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ABSTRACT 

The Matoush deposit is situated 260 km north east of Chibougamau in the Otish 

Basin, north of the Grenville Front in the Superior Province. The deposit is hosted in the 

Proterozoic Indicator Formation, which comprises conglomerates, conglomeratic 

sandstones and sub-arkosic sandstones. The deposit is structurally controlled by the 

Matoush Fault, which strikes 007° and dips 85°£. Mineralization is primarily uraninite 

lenses pitching 45°S on the fault surface. 

Tourmaline and eskolaite are the phases most commonly associated with the 

uranium mineralization. The uranium mineralization is spatially linked with chromium 

rich mineral phases, which is bolstered by the three-dimensional distribution of the 

mineral phases showing a strong zonation centered on the high grade uranium 

mineralization. 

Measurements were collected for sets of structural elements in order to establish 

the relationship of mineralization to deformation features. Fracture orientations indicate 

that the Matoush Fault is the dominant control. Similarly, veins show a clear correlation 

with the Matoush Fault. 

Fault-fluid interaction has affected element transport and concentration. 

However, spatial distribution and localization of uranium mineralization defies 

characterization by simple geometric relationships. 
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1 Introduction 

1.1 Background 

This thesis presents the results of a study of the mineralogy and deformation 

structures associated with the Matoush uranium deposit located within the Proterozoic 

Otish Basin of central Quebec (Figure 1.1 ). The field research was conducted in 2008, 

with subsequent analysis of data from 2009 to 2011. The principal objective of the study 

was to establish the formative controls on the Matoush deposit currently being developed 

by Ressources Strateco Inc., with particular emphasis on the structural geology of the 

deposit. To realize the objective, field study of surface geology and drillcore was 

combined with detailed analyses of mineralogy and textures. 

The Matoush deposit occurs 260 km north east of Chibougamau (UTM co

ordinates 699250£, 5760600N - NAD 27, Zone 18). Geography of the region consists of 

moderate relief (Otish Mountains) attaining heights up to 1130 metres above mean sea 

level. Access to the deposit site is by float plane from Chibougamau, or by winter road. 

Outcropping of rock in the Otish Basin is poor, combined with notoriously dense 

vegetation. The latter conditions necessitate a dependence on geophysics and drillcore 

for lithostratigraphic interpretation and regional correlation of geology. 

Significant exploration activity in the Matoush area began in the early 1980s by 

Uranerz Exploration. To date, approximately 30 showings (Figure 1.2) have been 

identified (Gatzweiler, 1987; Kyser and Cuney, 2008b). Diamond drilling of23 holes 

(AM-01 to AM-23) occurred between 1981 and 1984 and allowed for the identification 

of the "Matoush Structure", a regional-scale fault associated with uranium mineralization. 

Despite substantive uranium showings, exploration was abandoned for 22 years. Work 
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Figure 1.2 Geology of the Otish Basin area and location of the uranium occurrences, modified from Kyser 

and Cuney (2008b ). 

Since the beginning of exploration in 2006, Ressources Strateco Inc. has 

undertaken extensive prospecting in the Matoush area. Airborne radiometric, magnetic 

and electromagnetic geophysical surveys were carried out in order to determine potential 

targets apart from the Matoush Fault. Diamond drilling, as of the 4th of April 2012 

(Ressources Strateco Inc., 2012), had attained 226,367 metres over 492 drillholes. 

The most recent resource estimate, performed by Scott Wilson Roscoe Postle 

Associates Inc. dates to December 12th, 2012. The indicated mineral resources of the 

Matoush deposit are 586,000 tonnes with a grade of 0.95% U30s containing 12.33 

million pounds of U30s. Inferred mineral resources are estimated at 1.69 million tonnes 
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grading 0.44% U30s containing 16.44 million pounds ofU30s. A cut-off grade of 0.1 %, 

and a minimum width of 1.5 metres was used for calculations. 

In light of this continued progress by Ressources Strateco Inc. and in pursuit of an 

expanded ore base, this thesis was initiated. 

1.2 Thesis Objectives and Organization 

Uranium mineralization at the Matoush deposit is associated with a highly altered 

mafic dyke; nevertheless, the distribution of mineralization in detail fits into three 

categories: 

1) Mineralization with dyke 

2) Offset by fault without mineralization or dyke 

3) No offset + dyke ± mineralization 

These initial associations are the conjectural basis for this thesis. In undertaking a 

detailed examination of mineral distribution, the existing geometric features and their 

spatial and temporal relationships, the study aims are threefold: 

1) to extract from field and drillhole data the nature and orientation of the 

macroscopic and microscopic deformation features related to the Matoush 

structure 

2) to determine the mineralogy as it relates to mineralization, subject to 

limitations of access to the highest grade ore ( too radiogenic) 

3) to determine what, if any, correlation exists between the latter that may aid in 

predictive exploration. 
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Following this introductory Chapter 1, Chapter 2 describes the status of uranium 

deposit models, and the geological background of the Matoush deposit on which the 

thesis is based. Chapter 3 catalogues the analytical methods that were used to conduct 

this thesis. Chapter 4 establishes the nature and associations of mineral phases relevant to 

the ore deposit. The core objective of the thesis is addressed in Chapter 5 wherein the 

relationship of tectonic features and mineralization are examined. Chapter 6 discusses the 

results of the study. 

1.3 Statement of Contributions 

The ideas in this thesis were developed by myself under the supervision of Dr. 

J.C. White, while the data analyses and interpretations were carried out by myself, with 

guidance from staff in the X-ray Diffraction Lab (Dept. of Earth Sciences) and the 

Microscopy and Microanalysis Facility (Faculty of Science). Field work and core 

analysis were carried out at the Matoush site in conjunction with John Burns and 

Jonathan Lafontaine. 
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2 Review of Uranium Deposits and Regional Geology 

2.1 Classification of Uranium Deposits 

Uranium deposits can be classified into several types reflecting their geological 

associations (Cuney and Kyser, 2008): unconformity-related deposits, sandstone uranium 

deposits, vein deposits, metasomatic deposits, breccia complex deposits, intrusive 

deposits, volcanic associated deposits, quartz-pebble conglomerate deposits, surficial 

uranium deposits, collapse breccia pipe deposits, and phosphorite deposits. For all of the 

deposit types, there are common factors necessary for their formation (Kyser, 2011) that 

vary in detail with the specific geological environment. These include: 

1) the temporal and spatial relationships of mineralizing and alteration processes 

2) the nature and amount of the fluid available 

3) a source of uranium 

4) a mechanism of concentrating and trapping uranium 

2.1.1 Review of Unconformity-Related Uranium Deposits 

Proterozoic basins that were unconformably deposited on Archean basement of 

varying lithologies are common sources of uranium mineralization, both in Canada and 

worldwide (Lambert, 1989). The Otish Basin belongs to this group of occurrences. The 

Matoush deposit has been classified as an unconformity-related uranium deposit 

(Gatzweiler, 1987) typical of Paleoproterozoic basins throughout the world ( e.g., 

Athabasca, Thelon, Hurwitz, Otish (Figure 2.1 )). The relevant characteristics for this 

interpretation are proximity to the Archean-Proterozoic unconformity, a significant 

sedimentary basin and structures (Matoush Fault) that intersects the basement and basin 

(Figure 2.2). Unconformity-style deposits are restricted to the Proterozoic and provide 
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• 
~ Orogens and ages 

Figure 2.1 North American distribution of major Proterozoic basins and orogens , after Kyser and Cuney 

(2008b ). The Otish Basin is marked in red. 

approximately one-third of the U30s produced globally. 

The formation of unconformity-related uranium deposits (Kyser and Cuney, 

2008b) is related to a reduction-oxidation front. The juxtaposition of Paleoproterozoic 

sandstones and the underlying Archean basement rock provide the fundamental 

conditions to form this chemical transition during fluid migration between the basement 

and basin. Other factors determining whether a deposit develops include a sufficient 

uranium source rock, fluid flow from the source, a structural linkage (fault) and 

sufficiently permeable rock to host the deposit. The location of the deposit is mediated 

by redox conditions affecting the transport of solutes in the fluids. Uranium solubility is 

also a function of temperature (Kyser and Cuney, 2008a). Solubility of uraninite at 

300°C is independent of pH between the range of 4 and 10 (Figure 2.3). Solubility of 

uraninite is minimally dependent of temperature between 100°C and 300°C (Kyser and 
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Figure 2.2 General geology of Proterozoic unconformity-related deposits, uranium mineralization is in red. 

Modified from Kyser and Cuney (2008b ). 

-2 

-4 

uraninite 

-6 \ F= 2ppm 

~ \ 

bO \ 

~ \ 
: -8 \ 
::, \ 
"iii \ ... 
~ -10 

-12 

-14 

2 3 4 

, 

" ~ 

uraninite 300°C 

5 6 

pH 

autunite "' 

" I 
" I 

" I " ' 

7 8 

lOOppm 

lppm 

10ppb 

0.01 ppb 

9 10 

Figure 2.3 Solubility of various uranium minerals as a function of pH at 25°C, uraninite is marked in blue 

(as well as 300°C for uraninite - marked in red). All solubilities are in water except where it specifies a 

fluoride content of2 ppm. After Kyser and Cuney (2008a). 
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Cuney, 2008a). Recent temperature determination work by Beyer (2011) suggests that 

high-temperature conditions, ranging between 250°C and 350°C, are more likely for the 

Matoush deposit. 

At high temperatures, oxygen activity is the main control on uraninite solubility. 

Under reducing conditions and high temperatures, the solubility of uraninite is 

independent of pH and slight temperature variations. Temperature changes in the fluid 

will not result in precipitation of uraninite; however, an increase in pH or a decrease in 

oxygen activity will result in precipitation (Kyser and Cuney, 2008a). 

The deposits are typically hosted along faults in the basement rock or the 

overlying sandstone, or within some equally efficacious structure for fluid transport. 

Two models (Kyser and Cuney, 2008b; Fayek and Kyser, 1997) exist for the formation of 

unconformity-related uranium deposits: 

1) The basement is the source of the uranium and the basin is the source of the 

fluids (Cuney et al., 2003). 

2) The basin is the source of both the uranium and the fluids (Kyser et al., 

2000). 

The first model has uranium originating from reduced basement fluids (Fayek and 

Kyser, 1997) or the breakdown of monazite along fault zones as basinal brines interact 

with the basement rock (Hoeve and Sibbald, 1978). In the second model, uranium is 

sourced from the breakdown ofU-bearing detrital phases (phosphates, tourmaline, 

monazite, zircon and uraninite) by basinal fluids (Kyser and Cuney, 2008b ). 

In basement-hosted deposits, uranium mineralization mainly occurs in basement 

rocks near the unconformity and re-activated basement faults (Fayek and Kyser, 1997; 



Kyser and Cuney, 2008b ). Alteration zones associated with basement-hosted uranium 

deposits consist of a distal zone primarily occupied by illite and a proximal zone 

dominated by chlorite (Hoeve and Quirt, 1984 ). 
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Alteration zones (Figures 2.4, 2.5) associated with basin-hosted uranium deposits 

are larger than their basement counterparts and are dominated by illite and kaolinite ( ± 

dravite ). Alteration sequences can be viewed in terms of fluid pathways where basinal 

deposits reflect 'egress style' movement where reduced basement fluids mix with 

oxidized basinal fluids; in contrast, basement deposits form by basinal fluid migration 

into a reducing environment giving 'ingress style' alteration (Figure 2.4) (Jefferson et al., 

2007). 

2.2 Geology of the Otish Basin 

2.2.1 Regional Setting 

The Otish Basin comprises elastic sedimentary strata ( the Otish Group), 

dominantly conglomerates and sandstones ( orthoquartzites) that overlie the Superior 

Province Archean basement (Gatzweiler, 1987). The unconformity is defined by a well

developed paleosol (Chown and Caty, 1983). The Archean rocks underlying the Otish 

units include gneisses and a migmatite complex overlain by metavolcanic and 

metasedimentary rocks of the Tichegami Group, which are intruded by a granitic 

complex (Chown and Caty 1983). The age of basin formation is bracketed by non

penetrating diabases dated at 1926 Ma (Kyser and Cuney, 2008b) and the intrusive Otish 

Gabbro that is given a presumed date of 1730-1750 Ma by Chown and Archambault 

(1987), Gatzweiler (1987) and Hohndorf et al. (1989). Strata of the Otish Group has 
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Figure 2.4 Illustration of alteration zones associated with basin-hosted (left) and basement-hosted (right) 

uranium deposits, modified from Jefferson et al. (2007). 
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Figure 2.5 Details of egress style (basin) alteration, modified from Jefferson et al. (2007). 

been correlated regionally with the more southerly Mistassini Group of the Papaskwasati 

Basin as defined by Chown and Caty (1973). The Otish Group represents a northern 

fluvial accumulation of sandstones and conglomerate with minor carbonate intervals, and 

the correlative Mistassini units mark the transition into a dominantly carbonate (marine) 



sequence (Genest, 1989). Sedimentary strata are sub-horizontal or shallowly dipping 

except near the Grenville Front. The basin is truncated by the Grenville Front to the 

south. 

12 

The Grenville Front marks the northwestern boundary of the Grenville Province 

(Figure 2.6), which spans approximately 2000 km from eastern Ontario to western 

Labrador (Hynes, 1994 ). The Grenville Province contains numerous lithotectonic 

terranes with a wide range of ages (Dickin, 2000). The Grenville Province can be 

subdivided into the parautochthonous belt, and the allochthonous belt (Guillou-Frottier et 

al., 1995). These two belts are separated by the allochthon boundary thrust (ABT). The 

parautochthon consists of areas which have not experienced extensive lateral movement, 

whereas the allochthon has undergone large-scale translation (Dickin, 2000). 

The eastern Grenville, which extends from central Quebec to eastern Labrador, evolved 

in three distinct phases (Figure 2.7) (Gower et al., 2008; Gower and Krogh, 2002; 

Connelly et al., 1995). The first phase ranged from before 1710 to 1600 Ma, and 

involved the creation of a continental margin basin, which was followed by the 

destruction of the basin during the accretion of a magmatic arc. Subduction ended, and 

was replaced by a passive margin lasting until 1520 Ma. The second phase includes three 

events and occurred between 1600 and 1230 Ma. Firstly, the closing stages of the 

passive margin, secondly followed by the formation of a continental arc between 1520 

and 1460 Ma, and finally terminated by wide spread magmatism which continued until 

1290 Ma. The third phase, lasting from 1230 to 955 Ma, was distally affected by the 

Elzevirian orogeny and post-Elzevirian magmatism around the Laurentian margin 

(Gower and Krogh, 2002). The Grenvillian orogeny lasted from 1080 to 980 Ma, 
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Figure 2.6 Map of the eastern Grenville Province (blue) showing tectonic front boundaries. The Otish 

Basin is marked in grey. ABT is the allochthon boundary thrust. Modified after Dicken (2000). 

followed by mafic magmatism between 985 and 975 Ma, which was replaced by post

tectonic felsic magmatism that lasted between 975 and 955 Ma (Gower et al., 2008). 

The Manicouagan impact structure formed at 215 Ma (Ramezani et al., 2005) 

from the collision of an impacting body with the Grenville Province. The crater has a 

diameter of approximately 90 km, and deformation resulting from the impact extends 

approximately another 30 km beyond the crater diameter (Biren and Spray, 2011). 

13 
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Figure 2.7 Time divisions of the eastern Grenville Province as shown by Gower and Krogh (2002). 

2.2.2 Otish Basin Stratigraphy 

The Otish Group is divided into lower and upper parts corresponding to the 

Indicator and Peribonca formations, respectively, which are estimated to range in age 

14 

from 2200 to 1726 Ma (Chown and Caty, 1973; Gatzweiller, 1987; Genest, 1989; Kyser 



15 

and Cuney, 2008b). Bergeron (1957) first defined the Otish Mountains Group by using a 

cluster of outcrops that represented the northeastern extension of the Mistassini Basin 

(Figure 2.8). It was subdivided into two sedimentary sequences and a gabbro unit. The 

upper part of the sedimentary sequence is composed of red clays and phyllosilicates; the 

lower unit is composed of sandstone and conglomerate. The lower unit was named the 

Indicator Lake Formation (Chown, 1971 ). Chown and Caty (1973) changed the 

nomenclature from the Otish Mountains Group, comprising the Indicator Lake Formation 

and the overlying "upper" unit to the Otish Group, made up of the Indicator Formation 

and the Peribonca Formation. This nomenclature is still in effect. Genest (1989) 

suggested a more detailed nomenclature; however, it is still considered to be informal. 

Table 2.1 illustrates the changes in nomenclature with time. 

The Indicator Formation is unconformable with the underlying Archean 

basement; they are separated by a well-developed paleoregolith. The Indicator Formation 

is composed of greenish quartz pebble conglomerate or polymictic conglomerate grading 

upwards into a massive gritty arkose, indicative of a terrestrial origin. The overlying, 

conformable Peribonca Formation consists of well-laminated and cross-bedded 

quartzites, arkoses and minor argillites overlain by dolomites, red shales and reddish 

sandstones typical of marginal marine to terrestrial origins. The Otish Group is cut by 

several gabbroic dykes and sills (Chown, 1973; Gatzweiler, 1987). The dykes have a 

dominant northerly trend and date between 2150 and 1926 Ma (Kyser and Cuney, 

2008b). 

Chown and Caty (1973) noted quartz as the most abundant mineral in the Otish 

Group rocks, making up between 60-95% of the rock's composition. Feldspars were the 
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Figure 2.8 Generalized geological map of the Otish and Mistassini basins, modified from Beyer (2011). 

second most abundant mineral, making up to 25% of the rock. The sedimentary matrix 

of the latter elastic grains accounts for 5-25% of the total rock. Authigenic tourmaline is 

frequently found in the sandstones of the Otish Group. Fuchsite, kyanite and pyrophyllite 

were reported as minor mineral phases in the Indicator Formation. 

2.3 Geology of the Matousb Deposit 

The general absence of outcrop in the Otish Basin requires that detailed geology 

of any specific area rely on logging of drillcore and geophysics. As such, the 

descriptions of all the units found at the Matoush deposit are based heavily on core logs. 
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2.3.1 Sedimentology 

Drillholes at the Matoush deposit uniformly intersect two distinctive sedimentary 

units that make up the Indicator Formation. Jenkins (1984) proposed that the units 

represent fluvial sediments, likely deposited in a braided river environment and labeled 

them the Active Channel Facies (ACF) and the Channel Bar Facies (CBF). The ACF 

(Figures 2.9a, 2.1 Oa) is composed of coarse-grained sandstone, with compositions 

varying from arkosic to sub-arkosic. The grain size varies from medium- to coarse

grained sand to conglomerate. It is poorly sorted, massive and grains are angular to sub

rounded. The CBF (Figures 2.9b, 2.1 Ob) consists of fine- to medium-grained arkosic 

sandstones. The latter are thinly laminated with cross-laminations, and grains are 

rounded to sub-rounded. These two facies occur in repetitive sequences within the 

Indicator Formation: ACF 4, CBF 3, ACF 3, CBF 2, ACF 2, CBF 1 and ACF 1 

(Ressources Strateco Inc., 2007). 

The Archean basement rocks underlying the Otish Basin consist of slightly altered 

tonalite and granodiorite. The Archean basement is unconformably overlain by the 

Indicator Formation. Bedded conglomerate sits at the base of the Indicator Formation. It 

is distinguished by cobble sized clasts within a coarse-grained matrix. 

ACF4 (Ressources Strateco Inc., 2007) is characterized as a massive, sub-arkosic 

conglomerate. It is composed of detrital quartz, feldspar and lithic fragments and has a 

siliceous cement that comprises 15% of the rock. The granular component is 80% quartz, 

15-20% feldspars and less than 5% lithic fragments. The conglomerate possess clasts 

greater than 2 mm in size, with the majority being greater than 1 cm. The quartz pebbles 

are rounded to sub-rounded whereas the feldspars and lithic fragments pebbles are sub-



Figure 2.9 Petrographic images showing textural differences in ACF (a) and CBF (b). ACF is coarser 

grained and is clast supported. CBF is generally fmer grained and is matrix supported. 
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Figure 2.10 Typical samples of ACF (a) and CBF (b) type lithologies. Core diameter is 47.6 mm (NQ bit). 
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angular. The conglomerate is intercalated with quartz arenite beds of fine-grained quartz 

with silty laminations. There is no cross-bedding. 

CBF3 (Ressources Strateco Inc., 2007) is a quartz arenite formed of detrital quartz 

and a siliceous cement that makes up roughly 15% of the rock's composition. The 

granular component contains only quartz whose grains are rounded to sub-rounded and 

medium sized. There are occasional silty laminations and saccharoYdal beds interspersed 

throughout the unit. Cross-beds are numerous and regular. 

ACF3 (Ressources Strateco Inc., 2007) is an arkosic to sub-arkosic conglomerate. 

It is made-up of detrital quartz, feldspars and lithic fragments; it is enclosed in a siliceous 

matrix constituting less than 15% of the rock. The granular constituent is made up of 

70% quartz, 25% feldspars and 5% lithic fragments. The quartz grains are well rounded 

to sub-rounded and are bimodal; the coarse sand component makes up over 85% of the 

rock while the pebble component accounts for less than 10%. The feldspars are sub

angular and smaller than 2 mm. This unit is relatively homogeneous, but there are thick 

beds present, usually defined by grain size variations. Weakly defined cross-beds are 

sometimes present. 

CBF2 (Ressources Strateco Inc., 2007) is a sub-arkosic quartz arenite with a 

siliceous cement. Detrital quartz, feldspar and micas are the primary components of the 

rock. The granular component comprises 90% quartz, 10% feldspars and less than 1 % 

micas. Grain size is unvarying throughout the unit, remaining between 0.25 mm and 1 

mm in size. The unit is composed of alternating sequences of saccharoYdal beds and 

silicified sandstone. There are cross-beds present within the saccharoYdal beds. 
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ACF2 (Ressources Strateco Inc., 2007) is an arkosic conglomerate. It consists of 

detrital quartz, feldspars and lithic fragments, all enclosed in a quartz matrix constituting 

15% of the rock. The granular constituent is 70% quartz and 30% feldspars; the lithic 

fragments only account for a small proportion of clasts. The quartz grain size is bimodal; 

the coarse sand component is well rounded and the pebble to cobble component is sub

angular. The feldspar grains are more morphologically uniform; they range in size from 

pebbles to cobbles and are angular to sub-angular. This unit is homogeneous and there is 

no layering present. 

CBFl (Ressources Strateco Inc., 2007) is a medium-grained arkosic to sub

arkosic sandstone. It is composed of detrital quartz, feldspar and micas and has a quartz 

cement that accounts for 15% of the rock's composition. The grains comprise 80% 

quartz, 20% feldspars and less than 1 % micas. Grain size varies from fine to coarse sand 

with a number of silty laminations. The quartz grains are rounded to sub-rounded, 

whereas the feldspar grains are sub-angular. The unit is uniformly stratified; graded 

bedding and silty laminae mark the parallel layering. There are no cross-beds present in 

the unit. 

ACF 1 (Ressources Strateco Inc., 2007) is an arkosic to sub-arkosic quartz 

conglomerate. It is composed of detrital quartz (70% ), feldspars (25%) and 

phyllosilicates (5%), which are cemented by a siliceous matrix. The detrital clasts make 

up roughly 85% of the rock and the matrix makes up the remaining 15%. Sorting is 

bimodal, with coarse sand (0.5 to 2 mm) and pebbles (> 5mm). There are variations in 

the clast composition; the coarse sand component is primarily made-up of rounded to 

sub-rounded quartz grains with some (10 - 20%) of feldspars. The pebbly fraction 
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consists mostly of rounded to sub-rounded quartz with occasional angular fragments; the 

feldspars are angular to sub-angular and comprise 20 to 40% of the grains. The quartz 

pebbles are also larger than the feldspar grains and can reach a maximum diameter of 3 

cm. The unit is stratified on various scales, depending on the composition. Argillaceous 

layers have fine laminations and conglomeratic beds have coarser stratification. Some 

intervals also display cross-bedding. 

2.3.2 Post-Basin Formation Geology 

The rocks of the Indicator Formation, within which the Matoush deposit lies, have 

been disturbed by intrusive activity and faulting. Field evidence suggests that a mafic 

dyke first intruded the sediments between 2150 and 1926 Ma (Kyser and Cuney, 2008b ), 

and was followed by faulting. The dyke and the Matoush Fault run roughly parallel to 

each other striking 007° and dipping 85° to the west. Mineralization in the deposit is 

strongly associated with these features (i.e., the "Matoush Structure"). The intrusion of 

the dyke and subsequent strike-slip faulting would have led to increased basinal fluid 

flow (Sibson, 1994). 

The Matoush dyke ranges in thickness from a few centimetres to three metres, the 

average thickness being 1.6 metres (Ressources Strateco Inc., 2007). There is typically 

only one intersection with the dyke per hole; however, in some drillholes to the south, 

two to three dyke intersections can be observed. The dyke is mostly described in its 

altered state due to the lack of unaltered dyke material that has been exposed in drill core. 

The altered dyke is subdivided into 4 categories (type A, type B, type C and type D) 

(Ressources Strateco Inc., 2007) that are summarized in Table 2.2. 
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Type A (Ressources Strateco Inc., 2007) is made up of fine- to medium-grained 

fresh dyke material of gabbroic composition. The texture of the dyke is massive and it 

shows sheared contacts with the surrounding sediment. In areas, the dyke is brecciated 

along the contacts. Chlorite and phyllosilicates are present; however, alteration is not 

strong. Type A is magnetic due to the presence of disseminated magnetite. Pyrite is also 

present as a minor component. 

Type B (Ressources Strateco Inc., 2007) is made up of fine-grained altered dyke 

material. The texture of the dyke is massive and sheared contacts with the surrounding 

rock are noted. Chlorite and epidote are the main alteration minerals present. Type B 

contains hematite. It is not normally magnetic; however, it can be weakly magnetic 

locally. 

Type C (Ressources Strateco Inc., 2007) is composed of very fine-grained and 

altered dyke material. The texture of the dyke is porous and spongy. Phyllosilicates and 

chlorite are the dominant alteration minerals present. Type C does not contain metallic 

minerals. It is not normally magnetic, however, localized magnetism can sometimes be 

observed. 

Type D (Ressources Strateco Inc., 2007) is composed of highly altered very fine

grained dyke material, with a clayey texture. Phyllosilicates and limonite are the 

dominant alteration minerals present. Type D does not contain metallic minerals and it is 

not magnetic. 

Where the dyke material is minimally altered, there appears to be two 

macroscopically distinct dykes, referred to as type 1 and type 2 (Ressources Strateco Inc., 

2007). Type 1 is dark grey-black in colour whereas type 2 is lighter in colour. Although 
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Table 2.2 Summary of different types of dyke found at Matoush. 

Type Appearance Te ture Structure Deformation AJteration Metallic Minerals 
Magnetic 

Succeptibility 

A Fresh; grey to dark Fine to medium Massi e !Sheared contacts; chlorite, clay Disseminated magnetite some Magnetic 

greeni h-grey grained, aphyric or the dyke can be along contacts is present as porphyritic grain 
porphyritic brecciated (2-8 mm); pyrite grains ( 1%) 

B Altered; grey-green, Fine grained, !Massive Sheared contacts chlorite, Rounded or angular isometric Non-magnetic (or 

yellowish tinge porphyritic ; epidote aggregates of hematite (few localized weak 
replacement texture mm to 1cm) magnetism) 
formed by hematite 
and fuchsite 

C Altered; dark green, Very fine grained Porous, Grinding along clay, chlorite Absent (leached?) !Non-magnet ic (or 
grey-green, maroon, spongy contacts localized weak 

spotty magnetism) 

D High! altered; Very fine grained Clayey Grinding, formation intense clay, Absents (leached?) I Non-magnetic 
beige, brownish, ( cryptocrystall ine) of fault gouge limonite 
yellowish (po ible loss of 

core) 

colour is the chief macroscopic identifier, there are some textural variations: type 1 seems 

smooth and finer grained, whereas type 2 is coarser grained and has a "splotchy" texture. 

There are several dolomite veins that cut through both dyke types. Although both dyke 

types display some level of shearing, deformation is more noticeable in type 1 dykes 

relative to type 2 dykes. 

There is a direct link between the degree of alteration of the dyke and uranium 

concentration. Mineralization seems to be mostly associated with the highly altered dyke 

intersections and is never associated with the less altered dyke material. 

The Matoush Fault has not been dated due to the absence of adequate minerals. 

However, cross-cutting relationships with the dyke can be observed in core and indicate 

that the fault post-dates it. This is evidenced by visible displacement of the dyke within 

the fault. Shearing and the presence of movement indicators, such as slickensides, along 

its length also support the fact that the dyke pre-dates the fault. Previous work 

(Gatzweiler, 1987) suggests that the Matoush dyke intruded at approximately 1730 Ma, 

meaning that the fault must be younger. Unpublished age data (Burns, 2009) suggests a 



uraninite regression age of 1714 Ma for the uranium mineralization at the Matoush 

deposit, which serves as the later time constraint for faulting. 
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3 Methods 

3.1 Field Methods 

Field study comprised surface studies combined with examination of drillcore, on 

which there was a strong dependence because of limited exposure. Sixteen drillholes 

(Figure 3 .1) were selected for detailed structural logging and mineralogical examination 

and form the bulk of the data set. The drillcores were selected to sample the main 

mineralized zone, as well as smaller uranium-rich lenses. Drillcore from holes in which 

there was no mineralization near the fault and where the fault rock was preserved were 

also included in the study. 

3.1.1 Sample Collection 

Samples were collected from drillcore. The core had previously been split in half 

and only half of what was left was taken for sampling. Samples were taken in areas 

where structural features of interest were clearly visible. Mineralogical variation in the 

samples and textures were also taken into consideration when sampling. Apparently 

pristine ACF and CBF samples were also taken for comparison with the other samples. 

3.1.2 Core Analysis and Feature Orientations 

Central to the study is the analysis of geometric components of the site. Detailed 

structural measurements of individual features were made on fractures, faults, veins and 

mineralized structures. The latter were acquired from drillcores that were deemed 

suitable for determination of true orientation. The procedure involves careful collection 

of parameters from which absolute orientation can be calculated. Two angles relative to 

the core axis, a and ~' (Figure 3 .2) were measured from each feature of interest. These 

were combined with external borehole orientation measurements, <p and e, (Figure 3 .2) to 
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Figure 3.1 Longitudinal section of the Matoush Fault, looking west. Drillhole intersections with the 
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where X indicates the depth of the sample). For reference, uranium lenses are displayed in shades of purple 

( darker shading indicates a higher grade; lighter shading has a lower grade - no quantitative values are 

attributed to the shading, it merely demonstrates general distribution). Vertical scale = horizontal scale. 

obtain the absolute geographic orientation of features by using the method described in 

Stanley and Hooper (2003). These measurements were collected for sets of structural 

features in order to establish in detail the relationship of mineralization to deformation 

features , and to extend these mesoscopic observations to the macroscopic scale. The 
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Figure 3.2 Navigated drillcore showing measurements used to determine the orientation of poles to planes 

of unknown attitude (after Stanley and Hooper, 2003). 

consistently shallow dipping (sub-horizontal) bedding surfaces were used to verify that 

the structural elements were properly determined. 

The angle a (0°::; a::; 90°) is the acute angle between the plane of interest and the 

axis of the drillcore. The angle~ (0°::; ~::; 360°) is the arc angle between the drillcore 

keel and the top of the ellipse created by the intersection of the plane of interest and the 
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drillcore, measured clockwise while looking down hole. The angle (f) (-90° ~ (f) ~ 90°) is 

the plunge of the drillcore, where negative values are for downward drilled core and 

positive values are for drillcore that is drilled upward. The angle 0 (0° ~ 0 ~ 360°) 

represents the azimuth of the drillcore at the depth where the plane of interest intersects 

the drillcore. 

For ease of manipulation, the angle a is converted to the angle y (Figure 3.2), 

which represents the angle between the pole to the plane of unknown attitude and the 

drillcore axis. This is done with the equation: 

y = 90°-a 

This allows the plane with unknown attitude to be described by its pole on a stereonet. 

The point where the drillcore intersects the plane of unknown attitude can be 

represented in a Cartesian coordinate system by converting the drillcore' s azimuth (8) 

and plunge ((f)) into direction cosines: 

P = (Pz,P,,,P.) = (sin6 coscp,cos6coscp,sincp) 

These direction cosines (Figure 3.3) define coordinates for a point (P) on the unit sphere 

centered at the origin ( 0) such that the vector OP is parallel to the drillcore where it 

intersects the plane of unknown attitude. The first two formulas are modifications of the 

standard terms: cos e cos (f) and sine cos (f). This allows for the conversion of the 

classical geographic reference frame ( with 0° oriented north, increasing clockwise) into a 

trigonometric reference frame ( with 0° oriented east, increasing counter-clockwise) by 

substituting 

sin 6 = cos(90° - 6) 

into the standard direction cosines formula. 
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Figure 3.3 Diagram showing the conversion of a geographical point into a trigonometric point (after 

Stanley and Hooper, 2003). 

E 

These direction cosine points, defined by the coordinates x, y, z can be converted 

into Wulff equal angle stereonet coordinates (x', y') by using these formula for two sets 

of conditions. 

X y 
if z < 0, then x' = -- and y' = --

1 - z 1-z 

-x -y 
if z > 0, then x' = -- and y' = --

1 - z 1-z 

The above analytical method is used to determine, for oriented core, the 

orientation of a plane of unknown attitude, and the orientation of the pole to that plane. 

The orientations obtained from this method were then exported into a plotting program 

for further analysis. 



3.2 Mineralogical and Textural Analysis 

3.2.1 Polished Thin Sections 
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Standard polished 30 µm thin sections were prepared from rock samples. These 

were examined using a Nikon Eclipse E600 POL microscope. Both plane-polarized 

(PPL) and cross-polarized light (XPL ), as well as reflected light (RL) were used to study 

samples for microstructures, mineralogy and relationships between the two. Thin section 

observations are recorded in Appendices I and II. 

3.2.2 Scanning Electron Microscopy (SEM) 

A JEOL JSM6400 Digital SEM, equipped with Geller dPict digital image 

acquisition software, EDAX (Genesis) Energy Dispersive X-ray Analyzer and Gatan 

ChromaCL cathodoluminescence detector, was used to acquire microstructural images of 

polished thin sections and compositional data of mineral phases. Count times were 30 

seconds per analysis with beam operating conditions of 15 keV and 2.5 nA at a distance 

of 39 mm. The CL imaging system was also used to examine samples at a larger scale. 

3.2.3 Electron Microprobe (EMP) 

A JEOL JXA-733 MICRO PROBE with four 2-crystal wavelength dispersive 

spectrometers (LDEl, TAP, PET, LIF crystals), Geller Microanalytical automation 

control (dSspec, dQant32, dPict32), PGT Prism 2000 energy dispersive spectrometer and 

PGT Spirit X-ray analysis system was used to obtain a detailed chemical composition of 

minerals and to identify the presence of specific elements within them. Quantitative 

analysis and imaging were done using the dQant32 and dPict32 programs. The probe 

was operated at 15 ke V accelerating voltage and a beam current of 30 nA. This method 
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was used to identify minor variations within certain minerals and to note any variations 

within individual grains. 

3.2.4 X-ray Diffraction (XRD) 

A Bruker AXS D8 advanced solid-state powder diffraction XRD system was used 

to determine mineral phases and provide estimates of bulk modal composition. This was 

done to compare mineral composition with the mineral's crystal structure, in order to rule 

out various polymorph minerals. Bulk samples of specimens were first crushed to fine 

powder and distributed on glass slides for reflected crystal diffraction using an 3 .4 kV Cu 

source in a ceramic tube. 

3.3 Three-Dimensional Visualization 

Core logs were obtained for 142 drillholes in addition to the sixteen drillholes 

examined in detail. Data from these cores includes lithology, mineralization, RQD and 

fracture distribution, of the latter, mineralization and fracture distribution were extracted 

for three-dimensional (3D) modeling. Leapfrog (©2010 ARANZ Geo Limited) software 

was used to construct 3D models of the Matoush project from the available drillcore data. 

The software allows the construction of 3D geological models from raw drillcore data. 
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4 Mineralogy and Textures 

4.1 Introduction 

Although the primary objective of the thesis is establishing the geometric 

distribution of the uranium mineralization, a broad examination of the general mineralogy 

and distribution of phases is necessary in order to determine a framework for examining 

tectonic features. The current array of observed minerals and associated textures reflect 

an evolution throughout the lifetime of the Otish Basin. The overall distribution of phases 

is the result of long-term basinal fluid flow coupled with localized fluid transport of 

soluble uranium complexes and localized variations in geochemical environment ( e.g., 

presence of reductants) that cause precipitation of uranium minerals. In light of this 

history, observed mineralogy is the cumulative effect of primary diagenesis and alteration 

within the host sandstone sequence on which is imposed alteration and mineral formation 

related to the localization of uranium. The distribution and evolution of phases is 

described herein in terms of the host sandstone and its diagenetic and alteration history 

and those features directly corresponding to the uranium mineralization. This forms a 

useful descriptive framework for comparing textures, mineralogy and structures (Chapter 

5). This section is approached in terms of the overall mineralogy, the sequential 

formation of minerals and their spatial distribution. 

4.2 Bulk Mineralogy - X-Ray Diffraction 

The bulk mineralogical components of the core samples, were determined by x-ray 

diffraction (XRD) on powders representative of each. The intention was to capture a 

broad spectrum of phases, some of which may not be easily recognized at the first-order 



in thin section or other imaging techniques. XRD identified a host of minerals (Table 

4.1) that can be correlated with other techniques. 

4.3 Systematic Mineralogy 

4.3.1 Uraninite (U02) 
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Uranium is a sparingly soluble element: it is generally dissolved from a source 

under special conditions, and then transported by fluids to the site of deposition where it 

is concentrated. The characteristics of the fluid, permeability of the rock and fluid-rock 

interactions all have an effect on the geochemical processes involved in uranium 

formation (Cuney and Kyser, 2008). Fluids can be divided into low temperature ( < 

100°C) and high temperature (> 100°C). In low temperatures, uranium minerals have 

poor solubility at neutral pH values (Figure 2.3). At low temperatures, uranium is more 

soluble in oxidizing, alkaline fluids and is less soluble in reducing, acidic fluids (Cuney 

and Kyser, 2008), which indicates that the uranium precipitation occurs when the 

oxidizing hydrothermal fluids come into contact with a reducing agent. In high 

temperature environments, oxygen activity is the major control on uraninite solubility. 

Romberger (1984) suggested that deposition of uranium from high temperature fluids 

would only occur as a result of an increase in pH or a decrease in oxygen activity and 

would not result from slight temperature variations. 

Uraninite (U02) has been identified as the main uranium mineral observed at the 

Matoush deposit. Cuney and Kyser (2008) report that uranium mineralization within the 

Otish Basin is uraninite, ±uranophane, ±brannerite, ±autunite, ±coffinite. Other uranium 
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Table 4.1 Table summarizing minerals identified using XRD in samples. Some minerals identified in thin 

section (Appendix I) were not identified by XRD. Mineral abbreviations used are modified from Kretz 

(1983) and are summarized in Appendix III. 

Sam~e # qtz: m: : or 1 ab : hbl: rm : phi: ill : kin: ap : rt : drv: Cr-chv: sch :hem: fl : ttn : chi: cal : do): sid: gn :jrm: srp Iv 

LR-EC-07-002-259.6 X : j : X j : X j : j : l : l l : X j : l : j : j : l 
LR-MT-06-004-320.0 X : 1 : T : X T : T : X T X : T T : T : T : f : T X : X f 
LR-MT-06-005-304.9 x 1 x : 1 : r : r : T : r : : r : T : r : r : r : 
LR-MT-06-005-325.3 X : X : : : : : : : : : 1 : : : : : : 1 : : : : : 

LR-MT-06-010-313.2 x : 1 : r : r : r : r : r T : r : r : r : r : r 
LR-MT-06-010-313.3 x : : : : : : : : : x : : : : x : : x : : : : : : : : 

LR-MT-06-010-317.l x 1 x : 1 : r : r : r : r : : r : T : r : r : r : 
LR-MT-06-010-322.4 x : x : : : : x : : : : : : : : : : : : : : : : : : 

LR-MT-06-010-322.7 x : x 1 : 1 : x r : r : r : r r : r : r : r : r : r 
LR-MT-06-017-330.9 x : : : : : : : : : : : : : : : : : : : : : x : : 

LR-MT-06-017-473.7 x 1 : 1 : r x : T : r : r : : r : T : r : r : r : 
LR-MT-06-017-474.0 x : : : : : x : : : : : : : : : : : : x : : : : : : 
····························· ·····:·····-:·····:·····-:•••••:•••••:•••••:•••••-:•••••:•••••:-•••••:•••••:••••••••:•••••:·····i·····:·····:-·····:·····:-·····:······:-·····:······:-····· ..... . 
LR-MT-06-023-327.0 x : : : : : : : : : : x : : : : x : : : x : : : : : : 

LR-MT-06-023-358.8 x : x : : : : x : : : x : : : : : : : : : : : : : : : 

LR-MT-06-024-011.9 x 1 x : 1 : 1 : r : r : r : : r : r : r : r : r : 
LR-MT-06-024-094 5 x : x : : : : : : : : : : : : : : : : : : : : : : x 

LR-MT-06-025-060:8 x i ; x i ; i ; i ; i ; i ; ; i ; i ; i ; i ; i ; 
LR-MT-06-025-365 2 x : : x : : : : : : : : : : : : : : : : : : : : : 
......................... · .... ·····:·····-:---··: ····-:---··: ····-:·····: ····-:---··: ····-:·-···: ····-:·-······-:·-···: ····-:·-··· :··---:---···:····-:·-··· :··---:---·· :····-:---··· ..... 
LR-MT-07-009-1203.l x : : : x : : : x : : : : : : : : : : : : : : : : : 
LR-MT-07-009-1206.5 x : x : : x : x : : : : : : : : : : : : : x : : : : : :x x 
····························· ..... : ·····i······: ..... f ..... : ·····~ ..... : ·····~ ..... : ·····:·····: ·····f········:·····: ..... : ·····: ·····:·····: ····-~·····: ······~·-···: ······~·-··· ..... . 
LR-MT-07-017-329.l x : : : : : x : : : : : : : : : x : : : : : : : : : 

LR-MT-07-083-253.8 X : : : : : : : : : : 1 X : X : X : : X : : : : : : : : ................................... i ...... • ..... i ouu • u•••i ouu • ..... i ..... • ..... ~ ..... • ..... : ..... • ......... • •u••~u• .. • uuotuu• • ...... ~ ..... • uuu~ouu • ••u• ~ouu • uuu ..... 

LR-MT-07-083-257.0 x : : : x : : : : : : : : : : : : : : : : : : : : 

LR-MT-08-017-043 3 : : : : : : : : : : : : : : : : : : : : : : : 
•••••••••••••••••••••••• • ••• •••••I•••••~••••• I••••• i••••• I•••••:••••• I •••••-i••••• I•••••:-••••• I •••••:•••••••••i-••••• '•••••:•••••I•••••:-••••• I•••••:-•••••'•••••:-••••• I ••••••i-••••• •••••• 

LR-MT-08-017-087.4 x : : : : ; : : : : x : : : : : : : : : : : : : : 

LR-MT-08-017-168.3 x : x : : : : x : : : : : : : : : : : : : : : : : : 
.............................. ·····i······: ·····i·····: ·····:·····: ·····:·····: ·····:·····: ·····:·····: ......... : ·····f·····: ·····: ...... : ······f ..... : ..... f·····: ······f ..... : .......... . 
LR-MT-08-017-203.5 x : : : : : x : : : : : : : : : x : : x : : : : : : : 
LR-MT-08-029-189.7 x : : : : : : : : : : : : : : : : : : : : : : : 

LR-MT-08-029-227.o x ; 1 i r ; x r ; r i r i r r ; r i r ; r i r ; r 
LR-MT-08-029-272.0 x j : j : j x : j : j : j : : j : j : / : j : i : 
······························ ·····-.······•·····-.·····•·····v·····•·····v·····•·····v·····•·····v·····•·········•·····v·····•·····v·····•······r·····•·····r·····•······r·····•······ ····· 
LR-MT-08-029-665.l x : : : x : : : : : : : : : : : : : : : x : x : : : : 
LR-MT-08-029-665.2 x : : : : : : : : : : : : : x : : : : x : x : : : : : 
••••••••••••••••••••••••••••• • •••• ······~·-····I ·····V·····. ·····-i····· I ·····V····· I····-:-·-··· I ••••• y ........ ;.. ..... I·····-=-····· I ............ I ••••• ;.. ••••• ·······f····· · ...... :- .......... . 
LR-MT-08-050-609.5 x : x : : : : x : : : : : : : : : : : : : : : : : : 

LR-MT-08-058-075.6 .... x.J.. x .: ..... l... .. : ..... l.. ... : ..... L x .: ..... l... .. : ..... l... .. : ......... : ..... l.. ... : ..... l... .. : ...... L .... : ..... L ... : .... ).. ... : .......... . 
LR-MT-08-058-141.5 x : : x : : : x : : : : : : : : : : : : : : : : : : 
LR-MT-08-058-480 7 x : : : : : x : : : : : : : : : : : : : : : : : : 
························ .... I-·····:····-~·-····: ·····t·····: ·····-:-·····: ·····t·····: ····-~·-···: ·····t········~·-···: ····-~·-···: ·····t·····: ·····~·-···: ·····-~·-···: ······~·-··· ..... . 
LR-MT -08-058-623.2 x : x : : : : : : x : : : : : : : : : : : : : : : : 

LR-MT-08-059-43 l.O : X l : X 1 

LR-MT-08-059-43 l.5 : x : : x : . : x : 

LR-MT-08-059-43 l.7 X : 1 : 1 : 1 X : 1 : 1 : 1 1 : X l : 1 X : 1 X : X 1 : l 
~ I-:-:-:":":;:;:;:;;:;:;:~:~:~ 
LR-MT-08-059-432.2 x . : , : . : x . : . : . : : . x : , : x . : x . : . : 

LR-MT-08-059-433.0 X 1 : X l l X : : X 1 : X 1 

minerals were observed at the Matoush property, but were not found in sufficient 

quantities for analysis. 
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4.3.2 Tourmaline 

4.3.2.1 Conditions of Formation 

Previous work (Cavaretta and Puxeddu, 1990; van Hinsberg et al., 2011; Setkova 

et al., 2009) has shown that tourmaline crystallizes at a wide range of pressures (70 - 800 

MPa) and temperatures (150 - 800°C). The lower limits of tourmaline's stability field are 

not well defined; however, its presence as a diagenetic mineral in sedimentary basins and 

in near surface hydrothermal deposits suggest that it can form at temperatures and 

pressures as low as 150°C and 100 MPa (van Hinsberg et al., 2011). 

4.3.2.2 Geochemical Variations 

Zolotarev et al. (2007), Setkova et al. (2009) and van Hinsberg et al. (2011) give 

the general equation for tourmaline as Xo-1 YJZ6T601&(B03)3 V3 W, where: 

X=Na+ Ca2+ DK+ Pb2+ 
' ' ' ' 

Y = Lt Mg2+ Fe2+ Mn2+ Al3+ cr3+ y 3+ Fe3+ Ti4+ 
' ' ' ' ' ' ' ' 

Z = Mg2+ Al3+ Fe3+ y 3+ cr3+ 
' ' ' ' 

T = Si4+ Al3+ B3+ 
' ' 

V W = Off p- 0 2-, ' ' 

Vacancies are represented by empty squares. 

The tourmalines studied vary compositionally from dravite 

are end-members of a solid solution series. Walenta and Dunn (1979) found that dravite 

can form a solid solution with ferridravite where Fe3+ substitutes for Al3+ in the 

tourmaline's Z octahedral sites. Dietrich (1985) stipulated that if this was possible, then a 
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similar solid solution could also exist between chromdravite (also chromium-dravite) and 

ferridravite, where cr3+ would substitute into the Z site. It would have the ideal formula 

NaMg3Cr6Si601s(B03)3(0H)30H. Zolotarev et al. (2007) reported that if the Cr content 

is sufficiently elevated in the tourmaline, it can occupy both Y and Z octahedral sites, 

giving it the ideal formula NaCr6Cr6Si601s(B03)303(0H). 

There are varying levels of Cr substituting into the dravite found near the Matoush 

deposit. Cr levels vary within individual dravite crystals, the Cr content increasing 

towards the outer rim. The Cr content is inversely proportional to the Al content, and in 

area 3, where the Cr is most elevated, a slight dip in Si is also noted. Other element 

represented serve as a comparison for areas of limited substitution. Figure 4.1 and Table 

4.2 show these variations. 

4.3.2.3 Boundary Conditions (Cr-rich vs. Cr-depleted) 

Chromium levels also vary among dravite crystals based on their proximity to the 

uranium mineralization. Crystals that are near the uranium mineralization have higher 

levels of chromium, whereas those that are further from it have negligible amounts of 

chromium. Variation can occur over a few millimetres. Samples that are not immediately 

adjacent to uranium mineralization have very little chromium. This trend can be 

observed in Figure 4.2. 

4.3.3 Chromium oxides 

4.3.3.1 Conditions of Formation 

The primary Cr-oxide present is eskolaite (Cr203). The first natural occurrence of 

this mineral was found at the Outokumpu mine in Finland in 1949. The eskolaite 
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Figure 4.1 Backscatter electron (BSE) image from Electron Microprobe of sample LR-MT-6/1 0-C (Figure 

3.1 , location map showing drillhole MT-06-010) showing compositional zonation in tourmaline. 

Compositional analyses were conducted on the sample and are displayed in Table 4.2 (LR-MT-6/1 0-C: 1, 

2, and 3). 

Table 4.2 Variation in weight% oxide of key elements within the tourmaline crystal pictured in Figure 4.9. 

Only values of interest are represented. Dravite 1 is of typical composition (Deer et al. , 1992), for 

comparison purposes. The discrepancy in the total weight% is from B203, H20 as well as Fl and Cl ions and 

is typical of tourmaline. 

Sample Point Si02 Alz03 Cr20 3 V20 s FeO MgO CaO Na20 K20 Total 

LR-MT-6/10-C 1 34.62 20.90 9.49 0.02 5.59 10.38 0.02 2.82 0.04 83.88 

LR-MT-6/10-C 2 35.05 23.98 5.56 0.06 5.25 10.78 0.02 2.82 0.03 83.55 

LR-MT-6/10-C 3 31.83 5.69 31.43 0.01 5.34 7.63 0.03 2.76 0.10 84.81 

Dravite 1 X 35.96 30.85 0.00 0.00 0.76 13.67 2.41 1.63 0.09 85.37 
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Figure 4.2 Graphic illustration of Cr content of tourmaline relative to distance from uranium mineralization 

in thin section. Cr content in tourmaline decreases with increasing distance away from mineralization. 

occurred in Cr-bearing tremolite skams and was first described by Kouvo and 

Vuorelainen (1958). Only a few instances of the mineral have since been reported. 

Eskolaite forms a solid solution with karelianite (V 203) and hematite (Fe203). 

These minerals are isostructural, having the trigonal structure of hematite. It also forms a 

solid solution with corundum (Ah03), although the Matoush eskolaites do not have any 

Al substituting into them. Substitution of V, Fe or Al into the eskolaite structure changes 

the temperature at which it becomes stable (Weiser et al. , 2008). Lack of variation in 

formation pressures makes eskolaite a useful geothermometer. Weiser et al. (2008) 

reported that eskolaite having limited Al substitution, similar to those in the Matoush 

deposit, are indicative of lower temperatures (200°C). It was also stated that V 

substitution into eskolaite would also indicate an increase in temperature of formation. 

The eskolaite crystals from the Matoush deposit plot mostly on the Cr end of a Cr

V-Fe ternary diagram (Figure 4.3). One sample (from hole MT-06-010 (Figure 3.1), 

sample number LR-MT-06-010-313.3/LR610Cl) sticks out as a partial solid solution 



100 

Cr o 10 

V 
70 30 

20 

40 

0 

30 Fe 
Figure 4.3 Ternary plot of eskolaite occurrences, showing variations in composition with respect to Cr, V 

and Fe. A close up of the eskolaite endmember is shown. 

between eskolaite and hematite. The mineral in question has a composition closer to that 

of eskolaite, but has an increased iron content relative to other samples. Only V 

substitution had been documented in natural samples of eskolaite, Matoush is the only 

documented case where Fe substitution occurs (Alexandre et al. , 2014b ). 

4.3.3.2 Geochemical Variations 

Secondary Cr-oxide minerals are present, mostly as oxy-hydroxides. A more 

specific nomenclature cannot safely be used, due to the lack of crystallographic data to 

support compositional data. Geochemical data also reveal that Fe ( up to 13. 82 wt % 

oxides) is the primary substituent for Cr, very small amounts of V (up to 3.01 wt% 

oxides) and Mn (up to 1.88 wt% oxides) have also been found in some samples. 
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4.4 Matoush Dyke 

The Matoush dyke has played a central role in models for U-mineralization 

(Beyer et al., 2012). Previous work (Gatzweiler, 1987) suggests that the Matoush dyke 

intruded at approximately 1730 Ma, concurrent with the Otish gabbro, described as 

having an unpublished Sm/Nd date of 1730 ± 10 Ma by Gatzweiler (1987) and Hohndorf 

et al. (1989). 

The macroscopic appearance of the dyke is variable, and suggests the possibility 

of two distinct compositions. Proximal to mineralization, the dyke is highly altered and 

poorly preserved; however, intact material from the two apparently different dykes was 

preserved in an unmineralized area (Hole ID LR-MT-08-059). Analysis revealed that 

they were of two different compositions. Type 1 (Figure 4.4a) contains phlogopite, 

pyrite, apatite, rutile, serpentine and quartz and has a number of dolomite veins running 

through it (Appendix II). Type 2 (Figure 4.4b) contains phlogopite, pyrite, ferrous oxide, 

apatite, chlorite, quartz and has several dolomite veins cross-cutting. Though the 

compositions are similar, they do differ in some areas. Micas from the type 1 dyke have 

a higher V content than the ones found in the type 2 dyke and the type 1 dyke contains 

serpentine, whereas the type 2 dyke contains chlorite. Initial dyke compositions can be 

estimated based on the present mineralogical assemblage and chemistry; however, they 

cannot be determined with certainty due to extensive replacement and alteration. From 

the minerals currently present and the nature of the Matoush uranium deposit, it can be 

ventured that the dykes contained significant amounts of Fe, Mg and contained Cr. The 

presence of these elements is consistent with a mafic origin, but with a considerable Cr 

component coming from an undetermined mineral phase ( e.g., spinel, diopside, olivine or 
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Figure 4.4 Backscattered scanning electron microscope (BSEM) images of type 1 (a) and type 2 (b) dykes. 

The dykes have very similar compositions, but dyke 1 is serpentinized and dyke 2 is chloritized. Mineral 

abbreviations from Kretz (1983) (Appendix III). 

pyroxene). Remnant textures (Figure 4.5) suggest a medium- to coarse-grained igneous 

protolith. This combination is indicative of a gabbroic dyke. Conversely, the magnitude 

of phlogopite present in the dyke is suggestive of a lamprophyre composition (Woolley et 

al. , 1996; Winter, 2001 ). The initial composition of the dyke is difficult to identify due to 

the lack of preservation of primary mineralogy and textures. The contemporary timing of 

the Matoush dyke and the Otish gabbro (Gatzweiler, 1987; Hohndorf et al. , 1989), 

suggests that the Matoush dyke is likely gabbroic in composition. 

Near the mineralized zone, type 1 and type 2 dykes cannot be discriminated. 

Here, the dyke mineralogy is distinct from the unmineralized areas. The mineralized 

dyke contains quartz, apatite, K-feldspar, plagioclase and tourmaline. The mineralized 

area is enriched in tourmaline, quartz and eskolaite, which are generally coarse and 

euhedral. 
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Figure 4.5 XPL photomicrograph of relict texture, outlined in white, showing initial coarse-grain (l-4mm 

diameter) size. The relict grains are mostly replaced by chlorite and are interpreted to be originally 

hornblende. Mineral abbreviations from Kretz (1983) (Appendix III). 

Uranium mineralization is most commonly associated with eskolaite and 

tourmaline. However, there is also sporadic association with pyrite (FeS2), lead selenide 

(PbSe) and galena (PbS) where uraninite is present with phosphates. The uranium is 

strongly associated with eskolaite, as well as other Cr-oxyhydroxides (Figure 4.6a), 

which are usually intergrown with the uranium phase (Figure 4.6b and c ). This is 

indicative of a strong chromium association with the uranium mineralization. In areas of 

intense mineralization (Figure 4.7a), the tourmaline contains varying levels of Cr (15-39 

wt% oxides), Fe (up to 8.82 wt% oxides), V (up to 1.75 wt% oxides) and Mn (up to 0.43 

wt% oxides), whereas the tourmaline in unmineralized areas (Figure 4.7b) contains Fe 

(with only up to 5 wt% oxides). 



4.5 Mineral Paragenesis 

Figure 4.6 BSEM images showing (a) 

variations in Cr-oxides as well as strong 

association with uranium and Cr-dravite, (b) 

radial growth pattern between uraninite and 

eskolaite and interfingering with Cr-dravite, 

and (c) tabular eskolaite with uraninite with 

quartz and tourmaline. Mineral abbreviations 

from Kretz (1983) (Appendix III). 
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As with many economic mineral deposits, a halo of alteration extends out from 

the U-mineralized zone concentrated along the Matoush Fault, the composition of which 

varies as a function of distance from the fault (Figure 4.8). These alteration minerals 

reflect the rock/fluid interaction history in the vicinity of the Matoush deposit that has 

affected the primary basinal mineralogy (Chapter 1). The alteration sequence, 

progressing outward from 
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Figure 4.7 Energy dispersive elemental scans of tourmaline crystals proximal (a) and distal (b) to the 

uranium mineralization showing the distinct contrast in Cr and V concentration. The proximal tourmaline 

contains elevated quantities of Cr and V compared to the distal tourmaline sample. The peak for vanadium, 

V Ka is at 4.952 keV. The peaks for chromium are at 5.41 keV (Cr Ka) and 5.946 keV (Cr K~). 
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Figure 4.8 Cross-section of the Matoush Fault, looking north. Alteration envelopes around the uranium 

mineralization are shown. Horizontal scale is 5: I to the vertical scale so that the alteration envelopes are 

better illustrated. The hematite zone extends further into the basin, but only the intensely hematized area is 

noted. 

the mineralized zone, consists of tourmaline-zone, fuchsite (chrome mica) zone and 

hematite zone. The alteration zones were determined from field observation and drill 

logs (including geochemistry) and were verified by using petrographic analysis by SEM 
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and EMP, as well as XRD. The bilateral symmetry exhibited by the halo with respect to 

the fault speaks to the interpretation that mineralizing fluids are focused along the fault 

(see Chapter 5). This is deemed significant for the mineralization in that the Matoush 

Fault provides an explicit linkage between basement and basin; such physical linkages 

may not exist for basin-wide flow. 

4.5.1 Paragenetic Sequence 

Extensive evidence for fluid-rock interaction is evident in thin section. Pressure solution 

and corroded grain contacts in quartz are ubiquitous (Figure 4.9a). Quartz-quartz grain 

contacts are typically coated with phyllosilicates that would have enhanced diffusive 

processes that caused the corroded contact morphology (Figure 4.9b). The secondary 

nature of some phyllosilicates is evident by their formation along fractures within 

feldspar grains. Detrital quartz and feldspar grains, along with very fine-grained 

muscovite form the bulk of the primary phases that were deposited within rocks of the 

Otish Basin. The various feldspars (plagioclase, perthite, microcline, etc.) are heavily 

altered to phyllosilicate minerals, namely kaolinite and illite (Figure 4.9c). The detrital 

muscovite and diagenetic phyllosilicate minerals (illite ± kaolinite) comprising the matrix 

also define the fine lamination surfaces within both the ACF and CBF units, visible in 

polished thin section (Figure 4.9d). 

Extensive alteration zones comprise tourmaline and Cr-V muscovite (var. 

fuchsite) that extend outward from the uranium-mineralized regions. Tourmaline tends to 

be present as a radial growth (Figure 4.1 Oa) or large euhedral crystals (Figure 4.1 Ob). 

Fuchsite follows tourmaline and appears as sharp fronts (Figure 4.1 Oc) with distinctive 
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Figure 4.9 Photomicrograph (PPL) of pressure solution and corroded grain contacts as observed in quartz 

(a). Photomicrograph (XPL) of thin layer of muscovite is visible between quartz-quartz grain boundaries 

(b). Photomicrograph (PPL) of feldspar grain that has been intensely altered to illite and kaolinite (c). 

BSEM image of muscovite defined layers, observed here within a CBF unit (d). 

liesegang texture, coloured rings or bands formed during diagenesis (Figure 4.1 Od) within 

this zone. Tourmaline and fuchsite look similar in hand sample due to their similar 

colour and association; however, tourmaline does not display liesegang texture. The 

hematite covers wider areas than the fuchsite and tourmaline and exhibits no 

characteristic texture. The hematite is generally very fine-grained, typically anhedral and 

can be pervasive to patchy. Hematite alteration (including field-defined limonite) halos 

occur throughout the strata, extending far from the Matoush Fault. 
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Figure 4.10 Photomicrographs (PPL) of tourmaline crystals displaying several habits, shown here are 

radial tourmaline (a) and tabular tourmaline crystals (b). Fuchsite alteration can be seen as a sharp front 

( c ), shown here adjacent to hematite alteration. Fuchsite alteration sometimes displays liesegang rings ( d), 

occurring within a sharp front. 

Uranium, the element of primary interest at Matoush, occurs most frequently as 

uraninite. Uraninite is replaced by sub-hedral to euhedral galena and pyrite grains 

(Figure 4.1 la and b) and eskolaite follows uraninite (Figure 4.1 lc). Minor uranium 

phases include late autunite CU-phosphate), as well as coffinite CU-silicate) veinlets that 

crosscut the earlier minerals. Uranium-lead alteration minerals are present, but their 

exact composition or mineralogy is difficult to determine. Lead selenide and galena are 

also 
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Figure 4.11 BSEM images of uraninite replacing sub-hedral to euhedral galena and pyrite grains (a and b). 

Eskolaite follows uraninite (c). Late U-phosphate, lead selenide and galena veinlets cross-cut fuchsite and 

tourmaline ( d). Mineral abbreviations from Kretz (1983) (Appendix III). 

present as late stage veinlets that cross-cut later fuchsite and tourmaline growth (Figure 

4.lld). 

4.6 Discussion 

The Matoush uranium deposit has been characterized as an unconformity-related 

uranium deposit due to its proximity to the Archean-Proterozoic unconformity, the 
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presence of a significant sedimentary basin and intersecting tectonic structures (Matoush 

Fault). The emplacement of the mineralization does possess some distinctive features 

compared to other similarly classified uranium deposits around the world, mainly its 

strong association to Cr (Cr-oxides and Cr-dravite) and the presence of a dyke adjacent to 

the fault and the mineralization. 

The combination of intrusion of the dyke and faulting along the Matoush Fault is 

strongly associated with the uranium mineralization. The formation of uraninite at 1714 

Ma (Bums, 2009) establishes that the older Matoush dyke, intruded at 1730 ± 10 Ma, 

could act as the trigger for a local reducing environment. Uranium is more soluble in 

oxidizing, alkaline fluids and is less soluble in reducing, acidic fluids (Cuney and Kyser, 

2008), which indicates that the uranium mineralization at Matoush occurred when the 

oxidizing hydrothermal fluids came into contact with the dyke, which acted as a strong 

reducing agent. 

The primary basinal mineralogy of the Otish sediments consists of detrital quartz 

and feldspar with minor amounts of muscovite (Figure 4.12). Early diagenesis of the 

sediments is characterized by the formation of quartz cement. Ubiquitous illite ± 

kaolinite alteration heavily replaced detrital feldspar grains. Pervasive hematite 

(including field identified limonite) alteration is observed in the surrounding host rock 

(Figure 4.12). Faulting, temporally constrained by the emplacement of the gabbro dyke 

and subsequent mineralization, is interpreted to have promoted the circulation of U

bearing basinal brines, causing uranium mineralization to occur at numerous locations 

along the Matoush Fault. Decreased porosity and permeability in the surrounding basin 

rocks reduced basinal fluid flow, resulting in fault zone- and fracture-dominated fluid 
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Figure 4.12 Simplified paragenesis of host-rock minerals, and minerals associated with early and late 

diagenesis. Only minerals having a strong association with uranium mineralization are shown. 
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flow. Interaction of mineralizing fluids with the gabbroic dyke resulted in the 

concentration of tourmaline, fuchsite and hematite in the dyke and adjacent basinal rocks. 

This was followed by the formation of uraninite and eskolaite (Figure 4.12). 

These results are concurrent with the findings of Beyer et al. (2012), who 

concluded that following the intrusion of the Otish Gab bro and uranium mineralization in 

the Otish Basin, fluid flow was preserved along unconformities and in fault zones and 

fractures. This conclusion was founded on the preferential distribution of unsupported 

radiogenic Pb and Mo + W + Nb. Basement and basinal rocks away from areas of 

preserved fluid flow, including locations proximal to uranium mineralization, do not 

contain these elements, indicating limited to non-existent flow by later fluids away from 

preferential fluid-flow zones. This indicates that mineralizing fluids were constrained to 

the Matoush Fault and other spatially related fracture populations. This proposes that the 

Matoush Fault plays a key role in controlling the emplacement of mineralization at the 

Matoush deposit. 
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5 Faults and Fractures 

5.1 Introduction 

Brittle deformation of rock is the permanent material change producing new 

surface area when a rock is subjected to critical stresses. As such, fractures at all scales 

(microfractures, faults, fault systems) reflect a break in continuity and loss of strength 

with ensuing positive dilatancy (volume increase). This increase in porosity and 

permeability enhances fluid flow in fault zones and their related fracture systems; the 

latter is typically cyclic and can be correlated with earthquake activity (Hubbert and 

Rubey, 1959; Sibson, 1990; Sibson, 1994; Caine et al., 1996; Braun et al., 2003; 

Micklethwaite et al., 2010). Faults can act both as fluid conduits and barriers (Sibson et 

al., 1975). Active fault systems tend to concentrate fluid flow, whereas inactive fault 

systems tend to have more restricted fluid flow (Hooper, 1991; Micklethwaite et al., 

2010). The mechanisms linking fluid flow and permeability to earthquake activity are: 

(1) dilatancy due to variations in stress, (2) post-seismic fluid flow toward irregularities, 

particularly dilational features, and (3) post-seismic fluid flow away from overpressured 

areas by way of fault-valve action when impermeable barriers are fractured (Sibson, 

1990; 1994). The potential to focus ore-bearing fluids is, therefore, directly related to the 

periodicity of earthquakes, which act as a control on fluid flow. 

As temperature and pressure increase with progressive burial of basinal strata, the 

reaction rates between the fluid and solid phases increase. The end result is a chemically 

distinct fluid and mineral assemblages that have reached equilibrium with the fluids in the 

basin, other minerals that have partially reacted with the fluid in the basin, and those 



minerals that have not reacted with the fluids due to slower reaction rates or isolation 

from the basin fluids (Kyser, 2007). 
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As noted, faults can act as seismic pumps for hydrothermal fluids, pushing them 

through the faults and their related fracture systems and contributing to thermal advection 

(McLellan et al., 2006). These fluids are enriched with complexes leached from the 

basinal and/or basement rocks. As these fluids pass through the fault zone, drops in fluid 

pressure, especially during dynamic rupture, and temporal changes in equilibrium 

conditions can lead to the precipitation of minerals that fills the fractures (Wilkinson and 

Johnston, 1996; Henley and Berger, 2000; Micklethwaite et al., 2010; Weatherley and 

Henley, 2013). 

5.2 Geometry of the Deposit 

The Matoush mineralization appears to have a first-order association with 

structural features in that the known high-grade mineralization (Figure 5.1) is 

concentrated along the Matoush Fault, which has a strike of 007° and dips 85° to the east 

and is interpreted to have strike-slip displacement. The highest-grade mineralization 

occurs as lenses that pitch approximately 45° to the south along the length of the fault 

with the ACF unit. Another structure, locally denoted as the 'Siliceous fault', is a normal 

fault cross-cut by the Matoush Fault and has no apparent bearing on the trend of the 

mineralized zones. Historically, the mineral lenses have been hypothesized to form at the 

intersection of the Matoush Fault and some other controlling feature. The core objective 

of the thesis was to test this hypothesis by examining in detail the relationships between 

fractures and mineralization observed in drillcore. 
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Figure 5.1 Longitudinal section of the Matoush Fault, looking west. Main uranium lenses are displayed in 

shades of purple. Darker shading indicates a higher grade; lighter shading has a lower grade. No 

quantitative values are attributed to the shading, it merely demonstrates general distribution. The Matoush 

Fault is not offset by the Siliceous fault. Vertical scale = horizontal scale. 

5.3 Surface Alteration and Mineralization 

The methodology for study of extensional fractures in the drillcore is described in 

Chapter 3. Five primary kinds of fractures were classified using the nature of alteration 

expressed along their surfaces. These are argillaceous, silicified, bleached, pyritized and 

hematized. Additional fractures were more generally discriminated as microfaults, 

slickensides and veins. All of these descriptions are based on macroscopic observations 



of the material within the fracture with classifications made independent of fracture 

orientation. 
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Argillaceous fractures (Figure 5.2) are characterized by the presence of very 

fine-grained phyllosilicate minerals on the fracture surface. The clay is usually creamy 

white in colour, occasionally displaying a creamy yellow colour. The fractures are 

usually open, due to the weakness of the cementing clay material; however, a few closed 

examples were found. 

Silicified fractures (Figure 5.3) exhibit quartz on the fracture surface. The quartz 

is usually a whitish to light grey colour. It typically has a crystalline texture, though a 

saccharine texture is occasionally observed. The quartz fractures blend seamlessly into 

the rock; the boundary is only marked by the lack of alteration in the quartz compared to 

the host rock. Silicified fractures are both open and closed. 

Bleached fractures (Figure 5.4) are called thus as a result of the dissolution and 

removal of coloured mineral phases (typically hematite, but including limonite, and 

fuchsite) due to alteration of the host rock by an earlier fluid, in the immediate vicinity of 

the fracture. The bleaching effect typically occurs around silicified fractures, where 

quartz replaces hematite, limonite and/or fuchsite staining in the immediate vicinity of the 

fracture. Bleached fractures occur as both open and closed fractures, sometimes 

exhibiting both characteristics (i.e., from having been open and then resealed and vice 

versa). These fractures are significant in that they indicate multiple fluids have passed 

through the rocks: the first fluids resulted in the discolouration of the basin rocks, and the 
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Figure 5.2 Fracture lined with argillaceous minerals. From hole MT -08-0 IO at a depth of I 08.4 metres, 

core diameter is 47.6 mm (NQ bit). 

Figure 5.3 Silicified fracture. From hole MT-08-014 at a depth of 332.5 metres, core diameter is 47.6 mm 

(NQ bit). 

Figure 5.4 Bleached fracture in hematite alteration zone. Hematite is bleached out around fracture. From 

hole MT-08-023 at a depth of 453.5 metres, core diameter is 47.6 mm (NQ bit). 



later fluids drained the staining left by the initial alteration event and silicification 

occurred along the fractures. 
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Pyritized fractures (Figure 5.5) are characterized by the presence of pyrite on the 

fracture surface. The pyrite is typically present as a very fine substance and is black in 

colour. Euhedral crystals are occasionally observed, however they are typically no more 

than a few millimetres in size. Pyritized fractures are dominantly closed; the fractures 

with the larger euhedral crystals are open. 

Hematized fractures (Figure 5.6) are characterized by the presence of earthy 

hematite on the surface. The hematite has a red to reddish brown colour. No 

crystallographic forms are observed, the hematite is only present as reddish dust. 

Fractures containing hematite are usually less than one millimetre in thickness. Hematite 

fractures are generally closed. 

The fractures with evidence of displacement along them are grouped as 

microfaults. They are preserved as both open and closed features. They are primarily 

siliceous, although some are argillaceous. Displacements along the microfaults range 

from 1-10 millimetres; fault arrays can exhibit cumulative displacements into the metre 

scale. 

Slickensides are fault surface features. Slickensides commonly display 

prominent striations parallel to the direction of relative movement during their formation. 

Slickensides are usually composed of clays (illite and kaolinite) or chlorite, and as such 

are very delicate. Their number was diminished by the effects of drilling and they were 

only preserved if interaction with fluids (pre- or syn-drilling) and mechanical attrition 

was minimal. 
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Figure 5.5 Pyritized fracture. From hole MT-08-008 at a depth of 330.3 metres, core diameter is 47.6 mm 

(NQ bit). 

Figure 5.6 Hematized fracture, with red staining in surrounding rock. From hole MT -08-009 at a depth of 

511.5 metres, core diameter is 47.6 mm (NQ bit). 

Veins differ from closed fractures in that they have a greater thickness than the 

latter and do not show evidence of displacement. Veins have typical thicknesses between 

1-3 centimetres and are chiefly formed of quartz; however, dolomite and calcite veins can 

be found near the fault zone. Minor veins of tourmaline, autunite, pyrite and baryte also 

occur. 
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5.4 Fracture Orientations 

Analysis of fracture orientations and relationships utilizes stereographic 

projections (Figures 5.7 to 5.10). The fractures classified by alteration (i.e., argillaceous, 

silicified, bleached, hematized, and pyritized) were in tum grouped into two 

morphological categories: open fractures and closed ( or sealed) fractures. Open fractures 

are not completely filled with cement and can therefore serve as a conduit for fluids. 

Closed fractures are sealed with cementing material and are a barrier to fluids. Fractures 

can open and close sequentially, reflecting multiple fracturing events. A number of 

bleached fractures individually correspond to both open and closed categories, which 

indicates that there were at least two episodes of brittle fracturing. A synoptic plot of all 

fracture orientations was generated in order to examine the data set as a whole. 

Stereograms were contoured to establish density distribution of the orientations (Starkey, 

1977). The statistical analysis method uses a counting area of 100/N%, where N is the 

sample size, allowing the meaningful comparison of orientation patterns for different 

sample sizes. Contour intervals are in integer multiples of 2. The stereoplots of poles for 

each type of fractures are displayed in Figure 5. 7. 

Argillaceous fractures (Figure 5.7a) show a strong association with the Matoush 

Fault orientation (plotted as a plane on all figures) with the majority of core fractures 

normatively parallel to the regional scale fault. Three secondary fracture orientations 

occur. Two vertical sets form with strikes+/- 30° from the strike of the Matoush Fault, 

while the third dips west at 30°. 

The silicified fractures (Figure 5.7b) show orientations similar to the argillaceous 

examples with the dominant set sub-parallel to the Matoush Fault, but with a wider 
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Figure 5. 7 Fractures are plotted as argillaceous fractures ( a), silicified fractures (b ), bleached fractures ( c) 

and pyritized fractures (d). Open (e) and closed (f) fractures are also shown. The Matoush Fault (striking 

007° and dipping 85°E) is plotted on all the stereograms. Number of data is shown as N. The plots are 

contoured in integer multiples of 2. 



spread in measurements. Two secondary orientations trend NNE and ESE, the same 

basic orientation as the secondary argillaceous fractures. 
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The bleached fractures (Figure 5.7c) occur in distinctly different orientations from 

those of argillaceous and silicified fractures. The primary set is vertical to steep, striking 

NW-SE, making an angle of about 45° with the strike of the regional Matoush Fault. A 

second strong concentration has an overall NW-SE strike and dips approximately 20° 

NE. 

The pyritized fractures (Figure 5.7d) make a small, clockwise angle with the 

Matoush Fault orientation, and have a steep (75-90°) westerly dip. 

When open (Figure 5.7e) and closed fractures (Figure 5.7t) are plotted separately, 

both show a strong association with the Matoush Fault. The poles plot approximately 90° 

away, indicating that the dominant trend is parallel to the Matoush Fault. 

A synoptic plot (Figure 5.8) of all fractures demonstrates that the dominant 

fracture orientation is similar to that of the Matoush Fault; however, it is important to 

note, that such "lumping" of data implies that all fractures are of the same population. 

Given the observed differences in type of fractures (fluid history), this requirement need 

not be met, and emphasizes the need for careful data separation. 

5.5 Faults and Slickensides 

Faults or microfaults (Figure 5.9a) form two distinct distribution concentrations. 

The latter reflect small populations roughly parallel to the Matoush Fault, plus a 

subsidiary set dipping 70° SSE. 
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Figure 5.8 A synoptic plot of fractures includes all fracture populations and shows a generalized trend. 
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The Matoush Fault (striking 007° and dipping 85°E) is plotted on the stereogram. Number of data is shown 

as N. The plots are contoured in integer multiples of 2. 
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Figure 5.9 Faults (a) and slickenside surfaces (b). The Matoush Fault (striking 007° and dipping 85°E) is 

plotted on the stereogram. Number of data is shown as N. The plots are contoured in integer multiples of 

2. 



Only a very small number of slickensides (Figure 5. 9b) were preserved due to 

their fragile surficial nature. Of these, only three (3) could be oriented and measured. 
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The fault surfaces on which the slickensides are present have a general NE dip direction 

and a characteristic dip of 65°. The slickensides show similar orientations, the average 

orientation being a plunge of 60°~007°. Although these slickensides are found on faults 

at an angle to the Matoush Fault, they demonstrate movement on planes parallel and sub

parallel to the Matoush Fault and approximate the intersection direction of the two 

distinct fault orientations. However, the Matoush Fault is interpreted to have strike-slip 

movement, these moderately dipping lineations suggest a degree of vertical displacement. 

This reveals that though the displacement along the Matoush Fault is primarily strike-slip, 

a dip-slip component does exist. 

5.6 Veins 

Veins of all types (quartz, calcite and dolomite) are plotted together in Figure 5.10. The 

veins show a correlation with the Matoush Fault orientation, but the distribution is more 

dispersed than for many of the fractures. Qualitatively, the distribution of poles can be 

separated into a component reflecting veins parallel to the primary fault, with a subsidiary 

concentration indicating NW-SE trending veins (Figure 5.10). Another statistically 

relevant cluster of poles related to veins dips 30-45° westerly. Veins are tensile cracks 

and contain al and cr2 in their plane, with cr3 normal to them (Figure 5.11). The 

orientation of a 1, cr2 and cr3 with respect to the veins is consistent with sinistral slip on 

the Matoush Fault. 
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Figure 5.10 Veins are plotted. The Matoush Fault (striking 007° and dipping 85°E) is plotted on the 

stereogram. Number of data is shown as N. The plots are contoured in integer multiples of 2. 

65 

Figure 5.11 Block diagram showing vein (dotted line) relationship with Matoush Fault (red). Stresses al 

and a2 occur in the plane of the veins, with a3 normal to them. The orientation of al , a2 and a3 as they 

relate to the Matoush Fault, indicate sinistral displacement. 
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5. 7 Three-Dimensional Visualization 

The three-dimensional distribution of mineralization and structural features was 

examined using the Matoush core log data base. Concentrations of different mineral 

phases, as well as fracture density were plotted for each drillhole, and the resulting 

distributions were developed using Leapfrog 3D visualization software. The principal 

zones of uranium mineralization (Figure 5.12a) are seen as the southerly plunging zone 

and the isolated concentration at a depth of 350 metres. The distribution of tourmaline 

(green) and fuchsite (blue) corresponds to the spatial association of these phases with 

uranium concentration. Fracture density (Figure 5.12b) data were used to generate a 

"fracture" map, showing the distribution of fracture porosity. High fracture densities are 

represented by the yellow-red spectrum on the figure; as would be anticipated, the 

concentrations correspond to low RQD values in the drillcore. The uranium 

mineralization is strongly linked to the overall fracture density, suggesting that the spatial 

correlation has a primary aspect and is not simply an artefact of post-mineralization and 

drilling-induced fracture. 

Whereas the Siliceous fault was identified within individual drillcore, the fracture 

map displays a high density congruent with its predicted orientation, providing both 

mineralogical and structural evidence of its existence and location. 

5.8 Summary and Interpretation 

The intrusion of the dyke and subsequent faulting along the Matoush Fault is 

strongly associated with the uranium mineralization. Faulting is inferred to have 
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Figure 5.12 Longitudinal sections parallel to the Matoush Fault looking west. They show the uranium 

mineralization (a) and fracture density (b). The uranium mineralization (a) is represented by the purple 

areas, the surrounding mineralogy is also displayed (green is tourmaline, blue is fuchsite, red is iron oxide 

and yellow is clay). Fracture density (b) is displayed on a gradational scale from high fracture density (red 

to yellow) to low fracture density (blue). White circled areas have a higher fracture density and are 

coincident with uranium occurrences. The white line also represents an area of higher fracture density, 

which overlaps with the Siliceous fault (cross-cut by the Matoush Fault). 
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increased the circulation ofU-bearing basinal brines, causing uranium mineralization to 

occur at numerous locations along the Matoush Fault. 

Fault-fluid interaction has affected element transport and concentration at the Matoush 

uranium deposit; however, the spatial distribution and localization of uranium 

mineralization defies characterization by simple geometric relationships (Figure 5.13). 

The majority of structural features show a strong association with the Matoush Fault. 

Argillaceous fractures show a strong association with the Matoush Fault orientation with 

the majority of core fractures generally parallel to the regional scale fault. The silicified 

fractures show orientations similar to the argillaceous fractures, with the dominant set 

sub-parallel to the Matoush Fault, but with a wider range of measurements. Secondary 

fracture populations occur in both types of fracture. Argillaceous fractures have three 

sets of accessory fracture orientations, two vertical sets form with strikes+/- 30° from 

the strike of the Matoush Fault, while the third dips west at 30°. The silicified fractures 

have two sets of secondary orientations that are sub-parallel to the vertical secondary 

argillaceous fractures. Pyritized fractures make a small, clockwise angle with the 

Matoush Fault orientation. Bleached fractures occur in distinctly different orientations 

from those of argillaceous, silicified and pyritized fractures; they are primarily vertical to 

steeply dipping at an angle of about 45° counterclockwise to the strike of the regional 

Matoush Fault. A second population of bleached fractures has a general NW-SE strike 

and dips shallowly to the NE. 

Several sets of fractures that are associated with the Matoush Fault are parallel to 

sub-parallel with the fault. The interaction of these fracture subsets with the Matoush 

Fault suggest a conceivable explanation for the orientation of the mineralized lenses 
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Figure 5.13 Block diagram showing the relative orientations of structural features. The Matoush Fault is 

drawn on in red. Argillaceous fractures (green), silicified fractures (blue), bleached fractures (purple) and 

pyritized fractures (yellow) are all plotted in their various orientations. Veins ( dotted line) are also 

included. 

(Figure 5.14). The intersection of the Matoush Fault (striking 007° and dipping 85°) with 

sub-parallel fractures (based on an average for fracture measurements collected from the 

Matoush core - striking 180°, dipping 88°) form an intersection lineation that dips 45° 

toward 182 °. This orientation is analogous with the orientation of the mineralized lenses 

at the Matoush deposit, which dip 45° toward the south. This further supports the fact 

that the Matoush Fault is a primary control on mineralization. 

Structural modelling revealed a concentration of dilational zones that correspond 

with deposit orientations; however, no corresponding intersecting structures were 

observed in the field. These dilational zones, revealed through structural modelling, also 

coincide with higher degrees of alteration in the dyke, indicating increased fluid flow, 

further substantiating the effect of the Matoush Fault as a conduit for U-bearing fluids. 



Equal Area 
(Schmidt) 

Axial 

N 

70 

N=2 

Figure 5.14 Stereogram showing a potential intersection between the Matoush Fault (striking 007°, dipping 

85°) and a sub-parallel feature (based on an average for fracture measurements collected from the Matoush 

core - striking 180°, dipping 88°). The resulting intersection lineation dips 45° toward 182°, which is 

largely consistent with the orientation of the mineralization at Matoush. 

The orientation of 0-1, a2 and a3 with respect to the veins is consistent with 

sinistral slip along the Matoush Fault. However, low-angle oblique fractures that were 

observed+/- 30° from the strike of the Matoush Fault are devoid of movement indicators 

and cannot reliably be used as kinematic indicators (i.e. Riedel shears) to determine the 

sense of movement along the fault. If these were Riedel shears, they potentially indicate 

reactivation in both sinistral and dextral senses. Notwithstanding the latter, the bulk of 

evidence supports regional sinistral displacement. 
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6 Conclusions 

6.1 Summary 

The Matoush deposit can be characterized as an unconformity-related uranium 

deposit due to its proximity to the Archean-Proterozoic unconformity, the presence of a 

significant sedimentary basin and intersecting structure (Matoush Fault). The 

emplacement of the mineralization has distinguishing features that set it apart from other 

similarly classified uranium deposits, mainly the presence of a mafic dyke adjacent to the 

fault and the mineralization and its strong association to Cr (Cr-oxides and Cr-dravite). 

Mineralization has a strong association with structural features at the Matoush 

deposit. The known mineralization is concentrated along the Matoush Fault, with the 

highest-grade mineralization concentrated along lenses that pitch approximately 45° to 

the south along the length of the fault. Structural analysis revealed that the majority of 

fractures have orientations that are parallel to sub-parallel with the Matoush Fault. 

Argillaceous, siliceous, pyritized, open and closed fractures all show a strong association 

with the Matoush Fault orientation. The majority of these fractures are steeply dipping 

and are parallel to sub-parallel to the regional scale fault. 

Fault-fluid interaction has contributed to element transport and concentration at 

the Matoush deposit; however, the spatial distribution of uranium mineralization cannot 

be characterized by simple geometric relationships. Structural modelling shows clusters 

of dilational zones that overlap with the orientations of mineralized zones. These 

dilational zones also correspond to areas of increased alteration in the dyke, resulting 

from increased fluid flow. 
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The presence of the mafic dyke at the Matoush deposit acted to create a local 

reducing environment. Oxidizing, uranium-rich fluids coming into contact with the 

Matoush dyke would have resulted in the reduction of the fluids. Uranium would have 

become less soluble in reducing, acidic fluids, which would have led to the precipitation 

of uranium mineralization. 

6.2 Discussion 

The lack of intersecting structures that could explain the localization of the 

mineralization at the Matoush deposit is significant. The absence of clear intersecting 

features reinforces the fact that the Matoush Fault is the dominant structural control in the 

area and that all other fracture populations are closely related to it. Sub-parallel features 

to the Matoush Fault create an intersection lineation with the Matoush Fault that accounts 

for the orientation of the deposit (plunging 45° to the South on the plane of the fault), but 

does not serve as an explanation for the emplacement of each mineralized lens. 

Though structure plays a crucial role in the emplacement and spatial distribution 

of the Matoush deposit, it is not the only controlling factor. Typical unconformity-related 

uranium deposits are associated with graphite, an effective reductant, or a reducing 

basinal fluid (Cuney and Kyser, 2008). The presence of the Matoush dyke and its role as 

a reductant, allowing mineralized fluids to precipitate uranium mineralization, is also a 

key factor, one which makes the Matoush uranium deposit different from other 

unconformity-related uranium deposits. These results are concurrent with the findings of 

Alexandre et al. (2014b), who stated that the Matoush deposit formed when U-bearing 

basinal fluids came into contact with the reducing Matoush dyke. When the oxidizing 



fluids encountered the reducing dyke, uranium was reduced from U6+ to u4+ to form 

uraninite, which was stable in the local reducing environment. 
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The direct spatial overprinting of the fault and the dyke might also have a bearing 

on the orientation of the lenses. Compositional variations within the dyke (e.g., type 1 vs. 

type 2 vs. unknown types) could interact differently with mineralizing fluids flowing 

through the fault. Depending on which dyke composition the fault and fluids intersect, 

and its effectiveness as a reductant, the fluids could behave differently and preferentially 

precipitate mineralization. Komninou and Sverjensky (1996) noted that variations in the 

chemistry and composition of host lithologies result in mineralogical features unique to 

individual deposits, with Fe2+ being the principle reductant of oxidized uranium present 

in the mineralizing fluids. Alexandre et al. (2014a) found that Fe2+ from the mafic 

minerals in the Matoush dyke and Cr-rich tourmaline and muscovite are the primary 

reductants at the Matoush deposit. 

The surrounding sediments do not play a crucial function in the emplacement and 

orientation of the Matoush deposit. The mineralized lenses cut-across the sedimentary 

boundaries (Figure 3 .1) established by lithological variations, implying that the 

controlling feature must also cut across lithological boundaries. Additionally, the 

mineralization is limited to the immediate vicinity of the Matoush Fault and mafic dyke. 

These findings are also supported by Beyer et al. (2012), who concluded that following 

the intrusion of the Otish Gab bro, fluid flow was preserved along fault zones and 

fractures. 

The singularity of the Matoush deposit, its spatial association with both the 

Matoush Fault and the mafic dyke, as well as its notable association Cr-rich minerals, sets 
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it apart from archetypal unconformity deposits found elsewhere in the world (Cuney and 

Kyser, 2008). It is reasonable to assume that the Matoush Fault and dyke both play a key 

role in the emplacement and orientation of the uranium mineralization at Matoush. 

Increased fluid flow along the fault relative to other areas, combined with interaction of 

the fluids with the mafic dyke and Cr-rich tourmaline and fuchsite could have led to 

localized uranium mineralization resulting in the lenses observed at Matoush. 
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Appendix I. Thin Section Observations 



Thin Stttion LR-7 /02-A 

PROJECT ECLAT 

Sample# LR-EC-07-002-259.6 

Described by L. Robichaud 

Lithological Unit 

CBF 

RockT~ 

Mintralogy Modal Composition (o/o) 

quartz 90 

plagioclase 10 

K-feldspar 

Alttration 

There is minor chlorite alteration in the matrix. 

Gtntral Commtnts & Conttxt 

TS Type polished 
Orientation 

perpendicular to bedding SO 

arkosic siltstone 

Accessory Phases (<l O/o) 

tommaline 

apatite 

chlorite 

zircon 
uraninite ( det.) 
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The sample is from the Eclat property and is distal to the Matoush mineralization and the 
Matoush fault. 

Grain Fab1ic 

Grain Ttxtnrts 

Grain Size Ranae 

50-500um 

Grain Size - Oasts Grain Size - Matrix 

0.1-0.5 mm -50um 

Tue grains are matrix supported and do not come into contact with each other. The grains 
are sub-rounded to sub-angular. The matrix is composed of finer grained quartz and 
plagioclase and comprises 25% of the overall rock. 

RockFablic 

[Faint bedding can be observed. It is characterized by variations in the percentage of 
matrix material in each layer. 



Thin Stction LR-6/04-A 

PROJECT MATOUSH 

Sample# LR-MT-06-004-320.0 

»~ribed by L. Robichaud 

Lithological Unit 

Fault Zone Breccia 

RockTyp(I 

Min(lralogy Modal Composition (%) 

AJt(ll1ltiOD 

illite 30 

kaolinite 

chlorite 

galena 

quartz 

30 

30 

9 

1 

TS Type polished 
Orientation 

perpendicular to S2 

gabbro protolith? 

Accessory Phases (<I%) 

plagioclase 

tounnaline 

olivine 

uraninite 
aunmite 

Illite. kaolinite and chlorite alteration are present tounnaline and fuchsite are also 
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e sample is from within the fault zone and has high values for uranium mineralization. 
e quartz. plagioclase and olivine minerals that are preserved as accessory minerals are 

· terpreted to be remnants of the protolith. The main mineralogy of the fault is alteration 
· erals. in particular phyllosilicates. their relative abwulances are indicated in modal 

omposition. Other accessory minerals are pyrite. apatite and sphalerite. 

Grain Fab1ic Grain Size Ranae 

50um- l mm 

Grain Size - Clasts Grain Size - lfatrix 

50um- l nnn NIA 

e minerals are fine-grained or smaller. The gouge material is composed of day sized 
·des that are difficult to distinguish in thin section. Protolith fonnining quartz. 

lagiodase and olivine are rolUlded to sub-rollllded. 

Rock Fabric 

ifhe rock has two generations of foliation that are at a high angle to each other. 
Slickensides can also be obsetVed in hand sample. but are not readily apparent in thin 
section. other than being able to detennine that they are composed of chlorite. 



Thin s«tion LR-6/05-A 

PROJECT MATOUSH 

Sample# LR-MT-06-005-304.9 

Dewribed by L. Robichaud 

TS Type polished 
Orientation 

perpendicular to S 1 

Lithological Unit 

ACF 

RockT~ 

Mine .. alogy :Modal Composition (o/o) 

Alte .. ation 

quartz 80 

plagioclase 5 

perthic feldspar 5 

microcline 

muscovite 

5 

5 

fuchsite ± hematite 

Gtne .. al Comments & Context 

arkosic conglomeratic sandstone 

Accessory Phases ( <l o/o) 

uraninite 

galena 

baryte 

eskolaite 
fuchsite 

This sample is proximal to the fault zone and is very altered Microfractures are 
prominent in the sample. Plagioclase grains in the rock are heavily altered 

Gnin Fablic 

G .. ain T extuns 

Grain Size Ranae 

10um-2mm 

Grain Size - Clasts 

500um-2mm 

Grain Size - Matrix 

>lOum 

89 

lasts are mostly subrounded with a few sub-angular clasts. The rock is clast supported. 
· th the matrix comprising less than 10% of the rock. The alteration is focused in and 
mmd the plagioclase grains. fuchsite is predominant but is sometimes accompanied by 
· or hematite. 

RockFablic 

Multiple planar quartz veins occur parallel to each other and seem to be related to the 
fuchsite alteration. 



Thin SKtion LR-6/05-B 

PROJECT MATOUSH 

Sample# LR-MT-06-005-325.3 

Described by L. Robichaud 

Lithological Unit 

ACF 

Rock Type 

Mlneralogy Modal Composition (0/o) 

Alteration 

quartz 

K-feldspar 

tommaline 

fuchsite 
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13 

1 

1 

TS Type polished 
Orientation 

perpendicular to quartz shcU!. 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

olivine 

eskolaite 

uraninite 

apatite 
galena 

Very minor fuchsite alteration near uranium mineralization. 

~ne1·al Comments & Context 

rrhis sample is proximal to the Matoush fault and is within the AM-15 mineralization 
~one. 

Grain Fablir 

Grain Textures 

Grain Size Ran1e 

50um- l mm 

Grain Size - Clasts 

0.5-1 mm 

Grain Size - ~latrix 

-50um 

There is very little interstitial matrix. the composition is 95% grains. These are sub
angular to sub-rmmded. Grain bmmdaries are mostly sutured. 

Rock Fablir 

llrregular quartz veins are present and cross-cut the area of the sample. These are likely 
obseived as "shears" in hand sample. 

90 



Thin Stttion LR-6/10-A 

PROJECT MATOUSH 

Sample# LR-MT-06-010-047.6 

DeseribNI by L. Robichaud 

Lithological Unit 

CBF 

Rock Type 

Mineralogy Modal Composition (%) 

quartz 70 

muscovite 12.5 

phyllosilicates 12.5 

plagioclase 4 

microcline 1 

Alteration 
None present. 

General Comments & Context 

TS Type polished 
Orientation 

perpendicular to bedding SO 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

olivine 
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rrhe sample is from an unmineralized area distal to the Matoush fault and serves as blank 
t'BF sample. 

Grain Fab1ic 

Grain Textures 

Grain Size Ranae 

50um-1 mm 

Grain Size - Clasts Grain Size - :Matrix 

0.5-1.5 mm > 50tun 

ariations in grain size define the bedding. The muscovite and the phyllosilicates make 
the matrix and also fonn the finer layers. The phyllosilicates are likely illite and 

olinite. The grains are sub-rotmded to sub-angular. 

RockFablic 

No fabrics other than bedding are apparent in thin section. 



Thin Stttion LR-6/10-B 

PROJECT MATOUSH 

Sample# LR-MT-06-010-313.2 

De~ribed by L. Robichaud 

Lithological Unit 

ACF 

Rock Type 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Mineralogy Modal Composition (0/o) Accessory Phases ( <l o/o) 

quartz 65 

perthite 20 

tommaline 10 

lllUSCOvite 5 

Alteration 
Heinatite ± chlorite alteration is present. 

The sample is from the fault zone in lllineralized zone AM-15. 

Grain Fablic 

Grain Textu1·es 

Grain Size Ranae 

50wn- l mm 
Grain Size - Clasts 

500 wn - I mm 
Grain Size - lfatrh 

> 50 wn 
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ITTie grains are sub-rmmded to sub-angular and are fairly uniform in size. ranging from 
0.5 - 1 mm The tounnaline and n1uscovite occur as slll8ller lllinerals between the larger 
detrital quartz and feldspar grains. The matrix only makes up approximately 5% of the 
rock. 

RockFablic 

A vein intrudes the rock and is predominantly made of quartz. but also has lllinor 
tourmaline. The hematite alteration is associated prinlarily with the feldspar. tommaline 
and lllUSCOvite. 



Thin Section LR-6/10-C 

PROJECT MATOUSH 

Sampl• # LR-MT-06-010-313.3 

Dt"SC:n1Jt"d by L. Robichaud 

Lithological Unit 

ACF+vein 

RockTyp~ 

l\fin~ralogy Modal Composition (0/o) 

quartz 70 

tommaline 20 

plagioclase 5 

eskolaite 4 

uraninite 1 

Alt~111tion 

TS Typ• polished 
Orit"otatioo 

no orientation 

arkosic sandstone 

Accessory Phases ( <18/o) 

aunmite 

grimaldiite 

phyllosilicates 

hematite 
apatite 

Quartz. tommaline and hematite alteration are present. 

~n~ral Comm~nts & Cont~xt 
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Sample is from within the AM-15 mineralized zone and is proximal to the Matoush fault. 
The vein is predominant in the composition of the rock. 

Grain Fab1ic Grain Siz• Rana• 

lOum-lmm 

Grain Sizt" - Clasts 

0.1-1 mm 

Grain Siz• - llatrix 

10-50um 

e ACF material is composed mostly of quartz. with small amounts of plagioclase. The 
· terstitial material between the grains is ahnost comprised solely of towmaline. with 

· or amounts of phyllosilicates and hematite. The grains are sub-angular to angular. 

Rock Fabric 

The quartz-towmaline vein shows that at least two distinct fluid flow events have 
occured. The open quartz vein was later filled in with tommaline. which closed the vein. 



Thin Section LR-6/10-D 

PROJECT MATOUSH 

Sample# LR-MT-06-0 I 0-317 .1 

I>ewribed by L. Robichaud 

Lithological Unit 

Fault Zone/ACF 

Rork Type 

Mineralogy :Modal Composition (o/o) 

Alte111tion 

quartz 

tommaline 
K-feldspar 

muscovite 

70 

15 

10 

5 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

fuchsite 

phyllosilicates 

uraninite 

apatite 

Muscovite is partly altered to fuchsite. illite and kaolinite. 

Gtne1·al Comments & Context 

The sample is from within the AM-15 mineralized zone and is proximal to the fault. 

Grain Fablir 

Grain Textures 

Grain Size Ranae 

lOum-1 mm 

Grain Size - Clasts Grain Size - Matrix 

<Imm > 10 lllll 
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[he clasts are predominantly below I mm in size. but a few grains are I cm in diameter. 
The grains are sub-angular to sub-rounded and their boundaries are mostly sutured 

RorkFabiir 

No fabric or bedding noted. 



Thin Stttion LR-6/10-E 

PROJECT MATOUSH 

Sample # LR-MT-06-0 I 0-322.4 

~ribed by L. Robichaud 

Lithological Unit 

ACF 

RockTypt 

Mintralogy Modal Composition (o/o) 

quartz 40 

muscovite 25 

phyllosilicates 25 

plagioclase 5 

K-feldspar 5 

Altt1·ation 
Fuchsite alteration is present. 

Gtntral Comm,nts & Cont,xt 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

tounnaline 

fuchsite 

This sample is from near the fault zone and is within the AM-15 mineralization zone. 

Grain Fab1ir Grain Size Ranae 

50um- l mm 

Grain Size - Oasts 

0.5-1 mm 

Grain Size - Matrix 

-50um 

e overall grain size is very fine with clay sized particles making up the matrix. The 
ins are all uniform and are sub-angular. The matrix occupies between 50-6()0/o of the 

ock. 

Rock Fabric 

No texture is observed in the sample: however. a quartz-plagioclase vein cross-cuts the 
rock. 
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Thin Section LR-6/10-F 

PROJECT MATOUSH 

Sample# LR-MT-06-010-322.7 

DeKribed by L. Robichaud 

Lithological Unit 

ACF 

RockTypta 

l\1lnllt·alogy Modal Composition (o/o) 

quartz 50 

muscovite 20 

phyllosilicates 20 

plagioclase 5 

K-feldspar 5 

Altllration 

Tounnaline and fuchsite alteration is present. 

Gllnllral Commllnts & ContHt 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases (<1 %) 

tounnaline 

ribis sample is proximal to the Matoush fault and is within the AM-15 mineralization 
~one. Both fuchsite and muscovite are included in the 200/o modal composition. 

Grain Fabtic 

Grain Tllxfnrlls 

Grain Size Ranae 

50um-1.5mm 

Grain Size - Clasts 

1- 1.5 mm 

Grain Size - lfatrix 

50- IOOum 

rains are angular to sub-angular and their boundaries are lined with muscovite and 
hyllosilicates (illite and kaolinite). The matrix is 400/o of the rock's composition. the 

· represent the other 60%. 

Rock Fabric 

k\ quartz vein cross-cuts the rock Tounnaline and fuchsite alteration seems to be 

concentrated on one side of the vein. This has implications that the vein predated the 
alteration and may have served as some sort of bani er. 
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Thin Stttton LR-6/17-A 

PROJECT MATOUSH 

Sample# LR-MT-06-017-330.9 

De~rlbed by L. Robichaud 

Lithological Unit 

ACF 

Rock Type 

Mlnel"alogy Modal Composition (•A,) 

Altel"ation 
None present. 

quartz 90 

plagioclase l 0 

Genel"al Comments & Context 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

pyrite 

irhe sample is from an unmineralized area distal to the Matoush fault. 

Gl"aln Fabric 

Gl"aln Textul"es 

Grain Size Ranae 

50wn- l mm 
Grain Size - Clasts Grain Size - Matrix 

-Imm 50- 100 wn 

The grains are rollllded to sub-rollllded and are lined by a plagioclase dominant matrix. 
The rock is 60% grains. 40% matrix. 

RockFab1ic 

No fractures or bedding. 
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Thin s«tion LR-6/17-B 

PROJECT MATOUSH 

Sample# LR-MT-06-017-473. 7 

»~ribN by L. Robichaud 

Lithological Unit 

ACF 

RockT~ 

l\finti-alogy Modal Composition (0/o) 

quartz 40 

phyllosilicates 30 
hematite 15 

fuchsite 10 

microcline 5 

Altt111tion 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

tounnaline 

apatite 

ZlfCOn 
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There is a fuchsite/hematite alteration front. Hematite is pervasive and fuchsite is patchy. 

Gtanti-al Commtnts & Context 

llbe sample is from the fault zone. proximal to the mineralized zone. It was originally 
part of the dyke material. 

G111in Fablir 

GI·ain Ttxtui-ts 

Grain Size Ranae 

50um- l mm 

Grain Sizr - Clasts 

0.5-1 mm 

Grain Size - Matrix 

-50um 

e grains are sub-rounded to sub-angular and are matric supported. Toe matric content 
aries in the fuchsite altered section ( 6()0/o matrix) vs. the hematite altered section ( 40% 

trix). 

RockFablir 

No fabric or bedding is obsetved. The alteration boundary between the hematite and the 
~hsite is irregular and does not seem to follow a pre-existing feature in the rock. 



Thin Section LR-6/17-C: 

PROJECT MATOUSH 

Sample# LR-MT-06-017-474.0 

Dewrlbed by L. Robichaud 

Lithological Unit 

FAULT-Dyke 

Rock Type 

l\llne1·alogy Modal Composition (0/o) 

pyrite 30 

eskolaite 20 

quartz 20 

plagioclase 20 

biotite 10 

Alteration 
There is fuchsite and hematite alteration. 

General Comments & Context 

TS Type polished 
Orientation 

no orientation 

fault gouge 

Accessory Phases ( <10/o) 

uraninite 

olivine 

rutile 

rrhe sample is from the fault zone. proximal to the mineralized zone. It was originally 
part of the dyke material. 

Grain Fab1ic 

Grain Textures 

Grain Size Ranae 

O.l -0.5mm 

Grain Size - Clasts Grain Size - Matrix 

0.1 - 0.5 mm NIA 

The sample is crystalline and the crystal contacts are angular. 

RockFablic 

rrhere is no apparent fabric. 
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Thin Stttton LR-6/23-A 

PROJECT MATOUSH 

Sample# LR-MT-06-023-327.0 

Describrd by L. Robichaud 

Lithological Unit 

ACF 

RockT~ 

Mineralogy Modal Composition (0/o) 

quartz 55 

muscovite 25 

phyllosilicates 15 

microcline 4 

plagioclase 1 

Alte1-atton 
Fuchsite alteration front. 

Gf'neral Comments & Contrxt 

TS Typr large 
Orirotatioo 

no orientation 

arkosic sandstone 

Accessory Phases ( <10/o) 

Sample is representative of a fuchsite alteration front. however. appears relatively 
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· onn in thin section. The muscovite modal composition also reflects fuchsite. The 
sample is from an area proximal to the siliceous fault. Silicification of grains is evident in 

· section obseivations. 

Grain Fab11c 

Grain Textures 

Grain Size Ranae 

lOum-1 mm 

Grain Size - Clasts 

300um-1 mm 

Grain Size - Matrix 

>lOum 

e sample is mostly clast supported with subangular to subrollllded clasts. The clast 

omponent. comprised of muscovite. fuchsite and phyllosilicates (likely illite and 
olinite) makes up 6()0/o of the rock and the matrix makes up the other 40%. The grains 

e rollllcled to sub-angular. 

Rock Fabric 

No textures are obseived in the grains. but the intruding quartz vein contains concentric 
alteration bands which appear to be made of some sort of phyllosilicate material. 



Thin Stttion LR-6/23-B 

PROJECT MATOUSH 

Sample# LR-MT-06-023-358.8 

Described by L. Robichaud 

Lithological Unit 

ACF 

RockT~ 

Mineralogy Modal Composition (0/o) 

quartz 40 

muscovite 3 5 

microcline 20 

plagioclase 5 

Alteration 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <10/o) 

hematite 

There is very faint hematite alteration in the matrix. 

~ne1·al Comments & Context 
The sample is from an area proximal to the siliceous fault. Silicification of grains is 
evident in thin section obseivations. 

G1·ain Fablir 

Grain Textures 

Grain Size Ranae 

50um- l.5mm 

Grain Size - Clasts 

0.5-1.5 mm 

Grain Size - l-latrix 

-50um 

e sample is overall fine to medimn grained with a few grains being over I cm in 
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· ameter. The grains are lined with muscovite and are angular to sub-angular. Toe matrix 
terial accounts for 40% of the rock. 

Rock Fablir 

There is no fabric or bedding. A quartz vein cross-cuts the sediment and has an 
apparently pepperitic contact with them. 



Thin Section LR-6/24-A 

PROJECT MATOUSH 

Sample# LR-MT-06-024-011.9 

Dewrihfll by L. Robichaud 

TS Type polished 
Orientation 

no orientation 

Lithological Unit 

ACF 

RockT~ 

arkosic conglomeratic sandstone 

Mineralogy Modal Composition (0/o) Accessory Phases ( <10/o) 

quartz 79 

microcline 10 

plagioclase I 0 

muscovite I 

Alteration 
Plagiocalse and microcline are altered to phyllosilicates. 

Grneral Comments & Context 
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e sample is distal to the fault zone and the mineralization and seives as an example or 
odifiedACF. 

Grain Fab1ic 

Grain Textures 

Grain Size Ranae 

l-5mm 

Grain Size - Oasts 

l-5mm 

Grain Size - :Matrix 

NIA 

e grains are all coarse grained and display sutured boundaries. There is very little ( < 

5%) matrix material between the grains. they predominantly interlocking and silicified. 
e matrix. where present is composed of plagioclase and muscovite. There are also 
trital muscovite grains present. 

RockFablic 

No bedding or fabric. 



Thin Section LR-6/24-B 

PROJECT MATOUSH 

Sample# LR-MT-06-024-094.5 

DescrihNI by L. Robichaud 

Lithological Unit 

ACF 

RockTnw 

Mintralogy Modal Composition (%) 

quartz 60 

muscovite 20 

fuchsite 10 

plagioclase 5 

microcline 5 

Alttration 

Fuchsite alteration is moderate. yet pervasive. 

Gtntral Commtnts & Conttxt 

TS Type polished 
Orvotatioo 

no orientation 

arkosic conglomerate 

Accessory Phases ( <10/o) 

tommaline 

ilbe sample is from an unmineralized area distal to the Matoush fault. 

Grain Fablir 

Grain Ttxturts 

Grain Size Ranae 

50um-3 cm 
Grain Size - Clasts Grain Size - :Matrix 

0.5mm-3 cm -50um 

The grains are angular to sub-angular and are lined with muscovite and fuchsite. 
Plagioclase is being replaced by muscovite and fuchsite. which make up the matix. but 
also occur within grains. 

RockFablir 

There is no observable fabric or bedding. 
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Thin Stttion LR-6/25-A 

PROJECT MATOUSH 

Sample# LR-MT-06-025-060.8 

Dewribed by L. Robichaud 

Lithological Unit 

ACF 

RockT~ 

Mineralogy Modal Composition (0/o) 

Alteration 
None present. 

quartz 70 

muscovite 15 

K-feldspar 10 

plagioclase 5 

Gt'neral Comments & Context 

TS Type large/polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

The sample is from an area proximal to the siliceous fault. Silicification of grains is 
evident in thin section obseivations. 

Grain Fab11c 

Grain Textures 

Grain Size Ranae 

10um-2mm 
Grain Size - Clasts Grain Size - Matrix 

0.5-1 mm 10- 50 um 

e grain boundaries are a mix between sutured (from silicification) and day-lined. The 
last component makes up 6()0/o of the rock and the matrix makes up the other 40%. The 
ains are sub-angular to sub-rounbded. The plagioclase grains are highly altered and are 
ing replaced by fuchsite in areas. Minor hematite is present with the fuchsite. 

Rock Fabric 

Multiple planar quartz veins occur parallel to each other throughout the sample. These 
seem to be related to the fuchsite and chlorite alteration. 



Thin Section LR-6/25-B 

PROJECT MATOUSH 

Sample# LR-MT-06-025-365.2 

DeKribecl by L. Robichaud 

Lithological Unit 

ACF 

RockT~ 

l\fineralogy Modal Composition (8/o) 

Alteration 

None present. 

quartz 80 

plagioclase 10 

lllUSCOvite 10 

~neral Comments & Context 

TS Type large 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

olivine 

irhe sample is frolll an lllllllineralized zone and proxinlal to the siliceous fault. 
Silicification of grains is evident in thin section obseivations. 

Grain Fablic 

Grain T extn1·es 

Grain Size Ranae 

50 um- 2 llllll 

Grain Size - Clasts 

1-2 1lllll 

Grain Size - Matrix 

> 50 Ulll 

Qmm7 grains are sutured and there is very little interstitial lllUScovite. The grains are on 
the coarse side. reaching diameters of 2 nna and are sub-rmmded to sub-angular. 

RockFablic 

~ ery fine grained quartz veins are present and cleanly break grains in two. Veins are 
fairly straight and - 1 llllll wide. 
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Thin Section LR-7/09-A 

PROJECT lvlATOUSH 

Sample# LR-MT-07-009-1203.1 

De~ribed by L. Robichaud 

Uthological Unit 

Basement 

RockTypt 

Mintralogy :Modal Composition (0/o) 

plagioclase 45 

quartz 35 

pyrite 15 

k-feldspar 5 

Alttration 

TS Type polished 
Orientation 

no orientation 

tonalite 

Accessory Phases ( <l 0/o) 

muscovite 

amphibole 

Minor alteration of plagioclase to phyllosilicates. 

Gtntral Commtnts & Conttxt 

llbe sample is from the Archean basement rocks and is well away from the Matoush fault 
~r any mineralization. 

Grain Fab1ic 

Grain T txturts 

Grain Size Ran1e 

I cm 

Grain Size - Clasts Grain Size - :Matrix 

I cm NIA 

The tonalite is very coarse grained and the crystals are sub-hedral to euhedral. 

RockFab1ic 

ilbe plagioclase is altered to phyllosilicates. There is no fabric in the rock. 
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Thin Stttion LR-7/09-B 

PROJECT MATOUSH 

Sample# LR-MT-07-009-1206.5 

»~ribed by L. Robichaud 

Lithological Unit 

Basement 

Rock Type 

Mineralogy :Modal Composition (%) 

plagioclase 55 

quartz 20 

amphibole 10 

calcite 10 

microcline 5 

Alteration 
Chlorite and fuchsite alteration present. 

Gf.'ne1·al Comments & Context 

TS Type polished 
Orientation 

no orientation 

tonalite 

Accessory Phases (<1 % ) 

chlorite 

fuchsite 

The sample is from the Archean basement rocks and is well away from the Matoush fault 
or any mineralization. 

Grain Fab1ic Grain Siu Ranae 

l-3mm 

Grain Size - Oasts 

l-3mm 

Grain Size - l·latrh 

NIA 

The rock is mediwn grained has interlocking. euhedral to sub-hedral crystals. 

RockFablic 

ere is no fabric present. but a closed argillized fracture cross-cuts the rock The 
cture has a 2 cm wide alteration band s1UTounding it. 
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Thin s«tion LR-7/17-A 

PROJECT MATOUSH 

Sample# LR-MT-07-017-296.0 

Described by L. Robichaud 

Lithological Unit 

ACF 

Rock Type 

Mineralogy :Modal Composition (0/o) 

quartz 50 

muscovite 20 
phyllosilicates 20 

microcline 5 

plagioclase 5 

Alteration 
None present. 

General Comments & Context 

TS Type polished 
Orientation 

no orientation 

arkosic conglomerate 

Accessory Phases ( <l o/o) 

The sample is from an Wllllineralized area distal to the Matoush fault zone. 

Grain Fabtic 

Grain Textures 

Grain Size Ran1e 

50um-1 cm 

Grain Size - Clasts Grain Size - lfatrix 

0.5 mm- I an 50- IOOum 

Muscovite and phyllosilicates line the majority of grain botmdaries. though some are 
sutured The matrix comprises 40% of the rock and the grain component comprises 60% 
~fthe rock. 

RockFab1ic 

ITTiere is no fabric or bedding present. 
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Thin Stction LR-7/17-B 

PROJECT MATOUSH 

Sample # LR-MT-07-017-329 .1 

Dewribed by L. Robichaud 

Lithological Unit 

CBF 
RockT~ 

Mintralogy Modal Composition (o/o) 

chlorite 50 

illite 25 

kaolinite 25 

Alttration 

Hematite alteration is present. 

Gentral Commtnts & Conttxt 

TS Type large 
Orientation 

perpendicular to bedding SO 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

quartz 

hematite 

The sample is from an unmineralized area. It is predominantly made up of very fine 
phyllosilicate minerals. with a few quartz grains scattered throughout. Minor hematite 
alteration is obsetved. 

Grain Fab11c 

Grain Ttxturts 

Grain Size Ran1e 

50um- l mm 

Grain Size - Clasts 

<Imm 

Grain Size - Matrix 

25 um- 50um 

ock is composed of very fine material of debatable composition. but interpreted to be 
hyllosilicates (kaolinite and illite). Rare(< Imm sized) well rounded quartz grains can 
so be obsetved. The coarser beds have grains that are sub-angular to rounded. The 
trix in "sandy" makes up 60% of the rock. the grains occupy 400/o of the sandy beds. 
e silty beds are uniformly sized and are similar to the matrix of the sandy beds. 

RockFab1ic 

d<ling is clearly defined in the sample and is characterized by small variations in grain 
ize as well as colour changes between layers. reflecting chlorite rich layers and 

olinite/illite dominated layers. Bleaching is visible in thin section around fractures that 
e only a few micrometers thick. 
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Thin SKtion LR-7/83-A 

PROJECT MATOUSH 

Sample# LR-MT-07-083-253.8 

Dewribed by L. Robichaud 

TS Type polished 
Orientation 

no orientation 

Lithological Unit 

ACF+vein 

RockTypt' 

Min ... ratogy :Modal Composition (CVo) 

quartz 70 

tounnaline 25 

pyrite 5 

Alt ... 1-ation 
Tounnaline alteration is heavy. 

Gen ... ral Comm ... nts & Contut 

arkosic sandstone + vein 

Accessory Phases ( <10/o) 

uraninite + alt. 

eskolaite 

r.rhe sample is from within the mineralization zone and the fault zone. 

G111in Fab1ic 

Grain Tutuns 

Grain Size Ranae 

50um-2mm 

Grain Size - Clasts 

0.5-2 mm 

Grain Size - :Matrix 

50- lOOum 

e sample is clast supported and the clasts consist almost entirely of quartz and the 
trix is composed of tounnaline and pyrite. The grain bolllldaries are moslty sutured 

d the grains are sub-angular to sub-rollllded The matrix vaires from 5-400/o of the 
odes composition. increasing towards the tounnaline vein. 

RockFab1ic 

There is no fabric or bedding noted A tommaline vein cross-cuts the rock and seems to 
be the controlling factor on alteration. 
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Thin Stction LR-7/83-B 

PROJECT MATOUSH 

Sample# LR-MT-07-083-257.0 

Described by L. Robichaud 

TS Type polished 
Orientation 

no orientation 

Lithological Unit 

ACF+vein 

Rock Ty~ 

l\fineralogy Modal Composition (0/o) 

Alteration 

quartz 

tommaline 
fuchsite 

K-feldspar 

75 

10 

10 

5 

arkosic sandstone + vein 

Accessory Phases ( <l o/e) 

uraninite 

eskolaite 

apatite 
pyrite 

Tommaline and fuchsite alteration are present. Seems related to the tommaline vein. 

General Comments & Context 
The sample is from within the mineralization zone and the fault zone. 

Grain Fab1ir 

Grain Textures 

Grain Size Ranae 

50um- l mm 

Grain Size - Clasts 

0.5-1 mm 

Grain Size - Matrix 

-50um 

llbe contacts between the grains are predominantly sutured and the grains are angular to 
~uh-angular. The sutured boundaries are all interlocking and angular. The matrix only 
occupies 5% of the rock's composition. 

RockFabrir 

ere is no fabric or bedding apparent but a tommaline vein cross-cuts the sample. 
teration seems to be intensified near the vein and diminishes with increasing distance 
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Thin Section LR-8/17-A 

PROJECT MATOUSH 

Sample# LR-MT-08-017-043.3 

Desuibed by L. Robichaud 

RockT~ 

TS Type polished 
Orientation 

no orientation 

Lithological Unit 

ACF arkosic conglomeratic sandstone 

Mineralogy Modal Composition (0/o) 

Alteration 
None present. 

quartz 80 

microcline I 0 

plagioclase 5 

muscovite 10 

General Comments & Context 

Accessory Phases ( <l 0/o) 

The sample is distal to mineralization and the fault zone. 

Grain Fab1ic 

Grain Textures 

Grain Size Ranae 

I0um-2mm 

Grain Size - Clasts 

0.1-2 mm 

Grain Size - Matrix 

10-SOum 

e grains are r01mded to sub-rounded and their boundaries are mostly lined by 
uscovite. although a few are sutured. The matrix makes up roughly 5% of the rock and 
e grains occupy the other 95%. 

Rock Fabric 

[here is no noted bedding or fabric. There is a fault with minor amounts of displacement 
noted in hand sample. but it is not discernible in thin section. 
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Thin Stttion LR-8/17-B 

PROJECT MATOUSH 

Sample# LR-MT-08-017-087.4 

DeKribed by L. Robichaud 

RockTnw 

TS Type polished 
Orientation 

no orientation 

Lithological Unit 

ACF arkosic conglomeratic sandstone 

l\fineralogy Modal Composition (0/o) 

Alteration 

None present. 

quartz 70 

muscovite 20 

plagioclase 5 

microcline 5 

~neral Comments & Context 

Accessory Phases (<l 0/o) 

The sample is distal to mineralization and the fault zone. 

Grain Fab11c 

Grain Textures 

Grain Size Ranae 

50mn- 3 mm 

Grain Size - Clasts 

0.1 - 3 nnn 

Grain Size - :Matrix 

< 50 mn 

e majority of clasts are between 0.5 to 3 nnn in size and are rounded to sub-angular. 
e grain boundaries are lined with interstitial material. namely muscovite. The matrix 

omponent is 300/o of the rock. the grains are the other 700/o. 

RockFab1ic 

!No fabric or bedding are noted. 
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Thin Section LR-8/17-C 

PROJECT MATOUSH 

Sample # LR-MT-08-017-168.3 

Dewribed by L. Robichaud 

TS Type polished 
Orientation 

no orientation 

lithological Unit 

ACF 

RockT~ 

Minf'ralogy :Modal Composition {%) 

quartz 60 

muscovite 20 
plagioclase 10 

K-feldspar 10 

Altf'ration 
None visible in thin section. 

Gf'of'ral Commf'nts & Contf'Xt 

arkosic conglomeratic sandstone 

Accessory Phases (<10/o) 

pyroxene 

The sample is distal to mineralization and the fault zone. 

Grain Fab1ir 

Grain T f'xturf's 

Grain Size Ranae 

10-200um 
Grain Size - Clasts Grain Size - Matrix 

50-200um 10- 50um 

Grains are very fine grained and are rollllded to sub-angular and make up 75% of the rock 
The matrix accollllts for the other 25%. The grain bolllldaries are lined with muscovite. 

Rock Fabric 

No fabric or bedding are noted. 
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Thin Stttion LR-8/17-D 

PROJECT MATOUSH 

Sample# LR-MT-08-017-203.5 

Dewribed by L. Robichaud 

Lithological Unit 

CBF 

RockT~ 

Mineralogy Modal Composition (o/o) 

quartz 45 

phyllosilicates 25 

hematite 25 

K-feldspar 5 

Alteration 
Heavy and pervasive hematite alteration. 

General Comments & Context 

TS Type polished 
Orientation 

perpendicular to bedding 

arkosic sandstone 

Accessory Phases ( <1 o/o) 

rutile 

The sample is distal to mineralization and the fault zone. 

Grain Fab1ic 

Grain Textures 

Grain Size Ranae 

10- 500wn 

Grain Size - Clasts 

50-SOOwn 

Grain Size - :Matrix 

10- sown 

e matrix is primarily composed ofphyllosilicates (illite and kaolinite) and hematite 
d accollllts for 500/o of the rock's composition. the clasts occupy the other half. Grains 
e very fine grained and are sub-rolUlded to sub-angular. The grains are matrix 

upported 

Rock Fabric 

e sample is thinly bedded the bedding is defined by variations in grain size and the 
resence or absence of hematite alteration. A large quartz vein seems to follow the 
dding in the sample and appears to have a pepperitic contact with the sediment. If this 

· s the case. it would indicate that the sediments were still wet when the quartz vein 
· truded. 
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Thin SKtion LR-8/29-A 

PROJECT MATOUSH 

Sample# LR-MT-08-029-189. 7 

Described by L. Robichaud 

RockTyp(I 

TS Type polished 
Orientation 

no orientation 

Lithological Unit 

ACF arkosic conglomeratic sandstone 

Mfn(lralogy :Modal Composition (0/o) 

Alt(lration 

None present. 

quartz 60 

muscovite 30 

K-feldspar 10 

Gfon(lral Comm(lnts & ContHt 

Accessory Phases ( <l o/o) 

ilbe sample is distal to any mineralization and the fault zone. 

Grain Fab1ic 

Grain T (lxfnns 

Grain Size Ranae 

50wn-2mm 

Grain Size - Clasts 

500wn-2mm 

Grain Size - Matrix 

-50wn 

Grains are mostly rounded to sub-rounded with very few sub-angular grains. Grain 
contacts are lined with muscovite. The clast component makes up 75% of the rock and 
the matrix makes up the other 25%. 

RockFabiic 

Coarse grained quartz veins cross-cut the rock. 
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Thin Section LR-8/29-B 

PROJECT MAIBOUSH 

Sample# LR-MT-08-029-227.0 

Descn"hfll by L. Robichaud 

Lithological Unit 

ACF 

Rock Type 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Mintralogy Modal Composition (o/o) Accessory Phases ( <10/o) 

quartz 55 

muscovite 20 

phyllosilicates 20 

plagioclase 4 

microcline I 

Alttration 

Quartz veins are present. There is no other form of alteration present. 

~ntral Commtnts & Conttxt 

The sample is from an lllllllineralized area distal to the fault zone. 

Grain Fab1ic Grain Size Ranae 

50 um- lnnn 

Grain Size - Clasts Grain Size - Matrix 

0.5 - I nnn <50um 

G1·ain T utnns 

The grains are lined with interstitial material. The clay matrix separates the grains where 
lthey would have originally formed sutured contacts. The clast component makes up 6()0/o 

pf the rock and the matrix makes up the other 400/o. Grains are mostly rounded with a 
few sub-rounded to sub-angular. 

Rock Fabric 

No structural fabric or bedding can be obsetved. An 8 mm thick quartz vein cross-cuts 
the rock. 
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Thin Stttion LR-8/29-C 

PROJECT MATOUSH 

Sample# LR-MT-08-029-272.0 

Described by L. Robichaud 

TS Type large 
Orientation 

no orientation 

Lithological Unit 

ACF 

Rock TYIW 
arkosic conglomeratic sandstone 

Mineralogy Modal Composition (o/o) Accessory Phases ( <l o/e) 

quartz 55 

muscovite 20 

phyllosilicates 20 

plagiocase 4 

microcline 1 

Alteration 
Quartz veins are present. There is no other form of alteration present. 

General Comments & Context 
[he sample is from an lllllllineralized area distal to the fault zone. A pyrite lined fracture 
is observed. 

Gnin Fab1ic 

Grain Textures 

Grain Size Ran1e 

50um-1 mm 

Grain Size - Clasts 

500um-1 mm 

Grain Size - lhtrix 

> 50 um 

e clay matrix separates the grains where they would have originally formed sutured 
ontacts. The grains are lined with interstitial material. The clast component makes up 

% of the rock and the matrix makes up the other 40%. Grains are mostly rounded with 
few sub-rounded to sub-angular. 

RockFablic 

No structural fabric can be observed A 2 mm thick quartz vein cross-cuts the rock. Very 
small amount ( 1 mm) of offset is noted along quartz vein. indicating past movement 
along the fracture. 
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Thin Stetion LR-8/29-D 

PROJECT MATOUSH 

Sample# LR-MT-08-029-665.1 

Dewribed by L. Robichaud 

RockTYl)(I 

TS Type polished 
Otvntation 

no orientation 

Lithological Unit 

ACF+Vein arkosic conglomeratic sandstone 

Mineralogy Modal Composition (o/o) 

quartz 60 
microcline 15 

calcite 10 

phyllosilicates 10 

pertitic fsp 5 

Alteration 
None visible in thin section. 

~neral Comments & Context 
ITTie sample is distal to any mineralization. 

Grain Fablir 

Gt·ain Textures 

Grain Size Ran1e 

50wn-2mm 

Accessory Phases ( <18/o) 

eskolaite 

towmaline ( det.) 

apatite 
zircon 

Grain Size - Clasts Grain Size -1'1atrix 

O.l-2mm -sown 

rains are sub-rmmded to sub-angular and make up 75% of the rock's composition. The 
in boundaries are lined with muscovite and phyllosilicates. The matrix makes up 25% 

f the rock's composition and is predominantly made of K-feldspar and phyllosilicates. 
alcite occurs mainly in fine grained veins. 

RockFablir 

lNo bedding is observed but strucmrally defined linear features are present. Calcite veins 
have a spatial correlation with eskolaite. 
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Thin Stction LR-8/29-E 

PROJECT MATOUSH 

Sample# LR-MT-08-029-665.2 

Dewribed by L. Robichaud 

Rock Type 

TS Type polished 
Orientation 

no oritcntation 

lithological Unit 

ACF arkosic conglomeratic sandstone 

Mineralogy :Modal Composition (0/o) 

Alteration 

quartz 

muscovite 

70 

20 

plagioclase I 0 

Accessory Phases ( <10/o) 

tounnaline 

eskolaite 

Hematite alteration is pervasive. Some minor tounnaline also present. 

General Comments & Context 
[he sample is distal to any mineralization. 

Grain Fab1ic 

Grain Textm·es 

Grain Size Ranae 

50um-3mm 

Grain Size - Clasts 

0.1-3 mm 

Grain Size - :Matrix 

50- lOOum 

rains make up 70% of the matrix and are rotmded to subrotmded There is some 
ariation in size. but it does not seem to follow bedding planes or other patterns. The 

trix occupies the other 30% of the rock. Grain contacts are lined by muscovite and the 
do not touch each other. 

RockFab1ic 

rlbere is no bedding or other fabric in the rock. Hematized fractures seem to define some 
sort of planar fearure, but it does not seem to be pervasive. Calcite veins cross-cut the 
sample and have irregular orientations. 
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Thin Section LR-8/50-A 

PROJECT MATOUSH 

Sample# LR-MT-08-050-609 .5 

DewribNI by L. Robichaud 

Llthologiral Unit 

ACF 

RockT~ 

Mintt"alogy :Modal Composition (0/o) 

quartz 50 

muscovite 20 

phylosilicates 20 

plagioclase 5 

microcline 5 

Alttt"8tion 
None present. 

Gtntral Commtnts & Conttxt 

TS Type large 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <l 0/o) 

llbe sample is from a mineralized area. A pyritized fracture is observed cutting through 
llie rock. 

G.-ain Fabtir 

Grain Ttxtut·ts 

Grain Size Rance 

50um-1 mm 

Grain Size - Clasts 

500um-1 mm 

Grain Size - l-fatrix 

>50um 

e muscovite-phyllosilicate matrix separates the grains where they would have 
riginally formed sutured contacts. The contacts between grains are lined with interstitial 

terial made up of muscovite and phyllosilicates (likely kaolinite and illite ). The clast 
omponent makes up 60% of the rock and the matrix makes up the other 40%. The clasts 
e angular to sub-rounded. 

Rock Fabrir 

No structural fabric can be observed. A pyritized fracture is present and contains grains 
from SWTounding rock. The quartz grains contains concentric alteration bands which 
~ppear to be made of some sort of phyllosilicate material. 
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Thin Stction LR-8/58-A 

PROJECT MATOUSH 

Sample# LR-MT-08-058-075.6 

DeKribed by L. Robichaud 

TS Type polished 
Orientation 

perpendicular to bedding SO 

Lithologiral Unit 

ACF 

RockTYJW 

Mineralogy :Modal Composition (0/o) 

Alteration 
None present. 

quartz 70 

muscovite 20 

microcline 5 

perthitic fsp 5 

General Comments & Context 

arkosic conglomeratic sandstone 

Accessory Phases ( <10/o) 

pyrite 

The sample is from an lllllllineralized area distal to the fault zone and serves as blank 
ACF sample. 

Grain Fab1ir 

Grain Textures 

Grain Size Ranae 

I0-200um 

Grain Size - Clasts Grain Size - Matrix 

50 um - 2 nun > 10 um 

Clasts are sub-rounded to rotmded in nature and accmmt for 75% of the rock's 
composition. The matrix makes up the other 25%. 

RockFabrir 

Bedding is visible in the sample and is defined by variations in grain size ( over I mm vs. 
less than 0.5 mm). 
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Thin Section LR-8/58-B 

PROJECT MATOUSH 

Sample# LR-MT-08-058-141.5 

Described by L. Robichaud 

Lithological Unit 

CBF 

Rock Type 

Mine1·alogy Modal Composition (0/o) 

Alteration 

quartz 

plagioclase 

70 

10 

microcline I 0 

perthitic fsp 5 

muscovite 5 

None visible in thin section. 

General Comments & Context 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <l 0/o) 

pyrite 

llbe sample is from an lllllllineralized area distal to the fault zone and saves as blank 
('BF sample. 

Grain Fablic 

Grain Textures 

Grain Size Ran1e 

10wn-0.5mm 

Grain Size - Clasts Grain Size - :Matrix 

0.1-0.Smm > IO mn 

,_ ..... .-&"'" grains are rounded whereas other grains are all angular in shape. The various 
eldspar grains have remained relatively tuialtered The grain component makes up 60% 
f the rock the matrix comprises the rest. 

RockFablic 

There is no bedding or fabric apparent within the sample. 
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Thin Section LR-8/58-C 

PROJECT MATOUSH 

Sample# LR-MT-08-058-480. 7 

Dewribed by L. Robichaud 

Lithological Unit 

ACF 

TS Type polished 
Orientation 

J>CIPClldicular to bedding SO 

RockTypt 

arkosic conglomeratic sandstone 

l\1intralogy :Modal Composition (o/o) Accessory Phases ( <1 o/o) 

quartz 50 

muscovite 35 

biotite 10 

plagioclase 5 

Alttration 
Muscovite (sericite) alteration is petVasive. 

Gtntral Commtnts & Conttxt 
The sample is distal to the fault zone and mineralization. 

Grain Fab1ic 

Grain Ttxturts 

Grain Size Ran1e 

I0wn-4mm 

Grain Size - Clasts Grain Size - lbtrix 

I0wn-4mm IO um 

Grain size varies from bed to bed. The two primary compositions are 1) only silt size 
particles. and 2) medium gained sand within a silt sized matrix. In the silty layers. grain 
size is tmifonn and is around 10 microns. In the sandy layers. the matrix makes up 80% 
of the rock. The medium sand grains are sub-angular to sub-rounded. 

Rock Fab1ic 

Bedding is the only fabric that can be observed it is defined by variations in grain size. 
There are silty beds and more sandy beds. 
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Thin SKtion LR-8/58-D 

PROJECT MATOUSH 

Sample# LR-MT-08-058-623.2 

Dewrib~ by L. Robichaud 

Lithological Unit 

ACF 

RockT~ 

Mineralogy Modal Composition (0/o) 

quartz 60 

Alteration 
None present. 

muscovite 

plagioclase 

General Comments & Context 

30 

10 

TS Type polished 
Orientation 

no orientation 

arkosic sandstone 

Accessory Phases ( <10/o) 

pyrite 

zircon 

baryte 

Sample is from an area proximal to mineralization and the Matoush fault and has an 
elevated cps cmmt and though uranium mineralization is not discernible. it is likely 
present. 

Grain Fab1ic 

Grain TextuI"es 

Grain Size Ranae 

50um- lmm 
Grain Size - Clasts Grain Size - Matrix 

0.5-1 mm 50- lOOum 

Grains are rounded to sub-rounded and have grain boundaries that are predominantly line 
by interstitial muscovite. though some grain contacts are sutured The matrix is made up 

of muscovite and comprises 300/o of the rock's composition. 700/o of the rock is found as 
clasts. 

Rock Fabric 

No fabric or bedding noted A baryte-pyrite vein and a quartz vein cross cut the rock. 
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Thin s«tton LR-8/59-A 

PROJECT MATOUSH 

Sample# LR-MT-08-059-431.0 

De~ribed by L. Robichaud 

Uthologlral Unit 

Dyke (Type 1) 

Rock Type 

Mineralogy Modal Composition ('Vo) 

Alteratton 

muscovite 40 
phlogopite 20 
pyroxene 

pyrite 

quartz 

20 

15 

5 

TS Type polished 
Orientation 

no orientation 

gabbro 

Accessory Phases ( <1 o/o) 

serpentine 

fuchsite 
aunmite 
apatite 
calcite 

Patchy hematite alteration with minor fuchsite and serpentine. 

General Comments & Context 
The sample is from an unmineralized area within the fault zone and is typical of a type 1 
dyke. 

Grain Fablir 

Grain Textures 

Grain Size Rance 

50um-1 mm 

Grain Size - Clasts Grain Size - :Matrix 

50um-1 mm NIA 

( .-.um7. plagioclase. biotite and pyroxene are part of the gabbroic protolith. The dyke is 
tomposed of very fine grained and angular crystals. 

RockFablir 
No fabric is noted: however. patchy hematite alteration is present. Calcite veins are 
present. 

126 



Thin Section LR-8/59-B 

PROJECT MATOUSH 

Sample# LR-MT-08-059-431.5 

DewnDNI by L. Robichaud 

Uthological Unit 

Dyke 

Rock Type 

Mineralogy :Modal Composition (CVo) 

muscovite 30 

phlogopite 25 
calcite 25 

pyroxene 10 

quartz 10 

Alteration 
Patchy hematite and iron oxide alteration. 

General Comments & Context 

TS Type polished 
Orientation 

no orientation 

gabbro 

Accessory Phases ( <10/o) 

plagioclase 

pyrite 

The sample is from an unmineralized area within the fault zone. 

Grain Fab1ic 

Grain Textuns 

Grain Size Ranae 

50wn- l mm 

Grain Size - Clasts Grain Size - :Matrix 

50mn- l mm NIA 

(num7. plagioclase. biotite and pyroxene are part of the gabbroic protolith. The dyke is 
composed of very fine grained and angular aystals. 

RockFab1ic 

[No fabric is noted: however. a few micron thick hematite fractures occm throughout the 
sample. Patchy hematite is also prominent but does not seem to be related spatially to the 
hematite fractmes. 
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Thin Section LR-8/59-C 

PROJECT MATOUSH 

Sample # LR-MT-08-059-431. 7 

Descril>M by L. Robichaud 

Lithological Unit 

Dyke 

RockT~ 

TS Type polished 
Orientation 

no orientation 

gabbro 

l\Untralogy Modal Composition (o/o) 

quartz 45 

Accessory Phases (<lo/o) 

muscovite 
pyroxene 20 

hematite 20 

dolomite 10 

chlorite 5 

AHtration 

Hematite and iron oxide alteration occur along fractures. 

~ntral Commtnts & ContHt 

The sample is from an 1mmineralized area within the fault zone. 

Grain Fab1ic 

Grain Ttxtuns 

Grain Size Rance 

50um- l mm 

Grain Size - Oasts 

50um- l mm 

Grain Size - Matrix 

NIA 

Plagioclase minerals have been completely replaced by muscovite and calcite. The rock 

is very fine grained and is composed of angular. interlocking crystals. 

RockFablic 

!No fabric can be observed in the rock. Hematite microfaults with up to I cm of 
llisplacement are defined by the visible offsets in calcite veins. 
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Thin Stdion LR-8/59-D 

PROJECT MATOUSH 

Sample# LR-MT-08-059-432.2 

Dewribed by L. Robichaud 

Lithological Unit 

Dyke (Type 2) 

RockTYJW 

Mineralogy Modal Composition (0/o) 

Alteration 

quartz 45 

phlogopite 25 

eskolaite 

dolomite 

chlorite 

15 

10 

5 

Alteration is heavy. but not characterizable. 

~neral Comments & Context 

TS Type polished 
Orientation 

pcrpc:ndicular to S 1 

gabbro 

Accessory Phases ( <l 0/o) 

pyrite 

rutile 
apatite 

monazite 

llbe sample is from a relatively unaltered section of the Matoush dyke within the fault 
~one. It is distal to mineralization and is representative of a type 2 dyke. 

Grain Fablic 

Grain Textures 

Grain Size Ranae 

50wn-1 mm 

Grain Size - Clasts 

50wn-1 mm 

Grain Size - :\latrix 

NIA 

lagioclase grains are entirely replaced by muscovite. The sample is uniformly very fine 
· ed and the crystals are euhedral to subhedral. 

RockFab1ic 

S 1 fabric is beginning to develop. Hematite micro fractures are sWTounded by pervasive 
hematite alteration. Calcite veins are fine grained and are up to 1 mm in thickness. 
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Thin SKtion LR-8/59-E 

PROJECT MATOUSH 

Sample# LR-MT-08-059-433.0 

D~ribed by L. Robichaud 

Lithological Unit 

Dyke (Type 2) 

RockT~ 

Mineralogy Modal Composition (0/o) 

Alteration 

quartz 30 

calcite 

phlogopite 

pyroxene 

chlorite 

30 

20 

15 

5 

TS Type polished 
Orientation 

perpendicular to S 1 foliation 

gabbro 

Accessory Phases ( <10/o) 

eskolaite 

monazite 

rutile 
hematite 
towmaline 

Hematite alteration is peivasive and occurs along fractures and foliation. 

General Comments & Context 
i.[be sample is from within the Matoush fault zone. Camonate minerals included with 
calcite in modal composition are dolomite and siderite. 

Grain Fab1ic Grain Size Ranae 

50um- l mm 
Grain Size - Clasts Grain Size - :Matrix 

50 mn - I mm NIA 

Grain size is overall fine. but quartz and calcite are coarser. Minerals form as euhedrat 
interlocking crystals and there is no material between grain bolUldaries. Quartz and 
talcite form the bulk of the sample. 

Rock Fabric 

e micaceous minerals define a foliation which is intetWoven between alternating 
alcite and quartz rich layers. Microfaults with minima] displacement can be observed 
cming perpendicular to the foliation. 
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Appendix II. Thin Section Images 
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Thin Section Images LR-6/04-A 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-004-320.0 

PPL image showing microfaults displacing 
banded layers (galena) within the Matoush 
Fault. Tourmaline and fuchsite alteration 
(green) is prevalent. FOV is 3.5 mm. 

BSEM image of a uraninite and autunite vein 
within the Matoush Fa ult zone, minor galena: 
pyrite and apatite also occur. The 
surrounding rock is composed of quartz, 
tourmaline, fuchsite and various 
phyllosilicates. Uranium alteration penetrates 
the surrounding rock (light grey area). FOV 
is 1.75 mm. 

PPL image of fault zone breccia within the 
Matoush Fault, proximal to mineralization. 

Illite, kaolinite and chlorite are the 
predominant alteration minerals. FOV is 3 .5 
mm. 

BSEM image of a uraninite and autunite vein, 
showing various textures. Minor pyrite, galena 

and apatite can be seen. Uranium minerals are 

the whitest. FOV is 0.3 mm. 



Thin Section Images LR-6/05-A 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-005-304.9 

BSEM image of uraninite veins and 
interstitial material with minor interstitial 
galena and baryte in quartz. FOV is 0.8 mm. 

BSEM image of matrix material, comprising 
fuchsite, apatite, eskolaite and uraninite. 
FOV is 0.8 mm. 

BSEM image ofuraninite veins in quartz 
proximal to the Matoush Fault. FOV is 0.5 
mm. 
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L. Robichaud 

Thin Section Images 

PROJECT 

MATOUSH 

LR-6/10-A 

polished 

LR-MT-06-010-04 7. 6 

134 

Cross-polarized light (XPL) image of change 
in grain size in CBF unit. Top of image 
shows coarser grain size (> 1 mm), bottom 
displays smaller grain size ( < 0.5 mm). 
Change in grain size defines bedding. FOY is 
3.5mm. 

XPL image showing range in grain size in 
CBF unit. Bedding is defined by the change 
in grain size. FOY is 3 .5 mm. 



Thin Section Images LR-6/10-B 

polished 

L. Robichaud 
PROJECT 

MATOUSH LR-MT-06-010-313 .2 

XPL image of a quartz grain showing internal 
deformation. FOV is 3 .5 mm. 

PPL image of quartz and muscovite grains. 
FOV is 3.5 mm. 

PPL image of a perthite grain with hematite 
and chlorite alteration. FOV is 3 .5 mm. 

XPL image of quartz and muscovite grains. 
FOV is 3.5 mm. 
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Thin Section Images LR-6/10-C 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-010-313.3 

PPL image of ACF material. Quartz makes up 
most of the grains, tourmaline comprises the 

interstitial material. FOV is 3 .5 mm. 

PPL image of radial tourmaline crystals bladed 
eskolaite crystals in a vein. FOV is 3.5 mm. 

PPL image of tourmaline crystals in a vein, 
eskolaite is observed on the left of the image. 
FOV is 3.5 mm. 

PPL image of tourmaline and eskolaite in a 
vein. FOV is 3.5 mm. 
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Thin Section Images LR-6/10-C 2 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-010-313.4 

BSEM image of bladed eskolaite with 
uraninite in the centre. Surrounding 
material is quartz and tourmaline. FOV is 
3.5mm. 

BSEM image of uraninite alteration occurring 
between eskolaite/grimaldiite and tourmaline. 
FOV is 0.2 mm. 

BSEM image of uraninite and eskolaite 
occurring between euhedral quartz crystals 
and tourmaline. FOV is 4 mm. 

B SEM image of esko laite and uraninite 
growing on euhedral quartz. Uraninite and 
eskolaite are intergrown with the surrounding 
tourmaline. FOV is 0.5 mm. 
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Thin Section Images LR-6/10-D 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-010-317 .1 

BSEM image of uraninite veins surrounded by 
quartz grains. Interstitial tourmaline can be seen 

between the quartz grains. FOY is 0.5 mm. 

BSEM image of an apatite grain being 
replaced by galena and fuchsite. The 
surrounding material is feldspar. FOY is 0.5 
mm. 
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Thin Section Images LR-6/10-E 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-010-322.4 

PPL image of arkosic sandstone, the grains are 
predominantly quartz. The matrix is dominated 
by muscovite and other phyllosilicates, with 

fuchsite alteration. FOV is 3.5 mm. 

XPL image of arkosic sandstone being 
intruded by a quartz-plagioclase vein. FOV i~ 
3.5mm. 

XPL image of arkosic sandstone, the grains are 
predominantly quartz. The matrix is dominated 

by muscovite and other phyllosilicates, with 

fuchsite alteration. FOV is 3.5 mm. 
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Thin Section Images LR-6/10-F 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-010-322.7 

PPL image of sediment with quartz and 
feldspar grains surrounded by a muscovite and 
fuchsite matrix. FOV is 3.5 mm. 

PPL image of interstitial muscovite and 
fuchsite. Euhedral tourmaline occurs in the 
muscovite/fuchsite matrix. FOV is 3 .5 mm. 

PPL image of sediment with quartz and 
feldspar grains surrounded by a muscovite and 
fuchsite matrix. A quartz vein cross-cuts the 
rock. FOV is 
3.5mm. 

PPL image of sediment with quartz and 
feldspar grains surrounded by a muscovite and 
fuchsite matrix. FOV is 3 .5 mm. 



L. Robichaud 

Thin Section Images 

PROJECT 

MATOUSH 

LR-6/17-A 

polished 

LR-MT-06-017-330.9 

PPL image of quartz dominated sandstone. 
FOV is 3.5 mm. 

XPL image of quartz dominated sandstone. 
FOV is 3 .5 mm. 

Reflected light (RL) image of matrix between 

quartz grains. FOV is 0.5 mm. 
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Thin Section Images LR-6/17-B 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-017-473.7 

PPL image showing a hematite/fuchsite 
alteration front. Hematite is on the left (red), 
fuchsite is on the right (green). FOV is 3 .5 mm. 

PPL image of quartz grains surrounded by a 
matrix of phyllosilicates and fuchsite. FOV is 
3.5mm. 

PPL image of quartz dominated sediment 
surrounded by a matrix of phyllosilicates and 

fuchsite. FOV is 3 .5 mm. 

BSEM image showing quartz grains 
surrounded by a matrix of phyllosilicates 
and fuchsite. FOV is 2.25 mm. 



143 

Thin Section Images LR-6/17-C 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-017-474.0 

PPL image of dyke material from within the 
fault zone. Pyrite and eskolaite (opaque) make 
up half of the rock and are surrounded by 
quartz, plagioclase and biotite. FOV is 3 .5 
mm. 

BSEM image of dyke material from within 
the fault zone. Pyrite, eskolaite, quartz, 
plagioclase and biotite account for most of 
the composition. FOV is 1 mm. 

XPL image of dyke material from within the 
fault zone. Pyrite and eskolaite (opaque) make 
up half of the rock and are surrounded by 
quartz, plagioclase and biotite. FOV is 3.5 
mm. 
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large 
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PROJECT 

MATOUSH LR-MT-06-023-327.0 

PPL image of quartz dominated sediment 
surrounded by a matrix of muscovite 
(including fuchsite) and phyllosilicates. 
Silicification is apparent between grains. FOV 
is 3.5 mm. 

PPL image of concentric phyllosilicate 
banding in quartz grains. The bands 
encompass many grains. FOV is 3.5 mm. 

PPL image of concentric phyllosilicate 
banding in quartz grains. The bands 
encompass many grains. FOV is 3.5 mm. 
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Thin Section Images LR-6/23-B 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-023-358.8 

PPL image of sediment with quartz and 
feldspar grains surrounded by a matrix of 
muscovite. Silicification is apparent between 
grains. FOV is 3 .5 mm. 

PPL image of a sutured quartz grain. FOV is 2 
mm. 

XPL image of sediment with quartz and 
feldspar grains surrounded by a matrix of 
muscovite. Silicification is apparent between 
grains. FOV is 3 .5 mm. 
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Thin Section Images LR-6/24-B 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-06-024-011.9 

PPL image of quartz dominated conglomeratic 
sandstone with a muscovite matrix. FOV is 3 .5 
mm. 

PPL image of plagioclase altered to 
phyllosilicates 

XPL image of quartz dominated conglomeratic 
sandstone with a muscovite matrix. FOY is 3 .5 
mm. 

XPL image of plagioclase altered to 
phyllosilicates along cleavage planes. FOY is 
3.5mm. 
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MATOUSH 

LR-6/25-A 

large/polished 

LR-MT-06-025-060. 8 
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PPL image of a quartz dominated sandstone. 
Silicification between grains is strong. FOV is 

3.5mm. 

XPL image of a quartz dominated sandstone. 
Silicification between grains is strong. FOV is 

3.5mm. 



L. Robichaud 
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MATOUSH 

LR-7/09-A 

polished 

LR-MT-07-009-1203 .1 
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PPL image showing plagioclase alteration to 
phyllosilicates in the basement rock. FOV is 

3.5mm. 

XPL image showing plagioclase alteration to 
phyllosilicates in the basement rock. FOV is 

3.5mm. 
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PROJECT 

MATOUSH 

LR-7/17-B 

large 

LR-MT-07-017-329.1 
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PPL image of bedded CBF unit. The presence 
vs. absence of quartz grains clearly defines the 
layers. FOV is 3.5 mm. 

PPL image of bedded CBF unit. Variations in 
colour define the bedding. FOV is 3 .5 mm. 
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Thin Section Images LR-7/83-A 

polished 

L. Robichaud 
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MATOUSH LR-MT-07-083-253.8 

PPL image of radial tourmaline occurring in 
a vein. FOV is 3 .5 mm. 

BSEM image of galena, tourmaline, 
eskolaite and uraninite interstitial material 
between quartz and apatite grains. FOV is 
2mm. 

XPL image of undulating extinction in a 
quartz grain. FOV is 3 .5 mm. 

BSEM image ofuraninite grains replacing 
eskolaite. Tourmaline fills in the space 

between the uraninite grains. FOV is 0.2 mm. 
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Thin Section Images LR-7/83-B 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-07-083-257.0 

PPL image of sandstone (right) intruded by a 
tourmaline vein (left). The tourmaline vein 
also contains uraninite, eskolaite and pyrite. 

Tourmaline grains have rims. FOV is 3.5 mm. 

PPL image of tourmaline alteration extending 
beyond the vein and replacing the 

interstitial material between grains. FOV is 
'LS mm _ 

XPL image of sandstone (right) intruded by a 
tourmaline vein (left). The tourmaline vein 

also contains uraninite, eskolaite and pyrite. 

Tourmaline grains have rims. FOV is 3 .5 mm. 

BSEM image of uraninite growing 
among apatite and tourmaline grains. 
U raninite veins also cut through tht: 
tourmaline at the top of the image. FOV 
is 1 mm. 



152 

Thin Section Images LR-8/17-D 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-017-203.5 

PPL image of bedding emphasized by the 
presence or absence of hematite alteration. A 
large quartz vein seems to follow the bedding 
in the sample and appears to have a pepperitic 
contact with the sediment. FOV is 3 .5 mm. 

PPL image of grain size defined bedding 
emphasized by the presence or absence of 
hematite alteration. A large quartz vein seems 
to follow the bedding in the sample and 
appears to have a pepperitic contact with the 

sediment. FOV is 3 .5 mm. 

XPL image of bedding emphasized by the 
presence or absence of hematite alteration. A 
large quartz vein seems to follow the bedding 
in the sample and appears to have a pepperitic 
contact with the sediment. FOV is 3 .5 mm. 

BSEM image of bedding emphasized by 
grain size variations and the presence or 
absence of hematite alteration. FOV is 3 
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Thin Section Images LR-8/29-D 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-029-665 .1 

PPL image of sandstone with quartz-esko laite 
vein. FOV is 3 .5 mm. 

XPL image of sandstone with quartz-eskolaite 
vein. FOV is 3.5 mm. 

XPL image of sandstone showing microfracture 
with undetermined displacement. FOV is 3 .5 
mm. 

.:c .. 

BSEM image showing feldspathic sediment 
cross- cut by calcite veins. Eskolaite occurs ir 
the rock near the calcite veins. FOV is 1.5 
mm. 
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polished 
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PPL image of conglomeratic sandstone with 
hematite lined fracture, defined by a change in 

colour. FOV is 3 .5 mm. 

XPL image of conglomeratic sandstone with 
hematite lined fracture, defined by a change in 

colour. FOV is 3.5 mm. 
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Thin Section Images LR-8/50-A 

large 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-050-609 .5 

PPL image of quartz dominated sandstone with 
a pyritized fracture containing grains from the 
surrounding rock. Concentric phyllosilicate 
banding is present in the quartz grains. FOV is 
3.5mm. 

PPL image of quartz dominated sandstone with 
concentric phyllosilicate banding in the quartz 

grains. FOV is 3 .5 mm. 

XPL image of quartz dominated sandstone with 
a pyritized fracture containing grains from the 
surrounding rock. Concentric phyllosilicate 
banding is present in the quartz grains. FOV is 
3.5mm. 

XPL image of quartz dominated sandstone 
with concentric phyllosilicate banding in the 
quartz grains. FOV is 3 .5 mm. 
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Thin Section Images LR-8/58-A 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-058-075.6 

PPL image of quartz dominated sandstone. 
Bedding is defined by very fine-grained 

muscovite rich layers, as shown in above 

image. FOV is 3 .5 mm. 

PPL image of well rounded quartz dominated 
sandstone. FOV is 3 .5 mm. 

XPL image of quartz dominated sandstone. 
Bedding is defined by very fine-grained 

muscovite rich layers. FOV is 3 .5 mm. 

XPL image of well rounded quartz dominated 
sandstone. The majority of quartz grains are 
monocrystalline, but some are polycrystalline. 
FOV is 3 .5 mm. 
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MATOUSH 

LR-8/58-B 

polished 

LR-MT-08-058-141 .5 

PPL image of quartz dominated sandstone. 
FOV is 3.5 mm. 

XPL image of quartz dominated sandstone. 
FOV is 3 .5 mm. 
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Thin Section Images LR-8/58-C 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-058-480. 7 

PPL image of sandstone. Bedding is defined 
by quartz grain dominated layers (top), 
alternating with very fine-grained 
muscovite/biotite layers devoid of grains 
(bottom). FOV is 3.5 mm. 

PPL image of very fine-grained sandstone. 
Bedding is defined by the presence or absence 

of quartz grains in a fine matrix of muscovite 

and biotite. Colour changes also help define 

bedding. FOV is 3.5 mm. 

XPL image of sandstone. Bedding is defined 
by quartz grain dominated layers (top), 
alternating with very fine-grained 
muscovite/biotite layers devoid of grains 
(bottom). FOV is 3.5 mm. 

XPL image of very fine-grained sandstone. 
Bedding is defined by the presence or absence 

of quartz grains in a fine matrix of muscovite 

and biotite. Colour changes also help define 

bedding. FOV is 3 .5 mm. 



159 

Thin Section Images LR-8/58-D 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-058-623 .2 

PPL image of baryte-pyrite vein cross-cutting 

through quartz rich sandstone. FOV is 3 .5 mm. 

BSEM image of baryte-pyrite veins cross
cutting through quartz rich sandstone. FOV 
is 2 mm. 

XPL image of baryte-pyrite vein cross-cutting 

through quartz rich sandstone. FOV is 3 .5 mm. 

PPL image of quartz vein cross-cutting through 
quartz rich sandstone. FOV is 3 .5 mm. 
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Thin Section Images LR-8/59-A 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-059-431.0 

PPL image of calcite vein cutting through the 
gabbro Matoush dyke. The dyke is mostly 
composed of muscovite, biotite, pyroxene, 
pyrite and quartz. FOV is 3 .5 mm. 

XPL image of hematite and fuchsite alteration. 

FOV is 3 .5 mm. 

XPL image of calcite vein cutting through the 
gabbro Matoush dyke. The dyke is mostly 
composed of muscovite, biotite, pyroxene, 

pyrite and quartz. FOV is 3 .5 mm. 

PPL image of relict grains ( centered), replaced 
by chlorite. They were likely initially 
hornblende. FOV is 7 mm. 
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polished 

LR-MT-08-059-431.5 
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PPL image of micron thick hematite fractures 

cutting through gab bro dyke. FOV is 3 .5 mm. 

XPL image of micron thick hematite fractures 

cutting through gab bro dyke. FOV is 3 .5 mm. 

PPL image of gabbro dyke texture, showing 
well preserved angular crystals. FOV is 3 .5 
mm. 
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MATOUSH 

LR-8/59-C 

polished 

LR-MT-08-059-431.7 

PPL image of hematite and chlorite altered 
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PPL image of hematite and chlorite altered 
gab bro dyke with calcite veins. FOV is 3 .5 
mm. 

gab bro dyke with calcite vein. FOV is 3 .5 mm. 

PPL image of hematite altered gab bro dyke 
with a calcite vein. FOV is 3 .5 mm. 
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polished 
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PROJECT 

MATOUSH LR-MT-08-059-432.2 

PPL image of micaceous foliation which is 
interwoven between alternating calcite and 
quartz rich layers. Microfaults with minimal 
displacement can be observed occurring 

perpendicular to the foliation. FOV is 3.5 mm. 

BSEM image of hematite alteration (grey 
hair-like fibres) replacing a phlogopite, 
pyrite matrix. FOV is 1 mm. 

PPL image of micaceous foliation which is 
interwoven between alternating calcite and 

quartz rich layers. FOV is 3 .5 mm. 

BSEM image of pyrite and apatite replacing 
phlogopite. FOV is 0.2 mm. 
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Thin Section Images LR-8/59-E 

polished 

L. Robichaud 

PROJECT 

MATOUSH LR-MT-08-059-433.0 

BSEM image of calcite vein cutting through 
gabbro dyke. FOV is 0.5 mm. 

BSEM image of calcite vein cutting through 
gabbro dyke. FOV is 1 mm. 

BSEM image of hematite rimmed phlogopite 
grains. FOV is 0.4 mm. 

BSEM image of calcite veins cutting through 

hematite rich section of dyke. FOV is 1 mm. 
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Appendix III. Mineral Abbreviations 

ab albite kin Kaolinite 

amp Amphibole kfs K feldspar 

ap apatite me Microcline 

aut autunite mnz Monazite 

ht biotite ms muscovite 

cal calcite or orthoclase 

dol dolomite phi phlogopite 

drv dravite pl plagioclase 

Cr-drv dravite, Cr-variation PY pyrite 

esk eskolaite qtz quartz 

fl fluorite rt rutile 

fuch fuchsite ttn titanite 

gn galena srl schorl 

grm grimaldiite srp serpentine 

hem hematite sid siderite 

hbl hornblende tur tourmaline 

ill illite ur uraninite 

jms jamesonite zm zircon 
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