- 

sions, which have yet to be found in the other belts but have been reported in the Henik Group of 

the Ennadai-Rankin greenstone belt in the Hearne Domain (Aspler and Chiarenzelli, 1996). The 

psammopelitic gneisses of the Middle Sequence are in turn overlain by the < ca. 2650 Ma, pelitic 

to psammopelitic gneisses of the Upper Sequence, which correlates loosely with the < ca. 2680 

Ma Amarulik wacke (Sequence 5 of the Woodburn Lake group) and the < ca 2687 Ma Upper 

Sequence of the Committee Bay belt (Figure 2.12). 

2.6.3. Tectonic synthesis 

Komatiites and Fe-tholeiitic mafic volcanic rocks are generally thought to be associated with 

plume-related magmatism (Campbell et al., 1989; Arndt et al., 1997). The slightly elevated Th/Yb 

ratios of the Lower Sequence komatiite suggests contamination of the plume-related melts by a 

minor felsic component. Contamination may occur: (1) by melting of continental crust during the 

ascent of the ultramafic and tholeiitic mafic melts through the crust (Hollings and Kerrich, 1999; 

Hollings et al., 1999); (2) by partial melting of a pre-existing crustal contaminated mantle (Polat 

et al., 1999; Kerrich et al., 1999); and (3) by mixing of the ultramafic and tholeiitic mafic melts with 

TTG melts (Hollings and Kerrich, 1999; Hollings et al., 1999; Bédard et al., 2013; Bédard, 2018). 

With the exception of one zircon with an age of ca. 2820 Ma, possibly related to an older volcanic 
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assemblage, the ca. 2750 Ma mafic gneiss and felsic TTG gneiss, which are interleaved with the 

komatiite and metagabbro, do not contain older inherited zircons that could be derived from the 

assimilation and melting of older continental crust. Partial melting of a mantle reservoir previously 

enriched by melts or fluids with a crustal signature is a possible interpretation. However, the 

geochemistry of the mafic gneiss and their similar age to the felsic TTG gneiss suggest that this 

unit formed by mixing of Fe-tholeiitic mafic melts and TTG melts, thus contamination of the 

komatiite and metagabbro by TTG melts is a more plausible interpretation. 

The presence of komatiite and Fe-tholeiitic mafic volcanic rocks, the absence of inherited zircons 

from older continental crust, and the lack of felsic volcanic rocks suggests that the Lower Sequence 

was emplaced on an older juvenile volcanic substrate at the base of a volcanic plateau or oceanic 

crust (Figure 2.13a - Oceanic Plateau Model)). Archean volcanic plateaux consist of thick 

sequences of mafic-ultramafic rocks that accumulated during multiple plume-related pulses of 

magmatism and resurfacing of the volcanic edifice (Kamber, 2015). Due to the extensive tectonic 

overprinting, thrust repetition of units, and relative paucity of outcrops, neither the original 

thickness nor the internal volcanic stratigraphy of the Lower Sequence could be determined. TTGs 

within the Lower Sequence are typically thought to be generated by partial melting of hydrated 

basaltic rocks within the garnet stability field (Martin, 1986; Drummond and Defant, 1990; Moyen 

et al., 2003) at depths of 40-60 km (Bédard, 2006; Moyen, 2011). The TTGs could have been 

produced by slab melting of subducted basaltic crust (Martin, 1986, 1999) below the Lower 

Sequence, or by anatexis at the base of an over-thickened volcanic plateau (Bédard, 2006; Bédard 

et al., 2013; Kamber, 2015; Bédard, 2018), represented by the Lower Sequence.  Whatever the 

origin of the TTG melts, renewed plume-related magmatism generated a new pulse of mafic 
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tholeiitic melts that mixed with the TTG melts to form the LREE-enriched mafic melts (i.e. mafic 

gneiss), which intruded the komatiite and associated Fe-tholeiitic basalts. 
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Figure 2.13: Series of cartoons illustrating two possible tectonic setting scenarios (oceanic plateau vs. continental 
rift models) for the Aberdeen Lake supracrustal belt and the Rae domain: a) the ca. 2750 Ma Lower Sequence; b) the 
ca.  2710-2720 Ma intermediate to felsic volcanism (Woodburn Lake group); c) the ca.  2687-2710 Ma accretion of 
oceanic plateau, uplift, deposition of the ca. < 2687 Ma Middle Sequence; d) the ca. 2680 Ma felsic gneiss intrusions 
and felsic volcanism; and e) the < ca.  2650 Ma Upper Sequence.  The subduction “?” is written to emphasize 
that the interaction of the oceanic crust with the cratons and/or cratonic fragments is either by subduction or 
accretion/subcretion processes.  Red dashed circle – inferred location of the Aberdeen Lake supracrustal belt.  

In the Meadowbank area, following the deposition of a Lower Sequence of mafic and ultramafic 

rocks, partial melting at ca. 2710-2720 Ma led to the extrusion of intermediate to felsic rocks 

(Woodburn Lake group in Figure 2.12).  In the Aberdeen Lake supracrustal belt, intermediate to 

felsic volcanic rocks of similar age are not observed suggesting that they did not form, were eroded, 

or were removed by thrusting. The high percentage of detritus with ca. 2710-2720 Ma dates within 

the Middle and Upper sequences, however, favours the latter two interpretations (Figure 2.13b - 

Oceanic Plateau Model). Thus, the Lower Sequence represents an oceanic plateau or oceanic crust, 

which formed between > 2750 Ma and ca. 2720 Ma within an oceanic basin surrounded by Paleo- 

to Mesoarchean microcratons. 

Subduction or accretion/subcretion of the oceanic plateau or crust to the surrounding Paleo- to 

Mesoarchean microcratons resulted in the exposure of the Lower Sequence rocks, and led to the 

deposition of the metasedimentary rocks of the Middle Sequence. Subsequent closure and 

shortening of the basin after ca. 2710 Ma are indicated by the presence of Archean tectonic fabrics 

of similar age in the Meadowbank area (DA2 event of Pehrsson et al. (2013)) (Figure 2.13c - 

Oceanic Plateau Model). Tectonic burial and melting of the Middle Sequence during this orogenic 

event produced felsic magmas that were emplaced in the Middle Sequence as ca. 2680 Ma 

intrusions represented by the felsic gneisses (Figure 2.13d - Oceanic Plateau Model). Renewed 

tectonism at < 2680 Ma uplifted the Middle Sequence and older rocks, which shed ca. 2650 Ma and 
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older detrital zircons in a new basin represented by the Upper Sequence (Figure 2.13e - Oceanic 

Plateau Model). 

Previous workers proposed a continental rift setting for the formation of the Neoarchean green- 

stone belts across the Rae domain (Ashton, 1988; Zaleski et al., 2000; Hartlaub et al., 2004; 

Pehrsson et al., 2013; Sanborn-Barrie et al., 2014; Figures 2.13a-e - Continental Rift Model). This 

interpretation is based on two main points of evidence: 1) the association of quartzite and komatiite 

in the Woodburn Lake group (Ashton, 1988; Zaleski et al., 2000; Hartlaub et al., 2004; Janvier  et 

al., 2015), which is questionable given the recent inclusion of the quartzite in the Paleoproterozoic 

Ketyet River group (Pehrsson et al., 2013), and 2) the presence of bimodal volcanism in the 

Woodburn Lake group (Ashton, 1988), which does not require the melting of early continental 

crust material as felsic and coeval mafic melts could be generated by partial melting at the base of 

overthickened and mature oceanic plateaux (Bédard et al., 2013; Bédard, 2018). Furthermore, the 

absence of continental crust older than 2900 Ma in both the Aberdeen Lake and the Meadowbank 

area negates the likelihood that the greenstone belts grew on a previously assembled vast continental 

craton. The Committee Bay belt has a similar stratigraphy to both the Woodburn Lake group and 

the Aberdeen Lake supracrustal belt, however, it hosts a much more protracted history of ultramafic 

and mafic volcanism and a quartzite unit that is bracketed between ca. 2711 Ma and 2722 Ma 

(Sanborn-Barrie et al., 2014). The deposition of the quartzite is distinctly younger than the ca. 

2750 Ma oceanic plateau event and may have been deposited as a foreland or shallow marine 

sequence adjacent to a nearby Paleoarchean to Mesoarchean microcraton prior to the accretion of 

the oceanic plateau after ca. 2710 Ma. 

The Aberdeen Lake supracrustal belt paints a picture of the Neoarchean Rae domain as isolated 

Paleoarchean to Mesoarchean microcratons separated by oceanic basins hosting oceanic plateaux 
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as opposed to a single large craton dissected by continental rifts. Additional work is warranted on 

all the Rae domain greenstone belts to further refine their stratigraphic assemblages using detailed 

geochemistry and geochronology. In particular, additional U-Pb zircon analysis supplemented by 

Lu-Hf isotopic work is vital to unravel not just crystallization and maximum depositional ages, but 

cryptic Archean metamorphic events and isotopic inheritance to elucidate the Neoarchean and pre-

Neoarchean geological history of the Rae domain. 

2.7 Conclusions 

The Aberdeen Lake supracrustal belt comprises a Lower Sequence of metamorphosed komatiite, 

Fe-tholeiite mafic volcanic rocks and TTG intrusions, representing juvenile oceanic crust or 

volcanic plateau, which became part of a larger craton as these oceanic environments evolved and 

interacted with isolated microcratons, leading to the deposition of the Middle Sequence 

psammopelitic gneisses and the Upper Sequence pelitic, psammopelitic and minor arkosic 

gneisses. The Aberdeen Lake supracrustal belt is one of several Neoarchean supracrustal belts 

identified across the Rae domain, which have been traditionally interpreted as continental rift 

sequences deposited on previously assembled Paleoarchean and Mesoarchean crust. It is 

conceivable that the Aberdeen Lake supracrustal belt simply represents a rift that grew and evolved 

into an oceanic basin floored by oceanic crust and volcanic plateau. Thus, at ca. 2750 Ma, the 

tectonic landscape of the Neoarchean Rae domain could be envisioned as a large craton dissected 

by continental rifts, which evolved into larger Red Sea Style oceanic basins. Partial melting within 

the rift system led to felsic to intermediate volcanism, as well as uplift and erosion, shedding 

detritus in sedimentary basins now represented by the Middle and Upper sequences. 
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Alternatively, the Aberdeen Lake supracrustal belt, and perhaps some or all of the Rae domain 

greenstone belts, may have originated as oceanic plateau or oceanic crust at ca. 2750 Ma, which 

was not underlain by older Archean crust. As these plateaux matured, partial melting initiated the 

ca. 2710-2720 Ma intermediate to felsic volcanism. This was followed by their subsequent erosion 

as they became accreted to one of the Paleoarchean to Mesoarchean cratonic fragments, leading to 

the deposition of thick psammopelite and minor iron formation units of the Middle Sequence. 

Renewed uplift after ca. 2710 Ma led to late ca. 2680 Ma felsic magmatism and the eventual 

deposition of the < ca. 2650 Ma Upper Sequence. Both these interpretations explain the 

observations and data presented here for the Aberdeen Lake supracrustal belt, however, due to 

the lack of crustal input or early Archean zircon inheritance in the Lower Sequence and the absence 

of > 2900 Ma continental crust, the interaction of an oceanic plateau or oceanic crust through 

subduction and/or accretion/subcretion events with Paleoarchean to Mesoarchean crustal 

fragments is a more plausible interpretation. 
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Chapter 3 
 

3 Long-lived deformation recorded along the Precambrian Thelon and Judge Sissons 

faults, northeast Thelon Basin, Nunavut 

R.C. Hunter, B. Lafrance, L.M. Heaman, D. Thomas 

(Published: Canadian Journal of Earth Sciences 58 (2021) 433-457) 

Abstract 

The ENE-striking Thelon and Judge Sissons faults of south-central Nunavut are well-preserved, 

and record long-lived dextral transcurrent movement with complex reactivation and fluid flow 

histories. The faults cut across Archean gneisses, Paleoproterozoic plutons, and a Mesoproterozoic 

sedimentary basin in the Rae domain of the western Churchill Province. They formed and were 

reactivated during multiple deformation events beginning with an initial faulting event at 1830-

1760 Ma, followed by an epithermal faulting event at 1760-1750 Ma and late reactivation events 

at 1600-1300 Ma. The initial faulting event produced the core-damage zone architecture of the 

faults. Damage zones are characterized by multiple fracture sets, quartz veins and hydrothermal 

crackle breccias, surrounding core zones defined by multiple mosaic to chaotic breccias and 

cataclasites with dextral slip indicators. The epithermal faulting event is expressed by the presence 

of crosscutting comb, crustiform-cockade and lattice-bladed quartz ± hematite ± carbonate veins, 

and is likely associated with a magmatic event of similar age. The late reactivation events resulted 

in the formation of irregular, non-cohesive crackle to mosaic breccias and gouges, which became 

the primary pathways for uranium-bearing hydrothermal fluids and the formation of unconformity-

type uranium deposits. The Thelon and Judge Sissons faults are similar to other major continental 

faults in the Rae domain (e.g. McDonald fault, Wager Bay shear zone), which formed during the 
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Paleoproterozoic Taltson-Thelon and Trans-Hudson orogenies, and to modern analogues, such as 

the Karakorum, Altyn Tagh, and Hunan-Jiangxi faults, which formed during the Himalayan-

Tibetan orogeny and experienced prolonged hydrothermal and even hot spring activity. 

3.1 Introduction 

Studies on the architecture, kinematics, and alteration history of long-lived, strike-slip faults and 

their related fracture networks provide important insights into the structural and hydrothermal 

evolution of fault zones. Strike-slip faults are important crustal-scale continental structures that 

accommodate horizontal movement as transform faults along tectonic plate boundaries and as 

major transcurrent faults during collisional tectonics (Woodcock, 1986; Sylvester, 1988). 

Continent-continent collision between the Indian and Eurasian plates led to the creation of the 

Himalayan-Tibetan orogenic belt, which is bordered within its hinterland regions by a vast network 

of transcurrent, right- and left-lateral, strike-slip faults (Molnar and Tapponnier, 1975; Tapponnier 

and Molnar, 1977; Armijo et al., 1989). In such collisional tectonic settings, older pre-existing 

structures including transcurrent faults (Woodcock, 1986) may be reactivated and undergo changes 

in their slip kinematics over time, adding structural complexities to these long-lived structures. As 

noted by Faulkner et al. (2003), the study of brittle fault rock products developed in the upper crust 

is commonly impeded by their poor preservation as non-cohesive gouge, fractured rocks and 

breccias, which are typically lost to erosion and weathering. As a result, the best studied faults are 

relatively young structures (Eocene to Miocene) and located in arid climates where weathering is 

minimal, for example, the individual faults of the large San Andreas fault system (Chester et al., 

1993; Schultz and Evans, 2000; Faulkner et al., 2003; Wibberley and Shimamoto, 2003; Cembrano 

et al., 2005; Jeffries et al., 2006; Faulkner et al., 2008; Bradbury et al., 2011). The challenges are 

even greater for Precambrian strike-slip faults, including well-exposed examples such as the 
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McDonald and Bathurst faults, and Wager Bay shear zone of the northwest Canadian Shield, which 

are not only affected by erosion and weathering but are also modified by multiple post-faulting 

tectonic, magmatic, metamorphic, and hydrothermal events. Although, studies of these faults have 

provided detailed timing and tectonic constraints with respect to their ductile evolution (Thomas 

et al., 1976; Henderson and Broome, 1990; Therriault et al., 2017; Ma et al., 2020), the late brittle 

deformation events remain much more difficult to resolve. 

Brittle fault zones comprise three main components: (1) a core zone that accommodates 

displacement along discrete slip surfaces; (2) a fractured damage zone that surrounds the core zone 

and forms in response to repeated slip events; and (3) the undeformed protolith, which may be 

preserved as lozenges between higher strain domains (Sibson, 1977; Chester and Logan, 1986; 

Caine et al., 1996; Faulkner et al., 2003, 2010). Paleoseismic studies suggest that earthquake events 

occur more frequently along strike-slip faults than along normal or reverse dip-slip faults 

(Sylvester, 1988). Thus, large-scale strike-slip faults typically form during multiple slip and 

aftershock events over periods of tens of millions of years. Crustal ruptures enhance fluid flow 

(Cox et al., 1986; Sibson, 1987; Micklethwaite and Cox, 2006) and may result in the formation of 

ore deposits along the faults (Henley, 1985). 

In this paper we describe the formation of internal structures along two well-exposed, 

Paleoproterozoic faults named the Thelon and Judge Sissons faults that formed in the hinterland 

regions of the Taltson-Thelon and Trans-Hudson orogenies. High crustal levels of these faults are 

well-exposed at surface and their 3D geometry is constrained by multiple drill holes. The 

investigation into the age and tectonic history of the Thelon and Judge Sissons faults provides 

additional insights into how fractures, veins, and breccias formed and changed through time, 
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eventually creating the conditions that drove and focused hydrothermal fluid flow during 

reactivation events. 

3.2 Regional geology 

The western Churchill Province is divided into three Archean lithotectonic domains, namely, the 

Rae and Hearne domains and the Chesterfield block, separated by a Paleoproterozoic suture zone 

named the Snowbird tectonic zone (Figure 3.1, Hoffman, 1988; Ross et al., 2000; Mahan and 

Williams, 2005; Berman et al., 2007; Martel et al., 2008). The Rae and Hearne domains consist of 

ca. 2750-2650 Ma Neoarchean greenstone belts that were intruded by ca. 2667 Ma granitic plutons 

(Hinchey et al., 2011) and invaded by a large number of ca. 2610-2580 Ma granitic and gabbroic 

plutons of the Snow Island Suite. Snow Island Suite magmatism is further manifested as 

subvolcanic sills and volcanic flows of the Pukiq Lake Formation (Roddick et al., 1992; Peterson 

et al., 2015a). 
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Figure 3.1. Map of the regional geology of the western Churchill Province and bounding orogenic belts. The square 
represents the study area and the location of the Aberdeen Lake supracrustal belt. Abbreviations: ALb: Aberdeen 
Lake supracrustal belt, ASZ: Amer shear zone, BCB: Barclay belt, BF: Bathurst fault, CB: Chesterfield Block, CBb: 
Committee Bay belt, CSZ: Chantrey shear zone, CRS & SRG: Clarke River schist and Snow River gneiss (Dubawnt 
Lake area), ERGB: Ennadai-Rankin greenstone belt; GRSZ: Grease River shear zone, MBg: Murmac Bay group, MF: 
McDonald fault, MRg: Mary River group, PAb: Prince Albert belt, Pg: Penrhyn Group, Plg: Piling Group, STZ: 
Snowbird Tectonic Zone, TSZ: Tyrrell shear zone, TTO: Taltson-Thelon Orogen, WBSZ: Wager Bay shear zone, Wg: 
Wollaston Group, and WLg: Woodburn Lake group. Red X’s represent the Meadowbank gold deposit and the Kiggavik 
uranium deposit. Map modified after Sanborn-Barrie et al. (2002), Hartlaub et al. (2004), and Pehrsson et al. (2013). 

 

The Archean Hearne and Rae cratons were reworked and metamorphosed to amphibolite-granulite 

grade during four major Paleoproterozoic orogenies, including the Arrowsmith (ca. 2550-2300 

Ma), Taltson-Thelon (ca. 2000-1930 Ma), Snowbird (ca. 1900 Ma), and Trans-Hudson (ca. 
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1870-1800 Ma) orogenies (Ashton, 1988; Hrabi et al., 2003; Zaleski, 2005; Berman et al., 2007). 

During rifting of the cratons following the Arrowsmith orogeny, fluvial, marine, and lacustrine 

sediments of the ca. 2300-1910 Ma Amer and Ketyet River groups were deposited in rift basins 

unconformably overlying the greenstone belts (Heywood, 1977; Tippett and Heywood, 1978; 

Patterson, 1986; Rainbird et al., 2010; Calhoun et al., 2011, 2012; Pehrsson et al., 2013; Jefferson 

et al., 2015). The greenstone belts and overlying Amer and Ketyet River groups were subsequently 

deformed during the Taltson-Thelon, Snowbird, and Trans-Hudson orogenies. This was followed 

by a new rifting event characterized by the deposition of the Dubawnt Supergroup (i.e. Baker Lake, 

Wharton and Barrensland groups) in large extensional and intracratonic basins (Gall et al., 1992; 

Peterson et al., 2002; Rainbird et al., 2003). The Baker Lake Group comprises alluvial-fluvial to 

lacustrine sedimentary rocks and coeval ultrapotassic volcanic rocks (Rainbird et al., 2003), which 

are interpreted as the extrusive equivalent of the ca. 1845-1795 Ma granitic, syenitic, and 

lamprophyric intrusions of the Hudson Intrusive Suite (Sandeman et al., 2000; Peterson et al., 

2002; van Breemen et al., 2005; Miller and Peterson, 2015). The overlying Wharton Group 

consists of alluvial to aeolian sandstone and conglomerate with intercalated rhyolite flows, which 

were fed by the coeval ca. 1765-1750 Ma granitic to gabbroic Kivalliq Igneous Suite and related 

ca. 1750 Ma McRae Lake gabbroic dike swarm (Rainbird et al., 2003; van Breemen et al., 2005; 

Ernst and Bleeker, 2010; Peterson et al., 2015b). 

Late NW- and ENE- to NE-trending faults cut across the western Churchill province (Figure 3.2). 

The NW-trending faults include the sinistral Bathurst fault, and other unnamed minor faults, and 

the ENE-to NE-trending faults are represented by several major, ductile to brittle, dextral faults, 

including the McDonald, Chantrey Mylonite, Amer, Thelon, Judge Sissons, Wager Bay, Tyrrell, 

and Grease River faults. These faults formed and were reactivated during the Taltson-Thelon and 
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Trans-Hudson orogenies (Henderson and Broom, 1990) prior to the deposition of the Barrensland 

Group. From base to top, the latter consists of ca. <1740 Ma (U-Pb detrital zircon - Rainbird and 

Davis (2007) and U-Pb apatite - Miller et al. (1989)) aeolian and fluvial to shallow marine 

sandstone and conglomerate of the Thelon Formation, 1540 ±30 Ma (U-Pb baddeleyite – 

Chamberlain et al. 2010) shoshonitic basalt of the Kuungmi Formation, and stromatolitic limestone 

of the Lookout Point Formation (Cecile, 1973; Gall et al., 1992; Hiatt et al., 2003; Palmer et al., 

2004; Rainbird and Davis, 2007). North-northwest-trending dikes of the ca. 1267 Ma Mackenzie 

dike swarm cut across all other rock units (LeCheminant and Heaman, 1989). 
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Figure 3.2. Annotated First Vertical Derivative of Magnetic Anomalies image modified from Miles and Oneschuk 
(2016) showing the location of the Thelon Basin and regional fault zones, including the interpreted traces of the 
Thelon and Judge Sissons faults. The location of the study area is represented by the red box. 

 

3.3 Geology of the Aberdeen Lake area 

The Aberdeen Lake greenstone belt is located south of the northeastern lobe of the Thelon Basin 

in the central Rae domain, Nunavut (Figure 3.1). It comprises three amphibolite-facies, 

lithostratigraphic sequences: (1) a Lower Sequence of ca. 2750 Ma komatiite, metagabbro, TTG 

intrusions, and TTG-contaminated mafic gneiss; (2) a Middle Sequence of ca. 2687 Ma to ca. 2680 

Ma psammopelitic gneiss, iron formation, and intermediate to felsic gneiss; and (3) an Upper 

Sequence of <2650 Ma pelitic to psammopelitic gneiss with minor iron formation and arkosic 

gneiss (see Chapter 2; Figure 3.3). The greenstone belt is stratigraphically similar to the Woodburn 

Lake group of the Meadowbank area and to other Neoarchean supracrustal assemblages of the 

Rae domain (see Chapter 2). Overlying orthoquartzite and conglomerate of the Paleoproterozoic 

Ketyet River group are locally exposed along the Thelon fault east of Aberdeen Lake. 
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Figure 3.3. Simplified geological map of the Aberdeen Lake area from the first author’s mapping and others at 
Cameco Corporation. Geology near Judge Sissons Lake is modified after Hadlari et al. (2004) and Jefferson et al. 
(2011). Shown on the map as a heavy black broken line is the location of a cross section A-A’ across folded and 
thrusted Archean supracrustal rocks.  Abbreviations: T - Tatiggaq; Q – Qavvik; A - Ayra.  Thin red marker units in 
the Middle and Upper sequences are banded iron formation.  Map created with UTM coordinates using datum 
WGS84, Zone 14N. 

 

The Neoarchean supracrustal sequences in the Aberdeen Lake area are interfolded with and locally 

crossed by a quartzofeldspathic orthogneiss composed of plagioclase and K-feldspar (25-35%), 

quartz (20-25%), biotite (3-5%), hornblende (1-3%), and trace magnetite, titanite and zircon 
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(Figure 3.4a). It has a gneissic banding defined by 1-20 cm-thick leucosomes of quartz and feldspar 

alternating with <1 cm thick paleosomes dominated by biotite and hornblende. Amphibolite layers 

are parallel to the gneissic banding and are interpreted as rafts of the Lower Sequence. 
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Figure 3.4. Field photographs of rock units in the Aberdeen Lake area. (a) Quartzofeldspathic orthogneiss with strong 
gneissic banding (UTM 501187E, 7126187N). (b) Coarse-grained massive monzogranite (UTM 554414E, 
7139323N). (c) Medium-grained massive hornblende-bearing mafic syenite (UTM 553984E, 7139065N). (d) Massive, 
megacrystic hornblende syenite (UTM 554414E, 7139323N). (e) Lamprophyre dike cutting across hornblende syenite 
of the Hudson Intrusive Suite, photograph taken looking east-northeast (UTM 554002E, 7137653N). (f) Coarse-
grained McRae Lake gabbroic dike (UTM 536101E, 7141484N). Photo locations as UTM coordinates using datum 
WGS84, Zone 14N. 

 

The quartzofeldspathic gneiss is crossed by intrusions of the ca. 1845 Ma to 1795 Ma Hudson 

Intrusive Suite (Figure 3.3). In order of decreasing abundance, the latter consists of monzogranite, 

mafic syenite, quartz-feldspar porphyry, microsyenite, and lamprophyre (Miller and Peterson 

2015). Monzogranite is exposed as medium- to coarse-grained equigranular plutons, which are 

typically ≤5 km in diameter, and as metre-thick dikes. These intrusions are composed of K-feldspar 

and plagioclase (75-90%), quartz (7-20%), hornblende (1-3%), and trace fluorite (Figure 3.4b). 

Associated with these intrusions are fine- to coarse-grained mafic syenite plugs and dikes, 

consisting of K-feldspar (75-85%), hornblende (10-15%), quartz (3-7%) and trace titanite and 

fluorite (Figure 3.4c). Some syenite plugs contain K-feldspar megacrysts (1-2 cm in size) with 

inclusions of hornblende and phlogopite in a coarse-grained phlogopite-rich groundmass (Figure 

3.4d). Undeformed, 0.2-1.0 m thick, quartz-feldspar porphyry and very fine-grained to aphanitic, 

K-feldspar-rich microsyenite dikes cut the monzogranite and mafic syenite intrusions. The 

porphyry dikes consist of quartz (5-10%) and K-feldspar (15-25%) phenocrysts (2-5 mm in size) 

in a fine-grained quartzofeldspathic matrix with trace biotite. These porphyry dikes are in turn 

crossed by E- to ENE-trending, fine- to medium-grained lamprophyre dikes, varying in thickness 

from 0.1 to 2.0 m (Figure 3.4e). The lamprophyre dikes contain 10-15% phlogopite phenocrysts 

(1-3 mm in size) with locally glomeroporphyritic and radiating textures, and 1-3% K-feldspar 

phenocrysts (3-5 mm in size), surrounded by a fine-grained matrix of K-feldspar, quartz, and minor 

plagioclase and garnet. Leucogabbroic dikes of the younger McRae Lake dike suite cut across all 
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other intrusions and can be traced across the map area by their strong magnetic signature. They 

are composed of plagioclase (85-90%), magnetite (5-10%), and clinopyroxene (3-5%) (Figure 

3.4f). 

3.4 Ductile deformation 

Ductile structures in the Aberdeen Lake area predate the emplacement of the undeformed Hudson 

Intrusive Suite and are grouped into four deformation events based on overprinting relationships 

(Figure 3.3). Unpublished high-resolution magnetic maps by Cameco Corporation are used to 

delineate units and fold interference patterns in areas of poor exposure. Small-scale structures and 

overprinting relationships are best exposed in metasedimentary rocks of the Middle and Upper 

sequences. The earliest structures (D1) include a S1 gneissic foliation, which is axial planar to rare, 

isoclinal, F1 folds (Figures 3.5a, b). The S1 foliation is parallel to bedding in the metasedimentary 

rocks and defined by alternating biotite-rich and recrystallized quartzofeldspathic layers. It is also 

defined by recrystallized, isoclinally folded, and boudinaged quartz veins, varying in thickness 

from <1-5 cm in thickness. As the S1 foliation is parallel to bedding in the supracrustal units, the 

main foliation in the Aberdeen Lake area is best described as a composite S0-S1 foliation (Figure 

3.5c). 
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Figure 3.5. Aberdeen Lake area structures. (a) Isoclinal F2 folds refolding rare F1 isoclinal folds and associated S1 
gneissic foliation. (UTM 505236E; 7122110N). (b) Close-up of refolded F1 isoclinal fold in Figure 3.5a outlined by 
red rectangle. (c) S2 cleavage defined by aligned volcaniclastic clasts and oriented oblique to the S0/S1 cleavage in 
the Lower Sequence (UTM 536054E; 7141708N). (d) S1 foliation folded by an F2 fold and overprinted by an axial 
planar S2 cleavage (UTM 506025E; 7121742N). (e) Isoclinal F2 folds defined by folded amphibolite layer of the Lower 
Sequence overprinted by angular to chevron-style F3 folds (UTM 536269E; 7141700N). (f) S2 fabric with garnet 
porphyroblasts folded by a gentle F4 fold with an axial plane S4 cleavage (UTM 534702E; 7136213N).  Photo 
locations as UTM coordinates using datum WGS84, Zone 14N. 

 

The three Neoarchean supracrustal assemblages underwent major folding and thrusting. The S1 

foliation and F1 folds are overprinted by D2 structures, including NE- to NW-trending, tight to 
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isoclinal, inclined to recumbent, F2 folds. The latter are associated with an axial planar S2 cleavage 

(Figure 3.5d) and coaxial L2 lineation defined by biotite and hornblende. East of Marjorie Lake, 

banded iron formation and psammopelite are folded by map-scale isoclinal F2 folds, striking 

northwest and plunging (20◦ to 30◦) to the north-northwest (Figures 3.3, 3.6). Thrust faults are 

expressed by pronounced S2 and L2 fabrics in high-strain zones that are also characterized by 

transposed, rootless, mesoscopic F2 folds. The thrust faults are parallel and cut across highly 

strained and strongly attenuated limbs of large-scale F2 folds (Section A-A’ on Figure 3.3), 

resulting in the juxtaposition across thrust faults of folded and overturned anticlinal and synclinal 

stacks of the Lower, Middle and Upper sequences (Figure 3.3). 
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Figure 3.6. Geological map of the Marjorie Lake area. Location of map and map legend is shown in Figure 3.3. Lower 
hemisphere, equal-area stereonet diagrams of poles to foliations and L2 lineation: S2 - contour interval in 2% of total 
measurements per 1% area of net, L2 - contour interval in 5% of total measurements per 1% area of net.  

 

Second generation fold structures (F2) are overprinted by small, outcrop-scale F3 chevron folds with 

angular hinges, straight limbs, and amplitudes of a few centimetres to decimetres (Figure 3.5e). 

The folds have an axial planar S3 crenulation cleavage defined by recrystallized biotite along the 

long limb of F3 crenulations. On outcrop scale, the S2 and S3 cleavages are locally overprinted by 

open, upright to steeply-inclined, NNE- to NE-striking and shallow-plunging, F4 folds (Figure 
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3.5f). The latter have a steeply-dipping axial planar cleavage (S4) defined by biotite. On map scale, 

the older F1 and F2 folds are gently warped by the F4 folds. 

3.5 Brittle deformation 

Two major ENE-trending faults, the Thelon and Judge Sissons faults, are present in the map area 

within the northeastern part of the Paleo- to Mesoproterozoic Thelon Basin (Figures 3.2, 3.3). The 

two faults can be traced over strike lengths of up to 200 km from the Thelon Basin, across Archean 

basement rocks, and through a ca. 1830 Ma pluton of Hudson Intrusive Suite. The pluton is 

dextrally offset by 14 km and 5 km along the Thelon and the Judge Sissons faults, respectively. The 

younger, strongly magnetic McRae Lake dikes show similar but smaller dextral offsets of 2.5 km and 

0.5 km, respectively, along the same faults (Figures 3.3, 3.7). Second order faults with dextral 

offsets of tens to hundreds of metres are parallel to the Thelon and Judge Sissons faults, while less 

prominent NW-to NNW-trending faults sinistrally displace the Hudson Intrusive Suite pluton and 

the McRae Lake dikes by up to 400 m (Figure 3.7). 
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Figure 3.7. Annotated Residual Total Magnetic Field map of the area shown in Figure 3.3, showing the traces of the 
fault zones, plutons, McRae Lake dikes and geochronological samples (yellow stars). Magnetic map is modified from 
Tschirhart et al. (2011).  Abbreviations: HIS – Hudson Intrusive Suite.  

 

3.5.1. Terminology 

Brittle fault rocks are named following the classification of Woodcock and Mort (2008). Their 

classification is based on the relative proportion of clasts and matrix, where clasts have a minimum 

size of 2 mm and the matrix consists of fine-grained, comminuted, particulate material less than 

0.1 mm in size. Cataclasites contain <30% clasts and breccias contain >30% clasts. Cataclasites 

are subdivided into protocataclasite (>50% matrix), mesocataclasite (50-90% matrix), and 

ultracataclasite (>90% matrix). Breccias are subdivided into crackle (75-100% clasts), mosaic (60-
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75% clasts), and chaotic (30-60% clasts) breccias. Crackle breccias have jigsaw-fit textures with 

angular clasts that underwent no or minor rotation and are separated from each other by thin films 

of matrix. Clasts in mosaic breccias underwent rotation but can be fitted with other nearby clasts, 

whereas clasts in chaotic breccias have undergone more rotation and have lost their fit to other 

nearby clasts. Hydrothermal breccias have a cement of hydrothermal minerals rather than a matrix 

(e.g. Jébrak, 1997) but otherwise follow the same classification based on percent clasts. Cataclastic 

breccia is used as a general term that includes crackle, mosaic, and chaotic breccias with a 

comminuted particulate matrix. 
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Figure 3.8. Representative outcrop map showing part of the Judge Sissons fault with core zone defined by breccia 
with hematite-altered matrix and damage zone defined by quartz veins offset by sinistral fractures in hematite-altered 
wall rocks (UTM 559724E; 7136841N; WGS84, Zone 14N). Inset shows idealized Riedel shear network associated 
with a NW-directed !1.	P, synthetic shear fracture; T, tensile fracture. 

 

3.5.2. Initial faulting event 

Similar to other well-exposed faults (e.g. Faulkner et al., 2010), the Thelon and Judge Sissons faults 

have a complex fault architecture consisting of several cm- to m-thick core zones surrounded by up 

to 50 m wide damage zones, resulting in overall fault widths between 100 m and 500 m. The 

damage zones consist of fractured and brecciated rocks cut by quartz veins and hydrothermal quartz 

crackle breccias (Figure 3.8). Fractures in the damage zones are dominantly NW-SE striking with 

an average dip of 65◦ to the northeast or southwest (Figures 3.9a, b). They are located throughout 

the damage zone and become partially to completely filled with quartz near the core zones. Other 

secondary fractures strike N to NNE, and ENE to ESE with similar steep dips. The N- to NNE-

striking fractures are late structures with strike lengths of <5 m. They cut across early breccias and 

veins, which are sinistrally offset by 0.1-1.0 m along the fractures. The veins are dominantly WSW-

WNW-striking with an average dip of 60◦ to the north (Figures 3.9c, d). They vary in thickness from 

1 mm to 50 cm and consist mainly of quartz with massive crystalline to saccharoidal textures. 

Quartz crystals in crystalline-textured veins are equant to semi-equant with a grain size of 0.25-

0.50 mm. They have well-developed growth zoning defined by clear quartz alternating with bands 

of fluid inclusion-rich cloudy quartz (Figure 3.10a). The merging of these veins forms 

hydrothermal crackle breccias with jigsaw fit fragment textures and hydrothermal chaotic and 

mosaic hydrothermal breccias with less fragments and more quartz vein matrix material (Figure 

3.10b). 
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Figure 3.9. Uni-directional rose diagrams and equal area, lower hemisphere, contoured stereonet diagrams of 
fracture and vein orientations in the damage zones of the Thelon and Judge Sissons faults in the study area. The 
contoured stereonet diagrams were created using the Kamb contouring method (Kamb, 1959) with an inverse area 
square smoothing technique from Vollmer (1995). Contour intervals are in 3 and 5 sigma standard deviations for the 
fractures and veins, respectively. (a) Rose diagram of fracture orientations with one orientation group containing 
12% of all measurements. (b) Contoured stereonet diagram of poles to fractures. (c) Rose diagram of vein orientations 
with one orientation group containing 32% of all measurements. (d) Contoured stereonet diagram of poles to veins. 
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Figure 3.10. Photographs of quartz veins in the damage zone of the Thelon and Judge Sissons faults. (a) Cross-
polarized light photomicrograph of quartz grains with growth zoning defined by inclusion-rich bands (UTM 559717E; 
7136849N). (b) Field photograph of hydrothermal quartz crackle breccia (Q) cutting across strongly hematite-altered 
Archean supracrustal rocks with sporadic quartz veining (WR) (UTM 559710E; 7136843N). Lichen is denoted with 
LN. Pencil (15 cm in length) for scale. (c) Rounded clasts of Ketyet River Group quartzite (Qzite), hydrothermal quartz 
crackle breccia (Q), and quartz-veined hematite-altered Archean supracrustal rocks (WR), within brecciated Thelon 
Formation basal conglomerate. The red matrix consists of coarse-grained sandstone with small pebble-sized clasts 
(UTM 569010E; 7150698N). Pencil (15 cm in length) for scale. (d) Close-up of mosaic quartz breccia (Q) clast in 
(c). Cap of pencil (1 cm) for scale. Photo locations were recorded in UTM coordinates using datum WGS84, Zone 
14N. 

 

Contacts between the damage zones and fault cores are sinuous and roughly parallel to the ENE-

trending trace of the faults. They are irregular and defined by the presence of cataclastic breccias. 

The core zones are characterized by a gradual decrease in the percentage of large clasts (>2 mm) 

from breccias with more than 30% clasts, to cataclasites with less than 30% clasts (Figure 3.11a). 

Breccia textures change from dominantly crackle type to chaotic type from the margins to the 

centres of the core zones. Clasts are typically angular and vary in size from 0.5-10.0 cm. Ghost 
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quartz veins are represented by trains of quartz fragments that can be traced from the mosaic 

breccias to the chaotic breccias but disappear within the protocataclasites and mesocataclasites due 

to their complete disaggregation into small random fragments (Figure 3.11b). Fragments in both 

types of cataclasites are matrix-supported, angular to sub-angular, and vary in size from <1 mm to 

1.5 cm. The larger fragments are clasts of broken-up quartz veins, crackle breccia, and hematized 

wall rock. The matrix material is cohesive, silicified and red due to strong hematization, and 

consists of comminuted, fine-grained, wall rock material. Cm-thick zones of closely-spaced 

fractures cut across the cataclasites. They are parallel to the trend of the faults and are lined by 

striations with an average rake of 7◦ to the east. Steps cutting across the striations, and the 

asymmetry of trailed material markings (Doblas, 1998) along the slip surfaces (Figure 3.12a), 

suggest that the fractures represent discrete slip surfaces that formed during dextral transcurrent 

slip along the faults (Figure 3.12b). 
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Figure 3.11. Photographs of 
breccia in the core zone of the 
Judge Sissons fault. (a) Field 
photograph of matrix-supported 
mesocataclasite with clasts (Q – 
quartz vein; WR – hematite-
altered wall rock) varying in size 
from 2-7 mm (UTM 559482E; 
7136735N). LN refers to lichen.  
(b) Photograph of a 2-3 cm wide 
hematized mesocataclasite 
(outlined by the medium dashed 
line) surrounded by hematite-
altered chaotic and mosaic 
breccias. Ghost quartz veins (Q) 
outlined by solid black lines are 
brecciated and weakly rotated 
clockwise close to the 
mesocatalasite transecting the 
centre of the photo. NW-trending 
sinistral fractures (blue dotted 
lines) cut across the quartz veins 
(UTM 559696E; 7136817N). 
Pencil exposed over 5 cm for 
scale. Photo locations in UTM 
coordinates using datum 
WGS84, Zone 14N. 

 

Clasts of hydrothermal 

breccias similar to those 

described above are present 

in the basal conglomerate of the Thelon Formation adjacent to the Thelon and Judge Sissons faults. 

This indicates that faults with similar veins and structures as the Thelon and Judge Sissons faults 

formed and were eroded prior to the deposition of the basal Thelon Formation (Figures 3.10c, d). 
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Figure 3.12. Field photograph and stereonet diagram of slickenlines and slip surfaces measured along the Thelon 
and Judge Sissons faults. (a) Hematite-altered ultracataclasite with well-developed trailed material slickenlines 
indicative of dextral displacement. Arrow denotes the movement direction of the missing hanging wall (UTM 
560108E; 7147700N). Pencil cap is 0.8 cm wide. (b) Equal-area stereonet diagrams of fault slip surfaces plotted as 
great circles with rakes of slickenlines plotted as close circles. Arrows indicate the sense of movement. Photo locations 
in UTM coordinates using datum WGS84, Zone 14N.  

 

3.5.3. Epithermal faulting event 

Younger quartz veins overprint the initial fault-related veins, breccias and cataclasites. These 

younger veins have comb, lattice-bladed, crustiform, and cockade textures indicative of open space 

filling. Comb-textured veins vary in thickness from 2 mm to 5 cm and consist of euhedral quartz 

crystals with hexagonal cross-sections oriented sub-perpendicular to the vein walls (Figure 3.13a). 

Quartz crystals contain hematite inclusions and are zoned with alternating clear and white growth 

bands. Veins with lattice-bladed textures consist of millimetre-thick quartz blades that are up to 2 

cm in length (Figure 3.13b). The blades have a radiating habit, are composed of carbonate minerals 

almost completely replaced by quartz, and are surrounded by interstitial fine-grained red hematite. 

Other veins consist of alternating bands of comb-textured quartz, white chalcedonic to 

saccharoidal crustiform quartz, and lattice-bladed quartz (Figure 3.13c). Veins with cockade 

textures have thicknesses of 1-5 cm. They contain rounded to angular, white to pink, quartz 
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fragments, which are surrounded by crustiform quartz with red hematite bands and fine-grained 

comb-textured quartz bands (Figure 3.13d).  

 

Figure 3.13. Representative field and drill core photographs of epithermal quartz veins. (a) Coarse, prismatic comb-
textured quartz crystals (hexagonal in cross-section) in vein cutting across hematite-altered breccia in drill core 
(DDH LOB-002, UTM 542032E; 7134163N, 223 m depth). (b) Quartz vein with bladed-textured quartz in the damage 
zone of the Judge Sissons fault (UTM 559488E; 7136745N). (c) Vein with fine-grained comb- and bladed-textured 
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quartz and hematite along its margins and layered crustiform-banded quartz along its centre. Wall rock consists of 
hematite-altered ultracataclasite (DDH AYA-004, UTM 527833E; 7131730 N, 103 m depth). (d) Cockade-textured 
quartz vein with irregular crustiform quartz surrounding wall rock and quartz vein fragments (outlined by dotted line) 
along the Judge Sissons fault (UTM 559488E; 7136745N). (e) Angular clast of comb-textured quartz vein within 
strongly hematite altered Thelon Formation conglomerate (DDH: ABR-009B, 76 m; UTM 528044E; 7131844N). (f) 
Rounded clasts of hematite-altered rhyodacite of the Pitz Formation and white to clear comb- to bladed-textured 
quartz vein in clasts of clay-altered coarse-grained sandstone and conglomerate of the Thelon Formation (DDH ABR-
009B, 69.8 m; UTM 528044E; 7131844N). Pencil (8 mm in width) for scale; LN = lichen; Qzite = Ketyet River group 
quartzite. Photo locations in UTM coordinates using datum WGS84, Zone 14N. 

 

Clasts of quartz veins with comb and bladed textures (Figures 3.13e, f) are intermixed with clasts 

of quartzite, gneiss, granite, and rhyolite of the Pitz Formation within basal Thelon Formation 

conglomerate. Similar to the initial faulting event, this provides evidence that an epithermal 

faulting event occurred prior to the deposition of the basal Thelon Formation. 

3.5.4. Late reactivation event(s) 

Late reactivation of the Thelon and Judge Sissons faults extensively fractured the adjacent rocks and 

formed non-cohesive, crackle to mosaic, cataclastic breccias. The fractures typically occur along 

the margins of pre-existing planar anisotropies such as older veins, breccias, gneissic foliation 

planes and lithological contacts (Figure 3.14a). Fractures are locally striated and filled with a non-

cohesive gouge, consisting of very fine-grained sand- to clay-sized comminuted and altered wall 

rock material. The cataclastic breccias are clast-supported and vary in thickness from 1-100 cm. 

Clasts are angular to sub-angular, 0.1-5.0 cm in size, and are surrounded by a matrix composed of 

0.2-2.0 mm crushed rock fragments (Figure 3.14b). 
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Figure 3.14. Drill core photographs of late reactivation fault structures along the Thelon and Judge Sissons faults. 
(a) Clay-altered gouge along margin of clay-altered mesocataclasite (DDH TUR-026, 75.3 m, UTM 548966E; 
7135453N). (b) Non-cohesive, clay-altered breccia in Thelon Formation sandstone. Dotted lines outline some of the 
clasts (DDH ABR-004, 35.5 m, UTM 528036E; 7131868N). (c) Irregular cross-cutting specular hematite veins (DDH 
TUR-046, 154.1 m, UTM 549472E; 7135559N). (d) Irregular and discontinuous clay veins (DDH TUR-060, 127.8 m, 
UTM 548898E; 7135824N). Photo locations in UTM coordinates using datum WGS84, Zone 14N. 

 

These breccias are spatially associated with uranium mineralization and were intensely altered 

during this hydrothermal event. Measurement of their orientation and that of the gouge-filled 

fractures is hindered by the broken up and friable nature of the drill core. However, all planar 

structures including fractures, breccia, and most lithological contacts, as well as striations along 

fracture planes, are typically oriented at low angles to the drill core axis. As most drill holes have 

steep to near vertical inclinations, we infer that pre-existing anisotropies were reactivated as 

normal or reverse dip-slip faults during the uranium mineralizing event(s) (Figures 3.15a, b). 
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Where the rock is less altered and drill core is more continuous, the orientation of the gouge-filled 

fractures can be estimated and they typically strike E to NE with moderate to shallow dips 

(Figures 3.16a, b). 

 

Figure 3.15. Drill core photographs of fracture surfaces with slickenlines in clay-altered units along the Judge Sissons 
fault zone. (a) DDH AYA-004, 36.4 m - steep dip-slip slickenlines along a thin gouge-filled fracture in clay- and 
hematite-altered sandstone of the Thelon Formation. (b) DDH AYA-004, 37.5 m - dip-slip slickenlines along limonite- 
and clay-altered fracture in Thelon Formation sandstone. AYA-004 drill hole location: UTM 527833 E; 7131731N. 
Photo locations in UTM coordinates using datum WGS84, Zone 14N. 
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Figure 3.16. Uni-directional rose diagrams and equal area, lower hemisphere contoured stereonet diagrams of 
structures related to the late reactivation event(s). The contoured stereonet diagrams were created using the Kamb 
contouring method (Kamb 1959) with an inverse area square smoothing technique from Vollmer (1995). Contour 
intervals are in 1 sigma standard deviations. (a) Rose diagram of gouge orientations with one orientation group 
representing 12% of all measurements. (b) Contoured stereonet diagram of poles to gouge structures. (c) Rose 
diagram of clay vein orientations with one orientation group representing 15% of all measurements. (d) Contoured 
stereonet diagram of poles to clay veins. 

 

3.5.4.1. Uranium mineralization and alteration 

Uranium mineralization is found at the Ayra prospect in the Thelon Formation and at the Qavvik 

and Tatiggaq prospects in the Archean supracrustal rocks and to a lesser extent in monzogranite 
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and syenite of the Hudson Intrusive Suite (Figure 3.3). The Ayra prospect is characterized by 

intense clay alteration and weakly enriched uranium values (i.e. metasedimentary rocks: >50 ppm 

U; sandstone: >2 ppm U). The Qavvik and Tatiggaq prospects are located off the Thelon and Judge 

Sissons faults. The two faults were reactivated and altered during the uranium mineralizing event 

but are only weakly mineralized. The Tatiggaq prospect is the more prospective of the two and is 

located in fractured and brecciated rocks along second order ENE-trending faults close to or 

parallel to the Judge Sissons fault. The Qavvik prospect occurs along another second order ENE-

trending fault between the Thelon and Judge Sissons faults (Figure 3.3). Uranium mineralization 

at these two prospects consists of pitchblende, uraninite, coffinite, and uranophane along cm- to 

m-scale reduction-oxidation fronts that extend horizontally from gouge-filled fractures and 

breccias. Uranium minerals are largely precipitated as disseminations and blebs along fluid-driven 

reduction-oxidation fronts (Figures 3.17a, b), and as massive pitchblende and uraninite pods filling 

open space cavities along fractures and breccias. Proximal, medial, distal, and outer distal 

alteration zones surround and extend more than 100 m into the hanging wall of the mineralized 

zones (Figure 3.18). The proximal alteration zone is 1-15 m thick and consists of strong pervasive 

and alternating banded to patchy red hematite, limonite, sooty sulphide, chlorite and clay 

alteration. The medial alteration zone is 3-70 m thick and is characterized by weak to strong, 

pervasive to patchy limonite, sooty sulphide and clay alteration. The distal alteration zone is 20-

80 m thick and comprised weak to strong pervasive clay alteration and locally moderate to strong 

pervasive dark purple and locally silver specular hematite alteration. The outer distal alteration 

zone extends 50-100 m from the mineralized zones and is characterized by coarse (1-2 mm) 

specular hematite and white clay-filled fractures. The specular hematite is dark purple to silver and 

forms 0.1-5.0 cm wide vuggy veins filling fractures along pre-existing breccia contacts and quartz 
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vein margins (Figure 3.14c). The fractures are cut by 1-10 mm thick, white clay-rich fractures with 

irregular, serrated walls (Figure 3.14d). The latter fractures are NW- to ENE-striking, moderate- 

to steep-dipping, and form stockworks overprinting the previously faulted rocks (Figures 3.16c, 

d). 

 

Figure 3.17. Drill core photographs of uranium mineralization within clay-altered and non-cohesively fractured and 
brecciated Archean supracrustal rocks. (a) Fracture-controlled and replacement pitchblende mineralization within 
clay-altered psammopelite gneiss. Assay values in vicinity of photograph = 3.17% U3O8 over 0.5 m (DDH SAN-006, 
288 m, UTM 533545E; 7135796N). (b) Massive and fracture-controlled pitchblende mineralization in strongly clay 
altered and brecciated psammopelite gneiss. Assay values in vicinity of photograph = 3.01% U3O8 over 0.3 m (DDH 
TUR-017, 135 m, UTM 548875E, 7135500N). Photo locations in UTM coordinates using datum WGS84, Zone 14N. 
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Figure 3.18.  NW-SE cross-section across the Tatiggaq prospect showing the geologic setting of the uranium 
mineralization and the surrounding alteration halo. See Figure 3.3 for location of the Tatiggaq prospect. 

 

3.6 U-Pb LA-ICP-MS geochronology 

One sample of quartzofeldspathic orthogneiss and two samples of monzogranite from the Hudson 

Intrusive Suite were collected for U-Pb zircon geochronology (Figure 3.3). Age uncertainties are 

reported at the 2σ level. The methodology is described in Appendix A, and the data are listed in 

Appendix C – Supplemental Electronic Files – Table S4. 
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Figure 3.19. Representative cathodoluminescence images of zircons from samples dated by Laser Ablation ICP-MS 
U-Pb geochronology. Ablation pits are outlined with yellow circle. 207Pb/206Pb dates for ablated material are reported 
on photographs and zircon number corresponds to data in Appendix C - Table S4. (a) 204961- semi-prismatic grain 
with coarse unzoned core and weak outer zonation with black overgrowths. (b) 204974 - prismatic and strongly zoned 
zircon with irregular core region. (c) 204974 - rounded xenocrystic core with irregular zonation and strongly zoned 
overgrowths. 

 

3.6.1. Quartzofeldspathic orthogneiss (Sample 204961) 

Sample 204961 was collected near the northeast end of Marjorie Lake from a fine- to medium-

grained quartzofeldspathic orthogneiss with 80-85% feldspar and quartz, 15-20% biotite and 

hornblende and up to 2% magnetite. The orthogneiss is strongly deformed and contains 

dismembered and highly attenuated F2 folds, a strong L2 stretching lineation, and overprinting F3 

chevron folds. Zircons are colourless to light brown and prismatic with aspect ratios of 2:1 to 3:1 

and maximum dimensions varying from 100-400 µm. Cathodoluminescence (CL) imaging show 

that most zircons have weak, irregular, and oscillatory zoning and several zircons have non-

luminescent rims overprinting resorbed primary zoning (Figure 3.19a). Most 207Pb/206Pb dates 

range between 2634 Ma and 2550 Ma. On a Concordia diagram, the zircon analyses plot along a 

discordia line with an upper intercept date of 2601.7 ±4.2 Ma (n=84; MSWD=4.0) (Figure 3.20). 

Zircon grains 2B, 4, 32, 44, 82, 84, 97, and 98 were excluded from this age calculation because 
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they have distinctly young or old 207Pb/206Pb dates (Appendix C - Table S4). The 2601.7 ±4.2 Ma 

date is interpreted as the crystallization age of the quartzofeldspathic orthogneiss. 

 

 

 

Figure 3.20. Laser Ablation ICP-MS U-Pb 
zircon Concordia diagram for Sample 204961 - 
quartzofeldspathic gneiss. Data point error 
ellipses are 2σ. 

 

 

 

3.6.2. Monzogranite (Sample 204964) 

A coarse-grained, massive monzogranite was sampled between the Thelon fault and Judge Sissons 

fault. The zircons vary in appearance from colourless to light brown with orange to red staining. 

They are 50-250 µm in size and equant to elongate with aspect ratios between 2:1 and 4:1. Most 

207Pb/206Pb dates are between 2709 Ma and 1805 Ma, but a few distinct younger dates are between 

1794 Ma and 1680 Ma (Figure 3.21a). The former dates plot on two separate discordia lines, which 

yield upper intercept dates of 1832.9 ±9.6 Ma (n=25; MSWD=7.2) and 2592.4 ±7.1 Ma (n=18; 

MSWD=3.1) (Figure 3.21a). The younger date is interpreted as the crystallization age of the 

monzogranite and the older date is interpreted as the age of inherited zircons. The younger ca. 

1794 Ma and 1680 Ma dates are inferred to reflect the influence of Pb-loss during Wharton Group 

volcanism and subsequent hydrothermal events. 
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Figure 3.21. Laser Ablation ICP-MS U-Pb zircon Concordia diagrams for Hudson Intrusive Suite (HIS) monzogranite 
samples. Data point error ellipses are 2σ. (a) 204964 (monzogranite - HIS). (b) 204974 (monzogranite - HIS). Close-
up plots are from the green circle areas on the first two Concordia diagrams and highlight the younger zircon dates 
for each sample. 

 

3.6.3. Monzogranite (Sample 204974) 

Sample 204974 was collected from drill hole LOB-002 that cuts through the Judge Sissons fault. 

The zircons are colourless to light brown with local red and yellow staining. They form prismatic 

crystals with aspect ratios of 2:1 to 3:1 and long dimensions of 100-400 µm. They show complex 

zonation patterns defined by rounded, resorbed, oscillatory zoned cores mantled by younger zircon 
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overgrowth (Figures 19b, c). Most 207Pb/206Pb dates are between 2752 Ma and 1793 Ma, but 

younger subsets of dates between 1773 Ma and 1702 Ma, and at 1641 Ma and 1395 Ma (Figure 

3.21b), are also present. These younger zircons display either fragmented fluorescence patterns or 

large non-fluorescent regions, which overprint older oscillatory zircon growth (Figures 3.22a, b, 

c). On a Concordia plot, the analyses plot along two discordia lines with intercept dates of 1831 

±11 Ma (n=19; MSWD=10.8) and 2580 ±21 Ma (n=13; MSWD=34) (Figure 3.20b). As with 

sample 204964, the younger ca. 1830 Ma date is interpreted as the crystallization age of the 

monzogranite, and the ca. 2580 Ma date is interpreted as the age of inherited zircons. The younger 

ca. 1773 Ma to 1395 Ma zircon ages are interpreted to reflect the influence of Pb-loss from 

overprinting hydrothermal events. 

 

Figure 3.22.  Cathodoluminescence images of zircons from monzogranite sample 204974 displaying unusual non-
fluorescent rim zonation patterns and < ca. 1800 Ma 207Pb/206Pb dates. Ablation pits are outlined with yellow circles. 
207Pb/206Pb dates for ablated material are reported on photographs and zircon number corresponds to data in 
Appendix C - Table S4. (a) Irregular zircon with large non-fluorescent zone cutting across an early zircon core 
domain. The non-fluorescent zone yielded a 207Pb/206Pb date of ca. 1395 Ma. (b) Zircon with unusual and irregular 
non-fluorescent growth zones that returned a 207Pb/206Pb date of ca. 1640 Ma. (c) Long prismatic and zoned zircon 
with thin non-fluorescent patches with a 207Pb/206Pb date of ca. 1770 Ma. 
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3.7 Discussion 

3.7.1. Neoarchean magmatism and Paleoproterozoic ductile deformation 

The emplacement of the igneous protolith of the quartzofeldspathic gneiss at ca. 2600 Ma marked 

a period of extensive late Archean magmatism that ended with the emplacement of plutonic and 

volcanic rocks of the ca. 2610 Ma to 2580 Ma Snow Island Suite (Roddick et al., 1992; Hinchey 

et al., 2011; Peterson et al., 2015a). This “granite bloom” has been related to the build-up of a 

continental arc on the margin of the Rae-Chesterfield block craton above a northwest-dipping 

subduction zone (Berman et al., 2010, 2013). Subsequent Paleoproterozoic D1 and D2 deformation 

events produced the strong gneissic banding in these rocks as well as the regional fabrics, folds, 

and thrust faults in the supracrustal rocks of the Aberdeen Lake greenstone belt. These structures 

and deformation events correlate with similar features in the nearby Meadowbank area, where they 

formed between ca. 1910 Ma and ca. 1840 Ma during the Trans-Hudson orogeny (Pehrsson et al., 

2013) and are thought to be responsible for thrusting of Archean supracrustal rocks over the 

Paleoproterozoic Ketyet River Group (Ashton, 1988; Zaleski et al., 2000; Sherlock et al., 2004; 

Pehrsson et al., 2013). 

The undeformed ca. 1830 Ma monzogranitic and syenitic plutons in the Aberdeen Lake area 

belong to the extensive ca. 1845 Ma to 1795 Ma Hudson Intrusive Suite (Sandeman et al., 2000; 

Miller and Peterson, 2015). These plutons cut the D1 and D2 fabrics and related folds and are not 

overprinted by D3 and D4 structures. Thus, as these plutons are offset by the Thelon and Judge 

Sissons faults, they provide a minimum age of ca. 1830 Ma for the regional ductile deformation 

and a maximum age for the initiation of brittle faulting in the Aberdeen Lake area. 

 



111 

3.7.2. Initial faulting event (ca. 1830-1760 Ma) 

Several lines of evidence suggest that the ENE-trending Thelon and Judge Sissons faults formed 

as dextral transcurrent structures. First, a large monzogranitic pluton of the Hudson Intrusive Suite 

is dextrally offset by up to 14 km along the two faults as showed on geological and airborne 

magnetic maps (Figures 3.3, 3.7). Second, in the damage zone of the Judge Sissons fault, quartz 

veins are steeply-dipping and occupy fractures oriented either parallel or clockwise to the fault, 

and are offset by sinistral fractures oriented at a high-angle clockwise to near-perpendicular to the 

ENE-striking fault. This is consistent with their formation as extensional veins that were offset by 

antithetic Riedel (R’) shear fractures during NW-directed shortening and dextral slip along the 

fault (Figures 3.8, 3.9a, b). Third, the shallow rake of slickenlines along slip surfaces in the fault 

core zones, and the asymmetry of slickenline-parallel trailed material markings and cross-cutting 

steps, are further indicative of dextral transcurrrent movement. During faulting, the breccias, 

cataclasites, and fractures acted as pathways for the infiltration of fluids, the formation of quartz 

veins, and pervasive hematization (Figures 3.23a, b). Continued movement along the faults 

fractured and fragmented the veins and breccias and resulted in the development of progressively 

younger generations of cross-cutting quartz veins and breccias (Figure 3.23c). The formation of 

the faults is bracketed between ca. 1830 Ma, the crystallization age of the monzogranite pluton, 

and ca. 1760 Ma, the age of Wharton Group magmatism (Figure 3.24 - initial faulting event), as 

discussed below. 
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Figure 3.23. Paragenetic model of the different quartz and breccia events related to movement along the Thelon and 
Judge Sissons faults. (a) Initial faulting event - early fracturing and formation of the damage zone. (b) Initial faulting 
event- vein infill of early fractures, early pervasive maroon hematite alteration and subsequent formation of quartz 
hydrothermal crackle breccias. (c) Initial faulting event - ongoing fault movement led to the development of the core 
zone protocataclasites and mesocataclasites. (d) Epithermal faulting event - quartz veining event with comb, 
crustiform, cockade and bladed textures. (e) Late reactivation event - creation of non-cohesive fractures, breccia and 
gouge along the margins of and nearby older fault structures. (f) Late reactivation event - emplacement of specular 
hematite (HS) and clay veins in outer distal alteration envelope related to uranium mineralization. 
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Damage zones are areas of highly fractured rock surrounding one or multiple core zones (Chester 

and Logan, 1986; Faulkner et al., 2003). Processes involved in the formation of damage zones 

include: 1) coalescence of tensile microcracks during fault initiation; 2) linkage of tips of adjacent 

parallel faults; 3) tensile and compressive fracturing in process zones at the tips of propagating 

faults; 4) cumulative fracture damage caused by slip along irregular fault surfaces; and 5) co-

seismic dynamic fracture propagation (Mitchell and Faulkner 2009; Faulkner et al. 2010).  Damage 

zones likely form from a combination of those processes and thus interpreting fracture patterns is 

commonly difficult especially for large and long-lived fault zones (Faulkner et al. 2010). Within 

the damage zones of the Thelon and Judge Sissons faults, the fracture and vein pattern is relatively 

simple as discussed above. Antithetic R’ structures and tensile fractures are more prominent than 

synthetic Riedel (R) structures, which would be anomalous if this were not also observed along 

other strike-slip faults such as the Malta Fault in the Rio do Peixe Basin (Kim and Sanderson, 

2006). Abundant antithetic R' structures develop at the tip of the master fault and commonly form 

in association with branch faults producing block rotation and increased seismic activity 

(Nicholson et al., 1986; Kim et al., 2003).  The presence of fault-parallel extensional veins with 

massive to comb textures suggests that the fractures hosting the veins opened against the normal 

stresses acting on the faults.  This is not typically described in brittle fault zones but can be 

explained by the injection of high-pressure fluids following depressurization and even spalling of 

fault-parallel sheets of wall rocks due to stress release immediately following seismic events (Cox, 

2020).  
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Figure 3.24.  Synopsis of U-Pb zircon age and events for the Aberdeen Lake area. 

 

3.7.3. Epithermal faulting event (ca. 1760-1740 Ma) 

The epithermal faulting event (Figure 3.23d) marks the release of hydrothermal fluids at upper 

crustal levels as described for epithermal (epizonal) precious metal deposits, which typically form 

at temperatures between 160◦C and 270°C (Lindgren, 1933; Henley, 1985, 1991; Hedenquist et 

al., 2000; Henley and Berger, 2000; Simmons et al., 2005; Sillitoe, 2015). The Judge Sissons and 

Thelon faults contain quartz veins with comb, crustiform, banded, cockade, and lattice-bladed 

textures similar to those associated with epithermal deposits. Such veins form by the precipitation 

of silica from hydrothermal fluids that become supersaturated in silica during cooling, fluid 

mixing, fluid-rock interactions, boiling, and transient pressure drops (Buchanan, 1981; Fournier, 

1985; Dong et al., 1995), with the main mechanisms involving the cooling and boiling of 

supersaturated hydrothermal fluids. “Gentle boiling” or adiabatic boiling involves the slow cooling 

and decompression of boiling fluids during their ascent (Fournier, 1985; Dobson et al., 2003; 

Moncada et al., 2012; Shimizu, 2014) and silica becomes saturated in the hydrothermal fluid as 
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steam separates from it. “Intense boiling” involves the sudden decompression and fast cooling of 

hydrothermal fluids due to rapid and transient pressure drops during faulting (Fournier, 1985; 

Dobson et al., 2003; Moncada et al., 2012; Shimizu, 2014) and a large pressure drop can cause the 

instantaneous and total conversion of the fluid into steam, a process called “flashing” (Brown, 

1986).  

Comb-textured veins with zoned euhedral quartz crystals are indicative of protracted open space 

filling at upper crustal levels typical of epithermal systems or peripheral to those systems (Oliver 

and Bons, 2001). This texture is thought to form during gentle boiling or slow cooling of a non-

boiling fluid that is slightly supersaturated in silica (Shimizu, 2014). Banded crustiform veins 

typically comprise chalcedony bands that form by rapid nucleation and precipitation of silica from 

a fluid with a high degree of silica supersaturation achieved through intense boiling and rapid 

cooling (Fournier, 1985; Henley and Hughes, 2000; Dobson et al., 2003; Moncada et al., 2012; 

Shimizu, 2014).  Chalcedonic and saccharoidal quartz layers may precipitate directly as 

microcrystalline quartz or as amorphous silica that later recrystallizes into more stable 

microcrystalline quartz (Fournier, 1985). Lattice-bladed veins or bands in crustiform veins formed 

during episodic flashing (Browne, 1978; Buchanan, 1981; Brown, 1986) and precipitates first as 

primary carbonate or barite crystals that are later dissolved and replaced by quartz (Buchanan, 

1981). The last type of vein, cockade-textured veins, are produced by the entrainment of host rocks, 

fault rocks, and older vein fragments in ascending hydrothermal fluids (Shimizu, 2014). The 

breccias form during faulting, and the fragments may become coated by chalcedony bands, which 

formed during intense boiling, and comb-textured and granular crystalline quartz, which 

precipitated in bands and infills between fragments during gentle boiling (Dobson et al., 2003; 

Shimizu, 2014) or cooling from a non-boiling fluid (Moncada et al., 2012). Epithermal 



116 

hydrothermal systems are dynamic environments with maximum boiling depths that may shift over 

time (Moncada et al., 2012), resulting in spatially overlapping veins with distinct different textures 

as observed along the Judge Sissons and Thelon faults. 

Similar to epithermal deposits, hydrothermal fluid flow along the Thelon and Judge Sissons faults 

may have been driven by localized magmatic activity. Similar vein textures are described at the 

Contact uranium prospect in the Kiggavik area, 15 km southeast of Aberdeen Lake (Grare et al., 

2018). Possible hydrothermally-modified zircon grains from this study are dated at ca. 1760-1720 

Ma, which correlates with the age of the Wharton Group felsic volcanic rocks that are exposed in 

the Aberdeen Lake area along strike of the Judge Sissons fault (Figure 3.3). The mineralogy of the 

veins associated with this event is indicative of a low-sulphidation epithermal environment. The 

age of the Wharton volcanic rocks and hydrothermally-modified zircon, together with the 

intermixing of clasts of Wharton Group volcanic rocks and epithermal quartz veins at the base of 

the Thelon Formation (Figure 3.13f), suggests that the flow of hydrothermal fluids along the 

Thelon and Judge Sissons faults is likely linked to a broader Wharton Group magmatic event that 

predates the deposition of the Thelon Formation. This event is therefore bracketed between ca. 

1760-1750 Ma, the emplacement age of the Wharton Group (Peterson et al., 2002; Rainbird et al., 

2003; Peterson et al., 2015b), and ca. 1720 Ma, the onset of Thelon Formation deposition (Rainbird 

et al. 2003; Palmer et al. 2004) (Figure 3.24 - epithermal faulting event).  A strong silicification-

brecciation event at ca. 1750 Ma was similarly proposed by Grare et al. (2018; 2020). 

3.7.4. Thelon Basin sedimentation (ca. 1740-1540 Ma) 

Sandstone and conglomerate of the Thelon Formation were deposited between ca. <1740 Ma 

(Miller et al., 1989; Rainbird et al., 2003; Rainbird and Davis, 2007) and ca. 1540 Ma, the age of 
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the overlying shoshonitic basalt of the Kuungmi Formation (Gall et al., 1992). This 200 m.y. time 

interval represents a period of relative tectonic quiescence dominated by intracratonic basin 

formation across the entire Rae-Hearne craton (Figure 3.24 - Thelon Basin sedimentation). This 

includes the Thelon Basin and other basins that are similar in age and stratigraphy such as the 

Athabasca, Hornby Bay and Ulu basins (Rainbird et al., 2003). The Thelon and Judge Sissons 

faults may have been reactivated during basin formation but any structures that formed during this 

event would be masked by the strong alteration and the younger structures associated with the 

uranium mineralizing event(s). 

3.7.5. Late reactivation event(s) (ca. 1600-1300 Ma) 

Late, post-Thelon reactivation of the Thelon and Judge Sissons faults created an extensive network 

of non-cohesive fractures, breccias and gouge (Figure 3.23e), which acted as pathways for the 

migration of hydrothermal fluids. In the study area, the fluids reacted with the basement rocks to 

produce the extensive and pervasive alteration halos of clay and specular hematite that surround 

the Tatiggaq, Qavvik, and Ayra prospects (Figure 3.23f). Hematization and clay alteration of the 

basement rocks due to the breakdown of feldspars and micas to illite and chlorite are typically 

associated with uranium mineralization in the Thelon Basin (Fuchs and Hilger, 1989; Hasegawa 

et al., 1990; Sharpe, 2013; Riegler et al., 2014; Sharpe et al., 2015; Shabaga et al., 2017). 

The late, post-Thelon reactivation of the Thelon and Judge Sissons faults occurred after the 

deposition of the Thelon Formation at ca. <1740 Ma (Miller et al., 1989; Rainbird et al., 2003; 

Rainbird and Davis, 2007) and before the emplacement of the cross-cutting Mackenzie diabase 

dikes at ca. 1267 Ma (LeCheminant and Heaman, 1989; Figure 3.24 – Late reactivation event(s). 

Tighter constraints on the age of the reactivation and uranium mineralization events may be 
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provided by the dated monzogranite samples. Zircons from these two samples yielded younger 

dates of ca. 1740 Ma to ca. 1710 Ma, ca. 1680 Ma to ca. 1640 Ma, and ca. 1400 Ma. The ca. 1740 

Ma to ca. 1710 Ma dates coincide with the formation of the Thelon Basin (Miller et al. 1989; 

Rainbird and Davis, 2007). The ca. 1680 Ma to 1640 Ma dates overlap with the age of diagenesis 

in the basin which is constrained by ca. 1650 Ma illite (Renac et al., 2002) and ca. 1667 Ma 

diagenetic apatite (Davis et al., 2011) in non-mineralized sandstone of the Thelon Formation. The 

ca. 1400 Ma dates are similar to that of fluorite-bearing veins in the Mallery Lake area (Figure 3.2) 

located approximately 50 km south of the study area. These veins yielded an Sm-Nd errorchron 

age of 1434 ±23 Ma (Turner et al., 2003). They host low-grade precious metal (Au-Ag) 

mineralization, which has been attributed to Wharton Group magmatism (Turner, 2000; Turner et 

al., 2003), but is more akin to unconformity-type uranium mineralized systems given their age, 

and the high salinity (23-31 wt.% NaCl equivalent) and low temperatures (90°C to 150°C) of the 

mineralizing fluids.  The fluid chemistry measured in the Mallery Lake veins is similar to those of 

other unconformity-type uranium deposits associated with Proterozoic basins overlying the Rae-

Hearne craton, which have salinities upwards of 15-30 wt.% NaCl equivalent and temperatures 

ranging from 120°C to 240°C (Kotzer and Kyser, 1995; Kyser et al., 2000; Derome et al., 2005). 

Altered rocks at the Kiggavik, Bong and Andrew Lake deposits (Figure 3.3), returned younger K-

Ar and Ar-Ar illite ages ranging mostly between ca. 1386 Ma to 1311 Ma with a few younger ages 

ranging from ca. 1179 to 932 Ma (Weyer et al.,1987; Miller and LeCheminant, 1985; Riegler, 

2013; Shabaga et al., 2017). U-Pb geochronology of pitchblende/uraninite from the Kiggavik, 

Bong, End and Andrew Lake deposits yielded ages at ca. 1520 Ma, ca. 1400 Ma, ca. 1300 to 1000 

Ma, and a few very young ages at ca. 500 and 300 Ma (Farkas, 1984; Fuchs and Hilger, 1989; 

Riegler, 2013; Sharpe et al., 2015; Shabaga et al., 2017; Grare et al., 2020). The ca. 1400 Ma date 
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from the monzonite sample and the ca. 1434 Ma Sm-Nd age from the Mallery Lake area, in 

conjunction with the partially overlapping pitchblende/uraninite and illite ages listed above, 

suggests that uranium mobilization and reactivation of the Thelon and Judge Sissons faults in the 

Aberdeen Lake area occurred as late as ca. 1300 Ma as previously reported by Grare et al. (2020). 

Sharpe et al. (2015) reported an older U-Pb pitchblende age of 1520 Ma for mineralization at the 

Bong deposits (Figure 3.3). This age is similar to that of an early, ca. 1590 Ma to ca. 1520 Ma, 

post-diagenetic hydrothermal event in the Athabasca basin (McGill et al., 1993; Alexandre et al., 

2007), although most other Athabasca uraninite and illite dates are younger and fall between ca. 

1460 Ma and 1350 Ma (McGill et al., 1993; Fayak et al., 2002; Alexandre et al., 2009; 

Chernonozhkin et al., 2020). Collectively, this suggests that both the Athabasca and Thelon basins 

experienced major, long-lived, uranium-mineralizing and fault-reactivation events between ca. 

1600 Ma and 1300 Ma. 

3.7.6. Other major faults of the Rae Domain 

The deformation history of the Judge Sissons and Thelon faults is similar to that of other major ENE-

trending faults in the Rae domain, including the McDonald fault and Wager Bay shear zone 

(Figures 3.1, 3.2). The McDonald fault is a dextral mylonite zone that cuts through ca. 1840 Ma 

plutons (Bowring, 1985; Hildebrand et al., 2010; Cook, 2011; Hildebrand, 2011) and was 

reactivated at ca. 1735 Ma as a brittle dextral transcurrent fault (Henderson et al., 1990). Previous 

interpretations have suggested that the McDonald fault formed during indentation of the Rae 

domain by the Slave craton during the Taltson-Thelon orogeny (Gibb, 1978; Hoffman, 1989; 

Henderson et al., 1990). However early movement along the fault has also been attributed to 

accretion of the Hottah Terrane, a Paleoproterozoic terrane west of the Slave Craton (Ootes et al., 
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2015), and to the Wopmay orogeny at ca. 1875-1850 Ma along the western margin of the Slave 

craton (Hoffman, 1980; Hildebrand et al., 1987; Cook, 2011; Jackson et al., 2013). The Wager 

Bay shear zone is a 0.2 to 3.0 km wide, dextral, ductile shear zone that extends for roughly 450 

km across the east-central Rae domain (Henderson and Broome, 1990; Therriault et al., 2017). The 

fault initially formed at ca. 1850 Ma (Corrigan et al., 2009) during collision of the Sugluk and 

Superior cratons with the Rae-Hearne craton (Henderson and Broome, 1990) and continued to be 

active throughout the remainder of the Trans-Hudson orogeny from ca. 1830 Ma to ca. 1800 Ma 

(Corrigan et al., 2009; Wodicka et al., 2017). In summary, the McDonald and Wager Bay faults 

formed and were reactivated in response to the far-field stresses and bulk east-west shortening 

generated during the indentation of the Slave craton into the Rae-Hearne craton to the west during 

the Taltson-Thelon orogeny and collision and continued convergence with the Sugluk, Sask. and 

Superior cratons to the east during the Trans-Hudson orogeny (Ashton and Hunter, 2004; Ashton 

et al., 2004, 2009). The Thelon and Judge Sissons faults have similar deformation histories but 

their more brittle behavior suggests that they formed at shallower crustal depths. However, it is 

likely that had these faults been exhumed from greater depths, a more ductile structural character 

would be observed. 

 

3.7.7. Comparisons with large Cenozoic strike-slip fault and fluid flow systems 

Active strike-slip faults form in several different tectonic settings. The Karakorum and the Altyn 

Tagh faults are located along the northwest margin of the Tibetan Plateau in southwest Asia. They 

are excellent examples of long-lived, crustal-scale, strike-slip faults, which formed during 

continental collision. They have extensive strike-lengths (up to 2500 km) and significant offsets 

of 100 km and more and have been active over the last 15-50 m.y. during the Himalayan-Tibetan 
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orogeny (Murphy et al., 2000; Yin et al., 2002; Lacassin et al., 2004; Rutter et al., 2007; Cheng et 

al., 2016) and possibly underwent movement as far back as 250 Ma ago (Wang et al., 2005). The 

San Andreas fault in California is another example of a long-lived, crustal-scale, strike-slip faults, 

which acts as a transform fault between the Pacific plate and the south-migrating North American 

plate. The fault has been active for 23-38 Ma (Powell, 1993; Simms, 1993; Sharman et al., 2013) 

for a total offset of roughly 100 km. Another example is the Median Tectonic Line in Japan which 

differs from the Karakorum, Altyn Tagh and San Andreas faults by its island arc setting. It formed 

above a west-dipping subduction zone to accommodate the arc-parallel component of oblique 

convergence between the arc and the subducting plate. It can be traced over >1000 km and has 

been active as far back as the Cretaceous (Jeffries et al., 2006). Regardless of their tectonic setting, 

these major strike-slip faults have been active over several millions of years and formed to 

accommodate the lateral movement of tectonic plates or the lateral flow of rocks parallel to 

collisional orogenic fronts. 

Major faults in the upper crust either form conduits or barriers to fluid flow (Caine et al., 1996; 

Gudmundsson, 2000; Bense et al., 2013). The movement of fluids along faults is facilitated by 

processes that increase permeability, such as fracturing and brecciation, and is hindered by 

processes that reduce permeability, such as cataclasis, compaction, cementation, and alteration of 

the host rocks to clay minerals (Bense et al., 2013). At depth, veins provide clues on the passage 

of fluids along faults and on the faulting processes that affected the flow of these fluids (Oliver 

and Bons, 2001). At surface, fluid flow is manifested by hot springs punctuating the faults at 

discharge areas (Forster et al., 1997). For example, hot spring activity is reported in Asia along the 

strike-slip Hunan-Jiangxi fault, which accommodated the lateral escape of crustal slices away from 

the colliding India and Eurasian plates (Li et al., 2001, 2002). Other examples include crustal-scale 
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brittle faults in the Canadian Cordillera, which acted as conduits for the downward flow and 

penetration of cool meteoric water into the crust, but also allowed for hotter, deep-seated lower 

crustal to mantle fluids to move up from below without requiring high-heat flow or a high-level 

magmatic intrusion (Grasby and Hutcheon, 2001). Similarly, the Alpine fault in New Zealand 

allowed mantle fluids to migrate upwards through the crust (Menzies et al., 2016) as did the San 

Andreas fault in the southwest U.S.A. as suggested by helium isotope values from hot springs 

along the fault (Kennedy et al., 1997). These examples reveal a strong association between deep 

crustal faults and prolonged hydrothermal activity (Hochstein and Regenauer-Lieb, 1998). 

Injections of fluids may trigger seismic events (Cox, 2016) and may contribute to the migration of 

hydrothermal fluids from the deep crust to the surface. Pulsatory fluid regimes and deep convection 

of brines downward into fault zones is interpreted as an important factor for the formation of large 

U, Pb-Zn and F-Ba deposits at or near basement/cover unconformities (Boiron et al., 2010). 

The Thelon and Judge Sissons faults are Precambrian examples of major, long-lived, strike-slip 

faults with upper crustal level hydrothermal activity. Dextral movement along the Thelon and 

Judge Sissons faults began after ca. 1830 Ma, the age of the Hudson Intrusive Suite, continued 

during Wharton Group magmatism at ca. 1760 Ma, and ended after the emplacement of the ca. 

1750 Ma McRae Lake dikes. The latter are dextrally offset along the two faults, although less so 

than the Hudsonian pluton that is cut by the faults, suggesting that dextral movement along the 

two faults continued after the emplacement of the dikes. The initial faulting event formed in 

response to protracted northwest-directed shortening in the hinterland between the Taltson-Thelon 

and the Trans-Hudson orogenies, and thus shares similarities to the Karakorum and Altyn Tagh 

strike-slip faults, which formed in the hinterland of the Himalayan-Tibetan orogen.  During 

Wharton Group magmatism at ca. 1760 Ma to ca. 1750 Ma, hydrothermal fluid activity at upper 
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crustal levels led to the formation of comb, crustiform-cockade and bladed textured veins. Erosion 

of the basement rocks and faults between ca. 1720 Ma and ca. 1540 Ma shed detritus in the newly-

formed Thelon Basin into which thick sequences of sandstone and conglomerate accumulated and 

were later capped by thin deposits of shoshonitic basalt (Kuungmi Formation) and stromatolite-

bearing marine dolomite and evaporite (Lookout Point Formation) (Hiatt et al. 2003). Similar 

intracratonic basins such as the Athabasca, Hornby Bay and Ulu basins were also deposited 

throughout northern Laurentia at roughly the same time (Rainbird et al., 2003; Jefferson et al., 

2007). These basins formed as the southern margin of the continent was under compression during 

the ca. 1780 Ma to ca. 1650 Ma Yavapai and Mazatzal orogenies (Johansson, 2009; Furlanetto, 

2015). A few million years later, the ca. 1640 Ma Wernecke basin formed during rifting of the 

northwest margin of Laurentia (Thorkelson et al., 2001) and was deformed during the Racklan-

Forward orogeny at ca. 1640 Ma to ca. 1600 Ma (Brideau et al., 2002; Thorkelson et al., 2003, 

2005; Laughton et al., 2005). Reactivation of the Thelon and Judge Sissons faults and the 

emplacement of uranium mineralization was likely coeval with this orogenic event and with later 

continent-wide extension of Laurentia (Anderson, 1983; van Breemen and Davidson, 1988; 

Windley, 1993; Frost et al., 2001), as hypothesized by the deposition of the Belt-Purcell 

Supergroup in a passive rift setting between ca. 1470 Ma and ca. 1445 Ma (Chandler, 2000; Price 

and Sears, 2000) and the emplacement of voluminous suites of ca. 1400 Ma granitoid plutons from 

southern California to Labrador, Canada (Anderson, 1983; Windley, 1993). The drivers of the late 

reactivation and uranium mineralization fluid flow event(s) are interpreted as one or several of 

these compressional to extensional events that post-date the deposition of the Thelon Formation.  

The duration of fault movement and reactivation along the Thelon and Judge Sissons faults 

exceeds the known movement histories of modern crustal faults such as the Karakorum and Altyn 
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Tagh faults. However, these faults will remain active for many years and even millions of years to 

come and so are excellent modern analogues for the Thelon and Judge Sissons faults. 

3.8 Conclusions 

The Thelon and Judge Sissons faults are long-lived Paleoproterozoic to Mesoproterozoic faults with 

complex reactivation and hydrothermal histories. The faults initially formed at <1830 Ma as dextral 

transcurrent faults. They were reactivated at ca. 1760 to ca. 1750 Ma during the migration of 

hydrothermal fluids to upper crustal levels and between ca. 1600 Ma and ca. 1300 Ma during the 

emplacement of uranium mineralization during reverse or normal movement along the faults. The 

structural history of the Thelon and Judge Sissons faults is similar to that of other large dextral 

strike-slip faults in the Rae craton (e.g. McDonald and Wager Bay fault zones), which formed in 

the hinterland of the Taltson-Thelon Orogen to the west and the Trans-Hudson Orogen to the east, 

respectively. It is also broadly similar to that of the Karakorum and Altyn Tagh faults in Tibet, which 

formed in the hinterland of the Himalayan-Tibetan Orogen during the collision of India with 

Eurasia. 

Large crustal-scale faults are commonly the loci of active hot springs produced by the discharge 

of hydrothermal fluids at surface. Along the Thelon and Judge Sissons faults, breccias and veins 

with comb, crustiform, cockade and bladed textures, formed due to the discharge of hydrothermal 

fluids possibly heated at depth by Wharton Group magmas. As with other large crustal-scale faults, 

the fluids may have reached the surface to form hot springs. Reactivation of the two faults during 

far-field accretionary events at ca. 1600 Ma and during Laurentia-wide extensional events at ca. 

1500 Ma to ca. 1300 Ma channeled the flow of new pulses of hydrothermal fluids resulting in the 

formation of unconformity-type uranium deposits. 
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using structural and fluid inclusion data from northeast Thelon Basin area, Nunavut 

R.C. Hunter, B. Lafrance, D. Kontak, D. Thomas 
 

(For submission to Economic Geology or Ore Geology Reviews) 

 

Abstract 

The Tatiggaq and Qavvik prospects are high-grade, structurally controlled, basement-hosted, 

unconformity-related uranium showings discovered in 2009-2010 in Nunavut, northern Canada. 

A third prospect named Ayra is overlain by preserved Thelon Formation and hosts elevated 

uranium values in Thelon Formation sandstone as well as within the basement gneisses. The 

basement rocks consist of Archean psammopelitic to pelitic gneisses and orthogneisses of the 

Aberdeen Lake supracrustal belt and granitoids of the Paleoproterozoic Hudson Intrusive Suite. 

The three prospects are located near ENE-trending secondary faults associated with two master 

dextral transcurrent faults: the Thelon and Judge Sissons faults. The Qavvik prospect is also 

located near the intersection between secondary ENE-trending faults and a prominent, sinistral, 

NW-trending fault. The Ayra prospect occurs along a NE-trending segment of the ENE-trending 

Ayra fault, where it is intersected by a sinistral NW-trending fault.  Uranium mineralization forms 

ENE-trending lenses of uraninite, coffinite and uranophane. The latter were deposited along 

steeply-dipping fracture zones and non-cohesive breccia/fault zones, as weak to strong 

disseminations along roll-front reduction-oxidation interfaces in the wall rock adjacent to those 

structures, and as small veinlets or infillings along a pre-existing tectonic foliation.  The prospects 
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are surrounded by a distal to proximal alteration halo characterized by extensive clay, sooty 

sulphide, and hematite alteration, and by distinctive enrichment in B, V, Ag, As, Ni, and U and 

depletion in CaO, Na2O, Ba, Cu and W. Secondary fluid inclusions (vapor > fluid) in post-Thelon 

Formation quartz veins yielded homogenization temperatures upwards of ~300ºC. They are 

interpreted to represent a hot, reduced, sulphur-bearing basement fluid that acted as a reductant for 

uranium deposition. During normal reactivation of the dextral ENE-trending faults and sinistral 

NW-trending faults at ca. 1500 Ma to 1300 Ma, this fluid flowed upward along the faults and 

mixed with low temperature, oxidized and uranium-rich, basinal fluids to form high-grade uranium 

zones. This new modified diagenetic/hydrothermal metallogenic model involves the repeated 

normal reactivation of basement faults by fault-valve driven injection of fluid pulses into a large, 

interconnected fault system, which was initially created during dextral transcurrent movement 

along the Thelon and Judge Sissons faults at ca. 1830 to 1760 Ma. 

4.1 Introduction 

Understanding the principal controls on the formation of ore deposits is vital for exploration 

discovery, deposit delineation and extraction. In several types of ore deposits, the transport and 

trapping mechanisms are controlled by the structural setting. Unconformity-related uranium 

deposits are characterized as high-grade (largely > 1% to 20+% U3O8) zones that consist of pods, 

lenses, or veins located close to the basal unconformity between Proterozoic sandstone basins and 

metamorphosed supracrustal basement rocks (Hoeve and Sibbald, 1978). Their proximity along or 

adjacent to reactivated basement faults and shear zones that either intersect the sandstone basin 

unconformity or were inferred to intersect at an earlier time prior to erosion is a defining 

characteristic (Hoeve and Sibbald, 1978; Jefferson et al., 2007). The importance of understanding 
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the underlying structural framework is therefore, key to understanding the unconformity-related 

uranium deposit model. 

Many studies have focused on the geochemistry, alteration, fluid chemistry, and mineralogy of 

unconformity-related uranium deposits within the Athabasca and Thelon basins, however, only a 

few have focused primarily on the structural controls on mineralization (Baudemont and 

Fedorowich, 1996; Tourigny et al., 2000, 2007; Lorilleux et al., 2002; Grare et al., 2018; 2020; 

Hillacre, 2018) and as a result, an overarching structural mechanism that ties unconformity-related 

deposits together has yet to be presented. As of 2015, the Athabasca Basin is reported to host 

approximately 1,027,000 tU at an average grade of >1% U (IAEA, 2018a), making it the largest 

high-grade uranium district in the world. The Thelon Basin is a less explored unconformity-related 

uranium district that spans the border between the Northwest Territories and Nunavut. Small 

prospects have been discovered in the Boomerang area along the southwest margin of the basin, 

where a minor intersection of 0.4% U over 0.5 m has been reported (Davidson, 1989; Beyer et al., 

2010), but most estimated uranium resources (154,000 tU at 0.23% U) are from the northeast 

margin of the basin and underlying basement rocks in the Kiggavik area (AREVA, 2008). In 2009 

and 2010, the Tatiggaq and Qavvik uranium prospects were discovered, respectively, 5-10 km 

west of the Kiggavik area and they represent some of the latest unconformity-related uranium 

discoveries in the northeast Thelon Basin area. 

 

The focus of this study is the Tatiggaq, Qavvik and Ayra prospects located in the Aberdeen Lake 

area. The objectives are: 1) to evaluate their structural setting and architecture; 2) provide insight 

into their fluid history through fluid inclusion petrography and analysis; 3) compare and contrast 
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their structural controls on uranium mineralization with those at other Thelon and Athabasca Basin 

deposits; and 4) construct a new structural model for the formation of unconformity-related 

uranium deposits that is applicable to both basins. A new structural model may impact both 

exploration strategies and successes. As the discovery of new unconformity-related uranium 

deposits becomes more challenging, the ability to understand structural traps beyond the current 

structural models will be key to finding future uranium deposits more effectively and efficiently. 

4.2 Regional geology 

The study area is located within the Rae domain of the western Churchill Province, which itself 

consists of the Archean Rae, Hearne and Chesterfield lithotectonic domains (Figure 4.1; Hoffman, 

1988; Ross et al., 2000; Mahan and Williams, 2005; Berman et al., 2007; Martel et al., 2008). The 

Rae and Hearne domains formed from ca. 2750-2650 Ma greenstone belts that were initially 

assembled at ca. 2667 Ma during the emplacement of an extensive suite of granitic plutons 

(Hinchey et al., 2011). A second voluminous suite of ca. 2610-2580 Ma granite, gabbro and 

contemporaneous bimodal volcanic rocks of the Snow Island Suite was later emplaced into the 

Rae domain (Roddick et al., 1992; Peterson et al., 2015a). 
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Figure 4.1. Map of the regional geology of the western Churchill Province and bounding orogenic belts. The square 
represents the study area and the location of the Aberdeen Lake supracrustal belt. Abbreviations: ALb: Aberdeen 
Lake supracrustal belt, ASZ: Amer shear zone, BCB: Barclay belt, BF: Bathurst fault, CB: Chesterfield Block/domain, 
CBb: Committee Bay belt, CSZ: Chantrey shear zone, CRS & SRG: Clarke River schist and Snow River gneiss 
(Dubawnt Lake area), ERGB: Ennadai-Rankin greenstone belt; GRSZ: Grease River shear zone, MBg: Murmac Bay 
group, MF: McDonald fault, MRg: Mary River group, PAb: Prince Albert belt, Pg: Penrhyn Group, Plg: Piling 
Group, STZ: Snowbird Tectonic Zone, TSZ: Tyrrell shear zone, TTO: Taltson-Thelon Orogen, WBSZ: Wager Bay 
shear zone, Wg: Wollaston Group, and WLg: Woodburn Lake group. Red X’s represent the Meadowbank gold deposit 
and the Kiggavik uranium deposit. Map modified after Sanborn-Barrie et al. (2002), Hartlaub et al. (2004), and 
Pehrsson et al. (2013). CorelDraw®2017 (Version 19.1.0.419) was used in the preparation of this figure. 

 

Four major Paleoproterozoic orogenies reworked and metamorphosed the Archean Hearne and 

Rae cratons to amphibolite-granulite grade.  The orogenies include the Arrowsmith (ca. 2550-2300 
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Ma), Taltson-Thelon (ca. 2000-1930 Ma), Snowbird (ca. 1900 Ma), and Trans-Hudson (ca. 1870-

1800 Ma) orogenies (Ashton, 1988; Hrabi et al., 2003; Zaleski, 2005; Berman et al., 2007). 

Following the Arrowsmith orogeny, fluvial to marine and lacustrine sediments of the ca. 2300-

1910 Ma Amer and Ketyet River groups were deposited in rift basins unconformably overlying 

the Archean greenstone belts (Heywood, 1977; Tippett and Heywood, 1978; Patterson, 1986; 

Rainbird et al., 2010; Pehrsson et al., 2013; Calhoun et al., 2011, 2012; Jefferson et al., 2015). 

During the waning stages of the Taltson-Thelon, Snowbird, and Trans-Hudson orogenies, the 

craton later underwent another rifting event characterized by the deposition of the Dubawnt 

Supergroup (i.e. Baker Lake, Wharton and Barrensland groups) in large extensional and 

intracratonic basins (Gall et al., 1992; Peterson et al., 2002; Rainbird et al., 2003). The Baker Lake 

Group is characterized by alluvial-fluvial to lacustrine sedimentary rocks and coeval ultrapotassic 

volcanic rock (Rainbird et al., 2003). The emplacement of ca. 1845 Ma to ca. 1795 Ma granodiorite 

and monzogranite bodies, minette dikes and small plutons of potassic syenite (Martell Syenite) 

was contemporaneous with basin development. (Sandeman et al., 2000; Peterson et al., 2002; van 

Breemen et al., 2005; Miller and Peterson, 2015; Scott et al., 2015). The Wharton Group consists 

of alluvial to aeolian sandstone and conglomerate with intercalated rhyolite flows, which were fed 

by the Kivalliq Igneous Suite, a coeval ca. 1765-1750 Ma granitic to gabbroic intrusive package 

and related ca. 1750 Ma McRae Lake gabbro dike swarm (Rainbird et al., 2003; van Breemen et 

al., 2005; Peterson et al., 2015b; Ernst and Bleeker, 2010).  

 

Transecting the western Churchill Province are several major ENE- to NE-trending, dextral ductile 

to brittle faults (e.g. McDonald, Wager Bay, Thelon, and Judge Sissons faults) and the NW-

trending, sinistral Bathurst fault. These faults formed and were reactivated in response to the late 
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cratonic collisions associated with the Taltson-Thelon and Trans-Hudson orogenies and were 

further reactivated during later sedimentation and basin formation by far-field tectonism (Figure 

4.1; Henderson and Broome, 1990; Ramaekers et al., 2007; Davis et al., 2011). The Thelon Basin 

initially formed during the reactivation of these faults and deposition of ca. <1740 Ma aeolian and 

fluvial to shallow marine sandstone and conglomerate sediments (Cecile, 1973; Palmer et al., 

2004; Hiatt et al., 2003; Rainbird and Davis, 2007; Davis et al., 2011), and concluded with the 

emplacement of Kuungmi Formation shoshonitic basalt and deposition of the Lookout Point 

Formation stromatolitic limestone (Gall et al., 1992; Peterson, 1995; Rainbird and Davis, 2007).  

The Thelon Formation is preferentially preserved on the north-side of the Thelon Fault, and locally 

near other secondary ENE-trending faults (Figure 4.2) in response to late normal fault movement 

(Jefferson et al., in press).  The emplacement of the extensive NNW-trending Mackenzie dike 

swarm at ca. 1227 Ma is the final major event in the western Churchill Province (LeCheminant 

and Heaman, 1989). 
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Figure 4.2. Simplified geological map of the Aberdeen Lake area from the first author’s mapping and others at 
Cameco Corporation. Geology near Judge Sissons Lake is modified after Hadlari et al. (2004) and Jefferson et al. 
(2011). Abbreviations: T - Tatiggaq; Q – Qavvik; A - Ayra.  Thin red marker units in the Middle and Upper sequences 
are banded iron formation.  The Hudson Intrusive Suite body is also termed the Schultz Lake Intrusive Complex in the 
map area (Miller and Peterson, 2015). Map created with UTM coordinates using datum WGS84, Zone 14N. ESRI 
ArcGIS (Version 10.6) was used in the preparation of this figure. 

 

4.3 Local geology  

The Aberdeen Lake greenstone belt unconformably underlies the northeast Thelon Basin in the 

central Rae domain, Nunavut (Figure 4.1). Three lithostratigraphic sequences comprise the 

Aberdeen Lake greenstone belt: (1) a ca. 2750 Ma Lower Sequence of komatiite, metagabbro, 

TTG intrusions, and TTG-contaminated mafic gneiss; (2) a ca. 2687 Ma to ca. 2680 Ma Middle 

Sequence of psammopelitic gneiss, iron formation, and intermediate to felsic gneiss; and (3) a 

<2650 Ma Upper Sequence of pelitic to psammopelitic gneiss with minor iron formation and 
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arkosic gneiss (see Chapter 2; Figure 4.2). The belt is roughly correlative with the Woodburn Lake 

group of the Meadowbank area and to other Neoarchean supracrustal assemblages of the Rae 

domain (see Chapter 2).  Extensive ca. 2600 Ma quartzofeldspathic orthogneiss is in discordant 

contact with the older greenstone belt rocks and is interpreted to be part of the Snow Island Suite 

(see Chapter 3). Structurally overlying the greenstone belt along the Thelon Fault are imbricate 

thrust slices of exposed orthoquartzite and conglomerate of the Paleoproterozoic Ketyet River 

group (Anand and Jefferson, 2017; Johnstone, 2017). The Aberdeen Lake greenstone belt and 

quartzofeldspathic gneisses are intruded by undeformed monzogranite, mafic syenite, quartz-

feldspar porphyry, microsyenite, and lamprophyre of the Hudson Intrusive Suite (also termed the 

Schultz Lake Intrusive Complex) (Figure 4.2; see Chapter 3). Leucogabbroic dikes of the 1753.6 

± 2 Ma McRae Lake dike suite (Peterson et al., 2015c) cut across all other intrusions and can be 

traced across the map area by their strong magnetic signature. Representative photographs of the 

rock units are shown in Chapters 2 and 3. 

 

The Archean Aberdeen Lake greenstone belt rocks, quartzofeldspathic orthogneisses and 

Paleoproterozoic Ketyet River group units underwent four major folding and thrusting events 

during the Snowbird and Trans-Hudson orogenies (Pehrsson et al., 2013; see Chapter 3).  The 

emplacement of the Hudson Intrusive Suite was followed at ca. 1830-1760 Ma by the formation 

of the ENE-trending Thelon and Judge Sissons fault zones as major dextral transcurrent fault zones 

(see Chapter 3).  The faults have well developed core and damage zones characterized by numerous 

fracture sets, quartz veins and hydrothermal crackle breccias in the damage zones, and mosaic to 

chaotic cataclastic breccias in the core zones (see Chapter 3).  They were reactivated during an 

epithermal faulting event temporally related to the ca. 1760-1750 Ma Pitz Formation (Peterson et 
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al., 2015b). This event introduced cross-cutting comb, crustiform-cockade, and lattice bladed veins 

along the faults (see Chapter 3).  Post-Thelon reactivation of the faults at ca. 1600-1300 Ma 

produced irregular, non-cohesive crackle to mosaic breccias and gouges, which acted as fluid 

pathways for later uranium mineralization (see Chapter 3).  The classifications of Woodcock and 

Mort (2008) and Jébrak (1997) are used here for brittle fault rocks and hydrothermal breccias, 

respectively, as described in Chapter 3. 

4.4 Uranium exploration history 

The Aberdeen Lake area has been periodically explored for uranium since 1969 including two 

prominent exploration booms from 1969 to 1983, followed by sporadic and much reduced 

exploration programs by a limited number of companies up to the late 1990s, and a more recent 

period of increased activity between 2005 and 2016. The first exploration boom coincided with 

the discovery of the Cluff Lake and Rabbit Lake deposits in 1968 in the Athabasca Basin while 

activity in the Thelon Basin was initiated by companies such as Aquitaine Company of Canada 

Ltd., Metallgesellschaft Canada Ltd., and Urangesellschaft Canada Ltd. (UG), who recognized the 

geological similarities between the two basins. By 1974, several radiometric anomalies had been 

defined during early aerial surveys within and peripheral to the Thelon Basin and in 1977, UG 

discovered the Kiggavik deposit (initially named the Lone Gull deposit) east of Aberdeen Lake 

(Bundrock, 1981). Exploration continued in the Aberdeen Lake area primarily by Marline Oil 

Corporation, Anaconda Canada Exploration Ltd., and Cominco Ltd., while UG continued their 

exploration and delineation of the Kiggavik discovery. Other than Kiggavik, no other uranium 

discoveries were made in the area and by 1983 most of the exploration outside of the Kiggavik 

area had ceased. During the remainder of the 1980’s, UG would also discover the End, Andrew 

Lake and Bong deposits southwest of the Kiggavik discovery. They proposed a mine project, which 
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was rejected by the nearby community of Baker Lake. UG was shortly thereafter acquired by 

Cogema Resources Inc. (now Orano Canada Inc.), who currently is the main holder of the Kiggavik 

property. 

 

As mentioned previously, the most recent significant exploration activity in the Thelon Basin 

occurred between 2005 and 2016 with the majority of drilling done between 2008 to 2012. Active 

companies in the region during this period included Orano Canada Inc., who were working towards 

the development of their Kiggavik deposits (project now in care and maintenance due to sustained 

low uranium prices), as well as a number of junior and major companies including Bayswater 

Uranium Corporation, Cameco Corporation, Forum Uranium Corporation (now Forum Energy 

Metals Corp.), Titan Uranium Inc., and Western Uranium Corporation.  At this time, Orano Canada 

Inc. also increased their resource at their Bong deposit and made a new discovery called the 

Contact prospect, southwest of the Andrew Lake deposit (Grare et al., 2018).  Concurrently, two 

high-grade uranium discoveries were made by Cameco Corporation; the Tatiggaq and Qavvik 

prospects, as well as anomalous radioactivity around the Ayra prospect.   

4.5 Methodology 

4.5.1. Structural analysis  

The study area hosts two major dextral strike-slip faults (i.e. Thelon and Judge Sissons faults) and 

a surrounding network of secondary faults and lineaments.  Terminology used to describe these 

faults and lineaments is from Kim et al. (2003), where master faults refer to the faults with the 

greatest lengths, widths and displacement, and secondary faults refers to synthetic branch or 

linking faults and antithetic faults with lesser length, width and displacement.  The latter formed 
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in the wall rocks adjacent to the faults, at fault tips, and in overstepping or understepping segments 

between parallel master faults (Kim et al., 2003).  Measurements of the regional foliation (S2 fabric 

in Chapter 3), breccias (largely quartz-hematite), veins (quartz, locally quartz-hematite), fractures 

(with mineral coating of hematite, clay, or sooty sulphide), and gouges (clay to sand sized 

comminuted wall rock, largely clay altered, some hematite, sooty sulphide alteration) were 

obtained from oriented drill core (i.e. Tatiggaq = 40 diamond drill holes (DDH); Qavvik = 28 DDH; 

Ayra = 18 DDH).  Drill hole location information is provided in Supplementary Table S5.  The 

orientation of the drill hole was recorded every 50 m.  The drill core was oriented using REFLEX 

ACT I and II digital core orientation systems after every 3 m drill run.  The bottom of the drill hole 

was marked on the drill core across the entire run and matched to the bottom mark of the preceding 

and following drill core runs.  The accuracy of the downhole orientation was quantified by 

determining how closely the bottom of drill hole marks match between each drill run.  Drill runs 

that matched closely were designated as ‘good’ and runs that deviated by more than 20 degrees 

(lock angle) were designated as ‘poor’ (Kramer Bernhard et al., 2020).  Only structural 

measurements from ‘good’ drill runs were used in this study.  The data are plotted on lower 

hemisphere equal area stereonet diagrams using the 1% area contouring method of Vollmer (1995). 

Stereonet plots were created in Rockware StereoStat Software v.1.6.2.  The oriented structure data 

are provided in Supplementary Table S6.  

4.5.2. Whole rock geochemistry 

Whole rock geochemistry samples were systematically collected every 10 m along drill holes and 

sorted by lithology (sandstone or basement).  For drill holes that intersected the Thelon Formation, 

the sandstone samples were primarily taken as composite samples over 10 m intervals (i.e. 

COMP_S) by collecting 1-2 cm thick pucks of drill core at the end of each row of core, and locally 
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as 10 cm split spot samples when a rock unit, structure or alteration type warranted additional 

sampling (i.e. SPOT_S).  The basement rock units were sampled exclusively as 10 cm split spot 

samples approximately every 10 m (i.e. SPOT_B).  Uranium assay samples were collected by 

measuring out 0.5 m intervals comprising relatively similar mineralization strengths, splitting the 

core, and sampling half of the mineralized interval. When the mineralization intercepts were less 

than 0.5 m, assay sampling intervals were reduced to 0.1 m to 0.5 m so that similar strengths of 

mineralization were sampled together and low grade and background intervals were sampled 

separately.  Background samples were collected along the margins and between mineralized 

intercepts.  Uranium mineralization intercepts presented within this paper were calculated from 

the assay values in Supplementary Table S7. 

 

Major elements, major element oxides, trace elements and U3O8 were analyzed by Inductively 

Coupled Plasma – Mass Spectroscopy (ICP-MS) and Inductively Coupled Plasma – Optical 

Emission Spectroscopy (ICP-OES) analytical methods (Jenner et al., 1990; Longerich et al., 1990) 

by the Saskatchewan Research Council (SRC) at their Geochemistry facility in Saskatoon, 

Saskatchewan.  The samples were crushed and pulverized until >60% of the material was reduced 

to <2 mm in size. A 100 to 150 g split was then agate-ground until >90% was <106 μm in size. 

The pulps were then prepared by both total and partial digestion methods.  The following SRC 

geochemical analysis packages were used: ICP-MS1 (sandstone samples), ICP-MS2 (basement 

samples), U3O8 Assay, and Boron.  The ICP-MS Exploration Package includes: 1) ICP-MS 

analysis on partial digestion aliquots; 2) ICP-OES analysis for major and minor elements on total 

digestion aliquots; and 3) ICP-MS analysis for trace elements on total digestion aliquots.  Perkin 

Elmer ICP-OES (DV4300, DV5300) and Perkin Elmber Sciex Elan DRC II ICP-MS instruments 
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were used for the analyses. A total of 53 elements and element oxides were analyzed from the total 

digestion aliquots, which were obtained by dissolving the samples in a three-acid mixture (HF, 

HNO3, and HClO4) and then heating them until dry. The residue is then re-dissolved in dilute 

HNO3. Partial digestion is achieved by leaching a sample split in a dilute HNO3 and HCl solution 

(8:1) heated at 95ºC for 1 hour.  This procedure is designed to liberate the trace elements from all 

but the refractory mineral phases.  Samples of low radioactivity were analyzed using the Uranium 

ICP-MS analytical package, using the ICP-OES instrument for major element oxides and the ICP-

MS instrument for trace elements.  Total digestion boron analyses are conducted by Na2O2 fusion, 

where a sample split is fused at 650ºC in a Na2O2/Na2CO3 mixture and then analyzed by ICP-OES. 

Samples with low concentration of uranium are analyzed using a partial digestion fluorimetry 

method.  The method involves mixing the digested solution with a NaF/LiF pellet and fusing them.  

The uranium contents are then measured using a spectrofluorimeter. Samples with high 

concentrations of uranium are analyzed using the U3O8 wt% assay method, which involves 

digesting the pulp in a 3:1 HCl/HNO3 mixture and analyzing it by ICP-OES.  Quality control of 

the analytical results was achieved by the use of Cameco Corporation duplicates and standards on 

a subset of approximately 5% of the total sample set. 

 

Qualitative chemical data on alteration and uranium minerals were collected using a JEOL-6400 

scanning-electron microscope (SEM) via energy-dispersive spectroscopy (EDS) with an 

accelerating voltage of 20 kV and current of 1.0 nA and an estimated beam diameter of 1 

um.  A silicon-drifted, solid-state (SDD) X-Max detector (active area = 80 mm2) was 

used.  Data acquisition and processing were facilitated using INCA analytical software (Oxford 

Instruments 2011).  
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4.5.3. Fluid inclusion analysis 

Petrographic study of samples and microthermometry was conducted in the Fluid Inclusion Lab at 

Laurentian University using an Olympus BX-51 microscope equipped with a Q-Imaging digital 

capture system. Quartz-hosted FI plates of 150 µm thickness, previously scanned at high 

resolution, were first studied to identify FI types and identify useful FIA (Goldstein and Reynolds, 

1994; Bodnar, 2003).  Areas were then selected for microthermometry using a Linkham 

THMSG600 heating-freezing stage with an automated controller unit. Temperature was calibrated 

using synthetic fluid inclusion standards for the triple point of CO2(-56.6°C), triple point of H2O 

(0°C), and the critical point of H2O (374°C). Repeated runs of standards indicate reproducibility 

of ± 0.2°C at low temperatures and ± 2°C for high temperatures using heating rates of 1°C/min 

and 3-5°C/min, respectively.   Microthermometric measurements recorded low- to high-

temperature phase changes by cooling to -100°C followed by ice melting (Tm(ice)) and total 

homogenization (Th). These data were used to calculate fluid temperature and salinity.  
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Figure 4.3. NW-SE cross-section across the Tatiggaq prospect showing the geologic setting of the uranium 
mineralization. See Figure 4.2 for location of the Tatiggaq prospect. 

 

4.6 Tatiggaq prospect 

The Tatiggaq prospect was discovered in 2010 and consists of two ENE-trending mineralized 

zones located 80-250 m below surface.  In plan view, the overall mineralization footprint of each 

zone extends 80-100 m along strike and roughly 50 m along dip.  The best mineralized interval 

(DDH TUR-042) yielded 2.69% U3O8 over 7.9 m (200.2 m to 208.1 m), including 24.8% U3O8 

over 0.4 m (202.9 m – 203.3 m) and 0.32% U3O8 over 2.5 m (224.3 m to 226.8 m) (see 

Supplementary Table S7). The two mineralized zones are hosted by rafts of psammopelitic gneiss 

and minor banded iron formation of the Aberdeen Lake supracrustal assemblage (Upper Sequence) 

encased in granite and syenite of the ca. 1830 Ma Hudson Intrusive Suite (Figure 4.3). The rafts 

are flat-lying and vary in thickness from <1 m to 80 m. The host psammopelitic gneiss contains 

disseminated pyrite (1-2%) and has a strong, SE-striking, moderately dipping, bedding-parallel 

foliation defined by biotite (Figure 4.4a, e).   
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Figure 4.4. Equal area, lower hemisphere, contoured and uncontoured stereonet diagrams of poles to foliation, vein, 
breccia, fracture and gouge structures within the Tatiggaq prospect. Contoured plots are set up in the following way: 
CI = 2, Start sigma = 1, inverse area smoothing, contour count = 5. (a) Contoured stereonet diagram of poles to 
foliation within the psammopelitic gneiss. (b) Contoured stereonet diagram of poles to quartz veins and quartz-
hematite breccias. (c) Contoured stereonet diagram of poles to fractures. (d) Contoured stereonet diagram of poles 
to gouge. e) Simplified plan map cartoon outlining the main orientation for each of the structure types. 

 

4.6.1. Structural setting 

The vertical surface projections of the two mineralized zones at the Tatiggaq prospect are located 

between two secondary ENE-trending faults, which are subparallel to and situated about 750 m 

south of the dextral transcurrent Judge Sissons fault.  The two mineralized zones are separated by 

a NW-trending fault (Figure 4.5a).  Similar to the Judge Sissons fault (see Chapter 3), the two 
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ENE-trending secondary faults that bound the mineralized zones are characterized by hematite-

altered quartz veins and hydrothermal crackle breccias, surrounding a core zone of mosaic to 

chaotic breccias and cataclasites (Figure 4.6a).  These ENE-trending faults are themselves linked 

by antithetic NW-trending faults and less prominent NE-trending synthetic faults.  These 

secondary NW- and NE-trending faults are characterized by structural styles similar to the two 

secondary ENE-trending fault zones and are therefore interpreted to have formed during the same 

tectonic event.  In drill core near the two mineralized zones, several cm-thick, steeply-dipping, 

mesocataclasite intervals are developed parallel to massive and laminated quartz veins, and ENE- 

and NW-striking fractures (Figure 4.4b, c). A schematic diagram shown in Figure 4.4e summarizes 

the orientations of these structures. 
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Figure 4.5. Simplified maps outlining the main structures and location of uranium mineralization. (a) Tatiggaq 
prospect and the Andrew Lake and End. (b) Qavvik and Ayra prospects. (c) Kiggavik deposit. (d) Bong deposit and 
Granite prospect. (e) Jane and Contact prospects (Fuchs and Hilger, 1989; Wollenberg, 2010; Riegler et al., 2014; 
Sharpe et al., 2015; Chi et al., 2016; Johnstone, 2017; Grare et al., 2018).   
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Figure 4.6. Tatiggaq prospect structures. (a) Hematite altered cataclastic breccia with fragments of quartz vein 
crackle breccia (TUR-046; 143 m; UTM 549472E; 7135559N). (b) Numerous steeply-dipping fractures with weak 
clay gouge forming a non-cohesive crackle breccia (TUR-026; 155 m; UTM 548966E; 7135453N). (c) Strongly 
bleached and clay altered mesocataclasite with a 1 cm gouge along the wall rock – mesocataclasite contact (TUR-
026; 75.3 m; UTM 548966E; 7135453N). (d) Black chlorite and sooty-pyrite coated fracture with dip-slip slickensides 
(TUR-017; 184.5 m; UTM 548875E; 7135500N). Photo locations as UTM coordinates using datum WGS84, Zone 
14N. 

 

Adjacent to the mineralized zones, a younger set of fractures (Figure 4.6b) and gouge intervals 

(Figure 4.6c) overprint the older quartz veins, hematite-altered cataclasites and breccias, and 

lithological contacts. Together, the fractures and gouges cumulate to up to 5-metre-thick non-

cohesive breccias, which are moderately to steeply dipping and NW, NE, ENE and ESE striking 

(Figure 4.4c, d). They commonly coincide with older reactivated fractures or faults. South-side-

down normal offsets of 5-10 m are inferred along ENE-striking faults from the displacement of 
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intrusion-gneiss contacts along reconstructed sections (Figure 4.3) and from dip-parallel 

slickenlines along fault surfaces exposed in drill core (Figure 4.6d).  The two mineralized zones 

each consist of four to six lenses localized along those ENE-striking faults. The lenses have strike 

length of 80-100 m, widths of 5-10 m, and have a down-dip length of 50-70 m (Figure 4.3). The 

lenses internally contain fractures and cm-thick gouges that are similar in orientation to the fracture 

and gouge zones described above (Figure 4.4c, d). High-grade uranium mineralization occurs 

primarily as a combination of steeply-dipping fractures (Figure 4.7a), open space infill veins with 

mineralized replacement selvages (Figure 4.7b) and non-cohesive breccias.  Directly adjacent to, 

and up to several centimetres from the cross-cutting mineralized fractures and veins, uranium 

minerals occur along small oblique hairline fracture and foliation planes as blebby replacement-

style disseminations, as rims around quartz grains and as partial pseudomorphic replacements of 

sulphide minerals in the adjacent wall rock (Figure 4.7b-inset).   
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Figure 4.7. Photographs of Tatiggaq prospect mineralization. (a) High-grade massive uraninite/coffinite 
mineralization along steep-dipping fractures and heavy disseminated uranium mineralization in the adjacent wall 
rock.  Wall rock is strongly bleached and moderately clay-altered psammopelitic gneiss (TUR-017; 134.1 m; UTM 
548875E; 7135500N). (b) Strong limonite and moderately clay-altered psammopelitic gneiss with a high-grade, steep-
dipping uraninite vein.  Heavily disseminated uraninite in adjacent wall rock and along foliation planes.  Inset: 
Scanning electron microscope image showing disseminated uranium mineralization along quartz grain boundaries 
between the quartz and the oxidized and clay-altered wall rock (TUR-040; 159.9 m; UTM 548951E; 7135459N). (c) 
Strong sooty sulphide alteration with moderately disseminated uraninite/coffinite in wall rock, along moderately-
dipping fractures and redox boundaries with limonite (TUR-017; 135.9 m; UTM 548875E; 7135500N). (d) Reduction-
oxidation interface in psammopelitic gneiss between weakly hematite-altered rock towards a strongly bleached and 
sooty sulphide altered zone.  Moderately disseminated uraninite/coffinite is at the contact and weaker disseminated 
mineralization extends into the reduced zone (TUR-014A; 157.8 m; UTM 548887E; 7135489N). Photo locations as 
UTM coordinates using datum WGS84, Zone 14N. 

 

4.6.2. Alteration and mineralization  

The mineralized zones are surrounded by extensive alteration halos, which extend over several 

hundreds of metres into faulted, fractured, brecciated (non-cohesive) rocks. Mineralization-related 

alteration is divided into four zones, which overprint an early pre-mineralization dark green 
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chlorite and hematite alteration.  The four mineralization-related alteration zones are named after 

the dominant colour of the alteration style in the zone: maroon, white, gray, and red-orange 

alteration zones (Figure 4.8).   

 

Figure 4.8.  NW-SE cross-section through the Tatiggaq prospect showing alteration and geochemical enrichments 
and depletions. 
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Early chlorite and hematite constitute a pervasive background alteration in the basement granitoids 

and gneisses (Figure 4.9a). It is characterized by dark green to black Fe-rich chlorite replacing 

biotite and hornblende, and by hematite staining of K-feldspar minerals. 
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Figure 4.9. Representative photographs of alteration from drill core at the Tatiggaq prospect. (a) Weak hematite 
alteration of feldspar and weak chlorite alteration of biotite in a quartzofeldspathic gneiss (background alteration) 
(SAN-018; 21.5 m; UTM 533721E; 7135815N). (b) Maroon hematite alteration (maroon zone) cutting a weakly 
chloritized pelite (TUR-026; 157 m; UTM 548966E; 7135453N). (c) Moderate bleaching and clay-alteration (white 
zone) overprinting earlier maroon hematite alteration (maroon zone) (SAN-019; 44.6 m; UTM 533577E; 7135764N). 
(d) Moderate sooty sulphide alteration (gray zone) overprinting earlier bleaching and clay-alteration (white zone) in 
a psammopelitic gneiss (SAN-022; 285.1 m; UTM 533571E; 7135721N).  (e) Irregular fracture controlled sooty 
sulphide alteration (gray zone) and weak pitchblende overprinting earlier sooty sulphide (gray zone) alteration (SAN-
020; 335.1 m; UTM 533535E; 7135688N). (f) Red hematite and orange limonite alteration (red-orange zone) 
overprinting earlier white/gray zone alteration with thin uranium mineralized fractures. (TUR-041; 157.5 m; UTM 
548940E; 7135455N). Photo locations as UTM coordinates using datum WGS84, Zone 14N. 

 

A maroon hematite alteration zone occurs at an outer distal location of 300-500 m from the 

mineralized zones.  It is characterized by a strong, pervasive, maroon hematite alteration, 

coincident with the strike trace of the Thelon, Judge Sissons and the sub-parallel secondary faults, 

which extends along the basement-Thelon unconformity where it persists for 20-50 m below the 

unconformity (Figure 4.9b).  It overprints locally preserved patches of the early pervasive hematite 

alteration and is itself overprinted by wavy irregular illitic clay veins and coarse specular hematite 

in veins and vug infills (described below). 

 

Figure 4.10. Scanning electron microscope images showing the mineralogy of the white and gray zone alteration. a) 
White zone alteration of psammopelitic gneiss, 157.8 m.  b) Gray zone alteration of psammopelitic gneiss, 158.1 m 
(TUR-014; UTM 548887E; 7135489N). 
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An early reduced white alteration zone occurs outboard of the mineralization from 100-300 m.  It 

consists of white to cream, and locally green to gray, moderate to strong, clay and chlorite 

alteration, which results in a bleached overprint of the previously hematite-altered basement and 

Thelon rocks (Figure 4.9c).  The main alteration minerals are illite, sudoite (Mg-chlorite), and trace 

Ti-oxides and crandallite-group aluminum phosphate sulphate (APS) minerals (Figure 4.10a).  The 

alteration is pervasive to patchy and banded due to incomplete replacement of the early hematite 

alteration.  Contacts between the clay-chlorite and hematite patches and bands are gradational from 

pink to red to dark purple. The dark purple hematite-altered rocks contain abundant fine to coarse-

grained (>20%) specular hematite.  Older quartz veins, quartz grains and APS minerals have been 

dissolved and corroded leaving voids along their margins (Figure 4.11a). 

 

Figure 4.11. Reflected light photomicrographs of strong sulphidic alteration and uranium mineralization in 
psammopelitic gneiss and brecciated microsyenite dyke infilled with clear gray quartz at the Qavvik prospect (Sample 
14UX010: SAN-006; 252 m; UTM 533646E; 7135796N). (a) Photomicrograph showing heavy disseminations of 
pyrite and possible marcasite in strongly clay altered wall rock. The quartz vein material and quartz grains within the 
wall rock show a distinct corrosion by the strong clay alteration (5x reflected light image). (b). Close-up of alteration 
wall rock showing the overprinting sulphide mineral growth over strong clay alteration. Very fine black minerals 
consist of pitchblende mineralization intergrown with the clay minerals, as weak rim replacement of the sulphides 
and as thin precipitations around the rims of remnant quartz grains (20x reflected light image). 
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A late reduced gray alteration zone is located at a medial distance of 10-100 m from the 

mineralized zones.  Alteration is controlled by older veins, fractures, faults and contacts between 

different rock units (e.g. psammopelitic gneiss and quartzofeldspathic anatectic melt layers or 

psammopeltic gneiss and undeformed granitoid units).  It is more intense along these structures 

and extends into their wall rocks as a millimetre to centimeter thick, pervasive to patchy alteration 

overprinting earlier white bleaching and clay alteration (Figure 4.9d).  The gray alteration zone 

consists of illite, sudoite, and disseminated, very fine to fine-grained pyrite, marcasite, Ti-oxides, 

crandallite group APS minerals and zircon (Figure 4.10b).  Fine-grained sulphides are locally 

abundant and uranium minerals (uraninite and coffinite) are observed along corroded quartz grain 

margins and as replacements along sulphide, biotite, and chlorite grain boundaries (Figure 4.11b). 

The gray alteration zone is locally darker gray to black due to the presence of sub-bituminous 

carbonaceous material, graphite, molybdenite, and erythrite (Figure 4.9e). The uraninite and 

coffinite mineralization within the gray alteration zone is largely fracture-controlled and 

disseminated into the adjacent wall rock. (Figure 4.7c). 

 

A late red-orange hematite alteration zone is proximal (0-20 m) to the mineralized lenses. It 

consists of irregular patches of reddish hematite and brownish orange liesegang rings of limonite 

or goethite, which overprint the medial gray alteration assemblage (Figure 9f). Textural 

relationships indicate hematite and limonite overprint earlier formed assemblages consisting of 

illite, sudoite, and disseminated Ti-oxides (largely rutile), pyrite, and crandallite-group APS 

minerals (Figure 4.11). Intense reddish orange hematite-limonite alteration is particularly well-

developed around the highest-grade uranium mineralization (Figure 4.7b).  Uranium 

mineralization includes uraninite (UO2), coffinite (U(SiO4) · nH2O) and uranophane 
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(Ca(UO2)2(SiO3OH)2 · 5H2O), which partially or entirely replace earlier Ti-oxides, hematite, and 

sulphide minerals, as well as infill open space developed around corroded quartz grains and  quartz 

veins.  The spatial juxtaposition of uraninite and coffinite mineralization immediately adjacent to 

intense hematite-limonite alteration is interpreted to reflect fine-scale redox boundaries associated 

with the mineralization processes (Figure 4.7d) somewhat reminiscent, albeit at a mm- to cm-scale, 

to larger macroscopic scale redox interfaces in roll-front uranium deposits.   

 

4.6.3. Geochemistry 

Whole rock major and trace element enrichments and depletions in altered monzogranite and 

psammopelitic gneiss were calculated using MacLean (1990)’s mass balance method by 

comparing their median composition in the four alteration zones to that of their least-altered 

precursor. From seven drill holes (TUR-017, -019, -026, -028, -032, -042, -052B), 350 samples 

were selected.  Least-altered samples are from drill holes that did not intersect mineralization and 

alteration (TUR-007, -009, -053) (Figure 4.2). One sample of least-altered monzonite and the 

median value of six samples of psammopelitic gneiss are used for comparison.  Altered 

compositions are based on the calculated median element concentrations values from 8 

monzogranite samples in the maroon alteration zone, 31 monzogranite samples in the white 

alteration zone, 22 monzogranite and 63 psammopelitic gneiss samples in the gray alteration zone, 

and 44 monzogranite and 182 psammopelitic gneiss samples in the red-orange alteration zone. 

Using Al2O3 (i.e. M) as the immobile reference element, enrichment factors (i.e. EF) and mass 

changes are calculated using the equations below: 
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EF = Mprecursor/Maltered 

RC (reconstituted composition) = EF * Altered (wt% or ppm) 

MC (mass change) = RC – Precursor (wt% or ppm) 

Mass change calculations are provided in Supplementary Table S8 and a cross section of the 

Tatiggaq prospect outlining the geochemical enrichment and depletion patterns is shown in Figure 

4.8. 

 

Figure 4.12. Major element mass change histograms sub-divided into the main alteration halos. a) monzogranite 
(maroon, white, gray and red-orange). b) psammopelitic gneiss (gray and red-orange). 
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The maroon (outer distal), white (distal) and gray (medial) alteration zones show the same 

enrichment in MgO, K2O, B, V, ±U, ±As, ±Ag, ±Ni, and depletion in Fe2O3, CaO, Na2O, Ba, ±Cu, 

and ±W in both altered monzogranite and psammopelitic gneiss (Figures 4.12, 4.13).  However, 

altered monzogranite shows slight enrichments in Co and Cr and depletion in Mo and Zn, whereas 

in contrast, altered psammopelitic gneiss shows slight enrichments in Mo and Zn and depletions 

in Co and Cr.  In the red-orange (proximal) alteration zone, both altered monzogranite and 

psammopelitic gneiss display similar in major element depletions and enrichments to that 

described above from the outer distal, distal and medial alteration zones except for a much stronger 

enrichment in Fe2O3 and slightly less pronounced enrichment in K2O in the monzogranite.  Trace 

elements Ag, As, Bi, Cr, Mo, Ni, Zn are also enriched in the proximal red-orange alteration zone 

compared to medial, distal and outer distal alteration zones.   
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Figure 4.13. Trace element mass change histograms sub-divided into the main alteration halos. a) monzogranite 
(maroon, white, gray and red-orange). b) psammopelitic gneiss (gray and red-orange). 

 

4.7 Qavvik prospect 

The Qavvik prospect consists of four steeply, southeast-dipping lenses with strike lengths of 250 

m and widths of 5 to 20 m (Figure 4.14).  The lenses extend from surface to more than 300 m 

depth. Drill hole (DDH SAN-002) intersected the four discreet mineralization intervals, which 

collectively comprise the thickest mineralized lens.  This drill hole returned assay grades of 0.92% 

U3O8 over 2.5 m (253.9 m to 256.4 m), 1.18% U3O8 over 4.3 m (259.0 m to 263.3 m), 0.57% U3O8 
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over 1.6 m (273.7 m to 275.3 m), and 0.62% U3O8 over 2.2 m (277.5 m to 279.7 m) (see 

Supplementary Table S7). The four lenses are hosted by mafic and quartzofeldspathic gneisses, 

psammopelitic to pelitic gneisses, and cross-cutting lamprophyre, feldspar porphyry and 

microsyenite dikes (Figure 4.14). Psammopelitic to pelitic gneiss contains disseminated sulphide 

minerals (1-2%) and has a shallowly dipping WSW striking, biotite-hornblende bedding-parallel 

foliation (Figures 4.15a, f).  
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Figure 4.14. NW-SE cross-section across the Qavvik prospect showing the geologic setting of the uranium 
mineralization and the surrounding alteration halo. See Figure 4.2 for location of the Qavvik prospect. 
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Figure 4.15. Equal area, lower hemisphere, contoured and uncontoured stereonet diagrams of poles to foliation, vein, 
breccia, fracture and gouge structures within the Qavvik prospect. Contoured plots are set up in the following way: 
CI = 2, Start sigma = 1, inverse area smoothing, contour count = 5. (a) Contoured stereonet diagram of poles to 
foliation. (b) Contoured stereonet diagram of poles to veins. (c) Contoured stereonet diagram of poles to breccias. (d) 
Contoured stereonet diagram of poles to fractures. (e) Contoured stereonet diagram of poles to gouge. e) Simplified 
plan map cartoon outlining the main orientation for each of the structure types. 
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4.7.1. Structural setting 

Mineralization at the Qavvik prospect vertically projects to surface north of a secondary ENE-

trending fault and south of a prominent NW-trending fault (Figure 4.5b).  Both faults, intersected 

in drill holes, are characterized by hematite-altered quartz veins, mosaic to chaotic breccias and 

cataclasites, which were later strongly overprinted by clay alteration associated with uranium 

mineralization. The breccias and cataclasites consist of hematite-altered wall rock and quartz vein 

fragments, surrounded by a fine-grained matrix, which is largely altered to clay (Figure 4.16a). 

They are moderately to steeply dipping and typically NW-SE and ENE-WSW striking (Figures 

4.15b, f).  Irregular comb, crustiform and bladed-textured quartz veins related to the younger 

epithermal faulting event cut across the older breccias and cataclasites (Figure 4.16b). Similar to 

the hematized quartz breccias, oriented core measurements indicate these younger quartz veins are 

moderate to steep dipping and are generally oriented NW-SE and ENE-WSW (Figures 4.15c, f). 
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Figure 4.16. Qavvik prospect structures. (a) Chaotic breccia with a strongly clay altered and bleached matrix.  Clasts 
consist of quartz vein fragments and hematized wall rock with quartz vein fragments (SAN-014; 177 m; UTM 
533522E; 7135673N). (b) Layered crustiform-colloform quartz vein surrounded by clay-altered and bleached 
cataclasite and quartz veins (SAN-002; 106.7 m; UTM 533565E; 7135796N). (c) Strongly bleached and moderately 
clay altered psammopelitic gneiss with cross-cutting fractures with weak sooty sulphide mineral coatings (SAN-006; 
293.1 m; UTM 533546E; 7135796N). (d) Strong pervasive purple hematite- and moderately clay-altered non-cohesive 
mosaic breccia with spotty white bleached zone (SAN-002; 183.8 m; UTM 533565E; 7135796N). Photo locations as 
UTM coordinates using datum WGS84, Zone 14N. 

 

Late ENE-trending 1-5 m wide zones of fractures (Figure 4.16c) and gouges overprint the older 

cataclastic breccias, veins, and lithological contacts. Fracture orientations in these zones are 

moderately- to steeply-dipping and primarily NNW- to NNE-striking and NW-striking (Figures 

4.15d, f).  Reactivation of these older structures produced millimetre- to centimetre-thick gouge 

layers that have WSW to ENE strikes and shallow dips, and less commonly have NW-SE strikes 
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and moderate dips (Figures 4.15e, f). Their intersections culminated in the formation of non-

cohesive, friable crackle to chaotic breccia (Figure 4.16d).   

 

4.7.2. Alteration and mineralization 

Similar to the Tatiggaq prospect, alteration zonation at the Qavvik prospect comprises similar 

alteration zones (i.e. maroon, white, gray and red-orange) and similar enrichments and depletions 

in major and trace elements. In contrast to the Tatiggaq prospect, the medial gray zone is wider 

and flanked by a narrow metre scale white distal alteration zone. The proximal red-orange 

alteration zones are a few centimetres to several metres wide.  The alteration is partially fracture 

controlled as coatings and infill of hematite, chlorite, clay, sooty pyrite, and uranium (uraninite 

and coffinite) minerals, largely localized within the proximal (red-orange) and medial (gray) 

alteration halos. Uranium mineralization occurs as ≤1 cm-thick coatings with foliation parallel 

replacement selvages, which extend up to 5 cm into the wall rocks adjacent to the crosscutting 

fractures (Figure 4.17a).  Highest uranium grades are associated with redox interfaces within the 

red-orange alteration zone (Figure 4.17b) where uranium minerals are replacing locally colloform 

sulphide minerals (Figure 4.17b-inset). The distribution of uranium mineralization in the gray and 

red-orange alteration zones is locally controlled by foliation-parallel lithological contacts between 

quartzofeldspathic anatectic layers and the host psammopelitic gneiss (Figure 4.17c). 
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Figure 4.17. Photographs of Qavvik prospect 
mineralization. (a) Fracture-controlled, and 
moderately disseminated coffinite/uraninite 
and sooty sulphide within strongly bleached, 
clay-altered and weakly hematite-altered 
psammopelitic gneiss (SAN-006; 289.4 m; 
UTM 533646E; 7135796N). (b) Strongly 
hematite and limonite altered psammopelitic 
gneiss with large blebby uraninite along 
hematite-limonite interface. Inset: Scanning 
electron microscope image of mineralization 
showing uranium colloform pyrite being 
replaced by uranium.   (SAN-002; 275.1 m; 
UTM 533565E; 7135796N). (c) 
Uraninite/coffinite precipitation along the 
margin and weakly disseminated within a 
quartzofeldspathic anatectic melt layer in 
psammopelitic gneiss.  Wall rock is strongly 
bleached and moderately clay-altered (SAN-
016; 262 m; UTM 533556E; 7135704N). 
Photo locations as UTM coordinates using 
datum WGS84, Zone 14N. 
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4.8 Ayra prospect 

The Ayra prospect was discovered in 2009 and is the only uranium prospect in the Thelon Basin 

with a clear basement-basin unconformity relationship. The Thelon sandstone contains anomalous 

geochemical uranium enrichment near the unconformity along steep-dipping fault zones that cut 

through both the Thelon and basement rocks (2-11 ppm Upartial), and within the basement rock 

close to the main Ayra fault zone (67-610 ppm Upartial). See Supplementary Table S7 for the 

geochemical values.  The host rocks to the Ayra prospect consists of lamprophyre, syenite, 

microsyenite, quartzofeldspathic orthogneiss, psammopelitic and pelitic gneiss, unconformably 

overlain by Thelon Formation sandstone (Figure 4.18). The foliation within the psammopelitic 

gneiss and quartzofeldspathic orthogneisses is bedding-parallel, WNW-striking, shallowly to 

moderately dipping, and defined by biotite and hornblende (Figures 4.19a, e). 
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Figure 4.18.  NW-SE cross-section across the Ayra prospect showing the geologic setting of the uranium 
mineralization. See Figure 4.2 for location of the Ayra prospect. 
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Figure 4.19. Equal area, lower hemisphere, contoured and uncontoured stereonet diagrams of poles to foliation, vein, 
breccia, fracture and gouge structures within the Ayra prospect. (a) Contoured stereonet diagram of poles to foliation. 
(b) Contoured stereonet diagram of poles to veins. (c) Contoured stereonet diagram of poles to breccias. (d) 
Contoured stereonet diagram of poles to fractures. e) Simplified plan map cartoon outlining the main orientation for 
each of the structure types. 

 

4.8.1. Structural setting 

The Ayra prospect is hosted by a NE-trending fault zone that links the ENE-trending Ayra fault to 

the ENE-trending Judge Sissons fault. It is further located between two secondary, ENE-trending 

fault zones and intersected by an antithetic NW-trending fault (Figures 4.2; 4.3b).  Normal 

displacement along NE-trending faults parallel to the Ayra fault is inferred from cross-sectional 
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interpretation, which is consistent with the presence of dip-parallel slickenlines along clay-coated, 

steeply-dipping fractures within both the Thelon Formation and the strongly altered basement 

rocks (see Figure 3.15 from Chapter 3). In the basement rocks, breccias and cataclasites along 

these faults (Figures 4.19b, e; 4.20a) are overprinted by epithermal veins with, crustiform, cockade, 

and radial and spherical quartz textures (i.e. flamboyant type) (Figures 4.20b, c, d).  The epithermal 

quartz veins are typically sub-parallel to the tectonic foliation but a few strike NW and locally 

ENE with moderate to steep dips (Figures 4.19c, e). 
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Figure 4.20. Ayra prospect structures. (a) Hematite-altered, fine-grained ultracataclasite with weak spotty bleaching 
(AYA-004; 118.3 m; UTM 527833E; 7131730 N). (b) Vein with fine-grained comb- and bladed-textured quartz and 
hematite along its margins and layered crustiform-banded quartz along its centre. Wall rock consists of hematite-
altered ultracataclasite (AYA-004; 103 m; UTM 527833E; 7131730 N). (c) Irregular quartz-healed breccia with 
colloform textures and clay-altered wall rock fragments (AYA-004; 221.5 m; UTM 527833E; 7131730 N). (d) 
Amorphous pink to red quartz vein infill with radial to moss textured quartz fragments cutting hematite-altered 
ultracataclasite (ABR-012; 79 m; UTM 527743E; 7131660N). (e) Non-cohesive, clay-altered mosaic breccia in 
Thelon Formation sandstone. (ABR-004; 35 m; UTM 528036E; 7131868N). (f) Strongly-clay altered, medium-grained 
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Thelon Formation sandstone overprinted by heavily disseminated specular hematite and sooty pyrite (ABR-011; 47.9 
m; UTM 528018E; 7131846N). Photo locations as UTM coordinates using datum WGS84, Zone 14N. 

 

Basement-hosted breccias and cataclasites are overprinted by extensive clay alteration. Within the 

overlying Thelon Formation, clay alteration is associated with fractures, gouges, and related non-

cohesive clay-matrix breccias that are infilled with abundant specular hematite and sooty sulphide 

(Figures 4.20e, f).  The fractures are moderately to steeply-dipping with NE, NW, and ENE strikes 

(Figures 4.19d, e). Gouge-filled fractures along lithological contacts, foliation, quartz veins and 

quartz-healed breccias are prominent across the Ayra prospect, however, they could not be 

measured due to the pervasive strong clay alteration, which did not allow for enough good oriented 

core measurements to be recorded.  

 

4.8.2. Alteration and mineralization 

The Ayra prospect has a similar alteration zonation and geochemical depletion and enrichment 

patterns as the Tatiggaq and Qavvik prospects. The outer distal maroon alteration zone is locally 

preserved in both Thelon and basement rocks as remnant metre-wide bands and patches within the 

much more extensive distal white alteration halo, except immediately below the Thelon-basement 

unconformity where the maroon zone is pervasive and preserved up to 50 m below the 

unconformity.  In the Thelon Formation sandstone, the medial gray alteration zone is observed as 

a pervasive overprint of the distal white alteration zone, whereas in the underlying basement rocks 

it occurs as sooty sulphide mineral coatings on fractures.  Elevated uranium values are typically 

associated with the gray alteration zone within the Thelon Formation (Figure 4.21a).  Only rare, 

centimetre-thick, red-orange zone alteration zones with anomalous uranium values are present in 
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the basement rocks in association with hematite and limonite altered quartz-healed breccia (Figure 

4.21b).   

 

Figure 4.21. Photographs of elevated uranium at Ayra prospect. a) Strongly clay-altered and bleached Thelon 
Formation sandstone within minor remnant maroon hematite and weakly disseminated sooty sulphide (AYA-004; 39 
m; UTM 527834E; 7131731N). (b) Mesocataclasite with overprinting limonite-altered clay and specular hematite 
infill (AYA-007; 307.5 m; UTM 728177E; 7131924N). Photo locations as UTM coordinates using datum WGS84, 
Zone 14N. 

 

4.9 Fluid inclusion analysis 

Fluid inclusions from four quartz vein samples were analyzed to determine the fluid composition 

and conditions during the early epithermal faulting event along the Thelon and Judge Sissons faults 

(see Chapter 3) and the subsequent overprinting uranium mineralization event. Fluid inclusions 

were classified as primary, secondary, or pseudosecondary (Goldstein and Reynolds, 1994; 

Goldstein, 2003) and grouped into fluid inclusion assemblages (FIA) (Roedder, 1984; Bodnar et 

al., 1985).  Temperature and fluid salinity were determined for inclusions representing isochoric 

and closed systems and for which the timing of entrapment could be demonstrated (Roedder, 

1984).   
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4.9.1. Sample JSOS008 

The sample was collected along the Judge Sissons fault.  It consists of a comb-textured quartz vein 

with well zoned and prismatic quartz crystals within strongly hematite-altered psammopelitic 

gneiss (Figure 4.22a).  Fluid inclusions are typically 3-10 #m in size with a few monophase vapour 

inclusions up to 100 #m along their long axis.  The following FIAs are present: 1) 1-2 #m, rounded, 

primary vapour monophase inclusions that define quartz grain boundaries; 2) pseudosecondary 

30-100 #m L>V inclusions surrounded by abundant liquid and vapour monophase inclusions; 3) 

extensive banded to radial secondary vapour monophase inclusions that terminate against or cross 

grain boundaries; and 4) local isolated FIA clusters consisting of secondary L>V+solid (halite) 

inclusions along fracture planes. Microthermometry was conducted on 28 L>V pseudosecondary 

inclusions (Figures 4.22b, c, d).   The homogenization temperatures (Th) range from <145°C to 

265°C with an average homogenization temperature of 177°C (Figure 4.22e).  The Tm(ice) 

measurements are consistently very low with values of -0.5°C to -1.0°C (Figure 4.22f), which is 

indicative of fluids with very low salinity between 0 and 2 wt. % NaCl equivalent.   
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Figure 4.22.  Fluid inclusion data for sample JSOS008, a hematite-altered and multiply quartz veined and brecciated 
supracrustal gneiss along the Judge Sissons fault (UTM 559259E; 7136655N. a) Cross polarized photomicrograph 
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of thin quartz veins that cut highly-brecciated and hematized wall rock.  Quartz vein material made into chips for fluid 
inclusion analysis. (b) Quartz vein chip used for fluid inclusion analysis, red box outlines area where fluid inclusions 
were analysed from. (c) Fluid inclusion map showing L>V FIA, dotted box outlines close-up image shown in next 
figure. (d) Close-up of L>V inclusions.  (e) Graph showing the homogenization temperatures (Th) for the inclusions. 
(f) Graph showing the Tm(ice) (ice melting temperature) values. Photo locations as UTM coordinates using datum 
WGS84, Zone 14N. 

 

4.9.2. Sample 14ALT004  

Sample 14ALT004 consists of quartz vein clasts and quartz grain fragments in clay-altered, 

mineralized, coarse-grained to granule-size sandstone of the Thelon Formation (DDH AYA-007 – 

35.1 m) (Figure 4.23a).  There are two main FIAs in the quartz grain fragments: 1) linear trains of 

V-rich to V-only inclusions (Figure 4.23c); and 2) clusters of pseudo-secondary L>V inclusions 

that are located within the grains and locally along the V-only inclusion planes (Figures 4.23d, e).  

The homogenization temperatures (Th) of a L>V FIA range from <190°C to >350°C with an 

average homogenization temperature of 290°C (Figure 4.23f).  Tm(ice) measurements were low 

with values of -4.0°C to -4.5°C.   
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Figure 4.23.  Fluid inclusion data for sample 14ALT004 (AYA-007; 35.1 m; UTM 528177E; 7131924N). a) Strongly 
clay-altered, course- to very coarse-grained sandstone with quartz and hematized quartz vein clasts. (b) 
Photomicrograph showing the quartz and quartz vein clasts with a strong clay-altered matrix. (c) Close-up of quartz 
grain used for microthermometry and circles outline FIA location (d) Photomicrograph of L>V inclusion FIA (e) 
Close-up of pseudosecondary inclusions.  (f) Graph outlining the homogenization temperatures. Photo locations as 
UTM coordinates using datum WGS84, Zone 14N. 
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Figure 4.24.  Fluid inclusion data for sample 14FLT017 (TUR-026; 178.2 m; UTM 548966E; 7135453N). (a) Drill 
core from TUR-026 showing the uranium mineralized interval where the sample was collected from.  Note abundant 
bleaching and overprinted dark red hematite and orange limonite alteration. (b) Close-up of core sample with thin 
gray, veinlets that were sampled for fluid inclusion microthermometry analysis. (c) Reflected light photomicrograph 
of quartz veinlets showing strong corrosion of the quartz vein and quartz clasts in the strongly clay altered 
psammopelitic wall rocks. (d) Zoomed in reflected light photomicrography of vein and wall rock showing significant 
finely disseminated pyrite and dark coatings of uraninite surrounding the sulphide minerals, and the quartz 
boundaries.  Photo locations as UTM coordinates using datum WGS84, Zone 14N. 

 

4.9.3. Sample 14FLT017 

Sample 14FLT017 is from a fine-grained psammopelitic gneiss (DDH TUR-026 178.2 m depth) 

(Figures 4.24a, b) that hosts discreet 1-2 mm thick, isolated, comb-textured, gray to clear quartz 

veinlets. The gneiss is weakly mineralized with a best intercept of 0.26% U3O8 over 0.4 m (178.1 

to 178.5 m), is strongly bleached and clay-altered and contains disseminated sooty, fine-grained 
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sulphide minerals (Figures 4.24c, d).  The quartz vein is pre-alteration (white and gray zone 

alteration) and locally corroded with sulphide minerals filling the corroded sites (Figure 4.24d).  

From petrographic analysis, the quartz vein contains four FIAs: 1)  well-defined zonal quartz 

textures with abundant primary V-only inclusions defining original crystal growth as well as 

clusters within the crystals (Figures 4.25a, b); 2) within crystal pseudo-secondary L>V inclusions 

(Figure 4.25b); 3) extensive secondary V-rich and V-only, strongly linear inclusions, which exhibit 

rapid growth textures that transect across individual crystals (Figures 4.25c, d); and 4) localized 

secondary L>V+ solid inclusions along secondary planes (Figures 4.25e, f). 
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Figure 4.25.  Fluid inclusion data for sample 14FLT017 continued. (a) Photomicrograph showing prismatic quartz 
crystals and their fluids inclusion within the vein. Note extensive vapour-only inclusion clusters in the centres and 
cross-cutting quartz crystals.  Red box shows location of next figure. (b) Close-up photomicrograph showing primary 
vapour-only inclusions along crystal boundaries, pseudosecondary L>V inclusions and irregular clusters of 
secondary vapour inclusion. (c) Zoom out of same vein showing the large amount of linear vapour-only inclusion 
cross-cutting the quartz vein. (d) Close-up of extensive vapour-only inclusion trains and clusters.  (e) Fracture with 
secondary L>V +S inclusions. (f) Close up of L>V +S inclusions. Photo locations as UTM coordinates using datum 
WGS84, Zone 14N. 
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4.9.4. Sample 14UX009 

Sample 14UX009 is a dark gray, 1-2 cm wide, isolated blocky- to comb-textured quartz vein (DDH 

TUR-018 – 127.4 m depth) from the gray alteration zone of the Tatiggaq prospect (Figure 4.26a).  

The vein is hosted within strongly clay-altered and sooty-sulphide altered psammopelitic gneiss of 

the Aberdeen Lake supracrustal belt.  The quartz vein is pre-uranium mineralization because it is 

strongly corroded with clays and sulphide minerals filling the dissolution sites (Figure 4.26b). The 

rhomb-shaped quartz crystals have cloudy interiors dominated by V-rich fluid inclusions that 

exhibit a radiating habit (Figure 4.26c).   
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Figure 4.26.  Fluid inclusion data for sample 14UX009 (TUR-018; 127.4 m; UTM 548863E; 7135512N). (a) Comb-
textured quartz vein that has been overprinted by extensive clay- and sooty sulphide alteration. (b) Reflected light 
photomicrograph of quartz vein and wall rock contact.  Note strong corrosion of quartz along wall rock margin.  Very 
fine-grained disseminated sulphide present throughout the wall rock with weakly disseminated pitchblende. (c) Fluid 
inclusion chip of quartz vein showing location of L>V+S inclusion FIA.  Note strong radial clusters of vapour-only 
inclusions in the centre of the main quartz crystal and numerous linear vapour-only inclusion trains. (d) Close-up of 
pseudosecondary L>V+S inclusion. (e) Graph showing homogenization temperatures for the L>V+ S FIA. Photo 
locations as UTM coordinates using datum WGS84, Zone 14N. 
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Microthermometry was done on 41 fluid inclusions from three FIAs within the outer margins of 

the quartz crystals (Figure 4.26d, area 1.1; Figure 4.27a, area 1.2; Figure 4.27 a, c, area 1.3).  

Homogenization temperatures (Th) were determined for the three FIAs and ice-melting 

temperatures (Tm(ice)) were measured for liquid-dominated biphase fluid inclusions.  The 

pseudosecondary L>V inclusions (Figure 4.26d, area 1.1) have uniform small (10%) vapour 

bubbles and rare solids (Figure 4.26d).   Homogenization temperatures (Th) of 90-150°C with an 

average Th of 108°C were determined from 11 inclusions (Figure 4.26e).  Area 1.2 hosts 11 

pseudosecondary L>V +/- solid inclusions (Figures 4.27a, b).  Homogenization temperatures (Th) 

of 70°C to 114°C with average Th of ≈101°C were obtained (Figure 4.27b).  Approximately half 

of the inclusions in this FIA had a solid phase and the Tsolid calculated temperatures were erratic 

and varied from ~120°C to >145°C.  A FIA consisting of small isolated clusters of V>L secondary 

inclusions is present within a well-defined, semi-prismatic quartz crystal near a fracture zone 

(Figures 4.27a, c, d).  Homogenization temperatures (Th) were all consistently >300°C and Tm(ice) 

was difficult to determine in most of the inclusions due to their small size but in three of the larger 

inclusions the values ranged from -45°C to -30°C.  
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Figure 4.27.  Fluid inclusion data for sample 14UX009 continued. (a) Microthermometry chip outlining FIA areas 
1.2 and 1.3. (b) Area 1.2 with pseudosecondary L>V+S inclusions with homogenization temperatures largely less 
than 100ºC. (c) Area 1.3 with FIA cluster of pseudosecondary V>L inclusions. (d) Close-up of area 1.3 showing 
inclusion that were analysed.  All inclusions had homogenization temperatures at or >300 ºC.  
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4.10 Discussion 

4.10.1. Structural controls on uranium mineralization 

The Thelon and Judge Sissons faults originated as dextral transcurrent faults at ca. 1830 Ma to ca. 

1760 Ma and underwent an epithermal faulting event at 1760 Ma to 1750 Ma (see Chapter 3).  

Together with secondary synthetic ENE- to ESE-trending faults and antithetic NW-trending faults, 

the Thelon and Judge Sissons faults constitute a vast network of faults, cataclasites and veins, 

which were reactivated during the uranium mineralization event.  The presence of multiple ENE- 

and NW-trending faults throughout the northeast Thelon Basin is similarly proposed by Tschirhart 

et al. (2013a; 2013c; 2014; 2017) from detailed geophysical modelling.  Late reactivation produced 

younger fault gouges along these pre-existing structures as well as along the regional tectonic 

foliation, which generated additional fractures that coalesced into metre-scale zones of non-

cohesive crackle to chaotic breccias. The trends are largely ENE and NW, similar to the older 

reactivated structures, but a large number of NE-trending fractures are also present at the Tatiggaq, 

Qavvik and Ayra prospects.  These latter fractures are likely associated with NE-trending faults 

and lineaments on map scale such as the Andrew Lake fault and possible thrust faults along the 

eastern margin of the Schultz Lake Intrusive complex (Tschirhart et al., 2013b). Their chronology 

is unknown but some of the NE-trending faults could have formed as synthetic branch faults (Kim 

et al., 2004) that linked early ENE- to ESE-trending dextral transcurrent faults.   

 

The primary structural control on uranium mineralization at the Tatiggaq and Qavvik prospects 

are non-healed, ENE-trending fractures and breccia zones developed between quartz-healed and 

less permeable secondary ENE-trending synthetic faults, paralleling either side of the master ENE-
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trending Judge Sissons fault.  Several unconformity-type deposits in the Athabasca Basin are 

located near zones of non-permeable basement rock like quartzite (e.g. McArthur River, Wheeler 

River) or Archean granitoid gneissic units (e.g. Eagle Point) (Hoeve and Sibbald, 1978; Jefferson 

et al., 2007; Kerr, 2010; DeDecker, 2019). Uranium mineralization at the Tatiggaq and Qavvik 

prospects forms thin, steeply dipping mineralized lenses that are sub-parallel to the secondary and 

master fault zones.  Late normal displacement along the Thelon and Judge Sissons faults zones 

and their subsidiary fault zones including secondary quartz-healed faults and non-cohesive 

subsidiary faults, is temporally correlated to the uranium mineralization.  The development of 

mineralized veins systems is common in many upper crustal level hydrothermal systems such as 

epithermal districts where veins are emplaced late in the fault history when the area has achieved 

maximum connectivity and structural permeability (Rhys et al., 2020).  Although the timing is 

speculative, the abundant NW-trending faults and fracture zones that transect the areas around the 

uranium prospects may have provided additional pathways for hydrothermal fluid conduits to link 

with the predominant ENE-trending fracture zones in which uranium precipitated. 

 

4.10.2. Fluid inclusions and deformation 

 

The fluid inclusion data is interpreted to reflect a history of protracted fluid and deformation 

history.  The petrography and microthermometry of fluid inclusions within quartz veins and clasts 

provide insight on the epithermal faulting event and late uranium mineralization events. Quartz 

crystals from comb-textured quartz veins, which overprint early breccias along the Judge Sissons 

fault (sample JSOS008), host pseudosecondary, low salinity (0-2 wt.% NaCl equivalent), L>V 

inclusions with homogenization temperatures ranging from 145°C to 265°C and <190°C to 
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>300°C.  The salinity and homogenization temperatures of these early fluids resembles the average 

composition of epithermal fluids (Bodnar et al. 2014) like, for example, those in the Guanajuato 

mining district in Mexico (Moncada and Bodnar, 2012).  The L>V inclusions in sample JSOS008 

or 14ALT004 are not indicative of boiling in a precious metal-rich epithermal system, however, 

those low salinity fluids may be peripheral to such system along the Judge Sissons fault where the 

presence of chalcedonic and bladed textured veins suggest boiling (see Chapter 3). Evidence for 

intense boiling or 'flashing' is indicated by cross-cutting FIAs with radial to linear distributions of 

V-only inclusions. This texture occurs when a hydrothermal fluid turns instantaneously to vapour 

during sudden decompression during a seismic event, and is trapped in quartz microfractures 

(Moncada et al., 2012; Rowland and Simmons, 2012).  The source of heat for the epithermal-type 

fluids could be related to Pitz Formation volcanism (see Chapter 3).  

 

The majority of fluid inclusions within the isolated drusy vein quartz of 14UX009 are L>V+/- S 

inclusions with low homogenization temperatures (70°C to 150°C) suggesting that this quartz was 

precipitated from low temperature possibly early diagenetic fluids.  Similar isolated drusy veins 

with open-space comb textures post-date the Thelon Formation deposition and are also observed 

in the Athabasca Basin within both the overlying sandstone basin and underlying basement rocks 

(Hoeve and Sibbald, 1978). Isolated drusy quartz veins are also locally present in the Thelon 

Formation throughout the study area (Figure 4.28).  Overprinting the low temperature, higher 

salinity fluid inclusions are secondary V>L inclusions, which have homogenization temperatures 

of ≥300°C and Tm(ice) values of -45°C to -30°C.  A solid phase within these inclusions is not 

present suggesting its salinity must be low, therefore, the low Tm(ice) values may indicate that the 
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hydrohalite melting temperature was recorded rather than the Tm(ice) value due to the small sizes 

of the fluid inclusions making the phase changes difficult to differentiate.  As a result, these 

inclusions are interpreted to represent a younger, low salinity, but higher temperature fluid than 

the fluids recorded in sample JSOS008, which are inferred to be related to the epithermal faulting 

event.  The strong sulphidic alteration associated with sample 14UX009 suggests that these 

secondary fluid inclusions recorded a high-temperature, reduced fluid event that was post Thelon 

Formation deposition.  Cross-cutting L>V + solid inclusion (halite) in both these samples are 

inferred to be associated with low temperature, high salinity (20-35 wt.% NaCl/CaCl2 equivalent 

fluids.  This would be consistent with basinal brine fluids associated with unconformity-type 

uranium deposits in the Athabasca Basin (Derome et al., 2005). Primary radial and secondary 

linear and V-only inclusions (samples 14FLT017 and 14UX009) are thought to represent fault 

rupture-related hydrothermal events that are post Thelon Formation deposition and that occurred 

during the initial precipitation of the quartz veins and later seismic events.  

 

Figure 4.28. Drusy quartz crystal 
preserved along a fracture surface within 
strongly clay alteration Thelon Formation. 
(AYA-007; 81.6 m; UTM 528177E; 
7131924N). Photo locations as UTM 
coordinates using datum WGS84, Zone 
14N. 

 

In summary, the fluid inclusions are 

interpreted to record: 1) an 

epithermal event (Figure 4.29a) 

characterized by (a) early, low-salinity, moderate- to high-temperature non-boiling fluids, and (b) 
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a coeval flashing-related vapour phase related to fault activity and rapid crystal growth; and  2) a 

post-Thelon event (Figure 4.29b) characterized by (a) early diagenetic L>V+/- S inclusions with 

low homogenization temperatures (70°C to 150°C); (b) ≥300°C reduced fluids, (c) late high 

salinity (NaCl/CaCl2 mixture), low temperature diagenetic/hydrothermal fluids, and (d) cross-

cutting V-only inclusions indicative of ongoing fault activity and flash boiling. 

 

Figure 4.29. Synthesis of fluid inclusion data. (a) Epithermal faulting event fluids. (b) Post-Thelon Formation fluids. 
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4.10.3. Controlling structures in the northeast Thelon Basin 

The main structural similarity between the Tatiggaq, Qavvik and Ayra prospects and other deposits 

of the northeast Thelon Basin is their close proximity to secondary ENE-, NE-, and NW-trending 

fault zones (see Table 4.1 for summary).  Uranium mineralization and elevated uranium values are 

consistently found proximal to secondary ENE-trending fault zones, characterized by quartz 

veined, brecciated and hematized damage zones surrounding core zones of proto- to 

mesocataclasite.  At the End, Andrew Lake, Bong and Contact deposits and occurrences, a rock 

unit named 'quartz breccia' is described immediately adjacent to the mineralized bodies 

(Wollenberg, 2010; Sharpe et al., 2015; Grare et al., 2018; 2020).  Although inferred to have 

formed at ca. 1750 Ma (Grare et al., 2020), these ‘quartz breccias’ have a more complex history 

and are interpreted to have formed between at ca. 1830 Ma and ca. 1750 Ma during initial dextral 

transcurrent slip along the faults and overprinting epithermal event, as described in Chapter 3.  

 

Table 4.1. Main controlling structures of deposits/prospects in the northeast Thelon Basin. 

Deposit/Showing Controlling faults Source 

Kiggavik along secondary ENE fault  

Fuchs and Hilgar, 1989; 
Anand and Jefferson, 
2017; Johnstone, 2017 

End 
along a master ENE fault; near intersection with major NE fault 
(ALF) Chi et al., 2016 

Andrew Lake along major NE fault (ALF); south of secondary ENE fault Grare et al., 2020 

Bong 
along secondary ENE-NE fault; close to trend of major NE 
(ALF-extension) Sharpe et al., 2015 

Contact along major NE fault (ALF); cut by secondary ENE Grare et al., 2018; 2020 
Tatiggaq between secondary ENE; cut by secondary NW  this study 
Qavvik between secondary ENE; south of secondary NW  this study 

Ayra 
along NE fault; cut by secondary NW and between secondary 
ENE faults  this study 

* ALF - Andrew Lake fault 
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4.10.4. Comparisons between the Thelon and Athabasca basins 

Unconformity-related uranium mineralization within the northeast Thelon Basin and Athabasca 

Basin share many common key features.  These include their: (1) relationship to intracratonic ca. 

1700 Ma to 1500 Ma sandstone basins; (2) association with underlying crystalline gneissic and 

granitoid basement rocks; (3) spatial distribution along re-activated faults; (4) the exceptional high 

grades of uranium concentrations (e.g. >1% U3O8 over several metres); (5) presence of thick clay-

altered mineralization envelopes; and (6) relatively low temperature (120°C to 220°C) 

mineralizing hydrothermal fluids (Hoeve and Sibbald, 1978; Jefferson et al., 2007).   

Most uranium deposits in the eastern Athabasca Basin are located along a NE-trending corridor, 

which unconformably overlies the transition between the Wollaston and Mudjatik lithotectonic 

domains (Annesley et al., 2005; Jeanneret et al., 2016). The Wollaston-Mudjatik transition zone is 

an exhumed amphibolite-facies, NE-trending thrust-and-fold belt of folded and imbricated 

graphite-bearing pelite, psammopelite, calc-pelite, calc-silicate, and quartzite of the lower 

Wollaston Group (Lewry and Sibbald, 1980; Yeo and Delaney, 2007). In the western Athabasca 

Basin, the high-grade Arrow and Shea Creek deposits and the past-producing Cluff Lake deposits 

are associated with amphibolite- to granulite-facies supracrustal and orthogneiss units of the Rae 

domain (Baudemont and Fedorowich, 1996; Hillacre, 2018; Johnstone et al., 2018, Lorilleux et 

al., 2002).   

 

Several deposits in the eastern Athabasca Basin are located at or near the unconformity and are 

associated with NE-trending, reactivated, semi-brittle basement faults (largely graphite-bearing), 

which extends upwards into the Athabasca Basin.  Examples include the McArthur River, Key 
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Lake, McClean Lake and Phoenix deposits (McGill et al., 1993; Baudemont and Pacquet, 1996; 

Tourigny et al., 2007; Harvey and Bethune, 2007; Kerr, 2010). Other high-grade deposits, such as 

the Cigar Lake deposit, are located along E-trending fault zones without significant post-Athabasca 

reverse movement (Bruneton, 1993, Martz et al., 2019). The Millennium deposit (Fig 4.1) is 

located along a N-trending, post-Athabasca Basin reactivated, quartz-dravite basement fault with 

minimal unconformity offset (Beshears, 2010). Basement-hosted deposits in the Collins Bay area 

(e.g. Eagle Point, Sue deposits) are largely hosted along reactivated, N- to NE-trending, high-angle 

reverse faults (Baudemont and Pacquet, 1996; Thomas and Wasyliuk, 1998; Tourigny et al., 2000; 

IAEA, 2018b). The deposits of the western Athabasca Basin range from the impact-deformed Cluff 

Lake deposits, which originally formed along NNE- to NE-trending extensional faults (Blaise and 

Koning, 1985; Ey et al., 1985; Baudemont and Fedorowich, 1996), the NW-trending Shea Creek 

deposits formed along the unconformity where it is breached by NE-trending reactivated basement 

cross-faults  (Lorilleux et al., 2002), the N-trending Centennial deposit, located in the central part 

of the Athabasca Basin along the extension of the Snowbird Tectonic Zone, is associated with 

post-sandstone semi-brittle reactivation along an older basement-hosted mylonite with little 

vertical offset of the unconformity contact, and lastly, the entirely basement-hosted NE-trending 

Arrow deposit located in the Patterson Lake area in the southwestern part of the basin, which 

consists of sub-vertical lenses hosted in a protracted sinistral-dextral strike-slip fault system 

(Johnstone et al., 2018; Hillacre, 2018).   

In contrast, uranium mineralization in the northeast Thelon Basin is associated with ENE-trending 

dextral-transcurrent faults that were reactivated as normal faults.  This overall lack of structural 

consistency suggests that the establishment of an extensive highly permeable and interconnected 

fault networks is more important for focusing high volumes of mineralizing fluids into fault-related 
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traps sites than the absolute orientation of those faults.  The mixing of upwardly channeled reduced 

fault fluids with oxidized fluids of the Athabasca Basin resulted in the rapid precipitation of 

uranium at the major hydrologic and reduction-oxidation boundary represented by the basement-

basin unconformity.  Deposits also formed below the unconformity from basinal oxidized fluids 

that penetrated deep into highly-fractured basement rocks either interacting with reduced 

lithological units or with upwelling reduced basement fluids. 

 

The wide clay alteration envelope surrounding the Thelon deposits is also present around the 

Athabasca deposits. Illite with minor kaolinite are the most common clay minerals.  Dravite (clay-

sized Mg-tourmaline), Mg-chlorite (sudoite) and fine-grained sulphide minerals are further 

associated with the deposits (Jefferson et al., 2007; Adlakha and Hattori, 2016; Guffey, 2017; 

DeDecker, 2019). Element enrichments and depletions in alteration zones surrounding the 

Athabasca deposits are similar to those around the Thelon deposits and are characterized by 

enrichments in U, B, Ni, Co, Ag, and As and depletion in Na2O (Hoeve and Sibbald, 1978; 

Jefferson et al., 2007). The Thelon prospect examples differ by the strong Ba and moderate Cu 

depletion that occur across all the alteration zones and moderate Zn depletion that occurs in the 

white and gray alteration halos of the Thelon deposits (Figure 4.8). 

 

The nature of the reductant responsible for precipitating uranium is another difference between the 

Athabasca and Thelon basins.  The presence of significant graphite proximal to the mineralization 

is characteristic of many of the Athabasca Basin deposits, in particular the deposits along the 

eastern side of the basin hosted by Wollaston Group metasedimentary rocks (Jefferson et al., 
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2007).  In the Thelon Basin, graphite-bearing rocks are uncommon, and mineralization does not 

appear to favor a specific rock type. Uranium minerals simply replaced sulphide, clay- and chlorite 

minerals.  The reduction of the uranium-bearing oxidized fluids did not only occur by wall rock-

fluid reactions, but likely involved a more dynamic system of (1) repeated interactions between 

uranium-rich oxidized fluids and reducing fluids channeled up along active fault zones, and (2) as 

the hydrothermal fluid system evolved, uranium-rich oxidized fluids passively interacting with 

pre-existing sooty sulphide minerals within the gray alteration zone-affected rock. 

4.10.5. Metallogenic model – interplay between faulting and fluid flow 

Ore-producing hydrothermal systems require the development of fracture-controlled fluid 

pathways due to the dynamic interplay between fluid flow, fluid pressure, stress state and 

deformation processes (Cox, 2020).  The architecture of the northeastern Thelon Basin and 

surrounding basement complex consists of structures that formed during long-lived dextral 

transcurrent faulting. These include the steeply-dipping Thelon and Judge Sissons master faults, 

as well as the damage zones of a vast network of secondary synthetic ENE- and NE-trending faults 

and antithetic NW-trending faults associated with those master faults.  The presence of overlapping 

alteration zones at the Thelon deposits can be explained by the interaction between multiple pulses 

of oxidizing and reducing fluids. The early hematite and chlorite alteration within the basement 

rock units reflects infiltration of oxidized fluids along faults and their associated fracture networks 

prior to the deposition of the Thelon Formation (Figure 4.30a). Deposition of the Thelon basin 

sediments coincided with periodic tectonic activity and normal faulting as evidenced by proximal 

alluvial fan conglomerates, local marginal facies changes, stratigraphic discontinuities and soft 

sediment deformation structures (Hiatt et al., 2003; Davis et al., 2011, Jefferson et al., 2011; 

Jefferson et al., in press).  During subsequent interseismic intervals, large aquifers of free 
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convecting, diagenetic, oxidized basinal fluids formed throughout the basin because of the low 

matrix content of sandstones in Late Paleoproterozoic to Mesoproterozoic basins (Cuney, 2010; 

Cui et al., 2010). This led to widespread oxidation of the Thelon Formation sandstone and 

basement rocks below the unconformity, as proposed for the Athabasca Basin (Hoeve and Sibbald, 

1978).  Due to the highly faulted and fractured nature of the basement rocks underlying and 

adjacent to the northeast Thelon Basin, basinal fluids penetrated along these faults and their highly 

fractured damage zones as the basin formed.  Over time, the basin-derived fluids would have 

largely oxidized the basement rocks creating the maroon alteration zone, overprinting the pre-

Thelon Formation regional background hematite and chlorite alteration in the basement rocks 

(Figure 4.30b).  As the oxidized fluids moved along the faults and adjacent wall rock, they became 

more reduced thereby creating basement-hosted, reduced fluid reservoirs adjacent to the faults.  

After ca. 1600 Ma, which is inferred to be the upper age limit for the late reactivation events 

responsible for uranium mineralization (see Chapter 3), master and secondary ENE-trending fault 

structures were reactivated as normal faults triggering the first major post-Thelon Formation, fault-

related fluid flow event. During this seismic event, weakly-reduced and trapped basement fluids 

were expelled upward along the faults and their damage zones. This reduced fluid-rock interaction 

resulted in white clay alteration overprinting the early maroon hematite alteration (Figure 4.30c).  

Uranium possibly precipitated at the unconformity with the overlying sandstone at this time, or 

immediately below the unconformity within the basement rocks, as oxidized, uranium-bearing, 

basin-derived fluids interacted with these reduced early fluids. However, the lack of uranium 

mineralization associated with the white clay alteration suggests that the basin fluids were either 

undersaturated in uranium, or uranium did precipitate but was largely remobilized during later 

fluid events. The width of the clay alteration zones surrounding the Thelon deposits further suggest 
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that this process likely required several cycles of fluid recharge and discharge during seismic and 

interseismic events, as explained in more detail below.   

 

Figure 4.30. Revised model for uranium mineralization in the Thelon Basin. Thelon (a) Pre-late reactivation event 
and pre- hydrothermal alteration (background).  Thelon Formation at top in yellow, faults shown with breccia pattern 
and represent master or secondary ENE-trending fault zones.  Smaller faults shown by the solid line. (b) Post Thelon 
Formation fault movement(s) brings large amounts of oxidized fluids (post- or syn-diagenesis) deep along the master 



213 

and secondary ENE-trending structures creating the maroon zone alteration.  At depth the fluids become more reduced 
and eventually some weakly reduced fluid is sealed along the faults. (c) Normal movement along the faults releases 
overpressured weakly reduced fluids that move up the faults and create the extensive white zone alteration.  (d). 
Oxidized fluids percolate downward again along the vast fault structures related to master Thelon and Judge Sissons 
fault zones during an interseismic period.  (e) Sealing of the faults leads to an even larger overpressured reservoir of 
reduced fluids, that are trapped at depth along the faults.  (f) Subsequent normal movement along the faults releases 
the overpressured reduced fluids up and into the overlying rocks along the faults creating the gray zone alteration.  
Synchronous with this movement is the interaction of uranium-rich oxidized fluids allowing for the precipitation of 
uranium.  Ongoing ruptures along these structures continues the interplay of oxidized fluids interacting with sulphidic 
fluids as well as the gray zone altered rock. 

 

During the post-seismic period that followed the seismic reactivation of the faults (Figure 4.30d), 

upward flow of the early reduced fluids ceased and oxidized basinal fluids resumed their 

downward flow deep along the faults and further down into the adjacent basement rocks.  The 

infiltration of oxidized brines below the Athabasca Basin has been proposed to have reached 5 km 

depth (Boiron et al., 2010), and similar infiltration of oxidized fluids below the Thelon Basin is 

hypothesized here.  Reactions with disseminated sulphide (pyrite) and other Fe-bearing minerals 

in the basement rocks liberated S and Fe into the progressively more reduced fluids.  As sealing 

of the fault system began due to compaction of less permeable gouge- and clay-rich zones (Chester 

and Logan, 1986; Riggs et al., 1994; Constantin et al., 2004; Bense et al., 2013), large isolated 

reservoirs of reduced fluids formed deep within the basement rocks and fluid pressures began to 

build up along the fault zones eventually increasing to suprahydrostatic pressures.  Ongoing 

compaction across the faults was either caused by aseismic slip or the release of differential 

stresses during the reactivation of the faults (Sibson, 2000; Cox et al., 2001; Cox, 2010; Figure 

4.30e). During later fault reactivation, reduced, sulphur-bearing fluids adjacent to impermeable 

fault seals would have been periodically liberated due to breaching of the seals, resulting in egress 

of fluids upwards along the faults.  Periodic seismic rupture of the faults is indicated by the vapour-

only secondary fluid inclusions, which formed during rapid depressurization and flash boiling.   
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These ascending reduced fluids would then have reacted with previously altered basement rocks 

precipitating large amounts of fine-grained pyrite and minor marcasite within the gray alteration 

zones that overprint the white alteration zones.  The presence of marcasite suggests that at least 

locally, the ascending fluids had a pH of 6 or lower, and therefore were slightly acidic (Goldhaber 

and Reynolds, 1979).  The lowering of the pH was potentially caused by the progressive oxidation 

of pre-existing pyrite minerals as the ascending reduced fluids moved upwards through the 

oxidized host rock, which favoured local marcasite precipitation (Goldhaber and Reynolds, 1979).  

Later, as the reduced fluid became progressively neutralized by reactions with the host rock an 

increasing proportion of pyrite was precipitated instead (Granger and Warren, 1969; Goldhaber 

and Reynolds, 1979). The high temperature V>L fluid inclusions present in quartz veins associated 

with the sulphidic gray alteration suggest that this fluid may have reached temperatures upwards 

of 300ºC and supports the hypothesis that these reduced fluids were trapped several kilometres 

below the unconformity.  At the McArthur River and Fox Lake deposits in the Athabasca Basin, 

pre-ore pyrite is interpreted to have acted as a reductant in reactions with oxidized uranium-rich 

fluids (DeDecker, 2019).  At Tatiggaq and Qavvik, the ascending reduced fluids and the gray zone 

altered rock acted as the reductant. Uranium precipitated as massive fracture coatings and infills 

requires a mobile reductant that mixed and reacted with oxidized uranium-bearing oxidized basin-

derived fluids. The near absence of sulphide minerals in Hudson Intrusive Suite granite and 

quartzofeldspathic gneiss suggest that these host rocks for the uranium mineralization could not 

have been particularly good reductants, therefore, a mobile reducing agent is required.   

 

The late hematite red-orange zone alteration is interpreted to have formed during the late evolution 

of the ore system.  This alteration is represented by the secondary, cross-cutting high-salinity and 



215 

low temperature fluid inclusions and are interpreted to be a close representative of oxidized 

uranium-bearing, basin-derived fluids. The red-orange zone is inferred to be largely coincident 

with post-seismic fluid flow of oxidized uranium-rich fluids along channel pathways (e.g. 

microfracture networks) within and adjacent to the faults.  These fluids would have reacted with 

the pre-existing gray zone altered wall rocks, resulting in the precipitation of uranium along 

oxidation-reduction fronts (Figure 4.30f). The formation of these unconformity-related uranium 

deposits and their complex alteration halos is thus attributed to fluid pressure and stress cycling 

behavior corresponding to the fault-valve model of Sibson et al. (1988), Robert et al. (1995), and 

Sibson (2000). Our proposed model is similar to that for the formation of epithermal deposits, 

where normal faulting events expel high-temperature, volatile-rich, oxidized magmatic fluids, 

which leads to additional faulting and brecciation as the fluids ascend and mix with meteoric water 

in the shallow epithermal environment (Fournier, 1999; Sibson, 2000; Cox, 2020).  Although 

similar, the Thelon uranium model differs in the chemistry, temperatures, and evolution of the 

fluids that were expelled during faulting.  

 

In his study of the Kiggavik area deposits, Grare et al. (2020) describes the close association 

between ENE- to NE-trending faults, pre-mineralization quartz veins and cataclastic breccias, 

white clay and gray sulphidic alteration zones, and uranium deposition at ca. 1500-1300 Ma.  

Contrary to our study and previous studies by Hasagawa et al. (1990), Riegler et al. (2014) and 

Shabaga et al. (2017) on other Thelon deposits, they suggested that the white clay alteration post-

dates the gray alteration and uranium mineralization.  We propose a dynamic model of cyclic fluid 

circulation involving repeated rupturing and sealing events.  Our model explains the mutually 

overprinting relationships between alteration zones such as the overprinting of the gray alteration 
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by the white illite alteration described by Grare et al. (2020). It further explains the formation of 

the Thelon deposits over a time span of 10s of millions of years from ca. 1500 Ma to ca. 1260 Ma, 

during multiple seismic-interseismic events that facilitated the ingress of basinal oxidized 

uranium-rich fluids and egress of reduced basement fluids.   

 

Our model is similar to the diagenetic/hydrothermal model originally proposed by Hoeve and 

Sibbald (1978) for the Athabasca deposits.  Our modified model also invokes the deep penetration 

of hot, oxidized, uranium-rich diagenetic fluids (upwards of 220ºC) into the basement rocks but 

we suggest that uranium was precipitated by mixing of these fluids with modified reduced basinal 

fluids rather than with interaction with graphite.  The fluids were reduced by reactions with 

disseminated sulphide and iron minerals in the Aberdeen Lake supracrustal rocks.  The ENE-

trending dextral transcurrent Thelon and Judge Sissons faults and their extensive damage zones 

created a vast interconnected fault and fracture network that acted as important fluid conduits.  The 

trapping of an overpressured hot (≥300ºC), sulphide-bearing reduced fluid several kilometres 

below the unconformity, its liberation during normal reactivation of the faults and their damage 

zones, and its mixing with oxidized uranium-rich basin-derived fluids, produced the high-grade 

uranium mineralization at the Thelon deposits. The extreme interconnectedness of faults in the 

Thelon Basin may explain the impressive, large-scale, basement-hosted alteration halos that tend 

to be more restricted in the Athabasca Basin.  The high tonnage and very high-grade uranium 

mineralization discovered to date in the Athabasca Basin could be a function of the channeling of 

hydrothermal fluids by major “backbone” segments of fault corridors, whereas fluid flow along 

“dangling” or “isolated” segments peripheral to the main faults produced the smaller ore bodies of 
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the Thelon Basin (Cox et al., 2001).  Alternatively, a giant orebody may exist in the Thelon Basin 

but has yet to be discovered.  

4.11 Conclusions 

Tatiggaq, Qavvik and Ayra prospects are structurally controlled, unconformity-type prospects that 

host high-grade uranium mineralization and extensive hydrothermal alteration.  The main 

controlling structures are pre-mineralization faults, fractures, breccias and cataclasites associated 

with the dextral, transcurrent Thelon and Judge Sissons fault system.  The mineralized structures 

consist of interconnected ENE-trending faults with metre-scale normal displacement.  The 

mineralization formed by the complex interaction between oxidized and reduced fluids during 

normal reactivation of the Thelon-Judge Sissons fault system from ca. 1500 Ma to 1300 Ma.  

During post-seismic events, oxidized basinal fluids penetrated into the basement, were 

progressively reduced by reaction with the basement rocks, and formed a deep reservoir holding 

high-T (≥300°C) reduced, slightly acidic fluids.  The latter were released during fault-valve normal 

seismic reactivation of the fault system and mixed with oxidized basin-derived fluids to form high-

grade uranium deposits. 
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Chapter 5 
 

5 Conclusions and exploration implications 

5.1 General conclusions 

The Aberdeen Lake area is an important and underexplored unconformity-related uranium district.  

The Thelon Basin shares many geological, temporal, structural and metallogenic similarities with 

the uranium-rich Athabasca Basin in Saskatchewan and the Kombolgie Formation of the McArthur 

Basin in northern Australia.  Gaining a better knowledge of the geological environment into which 

the high-grade Tatiggaq, Qavvik and Ayra uranium occurrences formed is important not only for 

the Thelon Basin, but also for all unconformity-related uranium deposits. 

 

Chapter 2 proposes a new tectonostratigraphic framerwork for the Aberdeen Lake supracrustal 

belt, which represents the basement rocks to the Thelon Basin. The Aberdeen Lake supracrustal 

belt is subdivided into a Lower Sequence of ca. 2750 Ma metamorphosed komatiite, Fe-tholeiite 

volcanic rocks, and TTG intrusions, a Middle Sequence of ca. < 2687 Ma psammopelitic gneisses 

and banded iron formation, and an Upper Sequence of ca. < 2650 Ma pelitic, psammopelitic and 

minor arkosic gneisses. The Lower Sequence is interpreted to represent juvenile oceanic crust or 

an oceanic volcanic plateau separating Paleo- to Mesoarchean microcratons.  Collision and 

accretion of this plateau and microcratons led to their uplift, erosion, and the deposition of the 

psammopelite and minor iron formation units of the Middle Sequence. Renewed tectonism at < 

2680 Ma uplifted the Middle Sequence and older rocks and led to the formation of a new basin 

represented by the Upper Sequence. 
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Chapter 3 focuses on the long-lived structural and fluid history of the ENE-striking Thelon and 

Judge Sissons faults because of their role in the emplacement of high-grade uranium 

mineralization.  The two faults initially formed at <1830 Ma in the hinterland of the Taltson-

Thelon Orogen to the west and the Trans-Hudson Orogen to the east similar to other major fault 

zones in the Rae craton such as the McDonald and Wager Bay fault zones. They comprise wide 

damage zones consisting of fractures, quartz veins and hydrothermal breccias, surrounding narrow 

core zones characterized by breccias and cataclasites with dextral slip kinematic indicators.  They 

were reactivated at ca. 1760-1750 Ma during an epithermal fluid flow event related to Pitz 

Formation volcanism. This produced crustiform-cockade and lattice-bladed quartz ± hematite ± 

carbonate veins, which overprint the older breccias and cataclasites.  Further reactivation during 

far-field accretionary events at ca. 1600 Ma and/or extensional events between ca. 1500 and 1300 

Ma produced non-cohesive breccias and gouges and triggered the ingress and egress of 

hydrothermal fluids that resulted in the formation of the Thelon uranium deposits. 

 

Chapter 4 proposes a new modified diagenetic/hydrothermal metallogenic model for the formation 

of the high-grade Tatiggaq, Qavvik and Ayra prospects in the basement rocks of the east Thelon 

Basin.  The model involves the repeated reactivation of basement faults by fault-valve driven 

injections of fluid pulses into an ancestral interconnected fault system leading to complex reduced 

and oxidized fluid interactions and uranium precipitation. The deposits formed during multiple 

cycles of seismic rupture, compaction and sealing.  During the uranium mineralization event(s), 

the vast network of secondary faults and fractures associated with the Thelon - Judge Sissons fault 
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system was reactivated as normal faults. Prior to rupture, oxidized uranium-rich, basin-derived 

fluids penetrated deep into the basement along faults and fracture zones, reacted with the 

underlying basement rocks becoming progressively more reduced in the process, and were trapped 

due to compaction and aseismic shearing as deep reservoirs of ≥300ºC, reduced, slightly acidic, 

sulphur-bearing fluids.  During seismic rupture events, the reduced fluids were released and 

egressed upward along the fault systems where they reacted with downwelling uranium-rich 

oxidized fluids precipitating uranium. Uranium precipitation was further facilitated by the passive 

interaction between ingressing uraniferous oxidized fluids and sulphide-bearing and altered 

basement rocks.  

 

5.2 Implications for uranium mineral exploration in the Thelon Basin 

The presence of several 15,000 to 23,000 tU deposits within a 400 km2 area in the northeastern 

Thelon Basin indicates that the area is highly prospective for significant uranium mineralization.   

Suggested targeting criteria include: 

1. Strong clay alteration zone:  This indicates substantial fluid movement.  However, as fluid 

flow may be dispersed amongst multiple reactivated faults and fracture zones resulting in 

large but low-grade deposits, impermeable rocks or structures that acted as barriers that 

confined and focused fluid flow should be targeted (i.e. quartzite units, Hudson Intrusive 

Suite granitoid bodies or dikes, Lower Sequence TTG gneisses and older quartz-healed 

fault segments). 
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2. Medial gray alteration zone (sooty sulphide): The presence of sulphide minerals in the 

medial gray alteration zone provides additional sulphide reductants to precipitate larger 

and higher-grade uranium deposits. 

3. Basement rocks rich in Fe-rich silicate and sulphide minerals: The Upper Sequence and 

Middle Sequence contain disseminated sulphide minerals and interlayered iron formation 

and are therefore, ideal host rocks for uranium mineralization. 

4. ENE-trending faults under the Thelon Basin: Basement rocks and structures below the 

Thelon Basin are largely underexplored.  Exploration should focus on faults adjacent to 

impermeable lithological units or structures.  The on-strike extension of the Qavvik zone 

below the Thelon Basin and along the Judge Sissons fault zone should be pursued, as well 

as secondary ENE-trending faults and the Thelon Fault to the north where they are buried 

beneath the basin. 
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Appendix A 
 

Analytical methods 
 

Whole rock geochemical analysis 

Major elements, major element oxides and trace elements of the orthogneiss samples were analyzed 

by Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) and Inductively Coupled Plasma 

- Atomic Emission Spectrometry (ICP-AES) analytical methods (Jenner et al., 1990; Longerich et 

al., 1990) by ALS Ltd., at their facility in Vancouver, British Columbia (Appendix C – 

Supplementary Tables S1 and S9). The samples were crushed and ground until > 60% of the 

material was reduced to < 2 mm in size.  A 100 to 150 g split was then agate-ground until > 90% 

was < 106 µm in size. An aliquot of 0.2 g was fused using a lithium metaborate/lithium tetraborate 

flux, dissolved in 100 ml of 4% nitric/2% hydrochloric acid and then analyzed for major elements 

and major element oxides by ICP-AES and trace elements by ICP-MS. Base metals were dissolved 

using a four-acid digestion and analyzed by ICP-AES. Quality control of the analytical results was 

achieved by the use of duplicate analyses representing 10% of the sample set and standards MRG-

1 and SY-1 (Abbey et al., 1975; Faye and Sutarno, 1976). Replicate analyses of duplicates returned 

an average %RSD value of 2.7 for all the elements analyzed by ICP-MS and ICP-AES methods. 

Replicate analyses of standards MRG-1 and SY-1 were within two standards deviations. 

The major elements, major element oxides and trace elements for the metasedimentary samples 

were analyzed by Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) and Inductively 

Coupled Plasma - Optical Emission Spectrometry (ICP-OES) analytical methods (Jenner et al., 

1990; Longerich et al., 1990) by the Saskatchewan Research Council (SRC), located in Saskatoon, 
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Saskatchewan (Appendix C – Supplementary Tables S2, S7, S8, and S9). Sample preparation was 

similar to that done at ALS laboratories. Total digestion of aliquots was achieved by using a three-

acid mixture (HF, HNO3, and HClO4), which was then heated until dry. The residue was then re-

dissolved in dilute HNO3 and then analyzed for major elements and major element oxides by ICP-

OES (Perkin Elmer ICP-OES instrument) and trace elements by ICP-MS (Perkin Elmer Sciex Elan 

DRC II ICP-MS instrument).  Total digestion boron analysis was conducted by Na2O2 fusion, 

where a sample split is fused at 650◦C in a Na2O2/Na2CO3 mixture and then analyzed using a 

Perkin Elmer ICP-OES instrument. For SiO2 analyses, 100 mg of the crushed sample was fused 

into a glass bead that was re-dissolved into a deionized water and HNO3 mixture and analyzed 

using the same instrument. Quality control of the analytical results is achieved by the use of 

Cameco Corporation duplicates and standards of approximately 5% of the sample set and these 

analyses were within acceptable QAQC limits. 

Selected elements were normalized using primitive mantle and/or chondrite values of Sun and 

McDonough (1989). Nb/Nb*, Zr/Zr*, Ce/Ce*, Eu/Eu* ratios were calculated with respect to 

adjacent immobile elements using the method of Taylor and McLennan (1985). 

The geochemical data are plotted in Igpet software by RockWare Inc. 

 

U-Pb zircon LA-ICP-MS analysis 

Zircon preparation and analyses were done at the University of Alberta Radiogenic Isotope 

Facility. Zircons were extracted using standard crushing and mineral separation techniques. The 

samples were first crushed using a jaw crusher and comminuted to a fine powder using a Bico disk 
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mill. Processing of the samples on a Wilfley table yielded heavy mineral concentrates from which 

several fractions were extracted using heavy liquids (methylene iodide) and a Frantz Isodynamic 

Separator. Zircons, varying in size from 50 to 500 µm, were selected using a high-powered stereo- 

microscope secured in an epoxy mount and polished. Each zircon spot analysis (30 µm diameter) 

consisted of a 60 second ablation period using a New Wave Research Nd:YAG 213 nm laser 

ablation system (4 Hz; 1.13 J/cm3). Initial cathodoluminescence images of the grains were taken 

using a Zeiss Axioskop 40 cathodoluminescence microscope and these images were later used to 

position the laser spot during analyses of the grains using a Nu Plasma Laser Ablation Multi-

Collector Inductively Coupled Mass Spectrometry (LA-MC-ICP-MS) following the protocol 

outlined by Simonetti et al. (2005). The mass 204 signal during these analyses was generally <100 

cps and is largely from the isobaric interference from 204Hg. There is no common Pb correction 

applied to the data presented in Appendix C - Supplementary Tables S3, S4 and S10. 

Two reference zircon standards were analyzed repeatedly during each analytical session, typically 

after each 10 unknown analyses. The 1831 ± 1 Ma LH94-15 zircon (Ashton et al., 1999) was used 

to monitor U/Pb fractionation and the 3465.4 ± 0.6 Ma OG-1 zircon (Stern et al., 2009) was 

analyzed to verify the age accuracy of the measurement period. The OG-1 average 207Pb/206Pb age 

results obtained for each analytical session (one sample per session in the same order as presented 

in Appendix C – Supplementary Tables S3, S4 and S10) are as follows: 3460.8 ± 1.8 Ma (n=12; 

MSWD=1.3), 3459.1 ± 7.6 Ma (n=6; MSWD=5.2), 3453 ± 4.3 Ma (n=12, MSWD=1.8), 3460 ± 

1.8 Ma (n=12; MSWD=1.3), 3463.0 ± 5.0 Ma (n=1), 3460.6 ± 1.9 Ma (n=10; MSWD=0.9), and 

3475.7 ± 4.3 Ma (n=9; MSWD=2.9). In general, the U-Pb results obtained for the OG-1 standard 

from each analytical session are in good agreement with the accepted age for this standard 
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indicating the results are accurate. The exception is session 7 (sample GC-204973) where the 

results for OG-1 are slightly older than the accepted age. 

Less fractured regions of zircon grains and inclusion-free cores were preferentially analyzed and 

compared to the rims of the grains. Further cathodoluminescence and secondary electron imaging 

was done on the laser ablated zircon grains using a JEOL 6400 scanning electron microscope 

equipped with a Gatan cathodoluminescence (CL) detector at the Central Analytical Facility of 

Laurentian University. Concordia plots were drawn and age nodes were determined using the 

software package Isoplot version 4.12 (Ludwig, 2003) and relative probability histograms were 

created using AgeDisplay (Sircombe, 2004). The 235U and 238U decay constants recommended by 

Jaffey et al. (1971) have been used to calculate dates. 

 

 
 

 

 

 

 

 

 

 
 
 
 



239 

Appendix B 
 

Supplementary Figures 

 

 
 
Figure S1:  Representative cathodoluminescence images of zircons from Lower Sequence samples dated using LA-
ICP-MS U-Pb geochronology (GC-204970 – felsic gneiss; GC-204972 – mafic gneiss). Ablation pit is outlined with 
yellow circle(s), and yellow percentages represent discordance value.  Zircon ages are reported as 207Pb/206Pb dates 
and zircon number corresponds to data in Supplementary Table S3.  Samples are: a) GC-204970 - grain displays fine 
oscillatory zoning with weak partial resorption surrounding a small rounded core.  Outer margin has strong, pink 
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fluorescent overgrowths; b) GC-204970 – grain shows fine oscillatory zoning, strong pink fluorescent overgrowths, 
and fine fractures with pink fluorescent coatings; c) GC-204970 – grain displays fine oscillatory zoning truncated by 
a lighter zone and strong outer pink fluorescent overgrowths; d) GC-204970 – grain displays an inner prismatic core 
surrounded by fine oscillatory zoning and an outer rim of highly fluorescent pink overgrowths; e) GC-204970 – zircon 
displays fine oscillatory zoning; f) GC-204972 – grain contains coarse oscillatory zoning with irregular highly 
fluorescent overgrowths; g) GC-204772 – grains displays coarse oscillatory zoning with weak micro-fractures, and 
extensive, irregular, highly fluorescent pink overgrowths; h) GC-204972 - grain is semi-prismatic with coarse 
irregular zoning and minor overgrowths; and i) GC-204972 – grain has a coarse semi-prismatic core which is 
truncated by a darker zone.  Outer growth is dominated by weak oscillatory zoning, micro-fractures, and thin, highly 
fluorescent overgrowths. 

 
 

Figure S2:  Representative cathodoluminescence images of zircons from Middle Sequence – felsic gneiss (GC-204954) 
samples dated using LA-ICP-MS U-Pb geochronology. Ablation pit is outlined with yellow circle(s), and yellow 
percentages represent discordance value.  Zircon ages are reported as 207Pb/206Pb dates and zircon number 
corresponds to data in Supplementary Table S3.  Samples are: a) coarse prismatic core containing irregular dark 
zones surrounded by faint zoning; b) elongate zircon with a large prismatic core and faint zoning along the outer 
edge; c) elongate grain with faint oscillatory zoning; and d) semi-prismatic zircon with large unzoned prismatic centre 
and weak coarse zonation within outer areas. 
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Figure S3:  Representative cathodoluminescence images of zircons from Middle Sequence – biotite quartzofeldspathic 
paragneiss (GC-204953) samples dated using LA-ICP-MS U-Pb geochronology. Ablation pit is outlined with yellow 
circle(s), and yellow percentages represent discordance value.  Zircon ages are reported as 207Pb/206Pb dates and 
zircon number corresponds to data in Supplementary Table S3.  Samples are: a) subrounded zircon grain with 
unzoned core region and faint zonation in outer region; b) rounded grain with coarse zoning truncated by a lighter 
area along zircon margin; c) grain with a coarse prismatic core remnant with irregular dark colouration and faint 
outer zoning; d) highly irregular coarse inner zone with dark spots and faint outer zoning; and e) sub-rounded grain 
with a coarse, semi-prismatic core and faint oscillatory zoning along the margins. 
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Figure S4: Representative cathodoluminescence images of zircons from Upper Sequence – psammopelitic gneiss 
samples dated using LA-ICP-MS U-Pb geochronology. Ablation pit is outlined with yellow circle(s), and yellow 
percentages represent discordance value.  Zircon ages are reported as 207Pb/206Pb dates and zircon number 
corresponds to data in Supplementary Table S3.  Samples are: a) GC-204952 – grain with strong oscillatory zoning 
and faint truncations of lighter zircon growth (zr12); sub-rounded zircon with faint oscillatory zoning (zr11); b) GC-
204952 – zircon with very strong oscillatory zoning; c) GC-204952 - grain fragment with coarse zoning; d) GC-
204952 - semi-prismatic grain with a prismatic core surrounded by strong oscillatory zoning; e) GC-204952 – zircon 
fragment with fine oscillatory zoning (zr50); sub-rounded grain with coarse zoning and light overgrowths along outer 
margin (zr49); zircon with strong oscillatory zoning (zr46); f) GC-204952 – sub-rounded grain with a rounded core 
containing irregular, light and dark colouration, surrounded by a faintly zoned outer margin (zr52); zircon with 
irregular, coarse, and faintly zoned inner core truncated by irregular outer zoning (zr53); g) GC-204952 - rounded 
grain with strongly resorbed core and unzoned overgrowth region; h) GC-204967 – elongated grain with a large 
prismatic core surrounded by faint oscillatory zoning; i) GC-204967 – sub-rounded zircon fragment with coarse, 
prismatic zoning; j) GC-204967  - strongly oscillatory zoned and highly fluorescent grain with large unzoned core 
region and weak metamorphic overgrowths preserved; k) GC-204967 – sub-rounded zircon with strong oscillatory 
zoning; and l) GC-204967 – zircon with strong, prismatic oscillatory zoning with and outer margin with irregular 
dark zircon growth. 
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Appendix C 
 

Supplemental Electronic Files 

 

Table S1 TableS1_ALS_Geochem_data_all_Ch2.xlsx Major and trace element values for the 
orthogneisses and metavolcanic samples of 
the Aberdeen Lake supracrustal belt.  
Analyses were carried out by ALS Ltd., 
Vancouver, BC.  Rock types are as follows: 
KOM - komatiite; MGAB - metagabbro; 
TONA - tonalite; TROND - trondjhemite; 
MAGN - mafic gneiss; FLGN - felsic gneiss. 

Table S2 TableS2_SRC_Geochem_data_all_Ch2.xlsx Major and trace element values for the 
metasedimentary samples of the Aberdeen 
Lake supracrustal belt.  Analyses were carried 
out by the SRC Geoanalytical Laboratory 
located in Saskatoon, SK.  Rock types are as 
follows: PSAM - psammopelite; BIF - banded 
iron formation. 

Table S3 TableS3_Geochron_data_Ch2.xlsx U-Pb LA-ICP-MS data for the Aberdeen Lake 
area – Chapter 2.  Universal Transverse 
Mercator (UTM) locations are from zone 14N, 
WGS84.  Crossed out data were not used in 
age calculations but included to show the 
entire dataset. 

Table S4 TableS4_Geochron_data_Ch3.xlsx U-Pb LA-ICP-MS data for the Aberdeen Lake 
area – Chapter 3.  Universal Transverse 
Mercator (UTM) locations are from zone 14N, 
WGS84.  Crossed out data were not used in 
age calculations but included to show the 
entire dataset. 

Table S5 TableS5_Drillcore_locations_Ch4.xlsx Drill core locations. 

Table S6 TableS6_Oriented_drillcore_data_Ch4.xlsx Oriented drill core data for the Turqavik, 
Qavvik and Ayra prospects. 

Table S7 TableS7_Whole_rock_geochem_Ch4.xlsx Major and trace element values from drill core 
samples.  Analyses were carried out by the 
SRC Geoanalytical Laboratory located in 
Saskatoon, SK.   

Table S8 TableS8_Alteration_geochem_data_plots_Ch4.xlsx Worksheet with the geochemistry divided into 
the least-altered, and the maroon, white, gray 
and red-orange alteration zones, and then the 
calculations and plots for the isochon 
diagrams. Analyses were carried out by the 
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SRC Geoanalytical Laboratory located in 
Saskatoon, SK.   

Table S9 TableS9_Whole_rock_geochem_data_EXTRA.xlsx Additional whole rock geochemical data for 
Neoarchean orthogneisses and Hudson 
Intrusive Suite rocks that were analysed by the 
ALS Laboratory in Vancouver, BC. 

Table 
S10 

TableS10_Geochron_data_EXTRA.xlsx Additional samples that underwent U-Pb LA-
ICP-MS zircon geochronology. 
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