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Abstract 

Albitization has long been noted as having a spatial association with uranium 

mineralization in the Beaverlodge uranium district; however, a genetic relationship 

between the two has yet to be demonstrated. Previous studies mainly focused on 

albitization in 1.94-1.92 Ga granite, but new field and petrographic studies have shown 

that albitization is found to also occur in the ca. 2.33 Ga Murmac Bay Group amphibolite 

and the ca. 1.82 Ga Martin group sedimentary rocks. There are two types of albitization: 

pervasive, replacement-type (R) and vein-type (V), which are grouped into two 

generations: generation 1 (Ab1-R and Ab1-V) and generation 2 (Ab2-R and Ab2-V). 

The pervasive, replacement-type albitization occurs primarily as extensive 

alteration zones in granitic rocks (Ab1-R-G) and as irregular patches in amphibolite 

(Ab1-R-A) near albite-bearing veins (Ab1-V-A). The massive albitization zones in 

granites are composed dominantly of albite (Ab1-R-G), which mimics the original grain 

size in the unaltered granites and is characterized by an abundance of microscopic red 

iron oxide inclusions. The Ab1-R-G postdates the regional foliation in the granites, but 

shows varying degrees of deformation. Along some grain boundaries, and internally, 

Ab1-R has locally been deformed and polygonized. New growth of finer grained, 

subhedral albite (Ab2-R) characterized by fewer or no microscopic iron oxide inclusions, 

specular hematite, subhedral rutile and local subhedral-euhedral apatite, followed by 

carbonate (cab1) is spatially associated with these deformed grain boundaries.  

The vein-type albitization is divided into two generations (Ab1-V and Ab2-V) 

that are considered coeval with the replacement generations, based on petrographic 

similarities and timing relationships. Ab1-V veins are essentially monomineralic, 
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composed of albite grains typically containing abundant microscopic iron oxide 

inclusions and exhibiting evidence of brittle-ductile deformation. Ab2-V veins are 

characterized by euhedral albite crystals that are relatively free of hematite inclusions and 

have grown perpendicular to, and lining, the straight-sided vein margins. The cores of 

Ab2-V veins are typically filled by carbonate (cab2). Ab1-V and Ab2-V veins are 

developed in Murmac Bay Group amphibolite, Martin group sedimentary rocks and 

granites of several ages. Ab1-V veins are crosscut by Ab2-V veins, some of which are 

anomalously radioactive in amphibolite-hosted uranium occurrences. Chlorite grown 

before, after and between Ab1-V and Ab2-V vein generations in the amphibolite has 

temperatures in the range of 202-329°C, which partially overlaps temperatures reported 

by previous workers (238 to 310°C) based on chlorite geothermometry for the vein-type 

uranium mineralization in the Beaverlodge uranium district. 

Uranium mineralization in the district occurs as veins, breccia ores in a variety of 

rock types and in Martin group conglomerate units. The main ore mineral is pitchblende. 

Mineralized veins include quartz, quartz-carbonate, carbonate and quartz-carbonate-albite 

types that locally cross cut pervasive type albitization (Ab1-R). Pitchblende in breccias is 

commonly patchy and irregular, cements breccia clasts, and is associated with chlorite 

and other gangue minerals, including carbonate and quartz. Dating of these breccia-type 

pitchblende occurrences from four thick sections by LA-ICP-MS (laser ablation – 

inductively coupled plasma – mass spectrometry) techniques during this study gave a 

wide array of ages (~200-1500 Ma). Alkaline mafic volcanic rocks emplaced during 

Martin group deposition provide a maximum age constraint for mineralization hosted by 

the Martin group at 1.82 Ga. When impurities from these breccia-type uraninites are 
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plotted versus their calculated chemical ages, a reference line can be drawn to give an age 

just over 1800 Ma. This age is broadly consistent with the timing of D4 deformation and 

Martin volcanism. At least one generation of mineralization is broadly coeval with the 

second generation of albitization (Ab2-R and Ab2-V) and is syn- to post-Martin group. 
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Chapter 1: Introduction 
 

1.1 Background of Research 

 

1.1.1 Deposit types and exploration history 

 

Uranium mineralization in the Beaverlodge district was first discovered in 1946. 

Production from the Beaverlodge deposits began in 1953 and continued until 1982, when 

a drop in uranium prices and the discovery of the higher grade, unconformity-related 

uranium deposits led to a shift in exploration and mining efforts in northern 

Saskatchewan to the Athabasca Basin. The ore grades of past-producing deposits in the 

Beaverlodge district ranged from 0.15 to 0.40% U and averaged about 0.20% U 

(Tremblay, 1978). The total tonnage of U3O8 mined from 17 uranium deposits was 25939 

tonnes, the majority of which came from the Ace-Fay and the Gunnar deposits (Jefferson 

et al., 2007). 

 

The uranium mineralization in the Beaverlodge district was classified by earlier workers 

as ‘vein-type’ (Beck, 1969; Sassano et al., 1972; Tremblay, 1978). The deposits are fault 

controlled and typically occur in brittle structures, such as brecciated zones and fractures 

formed during reactivation of major ductile shear zones including the St. Louis fault and 

the Black Bay fault (Tremblay, 1978). Most of the deposits occur in the basement, but 

spatially close to the unconformity with the Martin group of unmetamorphosed but 

deformed, siliciclastic and minor alkaline mafic rocks, although some are within units of 

the Martin group (Tremblay, 1978; Nash et al., 1981). Deposits in the area are 
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irrespective of host rock type, however, most deposits, including major ones (i.e. Gunnar, 

Ace-Fay-Verna) are hosted by granites and amphibolites. Based on their mineralogy, 

uranium deposits are classified as either simple or complex, with the former making up 

most of the mineralization in the Beaverlodge area (Lang et al., 1962; Tremblay, 1972; 

Ruzicka, 1993; Kotzer et al., 1995). Simple deposits consist mainly of pitchblende with 

hematite, pyrite, and lesser amounts of chalcopyrite, galena, sphalerite and other 

sulphides. Complex deposits contain additional arsenides and selenides of copper, cobalt 

and nickel (Ruzicka, 1993). Several studies characterizing deposit type and geology of 

the Beaverlodge district were conducted from the 1950’s to the 1980’s during the days of 

active exploration and mining of the deposits. Many of the studies came from a larger 

program carried out by the Geological Survey of Canada (GSC) that aimed to 

characterize the deposits and their geological setting. These studies included regional 

maps at various scales of the Goldfields region that would later be known as the 

Beaverlodge district (Christie, 1953; Fraser, 1954; Blake, 1951, 1952 1955; Hale, 1955; 

Tremblay, 1972;) Descriptions of 117 deposits was given by Robinson (1955) describing 

deposit type, mineralogy, paragenesis and timing of mineralization. Beck (1969) gave a 

detailed summary of occurrences and deposits in the district. Due to the discovery of the 

much higher grade unconformity related uranium deposits of the Athabasca basin and a 

switch in focus of exploration in the 1980’s, fewer projects have been carried out in the 

Beaverlodge district since this time (Rees, 1992; Ruzicka, 1993; Tracey et al., 2009; 

Ashton, 2010, 2011; Ashton and Normand, 2012; Dieng et al., 2013, 2015; Liang, 2015, 

2017). A recent study by Liang (2015) included a detailed description of the vein 

sequence at several deposits within the Beaverlodge district and included fluid inclusion 
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and stable isotopic data for carbonate and quartz in veins hosting mineralization. Liang 

(2015) suggested that mineralization in the veins postdated Martin group deposition and 

had a genetic link to basinal fluids from the Martin Lake Basin, based largely on fluid 

inclusion and stable isotope data from mineralized carbonate-quartz veins.  

 

1.1.2 Relationship between mineralization and albitization 

 

Previous work has been focused on the mineralization itself and few descriptions have 

mentioned the albite alteration spatially associated with the uranium ore at many deposits 

(Hoeve, 1982). Dawson (1956) completed the only study from early work that described 

the wall-rock alteration in detail, focusing on the reddening of many host rocks near 

mineralization, which he attributed to hematitization. Dawson (1956) does note that a 

metasomatic process likely produced the most intensely hematitized minerals in the ‘red 

wall rock’, which he identified as widespread hydrothermal albite, particularly in 

‘alaskite’ and ‘mylonites,’ but makes no mention of albitization as the responsible 

process.  Evoy (1961) first described the albite alteration at the Gunnar mine as 

episyenitization due to the obvious quartz dissolution in the albitized Gunnar granite that 

hosts the deposit.  Tremblay (1972) was among the first to describe the alteration around 

the Ace-Fay-Verna mine area as albitization, but did not focus on the alteration in his 

report. Albitization was subsequently recognized in the leucogranites in the area and a 

more detailed study of the albitization was initiated by Hoeve (1982). However, budgets 

did not permit the completion of any analytical work and the study was dropped. Recent 

detailed field studies in the Beaverlodge district carried out by the Saskatchewan 
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Geological Survey have included attempts to determine the extent and nature of this 

albitization (Tracey et al., 2009; Ashton, 2010, 2011, 2014; Ashton and Normand, 2012; 

Legault, 2014). However, the timing and physicochemical conditions of albitization in 

the area is understudied and it remains unclear whether or not there is any genetic 

relationship to the mineralization. 

 

1.2 Literature review of albitization 

 

Albitization is a common and widespread alteration that affects all rock types in a variety 

of geologic settings. It has been defined as the replacement of any feldspar in the An-Ab-

Or solid-solution series by albite (Perez and Boles, 2005). The alteration typically results 

in the replacement of primary K-feldspar and plagioclase by pure albite through a 

dissolution-reprecipitation process occurring over a set range of temperatures, pressures 

and fluid compositions. This is a reaction by which the original mineral is replaced by a 

different composition of the same mineral (e.g., feldspar) or is pseudomorphed by a 

completely new mineral (Harlov et al., 2005). Taken to completion, albitization produces 

a monomineralic rock—albitite—identified by a complete replacement of primary K-

feldspar and plagioclase with albite. The hydrothermally precipitated albite is of pure end 

member composition and retains primary magmatic textures of the primary feldspars it 

has replaced (Turpin et al., 1988; Boulvais et al., 2007; Cuney et al., 2012; Kaur et al., 

2012; Petersson et al., 2012). Often albitization occurs with dequartzification where there 

is a complete dissolution of quartz. This dequartzification process generally occurs during 

or before albitization and gives albitite its vuggy texture while allowing albitizing fluids 
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to readily move through the host rock. Vugs can be later filled with carbonates, albite, 

adularia, Fe-Ti oxides, chlorite and other minerals (Cathelineau 1986). In a broader sense 

than these conventional definitions of albitization, i.e., replacement of pre-existing 

minerals by albite, albitization may also include precipitation of albite in open space 

(fractures or vugs) from hydrothermal fluids (Cuney et al., 2012, Kish and Cuney, 1981). 

 

1.2.1 Characteristics of albitization in different geologic environments 

 

Albitization of granitic rocks, gneisses, metabasalts, metasediments and carbonate rocks 

occurs in many districts around the world: (Salvezines Massif, France (Boulvais, 2007); 

Bohus granite, Sweden (Petersson et al., 2012); French Massif, France (Cathelineau, 

1986, 1987); Mount Isa, Australia (Rubenach, 2005); Itataia, Brazil (Angeiras, 1988); 

Central Ukrainian Uranium Province (Cuney et al., 2012); Beaverlodge, Canada 

(Tremblay,1972; Hoeve, 1982; Ashton, 2010); Labrador Trough, Quebec (Kish and 

Cuney, 1981). Albitization can be locally and regionally extensive, spanning distances of 

up to hundreds of meters (Cathelineau 1986, Boulvais 2007). The albitizing fluids use 

faults and shear zones as pathways through otherwise impermeable rocks and the 

alteration is commonly accompanied by other alteration such as chloritization, 

muscovitization and hematitization. There is a general loss of K and Si and enrichment in 

Ca, Na, Al, Mg, Fe, U, Th and, in some cases, HREE during albitization (Porto da 

Silveira, 1991, Boulvais, 2007).  

The Salvezines Massif in the northern French Pyrénées consists of gneisses and 

leucogranites (emplaced during the Hercynian orogeny) overlain by Paleozoic sediments 
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that have all been pervasively albitized, with albite alterations occurring adjacent to 

ductile shear zones (Boulvais, 2007). Other albitization occurrences within or spatially 

related to major shear zones are those of the Mount Isa Inlier in northeastern Australia. 

Albitization of granites in the Snake Creek Anticline is commonly centralized along shear 

zones with adjacent muscovite schist altered to albite-biotite schist (Rubenache, 2005). 

Important uranium deposits of the Mount Isa Inlier include the Valhalla and Odin 

uranium deposits, which are hosted by brecciated albitites only kilometers away from the 

Mount Isa fault zone (Wilde, 2013). In the Central Ukrainian Uranium Province (CUUP), 

albitized gneisses and granites can be found along en echelon structures associated with 

major discontinuities such as a single shear or fault zone (Cuney, 2011). In argillites of 

the Labrador Trough district in Quebec, albitization is found emanating perpendicular to 

fractures (Kish and Cuney, 1981). 

 

In sedimentary basins that have undergone diagenesis, many researchers have also noted 

that albitization is a common and widespread phenomenon (Aagraard, 1990; Morad, 

1990; Yu, 1997; Lee & Lee, 1998; González-Acébron, 2010; González-Acébron, 2012). 

In this type of setting, the fluid flow is less controlled by structure as the sediments 

themselves are relatively permeable.  

 

1.2.2 Albitization related to uranium mineralization 

 

Albitization has long been noted as having a spatial connection to uranium deposits as 

many vein-type deposits are hosted within or near pervasive zones of albitization 
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(Sassano, 1972; Kish and Cuney, 1981; Cathelineau, 1986; Porto da Silveira, 1991; 

Ruzicka, 1993; Lee, 1997; Petersson, 1997; Boulvais, 2007; Alexandre, 2010; Ashton, 

2010; Kouske, 2011; Kaur, 2012; Wilde, 2013; Dolníček, 2014). Albitite-related uranium 

deposits are found in metamorphic regions of Proterozoic age with Orosirian ages being 

the most common (Wilde, 2013).  Albitite-related uranium deposits are generally 

structurally controlled, extensive to depth, and always associated with mylonitization, 

cataclasis and brecciation (Wilde, 2013). Common host rocks are granites, leucogranites, 

granitic gneisses and to a lesser extent metabasalts and metasediments. As uranium 

mineralization is always found to postdate albitization, a common theory is that 

albitization of the host rock results in a vuggy texture due to dequartzification, which 

weakens the rock allowing uranium-bearing fluids to flow through (Cathelineau, 1986; 

Ashton and Normand, 2012; Wilde 2013). This weakness can also lead to brittle 

deformation resulting in brecciation and fracturing of the rock, further facilitating fluid 

flow and uranium precipitation (Cathelineau, 1986; Ashton and Normand, 2012; Wilde, 

2013).  

 

1.3 Purpose and objectives of study 

 

The purpose of this study is to better characterize different types of albitization in the 

Beaverlodge district and understand their potential genetic relationships with uranium 

mineralization. Specifically, the objectives of this study are: 1) to determine and 

document the different types of albitization in the Beaverlodge district through field and 

petrographic work as well as geochemical analysis of albite; 2) to establish the relative 
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timing of different types of albitization and their timing relative to various geological 

events through field and petrographic work and geochronological studies; 3) to constrain 

the physicochemical conditions of albitization using empirical geothermometry of 

different generations of chlorite; and 4) to determine gain or loss of elements during 

albitization through geochemical analysis of rocks with differing degrees of albitization 

and mass balance calculations. 
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Chapter 2: Geological Setting 

 

2.1 Regional tectonic setting 

 

The Churchill Province is in the northwestern section of the Canadian Shield and has 

seen the effects of several major orogenic events. Western components of the Churchill 

Province are divided into the Rae and Hearne Cratons of Archean age along the 1.91 to 

1.90 Ga Snowbird Tectonic Zone (Hoffman, 1988). To the west the Churchill Province is 

flanked by the Thelon-Taltson orogeny (2.02-1.91 Ga), which is attributed to 

amalgamation of the Rae and Slave Cratons (Hoffman, 1988). To the southeast the 

Churchill Province is bound by the Trans-Hudson orogeny (1.9-1.8 Ga), which caused 

significant reworking of the crust during amalgamation of the Wyoming, Sask, Hearne, 

and Superior Cratons (Hoffman, 1988). The Beaverlodge district is located within the 

southwest portion of the Rae Craton (Figure 2.1), which is further divided into several 

lithotectonic domains based on lithological make-up and structural style: the Nolan, 

Zemlak, Beaverlodge, Train, Dodge and Tantato Domains (Figure 2.2).  
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Figure 2.1: Map showing the location of the Beaverlodge district in the Canadian Shield. 
The black rectangle outlines the extent of Figure 2 (modified after Ashton et al., 2013). 
 

Figure 2.2: Map showing the location and regional lithotectonic setting of the 
Beaverlodge uranium district. The black box shows the area of study (modified after 
Ashton et al., 2007). 
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The Nolan Domain is comprised mainly of a weakly metamorphosed granodiorite-diorite 

batholith emplaced at 2.64-2.58 Ga with minor pelitic rocks of unknown age at its eastern 

boundary (Ashton et al., 2007b). Some inferred that the ca. 2.6 Ga granitic rocks of the 

Nolan Domain extend across its southern boundary into the northern Zemlak Domain 

(Ashton et al., 2009). Otherwise, the Zemlak Domain is known to contain ca. 2.71, 2.61, 

≥2.54, and 2.33 Ga sheared to mylonitized orthogneisses, which underwent upper 

amphibolite facies metamorphism at ca. 2366 Ma due to the Arrowsmith orogeny 

affecting the Archean orthogneisses, and again at 1.94-1.92 Ga during the Taltson 

orogeny, which also affected the ca. 2.3 Ga granitic suite and the Murmac Bay group 

(Ashton et al., 2007b; Ashton et al., 2014).  

 

The Zemlak Domain’s eastern boundary with the Beaverlodge Domain is marked by the 

northeast- striking Black Bay fault (BBF) (Ashton, 2000). The Beaverlodge Domain is 

largely composed of granitic rocks of varying ages (ca. 3.0, 2.6, 2.33, 1.9 Ga), but also 

includes a 2.33 to <2.17 Ga sedimentary-volcanic sequence termed the Murmac Bay 

group and unmetamorphosed ca. 1.82 Ga red bed sedimentary and alkaline mafic 

volcanic rocks deposited in an intracontinental basin (Martin group) (Ashton et al., 2009). 

All rock units prior to the Martin group reached lower to upper amphibolite facies 

metamorphism during each of two events: at 1.94-1.92 Ga (Taltson orogeny) and 1.91-

1.90 Ga (tectonic activity associated with Snowbird Tectonic Zone) (Ashton et al., 2009, 

Berman et al, 2007; Pehrsson et al, 2013).   

 

The Train Domain is separated from the Beaverlodge Domain by the southeast-striking 
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Oldman-Bulyea Shear Zone, originally a thrust fault that was reactivated at about 1810 

Ma (Card, 2001) as a normal fault attributed to extension following the 1.9-1.8 Ga Trans-

Hudson orogeny (Harper, 1986; Card, 2001; Ashton et al, 2007b). Rocks of the Train 

Domain mainly include leucocratic orthogneisses and remnants of an Archean greenstone 

belt (2575 ± 15 Ma, Ashton et al., 1999b) that reached upper amphibolite facies 

metamorphism (Ashton and Card, 1999). The Dodge Domain comprises a mix of mafic 

volcanic and intrusive rocks, some of which have been intruded by 2.68 Ga granites 

(Ashton et al., 2009a), widespread felsic to intermediate granitoid gneisses, and 

migmatitic pelites (Knox et al., 2011; Knox and Plews, 2012). All rocks of the Dodge 

Domain have been metamorphosed to granulite facies but have been overprinted by upper 

amphibolite-facies metamorphism and locally by greenschist-facies metamorphism 

during the last stages of deformation (Ashton et al., 2009; Knox et al., 2011; Knox and 

Plews, 2012).  The Proterozoic Grease River Shear Zone (GRSZ) (Lafrance and Sibbald, 

1997) separates the Tantato Domain from the Beaverlodge and Dodge Domains. The 

Tantato Domain is a high-grade metamorphic terrain bounded by the Legs Lake shear 

zone in the east, forming what has been called the ‘East Athabasca mylonite triangle’ 

(Hanmer et al., 1994).  Rocks of the domain include the 3.4 Ga Chipman Batholith 

(Martel et al., 2008), garnetiferous migmatites and orthogneisses, psammopelitic gneisses 

and metabasites (Hanmer, 1997, Knox and Lamming, 2014). Metamorphism in the 

Tantato Domain included high-pressure granulite-facies events at 2.55-2.52 Ga and again 

at 1.91-1.90 Ga (Baldwin et al., 2003). 

 

These lithotectonic domains have all seen the varying effects of four major tectonic 
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events during the assemblage of Laurentia (Hoffman, 1988). These events from oldest to 

youngest are the 2.5-2.3 Ga Arrowsmith orogeny, the 1.99-1.93 Ga Thelon-Taltson 

orogeny, the 1.91-1.90 Ga Snowbird orogeny and the 1.9-1.8 Ga Trans-Hudson orogeny.  

 

The Arrowsmith orogen extends ~1500 km from northern Saskatchewan to northern 

Baffin Island along the western side of the Rae Craton (Berman et al., 2013). Recognition 

of the Arrowsmith orogeny was based on a fabric seen in the western Committee Bay belt 

(Nunavut), which was dated based on entrained ca. 2.35 Ga metamorphic monazite 

(Carson et al., 2004; Berman et al., 2005). In the Queen Maud region of Nunavut, 

granulite-facies metamorphism occurred at 2.39–2.35 Ga pointing to a regional-scale 

event at this time (Berman et al., 2005; Schultz et al., 2007a) preceded by 2.50-2.46 Ga 

plutonism near Queen Maud Gulf (MacLachlan et al., 2005; Schultz et al., 2007a). In the 

Beaverlodge Domain, 2.33-2.29 Ga syn- to post-collisional granites (Hartlaub et al., 

2007) postdate upper amphibolite-granulite facies metamorphism occurring at 2.39-2.35 

Ga (Berman et al., 2013) marking the extension of the Arrowsmith orogeny into the 

southern Rae Craton.  

 

The 1.99-1.93 Ga Thelon-Taltson orogen(s) includes rocks of the Thelon Tectonic Zone 

in the north and the Taltson Magmatic Zone in the south along the west border of the Rae 

Craton. The Thelon Tectonic zone is composed of mainly granitic orthogneiss that is 

highly deformed (van Breemen et al., 1987a-b) and is interpreted to have developed as a 

consequence of the 1.97 Ga collision between the Slave and Rae Cratons (Hoffman, 

1988, McNicoll et al., 2000, Ashton et al., 2013). This collision was followed by the 
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indentation of the Slave Craton into the Rae Craton at 1.84-1.74 Ga (Gibb 1978a; 

Hoffman 1987a, 1988, 1989). The Taltson Magmatic zone (TMZ) includes Archean-

Paleoproterozoic granitic basement rocks (McDonough et al. 1995a) and 

Paleoproterozoic intrusive rocks (Bostock et al. 1987, 1991; Ross et al. 1991; Villeneuve 

et al. 1993; McNicoll et al. 1994), the latter of which resulted from the accretion of the 

Buffalo Head terrane in northern Alberta and southern Northwest Territories to the Rae 

Craton (Hoffman, 1988; Ross et al., 1991; McNicoll, 1994).  

 

The 1.91-1.90 Ga Snowbird Tectonic Zone is the geological boundary between the Rae 

and Hearne Cratons. It is described as a geophysical anomaly that is northeast trending 

and has been tracked as far as 3000 km from the Canadian Rocky Mountains to, 

potentially, northern Quebec (Goodacre et al., 1987; Thomas et al., 1988). The shear zone 

has been interpreted as either a collisional suture zone (Hoffman, 1988; Ross et al., 2000; 

Berman et al., 2007) or an intracontinental fault zone (Hanmer et al., 1995; Mahan and 

Williams, 2005).  

 

The 1.9-1.8 Ga Trans-Hudson orogeny welded the Superior, Sask, and Hearne Cratons 

and is represented by a 500 km wide orogenic belt between the Hearne and Superior 

Cratons (Hoffman 1988). The orogen is divided into an external complex thrust-fold belt 

that overprints the Hearne Craton and an internal belt dominated by juvenile plutonic, 

metavolcanic and metasedimentry rocks of the Reindeer Zone (Hoffman, 1988). The 

Hearne Craton experienced intense early deformation during the Trans-Hudson orogeny, 

whereas broad folds and uplift in the Hearne and Rae Cratons can be attributed to late 
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stages of Trans-Hudson orogeny (Hoffman, 1988), which also produced faulting and 

brittle overprinting structures in the Beaverlodge district (Ashton et al., 2013). 

 

2.2 Geology of the Beaverlodge uranium district 

  

The Beaverlodge district resides in the southwest Rae Craton of the Churchill Province in 

the Canadian Shield. The rocks that make up the Beaverlodge district (Figure 2.3) are a 

complex array of variably deformed Archean and younger (2.33 to 2.29 Ga) granitoids 

and Murmac Bay group metasedimentary and mafic igneous rocks (termed amphibolites 

where their origin is unclear), all of which are intruded by a suite of ca. 1.93 Ga granitic 

rocks (Ashton et al., 2009). The Martin group redbeds and mafic volcanic rocks deposited 

in an intracontinental basin unconformably overlie this basement complex (Ashton et al., 

2009). Unmetamorphosed, flat-lying quartz sandstones of the <1.75 Ga Athabasca Basin 

unconformably overlie all of these tectonostratigraphic units (Ramaekers et al., 2007).  
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Figure 2.3: Geological map of the Beaverlodge uranium district, showing locations of 
past-producing mines and selected occurrences, including those visited for this study. MB 
= Mackintosh Bay, Nat. Expl = National Explorations mine. Modified from Ashton, 
2010. 
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2.2.1 Archean granitoids 

 

The Beaverlodge district is underlain by Mesoarchean basement granitoids and derived 

gneisses that include the Lodge Bay Granite (3072 ± 41 Ma, Persons, 1988; 3060 ± 40 

Ma, Hartlaub et al., 2004), Elliot Bay Granite (3014 ± 10 Ma, Van Schmus et al., 1986), 

and Cornwall Bay Granite (2999 ± 7 Ma, Hartlaub et al., 2004), and Neoarchean 2.62 to 

2.60 Ga granodiorites and granites in the northeast part of the area depicted in Figure 2.3 

(Hartlaub et al., 2005).  

 

The Lodge Bay, Elliot Bay and Cornwall Bay Mesoarchean granitoids have similar 

mineral compositions of 10-40% K-feldspar, 20–25% quartz, 25-65% plagioclase and as 

much as 10% biotite (averages 5%), and are variably deformed with the Lodge Bay and 

Elliot Bay granites showing weak S1 foliation overprinted by D3 deformation and 

Cornwall Bay granite exhibiting strong to mylonitic foliation (Hartlaub et al., 2004). 

Neoarchean granitoids have varied compositions from granodiorite to granite with as 

much as 30% hornblende and/or pyroxene ± biotite (Hartlaub et al., 2004). 

 

2.2.2 Murmac Bay group 

 

Unconformably overlying the basement granitoids and gneisses are sedimentary and 

mafic volcanic rocks of the Murmac Bay group (ca. 2.33 to 1.93 Ga; Hartlaub et al., 

2004, 2005; Ashton et al., 2013). Deposition of the Murmac Bay group began at about 

2.33 Ga with orthoquartzite, psammite, dolomitic marble, iron formation and mafic 
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volcanic and intrusive rocks. These were subsequently overlain by psammopelitic and 

pelitic rocks, some of which were deposited after 2.17 Ga (Ashton et al., 2013). The 

rocks of the lower Murmac Bay group are thought to have been deposited during post-

orogenic extension following the 2.50 to 2.35 Ga Arrowsmith orogeny (Ashton et al., 

2013). 

 

In direct contact with basement granitoids are the basal conglomerate and quartzite of the 

Murmac Bay group, with quartzite being the dominant basal unit of the sequence 

(Hartlaub et al., 2004). About 50-100 m above the unconformity a quartz-pebble 

conglomerate locally occurs within the basal quartzite, which is followed at successively 

higher stratigraphic horizons by minor amounts of calcareous quartzite, dolomitic marble, 

banded iron formation with interbedded dolomitic marble, and amphibolite (Hartlaub et 

al., 2004; Ashton et al., 2013). The locally abundant amphibolite unit is commonly dark 

green and fine to coarse grained. The finer grained component is commonly layered and 

locally exhibits pillow structures and amygdules suggesting an extrusive mafic volcanic 

origin (Hartlaub et al., 2004), whereas the medium- to coarse-grained component clearly 

intrudes older rocks in places. These lower Murmac Bay group units are overlain by 

psammopelitic and pelitic rocks of the upper Murmac Bay group (Hartlaub et al., 2004, 

Ashton et al., 2013).  

 

2.2.3 Paleoproterozoic granitic intrusions 

  

Both the Archean basement rocks and lower Murmac Bay group rocks were intruded by 



19 
 

the 2.33-2.29 Ga North Shore granites, which have been interpreted as syn- to post-

collisional plutons resulting from the Arrowsmith orogeny (Hartlaub et. al, 2007). Initial 

deposition of lower units of the Murmac Bay group is coeval with the start of this 2.33-

2.29 Ga plutonism; however, deposition outlasted plutonism based on a 2.17 Ga age for 

the youngest detrital zircon in an upper Murmac Bay group pelite (Ashton et al., 2013).  

 

The Murmac Bay group was intruded by a younger suite of 1.94 -1.90 Ga anatectic 

granites, including the Donaldson Lake granite, a derived crustal melt (Hartlaub et al., 

2005, 2007; Tracey et al., 2009; Ashton, 2011) and pink leucogranites. The Donaldson 

Lake granite is a white to pale pink leucogranite that contains numerous xenoliths of the 

Murmac Bay group amphibolite and quartzite. It is host to several uranium deposits in the 

Beaverlodge district and has been pervasively albitized locally (Ashton et al., 2013). Pink 

leucogranites occur extensively across the Beaverlodge Domain, and are variably 

albitized. Leucogranites are host to the biggest mine in the area (Ace-Fay-Verna) in the 

Beaverlodge district (Ashton, 2011). 

 

2.2.4 Martin group 

 

The Martin group is comprised of deformed, but unmetamorphosed redbed sedimentary 

and ca. 1.82 Ga alkaline mafic volcanic rocks, which unconformably overlie the Murmac 

Bay group and older rocks (Ashton et al., 2013), forming the Martin Basin. The Martin 

group is divided into four formations in order of younging: the Beaverlodge, Gillies 

Channel, Seaplane Base and Melville Lake formations. The basal Beaverlodge formation 
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is composed of a coarse, angular conglomerate and mixed sandstone and siltstone. The 

Gillies Channel formation is composed of various conglomerate units and coarse-grained 

sandstones with interbedded conglomerates that host mafic volcanic rocks and sills. The 

Seaplane Base formation has a basal pebble conglomerate unit overlain by sandstones of 

various grain size and mixed siltstone and sandstone. Capping the sequence is the 

Melville Lake formation composed mostly of argillite and siltstone with minor sandstone 

and conglomerate (Langford, 1981; Elliot, 1982; Mazimhaka and Hendry, 1984). The 

basin is interpreted to have formed in an intracontinental setting as a pull-apart or trans-

tensional structure during faulting associated with Trans-Hudson orogeny (Ashton et al., 

2001, Morelli et al., 2009).The Martin group is overlain unconformably by the <1.75 Ga 

Athabasca Basin, which is composed mostly of unmetamorphosed, flat lying quartz 

sandstones (Ramaekers et al., 2007).  

 

2.2.5 Structural geology 

 

The rocks that comprise the Beaverlodge district have undergone four significant phases 

of deformation. D1 deformation resulted in a regional, locally mylonitic, foliation that was 

subsequently folded into east-southeast-striking, tight to isoclinal folds during D2 

deformation (Ashton et al., 2013). The basement granitoids underlying the Murmac Bay 

group, as well as rocks of the Murmac Bay group, were affected by D1 and D2 

deformation and associated amphibolite-facies metamorphism, which have been 

attributed to the 1.94 to 1.92 Ga Taltson orogeny (Ashton et al., 2013). Widespread 

anatectic granites, including the pink leucogranite and Donaldson Lake granite, which 
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together host many of the uranium deposits in the main part of the Beaverlodge district 

(Figure 1), are thought to have been formed at this time. A third deformation event (D3), 

which may have resulted from the 1.91 to 1.90 Ga Snowbird tectonic event (Hoffman, 

1988), caused northeast-striking open to tight folds in the Murmac Bay group and older 

rock units and produced a second period of amphibolite-facies metamorphism. The last 

phase of regional deformation (D4) resulted in the deposition of the Martin group through 

faulting, which created accommodation space, and uplift, which led to erosion and the 

derivation of sediments. Subsequently, late D4 deformation in the form of north-trending 

broad folds and uplift affected the Martin group and all previous rock units, possibly 

driven by tectonism associated with the late stages of the Trans-Hudson orogeny 

(Tremblay, 1978; Ashton et al., 2009).  

 

Much of the mineralization is spatially associated with two sub-parallel, northeast-

trending faults, the St. Louis fault and the Black Bay fault, both of which have early 

mylonitic histories that may have begun during D3, and periods of reactivation during D4 

brittle-ductile and brittle deformation (Kraus and Ashton, 2000). The conjugate ABC 

fault trends northwest and connects the Black Bay and St. Louis faults. Late D4 normal 

reactivation of all three faults structurally preserved the Martin Basin (Ashton et al., 

2001). 

 

2.2.6 Uranium mineralization  

 

Uranium mineralization in the Beaverlodge district is structurally controlled by major 
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fault and shear zones that have undergone several periods of reactivation (Krupicka and 

Sassano, 1972; Tremblay, 1978; Sibbald, 1985; Ashton, 2011).  Mineralization in the 

area has been classified into two types, syngenetic and epigenetic (Beck, 1967). 

Syngenetic mineralization refers to occurrences of isolated uraninite within grains of 

biotite, feldspar and quartz in migmatitic and pegmatitic rocks, and proved to be 

uneconomical (Beck, 1969). The most common and economically important deposits in 

the area are epigenetic, and occur in veins and breccia zones with pitchblende as the main 

ore mineral. Pitchblende is used to refer to a type of uraninite that is massive or colloform 

in structure, often impure, containing other U-oxides than UO2 and is produced 

hydrothermally (Brooker and Nuffield, 1952). The epigenetic type of mineralization is 

further sub-divided into categories based on mineralogy, as described earlier. Deposits 

with simple mineralogy are the most widespread in the Beaverlodge uranium district. 

Many of the economically important deposits consist of this type, including the Ace-Fay-

Verna and Gunnar deposits. Much of the pitchblende occurs in carbonate and carbonate-

quartz veins in brittle deformation zones, or as disseminations through breccia zones and 

is commonly closely associated with gangue minerals, typically, chlorite, carbonate, 

hematite and quartz (Robinson, 1955). Structurally, mineralization is concentrated in 

dilational features along fault and shear zones in areas where faults cross lithological 

contacts, create breccia zones, have jogs, or there is competency contrast (Beck, 1969). 

Two main structural settings are investigated in this study: veins and breccia zones 

adjacent to major faults in the Beaverlodge uranium district.   

   

As with many uranium deposits around the world, dating the mineralization in the 
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Beaverlodge district has proven challenging, partly due to remobilization. Many of the 

early workers, however, agree that the syngenetic mineralization is older than the 

epigenetic deposits and probably associated with metamorphic events as suggested by 

their occurrence in pegmatites and the leucosome component of migmatites (Robinson 

1955; Koeppel 1968; Beck 1969). Robinson (1955) reports U-Pb isotopic ages from 

monazite for syngenetic mineralization to be between 1700 and 1800 Ma. Koeppel 

(1968) had two groupings of ages for syngenetic deposits, an older mineralization event 

at 2200 Ma based on U-Pb dating of uraninite, monazite and zircon crystals, and a 

younger event at 1930 ± 40 Ma based on U-Pb ages of uraninite in gneiss and pegmatite 

host rock. Beck (1969) took averages of previous reported data for age determinations to 

propose an age of 1900 to 1850 Ma.   

 

For epigenetic deposits, age determinations are even more diverse, but are generally 

younger than the ages for syngenetic mineralization with several periods of resetting. 

Robinson (1955) reported two age sets, an initial emplacement at 1600-1400 Ma based on 

207Pb/206Pb ages of pitchblende, and several instances of resetting at 950-850 Ma and 

350-250 Ma. Eckelmann and Kulp (1956) suggested an initial event at 1900 Ma followed 

by remobilization events at 1200 Ma and 150 Ma. Koeppel (1968) found an initial 

mineralizing event at 1780 ± 20 Ma with lead loss occurring at 1110 ±50 Ma, 270 ±5Ma 

and 100 Ma to the present. Beck (1969) synthesized earlier data to suggest an initial age 

of mineralization to be from 1800-1750 Ma with multiple periods of undefined 

remobilization. A more recent U-Pb isotopic dating of uraninite by Dieng et al. (2013, 

2015) suggested six (U1-U6) distinct stages and settings of epigenetic uranium 
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mineralization. The stages begin with 2293±17 Ma  ‘cataclasite-type’ uraninite (U1), 

followed by 2289±20 Ma ‘early tensional vein-type’ uraninite (U2), uraninite related to 

Na metasomatic alteration that took place sometime after 2321±3 Ma (U3), 1848±5 Ma 

‘breccia-type’ uraninite (U4), which is thought to represent the main stage of uranium 

mineralization, 1812±15 Ma ‘volcanic-type’ uraninite (U5), and 1620±4 Ma ‘late vein-

type’ uraninite, representing uraninite emplaced during the development of the Athabasca 

Basin unconformity-type uranium deposits (U6). In contrast, Liang (2015) noted that 

mineralized veins developed in the Martin group were similar in appearance to 

mineralized veins in older basement rock units, suggesting that the vein-type 

mineralization in the district took place at the time of Martin group deposition or later.  

The results of detailed petrographic, fluid inclusion and stable isotopic studies supported 

this interpretation and further suggested that at least a component of the mineralizing 

fluids was derived from the Martin Basin (Liang, 2015). 
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3: Study Methods 

 

3.1 Field work and sampling 

 

The study began with fieldwork examining various albitite occurrences, and the 

crosscutting relationships between albitite or albite-bearing veins and various lithological 

units in different settings and localities. Twelve mine sites were visited in a two-week 

period in the summer of 2014, with samples collected from each location for a detailed 

petrographic study. Two detailed outcrop-scale maps were made at the 21 Zone (Figure 

2.3), due to excellent outcrop exposure, to document age relationships associated with 

albitization of the host Donaldson Lake granite. Samples from sites visited across the 

Beaverlodge district include fresh, intermediately altered, and completely altered granitic 

rocks, and albite-bearing veins cutting granitic rock, members of the Murmac Bay and 

Martin groups. A total of 91 samples were collected from the field. Highly radioactive 

samples were not collected in the field due to safety regulations; however, radioactive 

samples containing pitchblende were collected from hand samples and drill core stored at 

the Saskatchewan Geological Survey core facility in La Ronge, Saskatchewan.  

 

3.2 Petrography 

 

3.2.1 Optical microscopy 

 

A total of 147 polished thin sections were made, 110 of which came from hand samples 
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collected in the field, 20 from drill core samples and the other 10 from mineralized rock 

collections stored at the Saskatchewan Geological Survey core facility in La Ronge, 

Saskatchewan. Non-radioactive samples were cut into small blocks at the University of 

Regina and sent to China University of Geosciences (Beijing) for preparation of polished 

thin sections. From the radioactive samples, 13 polished thin sections were cut at the 

Saskatchewan Research Council in Saskatoon, Saskatchewan, where the remaining 

sample pieces are stored. An optical Olympus BX5 microscope with transmitted and 

reflected light was used to carry out a detailed petrographic study. Photomicrographs 

were taken with an Olympus Q-Color 3 camera attached to the microscope and the 

Qcapture Pro 6.0 software.  

 

3.2.2 Scanning electron microscopy – energy dispersive spectroscopy (SEM-EDS)  

 

Scanning electron microscopy (SEM) was used to identify unknown minerals in thin 

sections and to analyze pitchblende and albite compositions. The analysis was carried out 

at the University of Regina by the author on a JEOL JSM-6360 scanning electron 

microscope and a Thermo Scientific Noran System 7 energy-dispersive detector system. 

The samples were cleaned and coated with carbon before being placed into the vacuum 

SEM chamber. A focused electron beam set at 15kV was used for secondary electron 

(SEI) and backscattered secondary electron (BSE) images. Energy dispersive 

spectroscopy was used to determine mineral compositions, with an analytical time of 60 

seconds per analysis.  
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3.3 Electron microprobe analysis (EMPA) 

 

Electron microprobe analysis (EMPA) was employed to determine the compositions of 

albite, rutile, uraninite and chlorite. The analysis was carried out at the University of 

Manitoba using a CAMECA SX100 electron microprobe with Princeton Gamma Tech 

(PGT) energy dispersive spectroscopy (EDS) and five wavelength dispersive X-ray 

spectrometers (WDS) at an acceleration voltage of 15 keV and a current of 20nA. EMPA 

studies for chlorite were carried out by technicians at the University of Manitoba. The 

author conducted EMPA analyses for uraninite, rutile and albite. For uraninite analyses, 

element calibration standards were diopside (Si, Ca), UO2 (U), titanite (Ti), galena (Pb, 

S) and ThO2 (Th). For albite analysis, element calibration standards included albite (Na, 

Si, Al), orthoclase (K), olivine (Mg), diopside (Ca), fayalite (Fe) and titanite (Ti).  For 

rutile analyses, element calibration standards were albite (Na, Si, Al), orthoclase (K), 

olivine (Mg), diopside (Ca), fayalite (Fe), titanite (Ti) and chromite (Cr). For chlorite 

analysis, element calibration standards were albite (Na), riebeckite (F), olivine (Mg), 

diopside (Si, Ca), andalusite (Al), orthoclase (K), fayalite (Fe), spessartine (Mn), 

chromite (Cr), pentlandite (Ni) and gahnite (Zn).  

 

3.4 Laser ablation – inductively coupled plasma – mass spectrometry (LA-ICP-MS) 

 

Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) was 

conducted at the University of Manitoba using a Thermo-Finnigan Element 2 ICP-MS 

with a New Wave UP-213 laser.  Laser conditions vary depending on target grain sizes. 
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Relative laser power was 50-55 % with repetition rates of 5 Hz and an ablation time of 30 

s. Beam diameter ranges from 8 – 30 um with a fluence of 3.7-5.8 J/cm2. The external 

calibration standard NIST SRM 610 was used with 67.39 wt. % SiO2 for albite and 100 

wt. % TiO2 for rutile as internal standards. ICP-MS (Thermo Finnigan Element 2) was 

running with cool gas flow of 14.8 L/min, auxiliary gas flow of 0.82 L/min, sample gas 

flow of 1.052 L/min mixed with 0.68 L/min flow of He. The plasma power was set to 

1235 W and oxide-forming rates were around (0.15 %, ThO/Th). Albite and rutile in 

specific geological settings were analyzed to better characterize trace element 

compositions including REE, Th and U in different generations of albite and associated 

rutile grains. Thick sections were used in order to avoid ablation of glue and the glass 

slide. 

  

3.5 Inductively coupled plasma analysis of whole-rock samples 

 

Whole rock geochemical analyses were carried out at the Saskatchewan Research 

Council in Saskatoon, Saskatchewan using the Nexion 300S for ICP-MS and the 

PerkinElmer Optima 4300DV for inductively coupled plasma optical emission 

spectrometry (ICP-OES). Samples were analyzed for both the major elements (ICP-OES) 

and trace elements (ICP-MS). For OES analysis, a 0.1gm pulp is fused at 1000° C with 

lithium metaborate that is then dissolved in dilute HNO3. For MS analysis, a 0.1gm pulp 

is fused with ultrapure lithium metaborate in a muffle oven, and the pulp is then dissolved 

in dilute ultrapure HNO3. Lithium metaborate was used in order to analyze for silica. For 

both OES and MS analyses the standard SY3 was used. Lithium metaborate fusion by 
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ICP-OES has detection limits of 0.01% for most elements and oxides, with silica 

detection limit at 0.1% and Sc and Cr at 2 ppm. For trace elements by ICP-MS, the 

detection limits are 1 ppm for Sb, Ba, Ce, La, Nb, Se, Sr, W, Zn and Zr; 0.1 ppm for As, 

Be, Bi, Cd, Cs, Co, Cu, Gd, Ga, Hf, Hg, Mo, Nd, Rb, Ag, Te, and Sn; 0.01 ppm for Dy, 

Er, Eu, Ge, Ho, Lu, Pr, Sm, Ta, Tb, Th, Tl, Tm, U, Yb, and Y; and 0.001 ppm for lead 

isotopes and lead totals. 

 
3.6 Chlorite geothermometry 

 

Chlorite has been used for several decades as a geothermometer in many studies of 

metamorphic and hydrothermal conditions (Hayes, 1970; Walshe, 1986; Cathelineau, 

1988; de Caritat et al., 1993). Due to chlorite’s variation in chemical composition, 

depending on bulk compositions and kinetics of the formation environment, it is possible 

to determine the temperature of the fluid responsible for precipitating chlorite. Various 

chlorite geothermometers have been proposed (e.g., Hayes, 1970; Walshe, 1986; 

Cathelineau, 1988; de Caritat et al., 1993), among which there are two main methods in 

developing chlorite geothermometers: (1) empirical methods based on the tetrahedral Al 

components (Hayes, 1970; Cathelineau, 1988) and, (2) thermodynamic calculations at 

equilibrium using end member compositions (Walshe, 1986).  

 

To better constrain the physicochemical conditions of albitization, several chlorite 

samples in differing formational settings relative to various generations of albite were 

analyzed with EMPA. Results from EMPA were used for calculating the formation 

temperatures of chlorites using the empirical method of Cathelineau (1988), as it is 
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considered to be independent of the host rock type (Cathelineau, 1988). 

 

3.7 Mass balance calculations 

 

Pairs of relatively fresh and altered granitic and amphibolitic rock were collected and 

analyzed by ICP-MS trace element methods to evaluate chemical transfers during 

alteration. Isocon diagrams were produced using the methods proposed by Grant (1986) 

based on Gresens’ (1967) equations to estimate elemental gains and losses during the 

alteration process. Assuming constant volume, an isocon plot was made based on sample 

densities. Densities for each sample were measured using a flotation method. Sample 

mass was first measured for dried samples and then the samples were coated in wax of a 

known density and their mass was measured again with the waxed sample submerged in 

water. The difference in mass was used to calculate the volume of each sample, taking 

into consideration corrections for the wax coating (Chu et al., 2015). Mass and volume 

were measured six times for each sample and the average densities were used for mass 

balance calculations. On the isocon plot, elemental data are represented graphically, 

where elements lost plot below the isocon and elements gained during alteration plot 

above it (Grant, 1986). 

 

3.8 Geochronology 

 

To date albitization, attempts were made to determine the ages of rutile crystals found 

with recrystallized albite and in albite-carbonate veins associated with uranium 
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mineralization, using the U-Pb isotopes analyzed by LA-ICP-MS. However, rutile 

crystals proved too small in size (<50 μm) and/or did not contain sufficient U (only a few 

ppm) for the age to be determined. U-Pb isotope age dating of apatite crystals coeval with 

one generation of mineralization was also attempted, however, the crystals are essentially 

colorless and unable to absorb the light of the lazer causing them to explode immediately.  

 

The ages of uraninite grains were investigated using the U-Th-Pb chemical age system. 

Ages of uraninite grains in five thin section samples were calculated based on U, Th and 

Pb concentrations determined by EMPA studies. The equation of Montel et al. (1996) 

was used in conjunction with the methods of Bowles (2015) to solve the equation below 

by iteration. 

 

Pb =  238U (e λU238
t-1) + 235U (e λU235

t-1 + Th (e λTh
t-1)   Eq. 1 

 

where Th, U and Pb are measured concentrations in ppm, λ232, λ235 and λ238 are decay 

constants for the isotopes 232Th, 235U and 238U, respectively, and t is time in years.  
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4: Field and Petrographic Observations of Albitization 

 

4.1 Regional alterations and their relationships to albitization 

 

Albitization occurs as a regional alteration and is the focus of this study; however, several 

other regional alterations affect the area. Some of these are more extensive than 

albitization and are therefore worth mentioning briefly. The main types of regional 

alteration observed are hematitization, chloritization and carbonatization ± silicification. 

Hematitization is more pervasive and extensive than albitization, with albitized zones 

always occurring within larger areas of hematitization. These extensive, pervasive zones 

of hematitization also have a spatial relationship to mineralization. Hematite alteration 

develops as microscopic inclusions that pervade feldspars, with plagioclase pervasively 

hematitized and K-feldspar crystals mainly hematitized along fracture and cleavage 

planes during a first generation of regional hematitization. Hematitization also develops 

in the wall rocks and as veins of specular hematite. In zones of albitization the red 

colouring of the rock due to hematitization is more intense than that of the first-

generation pervasive type, signifying a second period of regional hematitization at the 

time of albitization.   

 

Chloritization occurs in several generations. Chloritization of mafic minerals in granitic 

rocks and amphibolite units is attributed to retrograde metamorphism, whereas 

chloritization occurring in microscopic veins, lining fractures and shear zones and as 

breccia cements represent later hydrothermal events. Because chlorite will be used to 
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constrain the thermal conditions of albitization, the occurrences of various generations of 

chlorite will be described in more detail in a separate section below, following the 

description of albitization. Carbonatization often occurs with pervasive albitization and 

may be the result of pore space filling after quartz dissolution in granitic rock, but also 

occurs as a very fine-grained aggregate between crystals in amphibolite units and 

completely alters clasts of the Martin group conglomerates. Most commonly 

carbonatization occurs as veins that cut all rock types. Carbonatization can be 

accompanied by silicification, occurring separately or together in veins and veinlets.  

 

4.2 Albitization occurrences 

 

4.2.1 Types of albitization 

 

Albitization is best seen affecting granites of various ages, but also developed in 

amphibolites and argillites (Dawson, 1951) of the Murmac Bay group, and sedimentary 

rocks of the Martin group. There are two distinct styles of albitization in the Beaverlodge 

uranium district, which are summarized in Table 4: 1) a pervasive replacement type (R) 

and 2) a vein type (V) filling openings created during fracturing. Within the grouping of 

these two types of albite alteration, two generations of albite have been distinguished 

(Ab1 and Ab2). Abbreviations for different types (R or V) and generations (1 or 2) of 

albite occurring in different host rocks (G for granite, A for amphibolite, and S for 

sedimentary rocks) are shown in Table 4.1. For example, Ab1-R-G denotes first 

generation (1) replacement type (R) albite in granite (G), and Ab2-V-S denotes second 
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generation (2) vein-type (V) albite in sedimentary rocks (S).   

 

Within the first generation of albitization (Ab1) two setting are identified 1) a pervasive, 

replacement albitization that results in a rock that is essentially monomineralic, composed 

almost entirely of albite (up to 80% albite) and 2) a vein-type that is characterized by 

monomineralic albite veins. Albite crystals from this generation (Ab1) in both pervasive, 

replacement-type and vein-type, contain pervasive and abundant microscopic iron oxide 

(Fe-oxide) inclusions that include hematite and goethite that give the albitite and veins a 

distinctive red colour. This generation is found in 2.6 Ga and older, 2.33 Ga and 1.93 Ga 

granitic rocks (Ab1-R-G), Murmac Bay group amphibolite and argillite (Ab1-R-A) and 

Martin group sedimentary rock (Ab1-R-S). For the second generation of albitization 

(Ab2) the same two types occur, a replacement-type and a vein-type. The second 

generation of replacement albitization (Ab2-R-G) is found as microscopic zones and pods 

developed: 1) in the interstices between Ab1-R-G grains, 2) at Ab1-R-G grain 

boundaries, 3) crosscutting Ab1-R-G grains, and 4) at the margins and within pods filled 

with carbonate in amphibolite (Ab1-R-A). In addition to the second generation of 

hydrothermal albite (Ab2-R-G, Ab2-R-A), these zones and pods also commonly contain 

rutile, specular hematite and local apatite, which are commonly found in a matrix of 

calcite. Albite occurring as crosscutting straight-sided veins represents the vein-type of 

this second generation of albitization (Ab2-G-V, Ab2-A-V, Ab2-S-V). Veins are lined by 

euhedral albite crystals oriented with their long dimensions perpendicular to the vein 

walls, and containing cores of calcite ± dolomite ±quartz. These second-generation albite 

bearing veins are locally seen cutting monomineralic albite veins of the Ab1 generation.  
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Table 4.1: Abbreviations and corresponding descriptions used to denote albite occurring 
in different settings.  
 

Abbreviation Description  
Ab(1-2)-R Replacement type albitization 
 Ab1-R-G Pervasive, replacement type albitization in 

granitic rock. 
Ab1-R-A Pervasive, replacement type albitization in 

amphibolite rock. 
Ab1-R-S Pervasive, replacement type albitization in 

Martin group sedimentary rock. 
Ab2-R-G Replacement of polygonized Ab1-R-G 

albite and newly precipitated albite coeval 
with rutile, specular hematite ± apatite in 
granitic rock. 

Ab2-R-A Newly precipitated albite coeval with 
rutile, specular hematite ± apatite in 
amphibolite rock. 

Ab2-R-S Newly formed albite coeval with rutile, 
specular hematite ± apatite in Martin group 
sedimentary rock. 

  
Ab(1-2)-V Vein-type albitization 
 Ab1-V-G Monomineralic albite veins in granitic 

rock. 
Ab1-V-A Monomineralic albite veins in amphibolite. 
Ab1-V-S Monomineralic albite veins in Martin 

group sediments. 
Ab2-V-G Alb-carbonate-quartz veins in granitic rock. 
Ab2-V-A Alb-carbonate-quartz veins in amphibolite 

rock. 
Ab2-V-S Alb-carbonate-quartz veins in Martin group 

rock. 
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Figure 4.1: Outcrop photos of contacts between replacement-type albitization zones and 
granite. A)  Red albitization zone (within yellow dashed lines) cutting early S1-S2 
foliation (yellow foliation symbol). B)  Straight contact (yellow dashed line) between 
massive albitite (to right) and foliated granite (to left); note that the original grain size has 
been preserved and that quartz is absent in the altered rock. 
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4.2.2 Descriptions of albitization in different localities  

 

Much of the mineralization and spatially associated pervasive albitization in the 

Beaverlodge district occurs in zones of heterogeneous high strain including early ductile 

deformation and later overprinting D4 brittle-ductile and brittle deformation (e.g. the St. 

Louis and Black Bay faults).  Early ductile shearing that variably deforms Archean 

granitoids, Murmac Bay group units and intrusive granitic rocks is thought to result from 

D2 events with F2 isoclinal folds deforming mylonitic fabrics in the Verna mine area 

(Ashton, 2011). Planar features, such as a strong shear foliation, offer pathways for the 

fluid flow responsible for alterations such as albitization and may have facilitated 

leaching of U in shear zones during later shearing and fluid flow events associated with 

the brittle-ductile and brittle regimes.   

 

Replacement-type albitization in the Beaverlodge district has long be known to have a 

spatial relationship to uranium mineralization (Robinson 1955; Dawson, 1956; Evoy, 

1961, 1968; Tremblay, 1972; Tracey et al., 2009; Ashton, 2010, 2011, 2014; Ashton and 

Normand, 2012). Replacement-type albitite, together with hematite, hosts several 

deposits (e.g. Gunnar, Rix-Smitty, Dubyna), and occurs in extensive zones along strike 

and within a couple kilometres of (and discontinuously within) others (e.g. Ace-Fay-

Verna). Thus, the two largest deposits by far (Ace-Fay-Verna and Gunnar) have a strong 

spatial association with replacement-type albitite. Several other deposits are affected by 

intense hematitization with minor associated replacement-type albitization (e.g. Eagle), 

and rocks hosting numerous minor uranium occurrences along mineralized faults and 
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fractures are also commonly albitized. Uranium mineralization commonly occurs in 

carbonate and carbonate-quartz veins that cut pervasive albitization, as well as, in albite-

bearing veins and veinlets (Ab2-V-A, Ab2-V-G, Ab2-V-S).  

 

Of the various sites visited throughout the Beaverlodge district for fieldwork, albitization 

was studied in detail at the Bolger pit, Gunnar mine, 21 zone, 46 zone, Dubyna pit, Eagle 

shaft, Intermediate pit, and Rix-Smitty mine. The main geologic characteristics and 

relationships of albitization with mineralization observed in the field at each of these 

localities are described below. 

 

21 zone 

 

The Verna-Dubyna mine corridor (Figure 2.3) became better exposed due to recent forest 

fires, which has allowed mapping of the extent of replacement albitization in that area 

(Ashton, 2014). Albitization is best observed in the 21 zone and the areas ranging 

northeastward to the Dubyna pit (Figure 2.3). The 21 zone is located about 2 km 

northeast of the Verna mine shaft, and within 50 m of the St. Louis fault. The area is 

dominated by the ca. 1.93 Ga Donaldson Lake granite (Ashton et al., 2013), which 

contains many quartzite and amphibolite xenoliths incorporated from the Murmac Bay 

group. The granite was originally cream-white and medium grained, locally exhibiting a 

seriate grain texture (Ashton, 2011), although pervasive hematite alteration has modified 

extensive areas to a salmon pink colour. Typical samples contain 25 to 35% quartz, 55 to 

65% combined plagioclase and K-feldspar, and 5 to 10% chlorite that replaced biotite, 
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with accessory zircon and opaque minerals. Albitization is extensive around the main pit 

area, occurring as patchy veins and continuous zones up to 80 m wide and 150 m in 

length that are cut by drusy quartz veins. In albitized zones the rock displays a more 

intense red colour than the host rock, which is attributed to a second period of 

hematitization that is synchronous with albitization (Ashton, 2012). Albitization zones 

are generally concordant to the main S1-S2 regional foliation (a northeast-trending 

striking transposition frabic, (Ashton et al., 2000)), but in some cases clearly crosscut the 

unaltered granite and early regional foliation (Figure 4.1A, B). 

 

Two outcrop-scale maps of the 21 zone were prepared to better document the 

relationships between the albitite alteration and the rocks it affects. In both map areas the 

dominant rock type is white to pink, medium-grained to seriate Donaldson Lake granite 

containing abundant centimetre- to metre-scale xenoliths of Murmac Bay group quartzite 

and amphibolite (Ashton, 2011). Centimetre- to decametre-scale pods and layers of pink 

to red, coarse-grained granitic rock (previously termed “alaskite” in the field by Ashton et 

al. 2013 and Ashton, 2014) locally occur within the Donaldson Lake granite. These pods 

and layers contain feldspar grains up to 6 cm wide and weakly foliated quartz, and are 

thought to have resulted from localized partial melting of the Donaldson Lake granite 

prior to albitization (Ashton et al., 2013). Spectrometer readings from these map areas 

showed elevation in U concentration in albitized rock relative to the host rock. Average K 

values in the albitized rocks relative to the unaltered precursors decreased from 2.7 to 

2.3% in the first map area and from 1.4 to 1.1% in the second area (Table 4.2). Average 

eU concentrations increased from 3.6 ppm in the unaltered rocks (Donaldson Lake 
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granite) to 14.6 ppm in the altered rocks (albitite) at the first map area, and from 19.1 to 

39.1 ppm at the second (Table 4.3). 
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Table 4.2: Hand-held spectrometer readings of unaltered rock (granite and alaskite) and 
altered rock (albitite) from mapped areas in the 21 zone. Note the slight loss in potassium 
(K) from the unaltered to the altered rocks, and the significant increase in equivalent 
uranium (eU) from unaltered to altered rock. eTh = equivalent thorium, TC = total 
counts. 
 
Map Area 1 K (%) eU (ppm) eTh (ppm) Total 

Counts 
Granite     
1 3.3 3.5 19.2 19.7 
2 2.5 5.6 16.5 17.3 
3 2.3 1.6 22.8 18.1 
Albitite  
4 0.9 27.2 47.2 41.8 
5 2.6 4.0 19.6 17.3 
6 3.4 19.0 21.1 32.5 
7 2.3 8.3 20.7 19.8 
Map Area 2 K (%) eU (ppm) eTh (ppm) Total 

Counts 
Granite   
1  1.3  27.4 17.6 32.9 
2 2.2 27.9 17.0 34.4 
3 1.2 20.4 15.0 24.7 
4 1.2 39.1 3.8 35.8 
5 0.9 7.8 12.8 13.7 
6 1.0 8.8 12.8 15.4 
7 2.1 2.6 20.3 14.1 
Albitite     
8 0.9 34.8 10.8 32.5 
9 1.5 40.8 14.4 43.3 
10 1.0 81.2 8.2 65.2 
11 1.5 45.4 13.3 45.1 
12 1.4 31.3 12.0 35.5 
13 0.2 27.6 8.1 27.5 
14 0.9 12.9 10.9 18.8 
Alaskite  
15 2.0 8.7 18.3 17.7 
16 3.7 8.8 9.8 20.2 
17 1.1 4.8 13.1 13.0 
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Table 4.3: Average spectrometer values for potassium (K), equivalent uranium (eU) 
and equivalent thorium (eTh) and total counts.  
 
Map Area 1 Average 

K (%) 
Average 
eU (ppm) 

Average 
eTh (ppm) 

Average 
Total 
Counts 

Granite 2.7 3.6 19.5 18.4 
Albitite 2.3 14.6 27.2 27.9 
Map Area 2  
Granite 1.4 19.1 14.2 24.4 
Albitite 1.1 39.1 11.1 38.3 
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Map Area 1 is dominated by Donaldson Lake granite containing minor decametre-scale 

quartzite and amphibolite inclusions, which exhibit a strong S1-S2 foliation (Figure 4.2). 

The granite is only weakly foliated and some xenoliths are oriented at an angle to this 

main regional fabric, suggesting that the granite was emplaced late in the D2 event or 

afterward (Ashton, 2011). Minor metamorphic “alaskite” occurs in several parts of the 

outcrop as centimetre-scale pods oriented parallel to the regional foliation (Figure 4.3 B, 

C). The Donaldson Lake granite and “alaskite” are pink due to extensive regional 

hematitization. The replacement-type albitization has mainly affected the southern part of 

the mapped outcrop, where it forms a zone more than a metre wide roughly paralleling 

the regional foliation, but two decametre-scale irregular zones of albitization in the 

northwest clearly crosscut both the granite and the S1-S2 foliation (Figure 4.1A, B). The 

contact between the fresh leucogranite and albitite-altered rocks appears sharp (Figure 

4.1B), but petrographic work and geochemical studies indicate a fluid front that is 

gradational, extending over several centimetres (LeGault, 2012; this study). Magmatic 

textures in the granite, such as grain size and shape are partly preserved in the albitite 

along with the foliation. Rare thin drusy quartz veins cut the albitite. Two sets of steep 

faults striking northwest and northeast cut the outcrop and offset the zones of albitization 

(Figure 4.3A). 
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Map Area 2 is located 35 m north-northeast of Map Area 1 and thus there are many 

similarities. The host rock to the replacement-type albitization is also the Donaldson Lake 

granite, which contains many quartzite and amphibolite inclusions from the Murmac Bay 

group. The rocks of Map Area 2 are more intensely foliated, with tabular foliated 

amphibolite inclusions that best define the early S1-S2 foliation (Figure 4.4). Alaskite is 

much more prevalent in Map Area 2 than Map Area 1. It is also oriented parallel to the 

S1-S2 foliation plane, but is locally cut by zones of albitization (Figures 4.4, 4.5). A large 

zone of albitization that transects Map Area 2 also locally crosscuts the main S1- S2 

foliation (Figure 4.4). Thus, albitization postdates the development of alaskite and the S1-

S2 foliation. Late, mostly north-south brittle fractures and quartz veins cut the zones of 

albitization, although no offset is apparent.
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Figure 4.4: O
utcrop-scale m
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rea 2 in the 21 

zone, illustrating structural relationships betw
een 

D
onaldson Lake granite, alaskite and pervasive 

albitization 
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Figure 4.5: A) A zone of albitization (Ab1-R-G; within yellow dashed lines) in Map Area 
2 that crosscuts Donaldson Lake granite (dl), a concordant layer of alaskite (Alk), and the 
S1-S2 foliation (defined by layering). 
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Gunnar Mine 

 

The Gunnar mine is located in the southwest Beaverlodge Domain on the Crackingstone 

Peninsula (Figure 2.3). Uranium mineralization is hosted within the 2321 ±3 Ma 

(Hartlaub et al., 2007) Gunnar granite, and is near to its intrusive contact with Archean 

orthogneisses (Evoy, 1986; Ashton, 2010). The Gunnar granite is coarse grained, 

homogeneous, and composed of 5 to 8% chlorite that replaced biotite, 5% muscovite, 20 

to 30% quartz and 60 to 70% combined plagioclase and K-feldspar, with accessory 

apatite, zircon and opaque minerals. Albitization occurs as zones of the pervasive 

replacement type. It is at the Gunnar mine that albitites were first recognized in the 

Beaverlodge uranium district. Here uranium ore was hosted in an albitized zone of 

Gunnar granite that was initially termed ‘episyenite’ (rocks having undergone SiO2 

depletion; Evoy, 1961, 1986). Albitized zones occurred in pipe-like structures that 

extended hundreds of metres to depth and are near the contact with the Gunnar granite 

and the Archean orthogneiss (Evoy, 1986). This pipe-like structure is roughly foliation 

parallel following fractures that trend mostly northeast (Evoy 1986; Ashton, 2010). 

Brecciation was then preferential in the altered zone allowing space for fluid movement 

and subsequent uranium mineralization in the pipe-like zone of albite alteration (Evoy, 

1986). Due to the homogeneous and coarse-grained nature of the Gunnar granite it is easy 

to recognize the absence of quartz in the altered rock (Figure 4.6A). Later work showed 

that the primary igneous feldspars and biotite/chlorite had all been replaced by albite, 

resulting in the term albitite being adopted for the altered rock (Ashton, 2010). Albitite 

rock in the area is composed of up to 90% albite and as much as 30% carbonate filling 
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vugs and in veins (Figure 4.6B), along with minor chlorite, specular hematite and rutile. 

Albitization at the mine site is much more extensive than mineralization and also is 

concentrated at lithological contacts, particularly between the orthogneiss and the 

intrusive Gunnar granite, at fold hinges, and near faults and related fractures, suggesting 

albitization, like mineralization, is more structurally controlled than chemically 

controlled (Evoy, 1986; Ashton, 2010). 
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Figure 4.6: A) Pervasive zone of replacement albitization (Ab1-R-G; within yellow 
dashed lines) in Gunnar granite (Gg); note absence of quartz (white) in the altered rock. 
Albitization cuts early S1-S2 foliation (yellow foliation symbol). Scale card is 9 cm long. 
B) Gunnar granite (Gg) that has been partially altered to albitite (Ab1-R-G). Carbonate 
(Carb) has filled voids left by quartz dissolution and fractures in the albitite; subsequent 
weathering of the carbonate has left a pitted texture in the albitite at the surface. 
Notebook for scale is 16 cm x 10 cm. 
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46 Zone 

 

The 46 zone is located approximately 750 m north-northeast of the Verna shaft in the 

footwall of the moderately southeast-dipping St. Louis fault (Figure 2.3). In the well-

exposed open-pit area, the U occurrence is developed in sheared amphibolites of the 

Murmac Bay group and in variably sheared pink leucogranites that intrude the 

amphibolites (Ashton, 2011). Albitization occurs as patchy zones of replacement-type 

albitization throughout the gneissic pink leucogranites. The pit walls are cut by several 

discrete shear zones. Shear zones in the amphibolite units are dominated by chlorite and 

locally contain sooty hydrothermal graphite. Shear zones in the pink leucogranite include 

some zones that are albitized (Ab1-R-G ± Ab2-R-G) and contain chlorite and muscovite 

that postdate calcite associated with albitization (Figure 4.7). Brecciated zones contain 

clasts of albitized (Ab1-R-G ± Ab2-R-G) pink leucogranite and amphibolite in a calcite 

matrix (Ashton, 2011, 2014). Uranium mineralization was found along a discrete chloritic 

shear zone in amphibolite at the southwestern pit wall, about 10 m from a breccia zone. 

In the main pit albitized leucogranite also contains anomalous spectrometer readings for 

uranium.    
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Figure 4.7: Muscovite (Mus) and chlorite (Chl) within shear zones deforming albitized 
(Ab1-R ± Ab2-R ) leucogranite in the pit wall of the 46 zone. 
 

 

 

 

 

 



54 
 

Dubyna Pit 

 

The Dubyna pit, located 1.7 km northeast of the 21 zone, lies about 250 m north of the St. 

Louis fault near the contact between Donaldson Lake granite and ca. 2.6 Ga granite 

(Figure 2.3) and the intersections of three faults, the parallel northeast-trending 

Donaldson Lake and Baseline faults, and the east-trending Foot Bay fault (Ashton, 2011). 

Here, replacement albitization pervasively altered the Donaldson Lake granite prior to the 

development of crosscutting carbonate and carbonate-quartz veins, some of which are 

mineralized. The pit area comprises a small road cut and a much larger pit wall. Both are 

dominated by medium-grained and locally seriate Donaldson Lake granite, which is 

affected variably by albitization. In the road cut, albitization of the granite occurs along 

fractures from which it emanated to form more extensive zones. The mineralization 

occurs in calcite-quartz-dolomite veins (VDP1-c-q-d of Liang, 2015) that crosscut both 

chlorite-lined fractures and the albitized fractures (Figure 4.8A & B). In the main pit 

wall, 175 m to the northwest, albitization is more extensive, but previous work has shown 

that although the primary quartz has been removed from the granite, and primary 

plagioclase is altered to albite, there is some remaining K-feldspar from the original rock 

(Ashton and Normand, 2012). Mineralization in the pit wall mainly occurs in crosscutting 

dolomite-calcite-quartz-albite veins (Ab2-V-G) (Ashton, 2011; Liang, 2015). 
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Figure 4.8: A) Mineralized calcite-quartz-dolomite (cal-qtz-dol) vein hosted in variably 
albitized Donaldson Lake granite at the Dubyna road cut with albite (Ab) and chlorite 
(chl) lining fracture planes cut by dolomite (dol) veinlet. B) Close up of calcite-quartz-
dolomite (Cal, Qtz, Dol) pictured in Figure A. 
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Eagle Shaft 

 

The Eagle shaft area includes several deposits located along three northeast-trending 

faults about 3.3 km northeast of the St. Louis fault (Figure 2.3). Pink leucogranite 

underlies the area and has locally been intensely hematitized. Several outliers of Martin 

group basal conglomerate occur within a few tens of metres of the deposit area, allowing 

a possible genetic link between the Martin unconformity and uranium mineralization. The 

Lost Mine fault hosts the main zone of mineralization, and contains metre-scale zones of 

dark cataclasite with irregular mylonitized pink leucogranite clasts set in a chlorite-rich 

matrix (Ashton, 2011). Rare mineralized dolomite-calcite veins cut the cataclasite. In the 

adjacent pink leucogranite, old deformed quartz veining is cut by abundant shears and 

fractures that are lined by chlorite or specular hematite. Some of these veins are cored by 

carbonate and some are mineralized. Millimetre-scale drusy quartz veins, some of which 

have pink dolomite cores, cut the pink leucogranite adjacent to the cataclasite. Some of 

these quartz veins contain green-blue copper staining, whereas others contain secondary 

uranium minerals. Mineralized dolomite veins also cut the deformed quartz veining in the 

pink leucogranite adjacent to the cataclasite zone. Rare sooty black graphite was also 

noted within the brittly deformed leucogranite. 

 

Replacement-type albitite alteration (Ab1-R-G ± Ab2-R-G) is rare in the Eagle shaft area 

and along the entire Eagle-Camdeck-Hab trend of uranium deposits (Figure 2.3), but 

decimetre-scale zones are present along the southwest pit wall where they contain 

fractures lined by specular hematite (Ashton, 2011, 2014). Also, at one locality near the 
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cataclasite zone, hydrothermal albite is spatially associated with chlorite and specular 

hematite set in a matrix of graphite. A thin, pink, centimetre-scale zone of apparent 

silicification was noted nearby. Other areas of strong hematitization along the Eagle-

Intermediate-Camdeck-Hab mine trend retain their primary quartz but may be partially 

albitized (e.g. partial feldspar replacement by albite). 

 

Intermediate Pit 

 

The Intermediate pit (Figure 4.9A) is located about 800 m east of the Eagle shaft, 

occurring along an unnamed northeast-striking shear zone that marks the transition from 

variably hematitized pink to red leucogranite to mylonitized equivalents (Ashton 2011) 

(Figure 2.3). Grey-brown-yellow rocks containing about 30% chlorite, 1% graphite, 

weathered sulphides, secondary uranium minerals, and hematitized quartz-rich fault rocks 

are found in the main shear structure at the east end of the pit. Minor centimetre-scale 

replacement-type albitization occurs locally in the adjacent leucogranite at the west end 

of the pit along with minor secondary uranium minerals and sulphides. Adjacent to the 

main shear zone, at the west end of the pit, the variably sheared pink leucogranite 

contains early, deformed quartz veining that was later intensely fractured and brecciated 

with chlorite lining the fractures and coating breccia clasts (Figure 4.9 B, C). Chlorite 

veins cementing the breccia locally developed calcite in the cores, and calcite-dolomite 

veins locally crosscut the brecciated rock adjacent to the main shear zone. Colloform 

pitchblende was found in a red calcite vein within rubble at the northeast end of the pit.  
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Figure 4.9: A) Intermediate pit wall.  B) Leucogranite containing deformed quartz veins 
from west end of pit is brecciated, with chlorite lining fractures.  C) Large fracture 
(parallel to rock face) in brecciated leucogranite pictured in photo B is coated with ~3 
mm thick mat of chlorite (Chl). 
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Rix Smitty 

 

The Rix-Smitty mine is located ~4.5 km northwest of the Black Bay fault and adjacent to 

the northeast-striking Boom Lake fault in the eastern Zemlak Domain (Figure 2.3). The 

original mineshaft has been capped but the altered and mineralized rocks are well 

exposed in a pit located about 100 m to the north. The deposit is hosted by variably 

sheared granitic orthogneiss (Figure 4.10 A) containing early foliation-parallel, deformed 

quartz veins. The orthogneiss host is variably and locally, intensely affected by 

replacement-type albitization (Ab1-R-G ± Ab2-R-G), early deformed quartz veining, and 

brecciation (Ashton, 2014). Orthogneiss clasts in the breccias are separated and mantled 

by a second generation of chlorite that post-dates chlorite derived from biotite during 

retrograde metamorphism (Figure 4.10 B). These chlorite-coated fragments were then 

cemented by coarse-grained calcite, which appears to be broadly coeval with several 

generations of calcite and quartz veins (Figure 4.10 C) including, from oldest to 

youngest: 1) crosscutting east-west quartz veins, 2) drusy quartz ± carbonate-lined 

fractures, and 3) mineralized calcite veins and calcite-lined fractures (Figure 4.10 D). The 

mineralized veins mostly trend east-west and are southward dipping. Brecciation was not 

specifically noted in the zones of replacement-type albitization, but breccia zones in the 

mineralized orthogneiss are cut by chlorite veins cored by calcite similar to what is 

observed in metre-scale blocks within the albitized rock.



60 
  

 

Figure 4.10: O
utcrop photos from

 the R
ix-Sm

itty m
ine: A

) variably sheared orthogneiss hosting m
ineralization; B

) brecciated 
orthogneiss w

ith chlorite (C
hl) lining clasts and form

ing m
atrix; som

e chlorite-filled fractures have w
hite carbonate cores (C

al); C
)  

early quartz veins (Q
tz) cut by m

ineralized calcite (C
al) vein; D

)  early drusy quartz vein (Q
tz, parallel to rock face) is cut by a 

m
ineralized calcite vein (C

al).



61 
 

Bolger Pit 

 

The Bolger pit is located about 500 m northeast of the Verna mine shaft (Figure 2.3) and 

is mainly hosted by amphibolites of the Murmac Bay group. Pervasive, replacement style 

albitization was not identified at the Bolger pit; however, Ab1-V-A and Ab2-V-A vein-

type alteration is widespread (Figure 4.11), the latter of which is mineralized. A brief 

description of the vein sequence at the Bolger pit is as follows; there are seven 

generations (V1-V7) described by Liang (2015) beginning with early, deformed quartz-

epidote ± pyrite veins that parallel the main regional foliation (V1), V2-V6 consist of 

mainly steeply dipping, northeast-striking, straight-sided calcite ± quartz veins and 

finally, V7 veins are sub-horizontal quartz-calcite veins.  For more details on the vein 

relationships, the reader is referred to a recent detailed study of the vein sequences at the 

Bolger pit, as part of a larger study on the vein history and fluid character of uranium 

deposits in the Beaverlodge district (Liang, 2015). Liang (2015) found that the V4 

generation of veins contained albite, and was also the only vein set found to be 

mineralized, but in this study, two generations of albite-bearing veins were distinguished. 

Albite (Ab1-V-A) veins cutting the amphibolite at the Bolger pit are irregular, deformed 

and strike in variable directions (Figure 4.11 B). These Ab1-V-A veins are cut by 

mineralized albite-carbonate ± quartz veins (Ab2-V-A) (Figure 4.10 A, B). The Ab2-V-A 

veins are straight sided and sub vertical, with margins of euhedral albite and cores of 

coarser-grained, subhedral to euhedral carbonate ± quartz. 
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Figure 4.11: A) Albite-carbonate-quartz vein (Ab2-V-A) in amphibolite of the Murmac 
Bay group at the Bolger pit. Ab2-V-A veins are relatively straight sided, composed of 
albite margins with carbonate cores, and are the mineralized ‘V4 veins’ at the Bolger pit 
(Liang, 2015).  B) Very irregular and deformed albite veins that lack carbonate may 
represent an earlier generation of albite veins (i.e., Ab1-V-A) that have been affected by 
deformation prior to the extension responsible for the straight-sided, near-vertical, albite-
carbonate-quartz veins (Ab2-V-A). 
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4.3 Pervasive replacement type albitization 

 

4.3.1 Pervasive replacement type albitization in granitic rock 

 

Based on cross cutting relationships documented in the field (section 4.2), replacement 

type albitization is the first generation of albite alteration (Ab1-R-G, Ab1-R-A) (Figures 

4.12 A-F, 4.13 A) and occurs in pervasive fluid alteration zones that cut the early ductile 

S1-S2 regional foliation in granitic rock. Replacement type albitization is best observed 

affecting the Gunnar granite and the Donaldson Lake granite. Due to larger grain sizes in 

Gunnar granite, quartz dissolution, which generally accompanies albitization, is easily 

identified (Evoy, 1986). The Donaldson Lake granite contains quartzite and amphibolite 

xenoliths, with the latter also affected by albitization. This type of albitization has 

produced an essentially monomineralic rock, albitite, in which primary quartz has been 

dissolved, and primary/metamorphic plagioclase, K-feldspar, and chlorite have been 

completely replaced by albite. Alteration zones have relatively sharp contacts with the 

host rock, although, at the microscopic scale, these contacts are gradational. In the 

resulting albitite, primary magmatic textures such as grain orientation and size are 

preserved and albitite generally has a more intense red colour than the host rock due to 

hematitization that occurs with the albitization processes (Ashton and Normand, 2012). 

Virtually all albitite also contains significant carbonate, usually calcite, in veins, at albite 

crystal boundaries, and as pods potentially filling vugs left by quartz dissolution (Figure 

4.12 E-F). Later weathering locally dissolves carbonate at the surface and, together with 

replacement albite, has left the pitted texture observed on some weathered surface of 
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albitites (Figure 4.5B).  

 

In granites across the Beaverlodge uranium district, zones of replacement-type albitite 

consist of rocks that are medium grained, homogeneous, and have undergone 

dequartzification (Figures 4.14 A-B). Typical albitite contains up to 90% albite and 10 to 

15% (locally up to 30%) carbonate. The hydrothermal albite developed during pervasive 

albitization contains abundant microscopic inclusions of Fe-oxide (Figures 4.14 A, C and 

E), which gives the alteration zones their distinctive red colour (Figures 4.1, 4.6). At the 

microscopic scale, individual albite grains (Ab1-R) generally display a distinctive 

checkerboard twinning that has commonly been subjected to brittle deformation, 

resulting in local polygonization at their margins producing a finer-grained albite crystal 

(Figures 4.14 D-F).  
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Figure 4.12: A) Plane-polarized light (PPL) image of typical albitite in thin section, with 
medium-grained albite crystals comprising up to ~80% of the rock. Ab2-R is not evident 
at this scale.  B) Cross-polarized light (XPL) image of photo A.  C) PPL image of Ab1-R 
in albitite, showing the many Fe-oxide inclusions typical of this alteration that are 
responsible for the red-brown colour in thin section and the pink colour in outcrops. Note 
that the second generation albite (Ab2-R) developed at Ab1-R grain boundaries lacks 
these microscopic red-brown Fe-oxide inclusions and has spatially associated specular 
hematite (Spec hem) and rutile (Rut).  D) XPL image of photo C; note deformed twinning 
in albite (Ab1-R) grain.  E) PPL image of Ab1-R with polygonized Ab2-R margins and 
spatially associated specular hematite (Spec hem) and carbonate (Carb).  F) XPL image 
of photo E, showing deformed Ab1-R crystals and polygonization at Ab1-R margins to 
form Ab2-R crystals with associated specular hematite (Spec hem) and carbonate (Carb) 
filling voids between grains of albite, possibly left by quartz dissolution. 
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4.3.2 Pervasive replacement type albitization in amphibolite  
 

Replacement-type albitization (Ab1-R-A ± Ab2-R-A) has also affected Murmac Bay 

group amphibolite found in place and as xenoliths incorporated into the Donaldson Lake 

granite (Figure 4.13). The texture and fine grain size of the precursor amphibolite is 

preserved, but the pervasive alteration results in a rock composed of as much as 90% 

albite, 5% specular hematite and 5 to 10% carbonate, with lesser amounts of rutile and 

apatite. Mappable bodies of replacement-type albitization were not observed in 

amphibolite, and not all the albite in amphibolite can be classified as replacement-type 

albite (Ab1-R-A): much of the albite in amphibolite was probably formed under the 

greenschist facies retrograde metamorphic conditions together with chlorite, 

actinolite/tremolite and epidote group minerals. The replacement albite (Ab1-R-A) is 

distinguished from the metamorphic albite in that the former contains abundant hematite 

inclusions, similar to Ab1-R-G (but finer-grained), which gives albitized amphibolite a 

variable degree of reddish color, in contrast to the dark greenish color of normal 

amphibolite (Figure 4.13 F). Albitization also occurs in microscopic pods with 

polygonized albite (Ab2-R-A) at the margins and carbonate filling the pods along with 

minor rutile, specular hematite and zircon. In these settings albite is newly formed from 

hydrothermal fluids.  
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Figure 4.13: A) XPL image of albite (Ab1-R-A) pervasive through amphibolite rock in 
core sample from the Verna mine. B) XPL image of carbonate cutting albite in 
amphibolite rock, with new hydrothermal albite (Ab2-R-A) and specular hematite at the 
margins of carbonate ‘pod.’ C) XPL image of polygonized albite (Ab1-R-A) with rutile 
and specular hematite post-dated by carbonate in an albitized amphibolite xenolith 
incorporated into Donaldson Lake granite from the 21 zone.  D) XPL image of carbonate 
‘pod’ with albite (Ab2-V-A) at the margins in amphibolite rock from core samples of the 
Verna mine. E) XPL image of Ab2-R-A forming the matrix to new hydrothermal rutile 
and specular hematite in an albitized amphibolite xenolith incorporated into Donaldson 
Lake granite from the 21 zone. F) Core sample showing distinct red colour in albitized 
(Ab1-R-A) portion of amphibolite (amph) (ruler shows units in centimetres). 
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4.3.3 Polygonization of replacement-type albite 
 

Brittle-ductile deformation that postdates Ab1-R, bends and breaks albite (Ab1-R-G) 

crystals. Some of the strain within the crystals is taken up along grain boundaries as 

polygonization. Polygonization of Ab1-R crystals forms zones and pods (Figures 4.14 C, 

E) up to 2 mm in size, at the margins of albite (Ab1-R-G) crystals (Figures 4.14 A-B), 

and locally within Ab1 grains (Figure 4.14C). Newly formed Ab2-R-G at the margins of 

Ab1-R-G grains is generally devoid of the characteristic microscopic red-brown Fe oxide 

inclusions, and displays twinning that is better defined than the characteristic 

checkerboard twinning in Ab1-R albite, with wider, more continuous individual twins 

(Figures 4.14 A, C and E). 
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Figure 4.14: A) XPL image of deformed Ab1-R-G crystal with polygonized margins and 
crosscutting carbonate vein (Carb).  B) PPL image of photo A, showing absence of Fe-
oxide inclusions (indicated by lack of reddish brown colour) in the polygonized margins 
of the Ab1-R-G grains.  C) XPL image of partially polygonized Ab1-R-G crystal with 
specular hematite (Spec hem) and rutile (Rut) in zones of polygonization.  D) PPL image 
of photo C, showing the absence of Fe-oxide inclusions (indicated by lack of reddish 
brown colour) in polygonized zones (Ab2-R-G) containing specular hematite (Spec hem) 
and rutile (Rut). E) XPL image of partially polygonized Ab1-R-G crystal with specular 
hematite (Spec hem) and rutile (Rut) in zones of polygonization with carbonate (carb) 
cutting albite grain (Ab2-R-G) F) XPL image of zone of newly precipitated albite (Ab2-
R-G) with specular hematite, rutile and apatite. Note absence of carbonate.  
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Polygonization of Ab1-R-G grains occurs at grain boundaries and locally within grains 

creating conduits for new fluid flow through the rock. Grain boundaries between 

polygonized albite (Ab1-R-G) and the margins of larger albite (Ab1-R-G) grains are 

gradational (Figure 4.15 E). However, boundaries between newly formed albite (Ab2-R-

G) and larger adjacent albite (Ab1-R-G) grains can be diffuse or sharply defined by the 

absence of Fe oxide inclusions and displaced twinning (Figures 4.15 B-C). In 

polygonized zones, signifying an area of high strain, Ab2-R-G albite is finer-grained than 

Ab1-R-G, better twinned, and also lacking the microscopic Fe oxide inclusions. In 

polygonized zones, Ab2-R-G albite may be the only mineral present or additional, but 

minor specular hematite, rutile and local apatite may occur within an albite or a calcite 

matrix (Figures 4.15 C-F). All of these minerals, except calcite, display well-defined 

crystal faces and appear coeval. Calcite dominates most of the zones, forming much of 

the matrix to the specular hematite, rutile, apatite and second-generation albite (Ab2-R-

G). However, in some zones and pods calcite is absent, rather, newly formed albite (Ab2-

R-G) is the dominant mineral and forms the matrix (Figure 4.15 F), suggesting that 

calcite was precipitated as a later phase. These zones and pods developed from 

deformation and mineral precipitation from a fluid that postdated replacement albitization 

(Ab1-R-G, Ab1-R-A). In response to this later deformation, polygonization of Ab1-R-G 

has occurred along with the precipitation of new minerals (Ab2-R, specular hematite, 

rutile, and apatite).  
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4.4 Vein albitization 

 

Vein type albitization includes two generations (Ab1-V and Ab2-V), which occur in 

granites (G), amphibolite (A) and sedimentary rocks (S), among which those in 

amphibolite (Ab1-V-A and Ab2-V-A) are most discernable. Both vein generations also 

occur in mylonite samples found in the rubble of the Eagle mine. Stringer albite (Ab1-V-

A, Ab1-V-G, Ab1-V-S) veins are irregular, deformed, and essentially monomineralic, 

composed of randomly oriented, subhedral-anhedral albite grains that contain abundant 

microscopic red Fe oxide inclusions (Figures 4.15 A-D). First generation albite veins 

with the same characteristics as those found in amphibolite of the Murmac Bay group are 

also observed cutting conglomerate units of the Martin group (Ab1-V-S) (Figure 4.15 E-

F). Ab1-V veins are cut by albite-carbonate-quartz veins that comprise another generation 

of albite, Ab2-V-A (Figures 4.15 A-D), Ab2-V-G and Ab2-V-S. This generation of 

albitite, Ab2-V, lines some straight-sided calcite veins as prismatic to equigranular 

crystals with variable orientation, but most commonly crystal orientation is perpendicular 

to the vein walls (Figures 4.16 A-D). Ab2-V-A crystals along the margins of carbonate 

veins also contain Fe-oxide inclusions (Figure 4.16 D), although the number of inclusions 

is minimal compared with that in monomineralic albite Ab1-V-A stringer veins (Figures 

4.15 A, C). These albite-carbonate veins (Ab2-V) are present in the Bolger pit, where 

they represent the mineralized V4 generation of veins described by Liang (2015). Minor 

specular hematite and isolated rutile crystals are found within Ab2-V-A in samples of 

albite-carbonate-quartz veins from the Bolger pit; however, specular hematite is not 

confined to these veins, as it also occurs in later chlorite veins and the rock matrix 
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(Figure 4.16E). Rutile, however, is only associated with the Ab2-V-A albite-carbonate-

quartz veins. It occurs in the albite-rich margins of the veins, but is absent from the 

carbonate-rich cores (Figures 4.16 C, D). Albite-carbonate-quartz veins (Ab2-V-G) have 

also been observed cutting brecciated albitite from the 21 zone (Figure 4.17 A,) and 

crosscutting Beaverlodge Formation siltstones of the Martin group (Figures 4.17 B-C). 

Both monomineralic albite (Ab1-V-A) stringer veins and crosscutting albite (Ab2-V-A)-

carbonate-quartz veins were observed in amphibolite in the Bolger pit wall and in rubble 

from the Eagle mine. 
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Figure 4.15: A) PPL image of albite-carbonate-quartz vein (Ab2-V-A) at the Eagle mine, 
cutting an irregular, essentially monomineralic albite vein (Ab1-V-A) composed of 
randomly oriented, anhedral albite crystals containing many Fe-oxide inclusions (hence 
the reddish brown colour).  B) XPL image of photo A.  C) PPL image of albite-
carbonate-quartz vein (Ab2-V-A) cutting a patchy and irregular Ab1-V-A vein at the 
Bolger pit.  D) XPL image of photo C. Carb = carbonate, Spec hem = specular hematite. 
E) XPL image of Ab1-V-S cutting Martin group conglomerate. F) PPl image of photo E.  
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Figure 4.16: A) XPL image of straight-sided albite-carbonate (Carb) vein (Ab2-VA) with 
minor rutile (Rut) in amphibolite (amp) from the Bolger pit.  B) XPL image of albite-
carbonate (Carb) vein (Ab2-V) with minor specular hematite (Spec hem) cutting Ab1-V 
vein from a rubble sample at the Eagle mine.  C) XPL image of isolated rutile (Rut) 
crystal in albite (Ab2-V-A) margin of an albite-carbonate (Carb) vein at the Bolger pit.  
D) PPL image of Photo C.  E) XPL image of specular hematite (Spec hem) in an albite-
carbonate (Carb) vein (Ab2-V-A), in a chlorite vein (Chl), and in the matrix of the host 
amphibolite at the Bolger pit. 
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Figure 4.17: A) XPL image of an albite-carbonate-quartz vein (Ab2-V-A) with rutile 
(Rut) at the albite margins cutting brecciated albite from the 21 zone that is cut by a 
quartz (Qtz) vein. B) XPL image of an Ab2-V-A vein cutting Martin group conglomerate 
(Mc). C) PPL image of photo B. 
 

 

 

 

 

 

 

 

 



76 
 

4.5 Occurrences of different generations of chlorite 

 

Although chlorite does not form contemporaneously with the replacement-type 

albitization (Ab1-R) or the subsequent polygonization/recrystallization event (Ab2-R), it 

did form during retrograde metamorphism that pre-dates replacement albitization and at 

several other times during the brecciation and vein-filling phases of deformation that 

bracket Ab1-V and Ab2-V generations. In order to better constrain the temperature of the 

two generations of albite, several chlorite grains from seven thin sections were analyzed 

for their chlorite composition using an electron microprobe. The generations of chlorite 

analyzed include: 1) retrograde metamorphic chlorite (chl1) (Figure 4.18) in orthogneiss 

hosting the Rix-Smitty uranium deposit, in Donaldson Lake granite from the 21 zone, and 

in Murmac Bay group amphibolite from the Bolger pit; 2) chlorite (chl2) (Figure 4.19) 

coating clasts and forming the matrix to brecciated orthogneiss from the Rix Smitty mine; 

and 3) three generations of chlorite (chl3 to chl5) (Figure 4.20) in veins cutting Murmac 

Bay group amphibolites at the Bolger pit that bracket Ab1-V and Ab2-V generations, in 

that chl3 represents a chlorite vein that is cut by both Ab1-V and Ab2-V generations, chl4 

cuts an Ab1-V vein but is in turn cut by an Ab2-V vein, and chl5 postdates the Ab2-V 

generation.  
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Figure 4.18: A) XPL image of retrograde metamorphic chlorite (Chl1) that completely 
alters biotite and partially alters muscovite (Musc) in Gunnar granite. B) PPL image of 
photo A. C) XPL image of retrograde metamorphic chlorite (Chl1) in amphibolite from 
the Bolger pit. D) PPL image of photo C. 
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Figure 4.19: A) Outcrop photo of brecciated orthogneiss at the Rix Smitty mine with 
chlorite (Chl2) lining clasts. B) Thin section of brecciated orthogneiss (Og) from the Rix 
Smitty mine with chlorite (Chl2) lining clast with carbonate (Carb) cores. C) PPL image 
of chlorite (Chl2) coating breccia clast in orthogneiss from the Rix Smitty mine. D) PPL 
image of brecciated orthogneiss from the Rix Smitty mine with chlorite (Chl2) lining 
clasts with carbonate (Carb) cores. 
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Figure 4.20: A) PPL image of a Chl3 vein that is cut by an Ab1-V-A vein in amphibolite 
from the Bolger pit. B) XPL image of a Chl4 vein that cuts an Ab1-V-A stringer vein and 
is in turn cut by an Ab2-V-A vein in amphibolite from the Bolger pit. C) PPL image of 
photo B. D) XPL image of a carbonate stringer from an Ab2-V-A vein that is cut by 
Chl5.  E) XPL x10 image of photo D. F) PPL image of photo E.  
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4.6 Styles of uranium mineralization 

 

Uranium mineralization in the Beaverlodge district occurs as breccias, stockworks, veins 

and as disseminations in wall rock. Vein-type and breccia-type mineralization makes up 

the bulk of deposits and occurrences. Vein-type mineralization is the most frequent and 

widespread, whereas breccia-ores are the most important by volume. Timing 

relationships between the two styles is not fully known and mineralization has in general 

been referred to together as “vein-type” uranium (Tremblay, 1972; Ruzicka, 1993).  

 

4.6.1 Mineralization in veins 

 

The main ore mineral of uranium deposits in the Beaverlodge district is pitchblende. 

Mineralized veins include quartz, quartz-carbonate, carbonate and quartz-carbonate-albite 

veins that all crosscut the first generation of pervasive type albitization (Ab1-R). 

Uranium mineralization is therefore thought to post-date the pervasive style of 

albitization (Ab1-R), however mineralization does occur in veins that contain albite of 

the second generation (Ab2-V). These veins are found at the Bolger pit in amphibolites 

where albite (Ab2-V-A)-carbonate veins have been found to be the main stage of 

mineralization (Liang, 2015). Some albite-carbonate veins are also described cutting 

Martin group rocks (Figure 4.17 B-C). 
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4.6.2 Mineralization in breccias 

 

Patchy and irregular pitchblende is also found cementing breccia clasts and is often 

associated with chlorite (Robinson, 1955). In samples from Fay mine (Figure 4.21 A), 

grains of pitchblende occur in chlorite with apatite and carbonate crystals. These minerals 

are all intergrown together and cement rock clasts in brecciated rock (15-JK-017, from 

rock collection 74-N-09-SW/0, Figures 4.21 B-D). The pitchblende grains are thought to 

have been precipitated with chlorite and are patchy and irregular containing many small 

inclusions of galena. In other samples from the Fay (15-JK-016, from rock collection 72-

N-09-SW/04) and Eagle shaft mines (15-JK-018, from rock collection 74-N-09-SW/21), 

disseminated pitchblende is found between rock clasts and is intergrown with chlorite and 

carbonate. Contacts between pitchblende and gangue minerals are irregular and mottled 

with partial indentations (Figures 4.22 A, 4.23 C-D). In the Eagle shaft sample (15-JK-

018, Figure 4.22 A) brecciation and mineralization between breccia clasts is seen to post-

date a carbonate vein.  Here pitchblende and pyrite crystals are also rimmed by chlorite in 

brecciated rock where pyrite appears early and is brittly deformed, with cracks and 

fractures filled by chlorite that forms intergrowths with pitchblende (Figures 4.22 B-C). 

Pitchblende in breccia settings all contains galena inclusions.  

 

In one sample of Martin group conglomerate (15-JK-007) obtained from core (UA-109 

@ 12.8 m), pitchblende occurs as disseminations that cut across clasts and the matrix of 

the conglomerate (Figure 4.24 A-B). Pitchblende in this setting is intergrown with, and 

cut by, later precipitated hematite crystals and laths (Figure 4.24 C-E). Fine-grained 
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pyrite crystals are small and irregular occurring within pitchblende suggesting it pre-dates 

pitchblende precipitation (Figure 4.24 D). These pitchblende disseminations do not 

contain galena inclusions typical of the breccia ore samples making them distinct from 

the breccia-type which is open space filling.  
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Figure 4.21: A) Hand sample photo of breccia ore from the Fay mine (15-JK-017, rock 
collection sample 74-N-09-SW/0). B) BSE image of pitchblende (U) along with apatite 
(Ap) and carbonate (Carb) occurring in chlorite (Chl) which is open space filling. C) BSE 
image of one of the pitchblende (U) grains with galena (Gl) inclusions found in 
pitchblende (U) within chlorite (Chl) vein pictured in photo B. D) BSE image of another 
pitchblende (U) grain containing galena (Gl) inclusions found in the chlorite (Chl) vein 
pictured in photo B.  
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Figure 4.22: A) Hand sample photo of breccia ore with pre-mineralization calcite vein 
from the Spur Zone of the Eagle mine (15-JK-018, rock collection sample 74-N-09-
SW/21). B) SEM BSE image of pitchblende (U) containing galena inclusions (Gl) 
intergrown with calcite (Cal) and chlorite (Chl); note that there appears to be a thin rim of 
pitchblende around pyrite. Specular hematite laths (OI) also occur intergrown with 
calcite. C) SEM BSE image showing pitchblende, containing inclusions of galena, that is 
intergrown with chlorite, and pyrite (Py) that is rimmed by chlorite; pyrite is also  brittly 
deformed with cracks and fractures filled by chlorite D) EMPA BSE image of 
pitchblende (U) with galena inclusions.  
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Figure 4.23: A) Hand sample photo of breccia ore from the Fay mine (15-JK-016, rock 
collection sample 72-N-09-SW/04). B) BSE image pitchblende (U) intergrown with 
chlorite (Chl) that forms the matrix to breccia fragments. Rock fragments are cut by late 
carbonate stringer veins (Carb). C) BSE image of pitchblende (U) intergrown with 
chlorite (Chl) cementing rock fragments. D) BSE image of pitchblende (U) (pictured in 
photo B) in contact with pyrite (Py) crystal. Pitchblende contains minute inclusions of 
galena and is intergrown with chlorite (Chl).  
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Figure 4.24: A) Hand sample photo of mineralized Martin group conglomerate (ruler 
units in centimetres) (15-JK-007, drill hole UA-109 @ 12.8 m). B) Core sample photo 
showing mineralization in situ. C) BSE image of pitchblende (U) in Martin group 
conglomerate. D) Reflected light image of specular hematite laths (Hem) cutting 
pitchblende (U) in Martin group conglomerate and small irregular pyrite (Py) grains 
within pitchblende. E) BSE image of pitchblende (U) overprinted by specular hematite 
(Hem).  
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4.7 Paragenetic sequence 

 

The petrographic characteristics and observations described above are brought together in 

a detailed paragenetic sequence to illustrate the two generations of albite and their 

relation to mineralization in the study area (Figure 4.25). Subsequent to amphibolite 

facies prograde metamorphism, the rocks of the Beaverlodge district underwent lower-

temperature conditions that resulted in the breakdowns of biotite to chlorite (chl1) with 

leucoxene ± muscovite and hornblende to actinolite, epidote and chlorite, along with the 

partial sericitization of plagioclase. These modifications have all been attributed to 

retrograde metamorphism in the area that post-dates all other metamorphic events. Early 

vein mineralogy is composed of various combinations of quartz, epidote and chlorite, and 

are distinguished by textures of overprinting brittle-ductile deformation. Retrograde 

modifications probably overlapped with the development of the earliest veins. This fairly 

low-temperature deformation is probably also responsible for the development of shear 

zones and breccias that occur in sites such as the Intermediate pit and Rix-Smitty mine. 

Due to the episodic nature of this deformation it is difficult to establish an exact age of 

deformation relative to replacement type albitization (Ab1-R, Ab1-V). Some breccias are 

cemented by chlorite (chl2) between rock fragments. 

 

The pervasive, replacement type albitization (Ab1-R, Ab1-V) is essentially 

monomineralic, although the albite contains abundant red-brown, Fe oxide inclusions and 

relict igneous, accessory zircon is locally preserved. During a deformational period 

following the development of pervasive, replacement type albitization (Ab1-R, Ab1-V), 
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Ab1-R-G crystals were polygonized, mainly along grain boundaries, to form fine-grained 

mosaics that still contain the red-brown iron oxide inclusions. These deformed grain 

boundaries opened up new channels along which fluids precipitated a new generation of 

albite (Ab2-R-G). This new albite growth took place along the same grain boundaries, 

but also in small interstitial zones and pods, some of which may have been voids left by 

quartz dissolution. The new albite (Ab2-R-G) grains were fine grained and exhibit little 

evidence of deformation. They lack Fe oxide inclusions, range from anhedral to   

euhedral, and exhibit wider and more continuous twinning than that of Ab1-R-G crystals. 

The Ab2-R-G grains generally lack the microscopic iron oxide inclusions of the Ab1-R-G 

grains, as do the adjacent Ab1-R-G grains themselves, suggesting that the fluid 

responsible for their precipitation may have been either more reduced or undersaturated 

with respect to iron oxide. However, specular hematite, rutile and local apatite are all 

spatially associated with the new Ab2-R-G grains within the zones and pods, suggesting 

that the fluid must have become oversaturated with respect to iron oxide over time, and 

that all of these are broadly coeval. Late carbonate cuts the pervasive, replacement and 

polygonized albite (Ab1-R-G) as numerous veins and also commonly forms the matrix to 

the Ab2-R-G, specular hematite, rutile and apatite that have developed in the zones along 

grain boundaries and pods. Other than carbonate, these minerals are subhedral to 

euhedral, suggesting that they grew in a fluid. It is unclear whether the carbonate in the 

matrix grew at the same time or was introduced later.  

 

Albite also occurs in two generation of veins. The first is essentially comprises 

monomineralic albite (Ab1-V-G, Ab1-V-A, Ab1-V-S), although it also contains 
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pervasive microscopic iron oxide inclusions. This first generation of vein-type 

albitization is post-dated by a second generation of albite (Ab2-V-G, Ab2-V-A, Ab2-V-

S) that lines the margins of albite-carbonate veins. Some of these albite (Ab2-V-A) 

carbonate veins are mineralized and, in the case of the Bolger pit, they are the only stage 

of mineralization remaining in the pit wall. Several chlorite veins temporally bracket 

generations of albite (chl3-chl5). 
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Figure 4.25: Paragenetic sequence illustrating relative timing of albite generations (Ab1-
R, Ab1-V, Ab2-R and Ab2-V) and important mineral associations; from left to right 
indicates relative age, early to late. Mineralogy for the first two columns is split between 
minerals in granites (G) and amphibolites (A). V1- to V7 designation is based on Liang’s 
(2015) classification of veins at the Bolger pit in the Beaverlodge area. The numbers 
beside the mineral names indicate the generation of the mineral; the dashed lines indicate 
a gradual phasing in or phasing out of the mineral; question marks indicate uncertainty in 
whether a mineral grew at a given time.  
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5. Geochemical Studies 
 

5.1 Whole-rock chemical compositions of albitites and protoliths 

 

5.1.1 Mass balance calculation with isocons 

 

Four pairs of samples (protolith versus altered counterpart) were collected in the field for 

chemical analysis of major and trace elements, in order to evaluate element gain or loss 

during albitization. Of these, two pairs of samples were collected from the Donaldson 

Lake granite protolith and altered rock (with one altered sample being albitite and the 

other an episyenite), one pair from Gunnar granite protolith and derived albitite, and one 

pair of amphibolite (as xenolith incorporated into the Donaldson Lake granite) protolith 

and derived albitite. These samples were measured for density before being sent for LA-

ICP-MS analyses of major and trace elements.  

 

Elements that are typically assumed immobile in hydrothermal systems in order to 

construct the isocon (e.g., Al, Ti and Zr) appear to be mobile in the system, thus an 

isocon based on element immobility was not appropriate. Therefore, isocon plots are 

constructed using the densities of the altered versus unaltered rocks, i.e., assuming a 

constant volume, as albitization seems to have taken place after major deformational 

events and any volume lost in the albitites through quartz dissolution has been replaced 

with later infilling of voids by minerals such as carbonate, specular hematite, rutile and 

albite. Elemental data are then plotted for the altered sample relative to the unaltered 

sample (Grant, 1986) and elemental gain and loss can be graphically represented.  
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Donaldson Lake granite and altered rock pairs were cut from samples that contained 

contacts between the unaltered and altered material and as far from the contacts as 

possible, generally only 5-10 cm, as petrographic studies have shown that the contacts are 

gradational. The sampled pair from the Gunnar deposit were not taken across a contact 

between fresh and altered granite because an appropriate sample could not be found. This 

necessitated collecting physically separated samples of unaltered Gunnar granite and 

derived albitite. Though not ideal, this sampling technique ensured that transitional zones 

would be avoided facilitating a better distinction between elemental gains and losses. One 

sample pair was collected from a ~2 m by 1 m sized xenolith of Murmac Bay group 

amphibolite that had been incorporated into Donaldson Lake granite prior to replacement 

albitization. It was collected from the extensive zone of albitization extending ~150 m in 

length and ~85 m in width near the 21 Zone, in order to evaluate the effects of 

replacement albitization (Ab1-R) in amphibolite. The most altered sample came from the 

rim of the xenolith whereas the least altered sample came from near the core of the 

xenolith.  

 

At the Gunnar deposit, sample 14-JK-037 is the unaltered protolith of Gunnar granite, 

whereas 14-JK-060 is the altered albitite rock. Point counting was used to estimate 

proportions of different minerals relative to each other in altered and unaltered samples. 

This was helpful to determine how much primary plagioclase and K-feldspar had 

undergone replacement by albite (Ab1-R) (Table 5.1 & Table 5.2). The unaltered Gunnar 

granite sample is composed of 30% quartz, 17% plagioclase and 40% K-feldspar. In the 
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derived albitite sample, these primary minerals are completely lost and replacement albite 

(Ab1-R-G) makes up 59% of the rock. The addition of carbonate is also evident, 

increasing from only 2% in the unaltered Gunnar granite to 25% in the derived albitite . 

Other effects of alteration include the loss of muscovite and the addition of specular 

hematite; void space is also created most likely from the dissolution of quartz and/or 

carbonate. The isocon plot (Figure 5.1) is in good agreement with petrographic studies 

and what is known about the albitization process, with the concentration of Na2O 

increasing as K2O decreases from the replacement of K-feldspar by albite. Silica is also 

decreased representative of quartz dissolution in the pervasive type albitites, whereas 

MgO and Fe2O3 are increased in the albitite rock. Also increased in albitites is CaO, 

which is expected from later phases of carbonate filling voids potentially left by quartz 

dissolution and filling veins and fractures. The concentration of TiO2 is relatively 

unchanged, as is Al2O3. Trace elements such as Zr, Th and U are all depleted in the 

albitite rock.  

 

Two sets of samples from the 21 Zone include 14-JK-068 and 14-JK-104-a as the 

Donaldson Lake granite protolith and episyenite and albitite samples 14-JK-069 and 14-

JK-104-b, respectively. Isocon results are similar to the Gunnar deposit samples in 21 

Zone samples 14-JK-104-a and 14-JK104-b (Figure 5.2). Point counting shows partial 

albitization of sample 14-JK-104-b, with unaltered Donaldson Lake granite (14-JK-104-

a) composed of 30% quartz, 19% plagioclase and 32% K-feldspar (Table 5.3). In the 

albitite sample (14-JK-104-b) quartz has been completely removed, whereas primary 

plagioclase and K-feldspar are decreased to 6% and 12% respectively (Table 5.4). 
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Primary plagioclase and K-feldspar are partially replaced by albite (Ab1-R-G) which 

makes up 50% of the albitized rock. The second generation of replacement albite (Ab2-

R-G) is also seen, making up 23% of the partially albitized sample (14-JK-104-b).  Other 

changes include a 3% increase in specular hematite (precipitated with Ab2-R-G) and a 

1% increase of carbonate in the albitized sample (14-JK-104-b). Isocon plots for this 

sample pair show Na2O, Fe2O3, MgO and CaO are all increased whereas K2O and SiO2 

are decreased, consistent with petrographic studies. However, Th is increased whereas Zr 

and U show little or no change.  

 

Sample pairs 14-JK-068 and 14-JK-069 also come from the 21 Zone with Donaldson 

Lake granite forming the protolith (Figure 5.3). Point counting suggests that the altered 

sample is an episyenite rather than an albitite. Quartz is completely removed, however, 

only 3% replacement albite is added (2% Ab1-R-G, 1% Ab2-R-G) and K-feldspar is 

more abundant in the altered sample by 29% (Table 5.5 and Table 5.6). Isocon plots show 

that K2O is increased along with Na2O, suggesting that albitization was only a partial 

alteration. The episyenite rock also shows decreases in SiO2 consistent with 

dequartzification having taken place in the altered sample. The episyenite rock shows 

little carbonate in thin section and point counting shows no change; however, mass 

balance calculations result in depletion of CaO possibly from the loss of plagioclase. 

Likewise, Fe2O3 and MgO are depleted in the episyenite sample. Zirconium is depleted 

whereas Th and U are increased during alteration.   
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Samples taken from an albitized amphibolite xenolith in Donaldson Lake granite from an 

extensive zone of replacement albitization near the 21 Zone shows little change in 

element chemistry from the least altered to the most altered samples, with many elements 

plotting on or very near the isocon line (Figure 5.4). Therefore, both samples were 

pervasively albitized to approximately the same degree. For this reason point counting 

was not carried out on these samples.   

 

Geochemical data reported by Dawson (1951) of albitization altering argillite (now 

assigned to the Murmac Bay group) southwest of Eagle Lake, ~1500 m south of Eagle 

shaft was used to construct an isocon diagram (Figure 5.5). In this sample pair Na2O and 

CaO are gained whereas SiO2, iron oxides and K2O are lost during alteration.  
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Table 5.1: Point counting results from unaltered Gunnar granite (14-JK-037). Mineral 
abbreviation are as follows, plag, plagioclase; K-spar, K-feldspar; Qtz, quartz; Zr, zircon; 
Ap, appatite; Op, opaques; Musc, muscovite; Chl, chlorite; Leucox, leucoxene; Ep, 
epidote, Ab1-R, replacement albitization, first generation; Ab2-R, replacement 
albitization, second generation; Spec Hem, specular hematite; Rut, rutile; Carb, 
carbonate; Vein Qtz, quartz in cross cutting veins.  
 
14-JK-037 Setting Mineral Points % 
Gunnar 
granite 

Primary Plag 34 17 
Primary K-spar 80 40 
Primary Qtz 60 30 
Retrograde Musc 11 6 
Retrograde Chl 9 5 
Retrograde Leucox 0 0 
Hydrothermal Ab1-R 0 0 
Hydrothermal Ab2-R 0 0 
Hydrothermal Spec Hem 0 0 
Hydrothermal Rut 0 0 
Hydrothermal Carb 4 2 
Hydrothermal Clay 2 1 
Voids   0 0 
Other Vein Qtz 0 0 
Total   200 100 
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Table 5.2: Point counting results for sample 14-JK-060, albitized Gunnar granite. Mineral 
abbreviation are as follows, plag, plagioclase; K-spar, K-feldspar; Qtz, quartz; Zr, zircon; 
Ap, apatite; Op, opaques; Musc, muscovite; Chl, chlorite; Leucox, leucoxene; Ep, 
epidote, Ab1-R, replacement albitization, first generation; Ab2-R, replacement 
albitization, second generation; Spec Hem, specular hematite; Rut, rutile; Carb, 
carbonate; Vein Qtz, quartz in cross cutting veins. 
 
14-JK-060 
Albitite 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Setting Mineral Points % 
Primary Plag 0 0 
Primary K-spar 0 0 
Primary Qtz 0 0 
Retrograde Musc 0 0 
Retrograde Chl 8 4 
Retrograde Leucox 4 2 
Hydrothermal Ab1-R 130 59 
Hydrothermal Ab2-R 0 0 
Hydrothermal Spec Hem 9 4 
Hydrothermal Rut 0 0 
Hydrothermal Carb 54 25 
Hydrothermal Clay 4 2 
Voids   10 5 
Other Vein Qtz 0 0 
Total   219 100 
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Figure 5.1: Isocon diagram of Gunnar samples using a constant volume isocon with 14-
JK-037 representing the Gunnar granite protolith (Co) and 14-JK-060 representing the 
derived albitite (Ca). The x10 designations are an arbitrary scaling to graphically show 
that these oxides plot above the isocon line and does not effect the slope or position of the 
isocon as it based on density. 
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Table 5.3: Point counting results for Donaldson Lake granite mass balance pair  
14-JK-104-a (unaltered Donaldson Lake granite) and 14-JK104-b (albitized Donaldson 
Lake granite). Mineral abbreviation are as follows, plag, plagioclase; K-spar, K-feldspar; 
Qtz, quartz; Zr, zircon; Ap, apatite; Op, opaques; Musc, muscovite; Chl, chlorite; 
Leucox, leucoxene; Ep, epidote, Ab1-R, replacement albitization, first generation; Ab2-
R, replacement albitization, second generation; Spec Hem, specular hematite; Rut, rutile; 
Carb, carbonate; Vein Qtz, quartz in cross cutting veins. 
 
14-JK-104-a Setting Mineral Points % 
Donaldson Lake 
granite 
  
  
  
  
  
  
  

Primary Plag 26 19 
Primary K-spar 42 31 
Primary Qtz 40 30 
Accessory Zr 1 1 
Accessory Op 2 1 
Hydrothermal Ab1-R 0 0 
Hydrothermal Ab2-R 8 6 
Hydrothermal Spec Hem 6 4 
Hydrothermal Carb 8 6 
Hydrothermal Clay 2 1 
Total  135 100 
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Table 5.4: Point counting results for sample 14-JK-104-b, albitized Donaldson Lake 
granite. Mineral abbreviation are as follows, plag, plagioclase; K-spar, K-feldspar; Qtz, 
quartz; Zr, zircon; Ap, appatite; Op, opaques; Musc, muscovite; Chl, chlorite; Leucox, 
leucoxene; Ep, epidote, Ab1-R, replacement albitization, first generation; Ab2-R, 
replacement albitization, second generation; Spec Hem, specular hematite; Rut, rutile; 
Carb, carbonate; Vein Qtz, quartz in cross cutting veins. 
 
 
14-JK-104b 
Albitite 
  
  
  
  
  
  
  
  
  
 
  

Setting Mineral Points % 
Primary Plag 12 6 
Primary K-spar 24 11 
Primary Qtz 0 0 
Accessory Zr 0 0 
Accessory Op 0 0 
Hydrothermal Ab1-R 100 48 
Hydrothermal Ab2-R 46 22 
Hydrothermal Spec Hem 14 7 
Hydrothermal Carb 14 7 
Hydrothermal Clay 0 0 
Total   210 100 
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Figure 5.2: Isocon diagram of 21 Zone samples using a constant volume isocon with 14-
JK-104-a representing the Donaldson Lake granite protolith (Co)  and 14-JK-104-b 
representing the derived albitite (Ca). The x10 and x0.01 designations are an arbitrary 
scaling to graphically show that these oxides plot above or below the isocon line and does 
not effect the slope or position of the isocon as it based on density. 
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Table 5.5: Point counting results for Donaldson Lake granite mass balance pairs  
14-JK-069 (unaltered Donaldson Lake granite) and 14-JK-068 (albitized Donaldson Lake 
granite). Mineral abbreviation are as follows, plag, plagioclase; K-spar, K-feldspar; Qtz, 
quartz; Zr, zircon; Ap, apatite; Op, opaques; Musc, muscovite; Chl, chlorite; Leucox, 
leucoxene; Ep, epidote, Ab1-R, replacement albitization, first generation; Ab2-R, 
replacement albitization, second generation; Spec Hem, specular hematite; Rut, rutile; 
Carb, carbonate; Vein Qtz, quartz in cross cutting veins. 
 
14-JK-069 
Donaldson Lake 
granite 
  
  
  
  
  
  
  
  
  
  
  
  
  
 

Setting Mineral Points % 
Primary Plag 76 40 
Primary K-spar 40 21 
Primary Qtz 50 27 
Accessory Zr 0 0 
Accessory Op 2 1 
Retrograde Chl 15 8 
Retrograde Leucox 2 1 
Hydrothermal Ab1-R 0 0 
Hydrothermal Ab2-R 2 1 
Hydrothermal Spec Hem 0 0 
Hydrothermal Rut 1 1 
Hydrothermal Carb 0 0 
Hydrothermal Clay 0 0 
Voids   0 0 
Total   188 100 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



103 
 

Table 5.6: Point counting results for sample 14-JK-068, episyenite derived from 
Donaldson Lake granite. Mineral abbreviation are as follows, plag, plagioclase; K-spar, 
K-feldspar; Qtz, quartz; Zr, zircon; Ap, apatite; Op, opaques; Musc, muscovite; Chl, 
chlorite; Leucox, leucoxene; Ep, epidote, Ab1-R, replacement albitization, first 
generation; Ab2-R, replacement albitization, second generation; Spec Hem, specular 
hematite; Rut, rutile; Carb, carbonate; Vein Qtz, quartz in cross cutting veins. 
. 
14-JK-068 
Episyenite  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

Setting Mineral Points % 
Primary Plag 69 33 
Primary K-spar 105 50 
Primary Qtz 0 0 
Accessory Zr 1 0 
Accessory Op 2 1 
Retrograde Chl 19 9 
Retrograde Leucox 0 0 
Hydrothermal Ab1-R 4 2 
Hydrothermal Ab2-R 3 1 
Hydrothermal Spec Hem 1 0 
Hydrothermal Rut 1 0 
Hydrothermal Carb 0 0 
Hydrothermal Clay 3 1 
Voids   2 1 
Total   208 101 
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Figure 5.3: Isocon diagram of 21 Zone samples using a constant volume isocon with 14-
JK-069 representing the Donaldson Lake granite protolith (Co) and 14-JK-068 
representing the derived episyenite (Ca). The x10 designations are an arbitrary scaling to 
graphically show that these oxides plot above or below the isocon line and does not effect 
the slope or position of the isocon as it based on density. 
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Figure 5.4: Isocon diagram of albitized amphibolite incorporated into albitized 
Donaldson Lake granite using a constant volume isocon with 14-JK-082-b representing 
the least altered (Co) sample and 14-JK-082-a representing the most altered rock (Ca). 
The x10 and x0.01 designations are an arbitrary scaling to graphically show that these 
oxides plot above or below the isocon line and does not effect the slope or position of the 
isocon as it based on density. 
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Figure 5.5: Isocon diagram of argillite and derived albitite using a constant volume 
isocon with data reported in Dawson (1951). The x10 and x100 designations are an 
arbitrary scaling to graphically show that these oxides plot above or below the isocon line 
and does not effect the slope or position of the isocon as it based on density. 
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5.1.2 Rare earth element (REE) distribution patterns from whole rock geochemistry 

of albitites 

 

Rare earth element (REE) compositions determined by whole rock geochemistry for three 

of the four sample pairs used in mass balance studies were used to evaluate the 

distribution of REE in albitized rock relative to the protolith rock. The amphibolite rock 

pair is not shown here due to the lack of relative change between the two pairs since both 

had altered to the same degree. REE distribution patterns (Figure 5.6) for the sample pairs 

are similar between the host rock and paired albitite. Patterns show steep negative slopes 

for light rare earth elements (LREE) and shallow negative slopes for heavy rare earth 

elements (HREE) with two of the three pairs (the pair from the Gunnar mine area and one 

of the pairs from the 21 Zone) displaying strong, negative Eu anomalies. Negative 

europium patterns are consistent with the host rocks being derived by partial melting 

(Kouske et al., 2012). There is an increase in LREE in episyenites and albitites from the 

21 zone (14-JK-068 and 14-JK-104, respectively) area relative to the host rock, whereas 

all REE are slightly depleted in the Gunnar albitite relative to the unaltered granite. In 

episyenite sample 14-JK-068 from the 21 zone, all REE show an increase relative to the 

host, though LREE have the greatest increase. Trends show no consistent change with 

albitization from these results.  
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Figure 5.6: REE element patterns for fresh granitic host rocks (blue data and lines) and 
derived albitites (red data and lines). 
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5.1.3 Th/U values in albitized rock relative to the host rock 

 

Thorium-uranium ratios are used to evaluate potential metamorphic and hydrothermal 

processes that may have taken place in a rock post emplacement. Due to thorium’s large 

ionic radius and 4+ valence it acts incompatibly similar to REE during fluid interaction. 

Generally, Th content is preserved from the initial magmatic emplacement of the rock in 

Th-bearing minerals such as monazite, where Th is a mineral forming element, or as a 

minor trace element in minerals like apatite and titanite. Uranium is much more 

compatible as an accessory phase in the before mentioned minerals and is more mobile in 

hydrothermal and metamorphic fluids due to its 6+ valence phase in oxidized states.  

Therefore, Th/U ratios are useful in determining if U has been added to the rock or 

depleted through fluid interaction. In this study Th/U ratios from whole rock geochemical 

data were evaluated in protolith rocks including Donaldson Lake granite, pink 

leucogranite, Gunnar granite and argillite, and the albitite rock produced from them to see 

if U was added or subtracted during pervasive albitization.  

 

Thorium-uranium ratios plotted in Figure 5.7 have reference lines drawn for ratios of 

100, 10, 4 and 1, with average ratios of common rock types (Rogers and Adams, 1978) 

indicated. Plots show that most of the Gunnar granite and about half the derived albitite 

samples have Th/U ratios between 5 and 11, above mean crustal values of 3.5-4 (Rogers 

and Adams, 1978). Overall, there is an increasing trend in U concentrations in altered 

samples of Gunnar granite; however not all albitized samples show increased U 
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concentrations with many albitite samples plotting with similar values to the host rock. 

Comparably, in Figure 5.8, data from Donaldson Lake granite protolith and altered 

albitite rock also produce an overall trend of increasing U with hydrothermal activity, but 

again the results are mixed with many albitites plotting with the protolith and one 

Donaldson Lake granite sample showing elevated U concentrations. This mixed 

relationship is repeated in Figure 5.9 with plotted data from samples of pink leucogranite 

and derived albitite, with most albitite samples showing no increase in U relative to the 

host rock. It is actually the pink leucogranite that shows the greatest enrichment in U 

content, thus mineralization occurs in unalbitized rock as well.  Plotting all the Th/U ratio 

data together in Figure 5.10 shows that there is no clear relationship between U 

concentration and albitization, but there is an overall trend of increased U in albitized 

rock relative to unaltered granites. The wide scatter in data from both protolith and 

albitite rock shows that all rock types have seen hydrothermal activity and that uranium 

mineralization is not restricted to the pervasive style of albitization in Ab1-R and Ab2-R 

generations. 
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Figure 5.7: Th/U ratio plot of Gunnar granite and derived albitite. Grey circles show 
averages of common rock types; gabbro, diorite, granitoid, sandstone and granite.  
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Figure 5.8: Th/U ratio plot of Donaldson Lake granite and derived albitite. Grey circles 
show averages of common rock types; gabbro, diorite, granitoid, sandstone and granite.  
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Figure 5.9: Th/U ratio plot of pink leucogranite and derived albitite. Grey circles show 
averages of common rock types; gabbro, diorite, granitoid, sandstone and granite. 
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Figure 5.10: Th/U ratio plot of Gunnar granite, Donaldson Lake granite, pink 
leucogranite and derived albitite. Grey circle represents the average ratio in granite.  
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5.2 Major and trace element geochemistry of albite crystals in different settings 

 

There are four settings of albite previously described in chapter 4. Major and trace 

element geochemistry using EMPA was carried out in order to determine if these albite 

generations are unique or if chemical similarities exist (analyses can be found in 

Appendix B). Major elements for the two generations of albite are listed in Table 5.7 and 

show consistent averages in Na, Al, Si, and Ti with slight variations occurring in Mg, K, 

Ca, and Fe. Magnesium and Fe are highest in Ab1-V and have slightly elevated values in 

Ab1-R crystals. Likewise, K is highest in Ab1-R and Ab1-V generations.  

 

Harker variation diagrams for major element data in Figure 5.11 show variations in the 

compositions of each of the albite generations (Ab1-R, Ab1-V, Ab2-R and Ab2-V).  

Major element oxides Na2O, K2O, Al2O3, CaO, FeO, MgO and TiO2 are all plotted versus 

SiO2. SiO2 was chosen for the x-axis to evaluate how element may vary in the albite 

crystals with respect to dequartzification that occurs with the albitization process in the 

Beaverlodge district. Ab1-R and Ab2-R are of the pervasive type albitization with Ab1-R 

resulting in an albitite rock and Ab2-R representing the replacement of Ab1-R crystals 

following polygonization mainly at grain boundaries (Figure 4.14 A-F & 5.12 A-B). 

Ab1-V and Ab2-V generations occur in veins as monomineralic veins and as albite-

carbonate veins, respectively. The pervasive, replacement type albite (Ab1-R) is 

generally anhedral and contains many microscopic iron oxide inclusions. This is also the 

case for Ab1-V, the first generation of albite that occurs in veins, where crystals are 

anhedral, randomly oriented and contain abundant iron oxide inclusions (Figure 5.12 D). 
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Albite resulting from post-polygonization replacement of Ab1-R grains (Ab2-R) crystals 

are devoid of the characteristic iron oxide inclusions of Ab1-R crystals, are straight sided, 

better twinned, and commonly occur with newly formed specular hematite and rutile. 

Albite (Ab2-V)-lining the margins of veins with carbonate cores, contains few, if any, 

microscopic iron oxide inclusions, generally aligned perpendicular to the vein walls, and 

is contemporaneous with the precipitation of rutile and specular hematite found in the 

albite margins of these veins (Figure 5.13 C). These similarities between Ab1-R and 

Ab1-V and between Ab2-R and Ab2-V, are highlighted in major element concentrations.  

 

Ab2-R and Ab2-V generations show little variation in Na2O, however, a strong positive 

correlation is seen in Ab1-R and Ab1-V with increasing silica content. Opposite to this, 

all albite generations show a negative correlation between SiO2 and K2O, consistent with 

the pervasive replacement of K-feldspar by albite during albitization to form Ab1-R and 

Ab1-V crystals and a lack of potassium in fluids precipitating Ab2-R and Ab2-V 

generations. Aluminum also shows negative trends in Ab1-R and, to a lesser extent in 

Ab2-R, but positive trends in the vein type generations (Ab1-V and Ab2-V) with 

increasing silica. Calcium is elevated in the vein type generations with the highest 

concentrations occurring in Ab2-V generations lining the margins of carbonate veins, due 

to carbonate inclusions found in Ab2-V grains. However, for other generations of albite, 

CaO is consistently low, consistent with the idea that the carbonate filling voids in 

albitites is a later phase after pervasive albitization, Ab1-R and Ab1-V.  Iron oxide and 

MgO show the greatest variations for Ab1-R and Ab1-V generations, consistent with 
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these generations containing many impurities such as iron oxide inclusions, whereas TiO 

is relatively flat for all generations. 
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Figure 5.11: Harker variation diagrams of major element concentrations in the four albite 
settings (Ab1-R, Ab1-V, Ab2-R and Ab2-V) 
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Figure 5.12: A) BSE image of Ab1-R-G and Ab2-R-G crystals analyzed in EMPA study. 
Note lack of minute Fe oxide inclusions (in areas of lighter grey at margin of Ab1-R-G 
grain outlined with yellow dash line) in Ab2-R-G crystals at margin of Ab1-R-G crystal. 
B) EMPA BSE image of rutile occurring with Ab2-R-G generation. C) EMPA BSE 
image of Ab2-V-A veins with carbonate (carb) cores and rutile (rut) in albite margins. D) 
EMPA BSE image of Ab2-V vein cutting Ab1-V vein.  
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5.2.1 Electron microprobe analyses (EMPA) of inclusions found in albite in different 

settings 

 

Through petrographic studies it was noted that Ab1-R and Ab1-V albite crystals are 

characterized by containing abundant Fe-oxide inclusions that redden the mineral. 

However, the use of SEM and Raman spectroscopy was not able to determine the exact 

chemical character of these inclusions, due to the extremely fine-grained nature of the 

inclusions and difficulty locating the inclusions at the surface of the mineral. During 

EMPA studies it was found that these Ab1-R and Ab1-V albite crystals contain carbonate 

and rutile inclusions, which could explain anomalously high CaO and MgO values in 

some albite generations. In addition to carbonate and rutile, Fe-oxide inclusions were also 

analyzed and together these inclusions offer some insights into the fluid chemistry of the 

albitizing fluid(s). Elemental compositions of carbonate inclusions were calculated using 

stoichiometry as carbon was not initially included in the EMPA set up when analyzing 

for Fe-oxide inclusions, but was later confirmed with energy dispersive spectrometry 

(EDS) when EMPA results returned high Ca values.  

 

EMPA data for inclusions found in Ab1-R and Ab1-V generations are listed in Tables 5.8 

and 5.9. Inclusions analyzed in Ab1-R crystals include carbonate, some of which have 

dolomite components, ankerite (?), rutile and most likely hematite (Figure 5.12 A-C). 

Other inclusions found in Ab1-R crystals include barite and lanthanite (Table 5.9). 

Similarly, in Ab1-V veins, hematite inclusions are recognized as well as carbonate 

(Figure 5.13 A-B). Carbonate is the most commonly analyzed mineral, however, the 
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carbonate inclusions are much larger than iron oxide inclusions allowing for more 

reliable results. Many inclusions analyzed gave iron oxide results, however, the very 

small size and heterogeneity of the iron oxide inclusions has made a mineral 

determination difficult. It is likely that the inclusions are a mixture of hematite and 

goethite, which cannot be resolved with EMPA analyses alone. These results signify that 

Ti, Fe, Ca, O, C along with some Mg, Ba, S, Ce, Nd, La and LREE were carried in the 

albitizing fluids during the Ab1-R and Ab1-V generations. 
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Figure 5.13: A) EMPA BSE image of inclusions found in Ab1-R-G crystal. (Fe Ox, Iron 
oxide; Carb, carbonate). B) Close up EMPA BSE image of carbonate (carb) inclusion 
with indentations by iron oxide (Fe Ox). C) EMPA BSE image of inclusions found in 
Ab1-R-G crystal. (Fe Ox, Iron oxide; Rut, rutile). D) EMPA BSE image of inclusions in 
Ab1-V-A vein (Fe Ox, Iron oxide; Carb, carbonate). Red dashed line marks boundary of 
Ab2-V-A vein that cuts Ab1-V-A vein (delineated by yellow dash lines. 
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 Na Si Al Mg K 
 

Ca Fe Ti 

Ab1-R 8.51 31.82 10.44 0.06 0.57 
 

0.12 0.21 0.01 

Ab2-R 8.77 32.04 10.37 0.01 0.08 
 

0.08 0.15 0.01 

Ab1-V 8.42 31.62 10.23 0.17 0.34 
 

0.13 0.81 0.02 

Ab2-V 8.74 32.01 10.28 0.01 0.14 
 

0.13 0.21 0.01 

 

Table 5.7: Averages of major element concentrations in weight percent for the 
generations of albite (Ab1-R, Ab1-V, Ab2-R and Ab2-V). 
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Table 5.8: EMPA results in oxides for major elements analyzed in inclusions found in 
Ab1-R and Ab1-V generations showing results for hematite, titaniferous hematite, rutile 
and carbonate. 
 

 Oxide  
Mineral / 
albite 
generation 

Na Si Al Mg Ca Fe Ti Cr K O C Total 

Hematite   
Ab1-R 0.07 2.77 1.27 0.1 0.26 43.73 0.03 0.01 0.08 51.68 0.07 100 

Titaniferous 
hematite 

            

Ab1-V 0 0.2 0.07 0.09 0.02 37.1 8.27 0 0 54.25 0 100 
Rutile   

Ab1-R 0.06 0.22 0.06 0.01 0.02 0.17 32.88 0.01 0.03 66.54 0 100 
Ab1-R 0.06 0.14 0.05 0 0.01 0.19 32.97 0.01 0.01 66.56 0 100 

Carbonate   
Ab1-R 0.37 2.69 0.77 0.26 18.53 0.22 0.02 0 0.12 59.95 17.06 100 
Ab1-R 0.43 2.16 0.68 0.14 18.5 0.08 0 0 0.16 60.02 17.83 100 
Ab1-R 0.16 0.85 0.38 0.08 19.89 0.17 0.01 0.01 0.02 59.8 18.64 100 
Ab1-R 0.14 0.86 0.25 0.14 20.19 0.12 0.01 0 0.06 59.71 18.52 100 
Ab1-R 0.31 1.9 0.67 0.3 19.11 0.28 0.03 0 0.1 59.79 17.51 100 
Ab1-R 0.11 0.67 0.21 0.23 20.37 0.11 0 0 0.05 59.65 18.61 100 
Ab1-R 0.09 1.26 0.2 0.07 21.16 0.06 0.01 0 0.04 59.47 17.64 100 
Ab1-R 0.16 0.55 0.18 0 19.93 0.04 0 0 0.01 59.9 19.23 100 
Ab1-R 0.61 3.01 2.3 1.2 13.56 1.56 0.02 0 0.06 60.51 17.17 100 
Ab1-R 0.13 0.58 0.2 0.07 20.45 0.11 0.01 0 0.05 59.67 18.73 100 
Ab1-R 0.3 3.23 0.47 0.03 20.56 0.08 0.02 0 0.02 59.54 15.74 100 
Ab1-R 0.15 2.58 1.04 0.16 20.8 0.19 0.01 0 0.26 59.24 15.57 100 
Ab1-R 0.29 1.51 0.48 0.21 19.3 0.22 0.01 0 0.04 59.85 18.1 100 
Ab1-V 0.04 0.85 0.01 0.69 20.4 0.21 0 0 0.01 59.54 18.25 100 
Ab1-V 0.09 0.92 0.03 1.4 19.22 0.17 0 0.01 0 59.68 18.47 100 
Ab1-V 0 1.23 0.19 0.72 18.35 0.16 0.01 0 0.01 60.22 19.12 100 
Ab1-V 0.06 1.11 0.04 1.64 18.43 0.19 0.01 0 0.01 59.87 18.64 100 
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Table 5.9: EMPA results in wt% for major elements analyzed in inclusions found in Ab1-
R and Ab1-V generations showing results for barite and lanthanite (?). 
 

  Wt%               

Sample # 
and location 

Point Al Si P S Ba Ce Ca Mn Fe Pr Nd O Y La Total 

14-JK-066-B 
21 Zone 

C1(2) 1.78 4.06 0.01 10.32 49.86 3.98 0.5 bd 0.72 bd bd 23.42 NA NA 94.67 

14-JK-066-B 
21 Zone 

C1(16) 4.44 9.43 0.01 7.24 38.54 2.97 0.46 bd 0.71 0.02 bd 27.33 NA NA 91.17 

14-JK-079 
21 Zone 

C2(2) 0.41 1.11 12.28 0.47 10.05 28.58 0.75 bd 0.36 2.7 6.31 28.7 0.06 15.17 107.67 
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5.3 Major and trace elements of uraninites 

 

Element analyses obtained from EMPA of uraninite grains were used to evaluate 

relationships between concentrations of uranium and iron, calcium, silica, titanium and 

lead (Figure 5.14). These elements were chosen as they are used to evaluate chemical 

ages of uraninite and are the most common elemental impurities found in the mineral 

(Alexandre and Kyzer, 2005). Plotting UO2 vs FeO shows systematic variations between 

uraninites in different settings. Uraninite in Martin group conglomerate shows the lowest 

iron concentrations from 0.34%wt to 1.35%wt and overlaps with lower iron concentrations 

in uraninites associated with pyrite grains in breccia ores from the Eagle shaft mine, 

ranging from 1.06%wt to 1.50%wt. Uraninites precipitated with carbonate and apatite 

crystals in chlorite that cements brecciated rock clasts (15-JK-017, Fay mine) have 

intermediate concentrations ranging from 1.30%wt to 2.32%wt, Fe; a high-FeO subset of 

these uraninites also has the highest uranium concentration, suggesting that alteration in 

these grains was not as severe as in other settings. The highest concentrations of FeO, 

ranging from 2.52%wt to 3.07%wt, occurs in uraninites rimmed by chlorite (15-JK-016, 

Fay mine), which together are cementing brecciated clasts. Titanium concentrations are 

generally lower than FeO and again show an overlap in uraninites from the Martin 

conglomerate (15-JK-007) and those associated with the calcite vein (15-JK-018, Eagle 

shaft), with more heterogeneous and generally higher values for the breccia-type 

uraninites.  
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Conversely, uraninite with lower iron concentrations tends to have higher calcium 

contents. Most notable is uraninite from Martin group conglomerate (15-JK-007) with a 

range that suggests some alteration to uranophane (Ca(UO2)2SiO3(OH)2•5(H2O)) at 

4.39%wt to 6.37%wt  CaO, which overlaps with uraninites precipitated in chlorite veins 

(15-JK-017, 3.36%wt to 6.07%wt ) and with uraninite in breccia ore that cross cuts a 

calcite vein (15-JK-018, 3.72%wt to 4.40%wt). The lowest concentrations of calcium are 

found in uraninites rimmed by chlorite that cements brecciated rock (15-JK-16, 2.73%wt-

3.99%wt); these uraninites also contained the highest iron concentrations.  

 

Uraninites from the Martin group conglomerate (15-JK-007) have very low silica 

contents ranging from 0.41%wt to 0.74%wt, signifying that these grains are relatively 

unaltered. Uraninites in other settings overlap in silica concentration reflecting the 

heterogeneous nature of these uraninites, with higher SiO2 concentrations possibly 

signifying partial alteration to coffinite (U(SiO4)1−x(OH)4x). Uraninite precipitated in a 

chlorite vein (15-JK-017, Fay mine) ranges from 1.66%wt to 4.57%wt SiO2, similar to 

uraninite rimmed by chlorite in brecciated rock (15-JK-016, Fay mine), which has a 

range of 4.31%wt to 5.13%wt SiO2 . Uraninite in breccia rock with calcite veining (15-JK-

018, Eagle shaft) has the highest SiO2 values of 5.05%wt to 6.84%wt, indicating partial 

alteration to coffinite and the heterogeneous nature of uraninites in this setting . Many of 

these uraninites had silica concentrations greater than 7% signifying their alteration to 

coffinite and were not considered in plots and calculations.  
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Trends in lead concentrations are opposite to those of silica, with uraninite from the 

Martin group conglomerate having the highest concentration, and uraninites from the 

breccia settings rimmed by chlorite from the Fay and Eagle shaft mine having the lowest. 

Assuming constant decay rates of uranium, a best fit line through these data points will 

represent the amount of initial Pb in the uraninite grain. Lead concentration in uraninites 

from Martin group conglomerate (15-JK-007) and breccia ore uraninite from the Fay 

mine with uraninite in chlorite veins that cement rock fragments (15-JK-017) show no 

initial Pb based on U/Pb-Th/Pb plots in Figure 5.15.  
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f 

Figure 5.14 Variation diagrams of elements analyzed in uraninites from different settings.  
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Figure 5.15: Th/Pb vs U/Pb plot for uraninites in different settings. Black lines represent 
best fit for points analysed from uraninite in Martin group conglomerate (15-JK-007) and 
uraninite precipitated in a chlorite vein from the Fay mine (15-JK-017).  
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5.4 Chlorite geothermometry 

 

It has long been documented that the temperature at which the mineral chlorite 

precipitated can be determined based on the mineral’s composition (e.g., Walshe, 1986; 

Cathelineau, 1988). There are several generations of chlorite that have been observed in 

the rocks studied. This provides a method to calculate formation temperatures of chlorite 

and thus fluid temperatures in specific settings with meaningful relationships to 

albitization. Although chlorite does not form contemporaneously with the replacement-

type albitization (Ab1-R) or the subsequent polygonization event (Ab2-R), it did form 

during retrograde metamorphism that pre-dates replacement albitization and at several 

other times during the brecciation and vein-filling phases of deformation that bracket 

Ab1-V and Ab2-V generations. In order to better constrain the formation temperatures of 

the generations of albite in different settings, several chlorite grains from seven thin 

sections were analyzed for their chlorite composition using an electron microprobe. The 

generations of chlorite analyzed include: 1) retrograde metamorphic chlorite (chl1) 

(Figure 4.18) in orthogneiss hosting the Rix-Smitty uranium deposit, in Donaldson Lake 

granite from the 21 zone, and in Murmac Bay group amphibolite from the Bolger pit; 2) 

chlorite (chl2) (Figure 4.19) coating orthogneiss clasts and forming the matrix to breccia 

from the Rix Smitty mine; and 3) three generations of chlorite (chl3 to chl5) (Figure 4.20) 

in veins cutting Murmac Bay group amphibolites at the Bolger pit that bracket Ab1-V 

and Ab2-V generations, in that chl3 represents a chlorite vein that is cut by both Ab1-V 

and Ab2-V generations, chl4 cuts an Ab1-V vein but is in turn cut by an Ab2-V vein, and 

chl5 postdates the Ab2-V generation.  



132 
 

Chlorite compositions can be classified based on their Fe and Si cation content (Hey, 

1954). Compositional plots of the analyzed chlorite from this study (Figure 5.16) show 

that retrograde metamorphic chlorite from the Donaldson Lake granite and Murmac Bay 

group amphibolite all plot within the area of pycnochlorite, whereas the retrograde 

metamorphic chlorite from the Rix-Smitty mine orthogneiss, along with the chlorite 

rimming the clasts and forming the breccia matrix at the Rix-Smitty mine, have much 

lower iron concentrations relative to other deposit sites and plot along the boundaries 

between clinochlore, penninite and ferroan clinochlore. There are three generations of 

chlorite that occur in veins that cut Murmac Bay group amphibolites at the Bolger pit. 

Chlorites in vein settings plot along the boundary between the brunsvigite and 

pycnochlorite fields, with one outlier in the ferroan clinochlore field. 
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Figure 5.16: Composition of chlorites from different geological and generational settings 
in the Beaverlodge uranium district, based on their Fe and Si content. 
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The chlorite formation temperatures shown in Figure 5.17 were calculated using the 

empirical formula proposed by Cathelineau (1988) that is based on the occupancy of 

aluminum in the tetrahedral site of the chlorite crystal structure. Formation temperatures 

of retrograde metamorphic chlorite (chl1), which precedes the replacement-type albite, 

was analyzed in both the Donaldson Lake granite and the Bolger pit amphibolite and 

range from 297 to 314°C, with an average of 306°C (Figure 5.17). Much lower 

temperatures were given by retrograde metamorphic chlorite in breccias at the Rix-Smitty 

mine (chl1) with a temperature range of 205 to 213°C and an average of 210°C (Figure 

5.17). These lower values may have been due to resetting by later fluids associated with 

brecciation, which also affects the analyzed sample.  
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Figure 5.17: Histogram showing range of temperatures for chlorites from different 
geological settings in the studied deposits. 
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Chlorite rimming orthogneiss clasts and forming the matrix in the fault breccias at the 

Rix-Smitty deposit (chl2), gave a wide range of temperatures, from 215 to 263°C, with an 

average of 236°C. Chlorite veins in Murmac Bay group amphibolites (chl3 to chl5) 

constrain temperatures for Ab1-V and Ab2-V, and thus the uranium mineralization 

associated with Ab2-V veins. Temperatures derived for chl3, which predated Ab1-V and 

Ab2-V, range from 203 to 325°C, with an average of 278°C. Chl4, which cuts Ab1-V but 

is cut by Ab2-V, yielded temperatures from 293 to 325°C, with an average of 304°C. 

Temperatures derived from chl5, which postdated Ab2-V, range from 228 to 287°C, with 

an average of 253°C. Thus, it seems likely that Ab1-V and Ab2-V were precipitated from 

fluids with temperatures in the 205 to 325°C range (Figure 5.17, Table 5.10). Liang 

(2015) reports chlorite geothermometry temperatures for mineralized veins to be in the 

range 238 to 310°C, with an average of 270°C. In the same study, fluid inclusions were 

used to derive temperatures of 78 to 330°C for mineralized veins, with most in the range 

of 100 to 250°C. Temperatures of chlorite veins from this study fall within the range of 

the chlorite geothermometry temperatures reported by Liang (2015) for mineralized veins 

in the Beaverlodge district (Table 5.10), but are somewhat higher than the reported 

temperatures from fluid inclusion microthermometry (Liang, 2015). 
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Table 5.10: Chlorite compositions and derived average geothermometry temperatures for 
the five generations of chlorite observed in this study. The samples were taken from the 
21 zone, Bolger pit and Rix-Smitty mine during this study. 
 

Oxide 
(wt %) 

Chl1 
Retrograde 

metamorphic 
chlorite in 
granite and 
amphibolite 

 
(21 Zone 

and Bolger 
pit) 

Chl1 
Retrograde 

metamorphic 
chlorite in 

orthogneiss 
 

(Rix Smitty 
mine) 

Chl2 
Breccia 

 
(Rix Smitty 

mine) 

Chl3 
Chlorite 

vein 
 

(Bolger pit) 

Chl4 
Chlorite 

vein 
 

(Bolger pit) 

Chl5 
Chlorite 

vein 
 

(Bolger pit) 

SiO2 22.89±5.47 32.60±0.35 31.31±1.20 27.52±0.62 26.75±0.61 28.83±0.92 
Al2O3 16.08±3.94 15.83±0.20 18.09±1.54 18.20±0.71 18.41±0.34 16.68±0.81 
FeO 21.57±4.50 13.70±0.13 12.08±1.63 27.88±1.19 28.93±0.38 28.77±0.77 
MgO 13.36±3.93 26.85±0.55 25.39±1.87 13.62±1.79 13.84±0.54 14.41±0.68 
CaO 9.69±9.63 0.10±0.06 0.16±0.05 0.09±0.02 0.06±0.02 0.20±0.03 
Na2O 0.02±0.001 0.02±0.01 0.05±0.05 0.04±0.03 0.02±0.02 0.05±0.05 
K2O 0.02±0.003 0.01±0.01 0.12±0.12 0.33±0.32 0.02±0.02 0.03±0.01 
MnO 0.28±0.02 0.04±0.04 0.05±0.03 0.30±0.04 0.33±0.02 0.38±0.01 
TiO2 0.04±0.02 0.07±0.01 0.00 0.03±0.03 0.01±0.01 0.01±0.01 
Cr2O3 0.17±0.01 0.03±0.01 0.03±0.02 0.15±0.11 0.11±.02 0.05±0.03 
H2O 15.69±5.13 10.29±0.85 12.36±11.6 11.68±1.71 11.36±1.23 10.47±0.60 
Total  99.8±0.20 99.55±0.45 99.64±0.36 99.84±0.16 99.84±0.16 99.88±0.12 

 
Si 5.71 6.31 6.12 5.89 5.73 6.04 
Al 

(IV) 
1.14 0.84 0.92 1.06 1.14 0.98 

Fe 3.82 
 

2.16 
 

1.91 
 

4.40 
 

4.57 
 

4.56 
 

Mg 0.56 1.50 
 

2.16 1.10 
 

1.18 
 

1.22 
 

T (oC) 306±8 210±5 
 

236±28 
 

278±76 
 

284±38 
 

253±26 
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6. Timing of albitization and mineralization 

 

Previous workers have attempted to date albitization in the Beaverlodge uranium district. 

Ashton et al. (2013) dated the alteration by LA-ICP-MS on rutile grains found with albite 

in the Ab2-R setting and derived an age of 1817 ± 28 Ma, interpreted to be the age of this 

generation of albite. This age is within error of the chemical ages 1812 ± 15 Ma 

determined for uranium mineralization thought to be associated with Martin group mafic 

magmatism, but is younger than the 1848 ± 5 Ma age of the inferred main mineralizing 

event in the district (Dieng et al., 2013). Koeppel (1968) obtained a younger age estimate 

for the main mineralizing event of 1780 ± 20 Ma from chemical age dating, for which the 

1817 ± 28 Ma age of the Ab2-R generation of albitization is also within error.  

 

6.1 U/Pb isotopic dating of rutile coexisting with Ab2-R and Ab2-V 

 

Isotopic dating by LA-ICP-MS of rutile grains found in the Ab2-R and Ab2-V settings 

was attempted in order to distinguish the relative timing between pervasive albitization 

and mineralization found with albite in the Ab2-V setting. It was also attempted to better 

constrain the age estimate of the Ab2-R setting as the previous age of 1817 ± 28 Ma 

(Ashton et al., 2013) has a large error. Unfortunately, the rutile grains proved too small 

and did not have sufficient uranium to yield any meaningful results for rutile in the Ab2-

R setting, and rutile found in Ab2-V veins is rare so a large enough sample group could 

not be obtained for dating. Another attempt to better date rutile precipitated with albite in 
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the Ab2-R setting using the isotope dilution-thermal ionization mass spectrometry ID-

TIMS technique was also thwarted by there being insufficient uranium in the rutile.  

 

6.2 Th/Pb and U/Pb chemical dating of uraninite  

 

Ages of uraninite grains in five thick section samples were calculated based on U, Th, 

and Pb concentrations determined by EMPA analysis. SiO2, CaO and FeO were also 

analyzed in uraninite grains.  Uraninites collected are from 6 distinct settings, 5 uraninites 

can be classified as breccia types and are found with chlorite cementing breccia clasts, 

whereas the other was from a concentration of disseminated pitchblende grains developed 

in Martin group conglomerate. Uraninite grains are heterogeneous and contain many 

galena inclusions complicating analyses except in uraninite grains from the Martin group 

conglomerate (15-JK-007). Analyses with SiO2 concentrations greater than 7% are found 

to be uraninites that have been partially altered to coffinite and were not considered in the 

age determinations.  

 

A histogram can be seen in Figure 6.1 with plotted chemical age data. Uraninites in the 

Martin group conglomerate (15-JK-007) yield a range of ages from ~800-1300 Ma with 

the highest concentration at ~1000 Ma. Uraninites found in the sample containing 

chlorite cementing brecciated rock along with carbonate and apatite (15-JK-017) range 

from ~300-800 Ma with most occurring at ~300 Ma and 500 Ma. Uraninites rimmed by 

chlorite that cements breccia clasts (15-JK-016) have calculated ages of ~300-400 Ma 

with a high concentration at ~300 Ma. Uraninites rimmed by chlorite in brecciated rock 
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from the Eagle shaft (15-JK-018) have the widest spread from ~200-1500 Ma. Of course 

all uraninites have seen some degree of resetting, represented by wide ranges in 

calculated chemical ages and the spread in data seen in Th/U ratios versus calculated age 

plots (Figure 6.2), suggesting remobilization of uranium. Analyses with thorium values of 

zero where not used when evaluating Th/U ratios. 

 

Alexandre and Kyzer (2005) have shown that by plotting the concentrations of chemical 

impurities in altered uraninites versus calculated chemical ages, a best-fit line can be 

drawn to give an estimated time of initial mineralization. Unfortunately, the uraninite 

grains in this study are too heterogeneous with chemical variations, as seen in Figure 6.3, 

and a reasonable best-fit line cannot be determined. Considering Th/Pb-U/Pb plots in 

Figure 5.15, which can be used to determine initial lead concentrations, uraninites found 

in the Martin group conglomerate (15-JK-007) and uraninite from the Fay mine (15-JK-

017) precipitated with carbonate and apatite in chlorite that cements breccia clasts, show 

no initial lead and therefore are the best constrained points for chemical dating. When 

impurities from these uraninites are plotted versus their calculated chemical ages in 

Figure 6.4, a least means square line generated by taking all the analyses into 

consideration gives an estimated age of 2534 Ma. This age is unreasonable, especially for 

uraninite precipitated in the Martin group conglomerate, which most likely represents 

unaltered mineralization inferred from low silica concentration (Figure 5.14). The 

maximum age for uraninite precipitation in Martin group volcanics is constrained by a 

1.82 Ga (Morelli et al., 2009) age for the alkali mafic volcanic rocks emplaced during 

Martin group deposition. The uraninites from the Martin group conglomerate are at least 
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slightly older as they are from the basal conglomerate units. The R2 value of this least 

means square line giving an age of 2534 Ma is 0.65 showing weak correlation between 

points. The wide spread in points makes it impossible to calculate a meaningful line and a 

reliable x-intercept value. However, a reference line can be drawn that passes through the 

densest clusters of data from each of the two uraninite groups with low initial Pb to give 

an age slightly greater than 1800 Ma (Figure 6.4). Alternatively, a line could be drawn 

through the Martin group conglomerate analyses only that would have an intercept value 

of between 1200 and 1300 Ma. However, these ages assume that uraninite from the 

Martin group conglomerate (15-JK-007) and uraninite from the Fay mine (15-JK-017) 

precipitated at the same time.  
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Figure 6.1: Histogram of calculated chemical ages in uraninites from different settings in 
the Beaverlodge uranium district. 
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Figure 6.2: Th/U vs. calculated ages in uraninites from different settings in the 
Beaverlodge uranium district. 
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Figure 6.3: Total impurity concentration (SiO2+CaO+FeO %wt) vs. calculated chemical 
ages of uraninites from different settings in the Beaverlodge uranium district. 
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Figure 6.4: Concentration of total impurities (SiO2+CaO+FeO %wt) vs. calculated 
chemical ages of uraninites assuming no initial lead from Martin group conglomerate 
sample and sample precipitated with apatite and carbonate in chlorite breccia cement. 
The thin line is a calculated best-fit line considering all the data. The thicker line is a 
reference line drawn to consider the densest cluster of data points in the two uraninite 
groups. 
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6.3 Albitization and uranium mineralization 

 

Many of the deposits in the Beaverlodge district are spatially associated with extensive 

and pervasive zones of albitization (e.g. Ace-Fay-Verna, 46 Zone) and several are hosted 

within the alteration itself (e.g. Gunnar, Dubyna). However, this replacement style of 

albitization is not pervasively mineralized in the main Beaverlodge uranium district, nor 

does it show any consistent increase in uranium relative to its unaltered host. Rather, the 

mineralization hosted by replacement albitite tends to occur in crosscutting fractures and 

veins. Nevertheless, a spatial relationship is well defined. Changes in rock properties may 

be important to later mineralization as albitization theoretically creates a more weakened 

and permeable rock, more susceptible to brecciation and fluid migration than unaltered 

equivalents. With the dissolution of quartz, the rock may become more porous, 

facilitating brecciation during subsequent deformation and allowing for easier 

transportation of mineralizing fluids. Mineralization in veins is therefore interpreted as 

postdating the pervasive type albitization (Ab1-R). Supporting evidence for this is 

provided in the mass balance plots for the albitized pairs (Figures 5.1-5.4) and in the 

Th/U ratios of unaltered and altered rocks (Figures 5.7- 5.9), which show no clear 

relationship between U concentrations and the pervasive, replacement albitization (Ab1-

R).  

 

Some albite veins, however, have been found in previous work (Liang, 2015) and this 

study, to be mineralized, with albite (Ab2-V)-carbonate veins representing the main stage 

of remaining mineralization at the Bolger pit. Previously described (Chapter 4) albite 



147 
 

veins that crosscut the Martin group have similar petrographic characteristics to these 

mineralized Ab2-V veins suggesting that at least some vein-type albitization developed 

syn- to post-Martin group. Deposition of the Martin group is constrained by 1818 ±4 Ma 

mafic volcanic rocks of the Gillies Channel Formation (Morelli et al., 2008).  This timing 

coincides with an 1817 ± 28 Ma U-Pb isotopic age determined from rutile precipitated 

with Ab2-R in polygonized zones of Ab1-R (Ashton et al., 2013). Ab2-R containing the 

dated rutile crystals and Ab2-V developed in veins genetically linked to mineralization in 

veins, are thought to be broadly coeval due to both involving reducing fluids, which 

remove Fe oxide inclusions from the albite crystals. Further evidence for Ab2-R and 

Ab2-V being genetically linked is the petrographic observation that rutile, specular 

hematite and a generation of carbonate commonly occurs with both of these settings.  

The Ab2 crystals being free of Fe-oxide inclusions would indicate a relatively 

reducing fluid nature to begin with. The albitizing fluid associated with this second 

generation of albite most likely contained Fe2+, which does not readily form Fe 

oxide inclusions. This reducing fluid would be beneficial in reducing uranium from 

U6+ to the U4+ state where it is readily precipitated. As a result of the mineralization, 

the Fe2+, which is originally dissolved in the fluid, become Fe3+, which would explain 

the development of specular hematite filling the pores associated with Ab2. This 

oxidizing fluid would have been favourable for uranium transport. Mineralized albite 

(Ab2-V)-calcite-quartz veins (V4; Liang, 2015) are found in amphibolites of the Murmac 

Bay group (Ab2-V-A), 1.93 Ga intrusive granitic rocks (Ab2-V-G) and sedimentary 

rocks from the Martin group (Ab2-V-M). Based on several generations of chlorite veins 

at the Bolger pit that predate Ab1-V and postdate the mineralized albite-carbonate veins 
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(Ab2-V), the temperatures of the fluids responsible for the Ab2-V veins range from 203 

to 329°C, with averages of 253 to 304°C. The temperatures for these chlorite veins fall 

within the 238 to 310°C range of mineralized vein temperatures reported by Liang (2015) 

based on chlorite geothermometry. Thus, the fluids responsible for the second vein-type 

generation of albite (Ab2-V) found in the albite-carbonate-quartz veins may be of the 

same generation as those that precipitated uranium. 

 

Mineralization is also found in fault breccias, and in the literature is referred to as breccia 

ore (Robinson, 1955; Beck, 1969; Tremblay, 1972). Several instances of brecciation 

affect rocks of the Beaverlodge uranium district. Brittle-ductile events, which pre-date 

brittle deformation events, follow the last phase of amphibolite facies metamorphism at 

about 1900 Ma, when associated deformation (regional D3) would have taken place at 

mid-crustal crustal levels within the ductile stress regime. Uplifting rocks in the 

Beaverlodge district to shallow crustal levels spurred retrograde metamorphism, 

producing overprinting greenschist facies mineral assemblages (Ashton et al., 2009). The 

district was later affected by the Trans-Hudson orogeny during regional D4 deformation 

at these higher crustal levels causing brittle-ductile to brittle deformation when 

brecciation took place. Development or reactivation of major structural discontinuities 

such as the Black Bay and St. Louis faults would have occurred at this time. Topographic 

relief was created through displacement along these major fault zones, which created 

accommodation space and led to the deposition of the Martin group, which was ongoing 

at ca. 1818 Ma (Morelli et al., 2009).  This faulting was episodic with structural 

instability recorded by abrupt variations in grain size in sedimentary rocks of the Martin 
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group at progressively higher stratigraphic levels, mafic magmatism and sandstone dykes 

within the Martin group (Mazimhaka and Hendry, 1984). Early phases of D4 brittle-

ductile to brittle faulting predated the Martin group deposition based on truncation of the 

St. Louis and related faults by the Martin Lake basin. The St. Louis fault probably 

continues underneath the Martin basin and may emerge on the west side as the 

Crackingstone fault, although this would be difficult to prove. Nevertheless, it seems 

obvious that early D4 faulting predated deposition of the Martin basin and was 

responsible for initiating Martin deposition.  

 

This early faulting and brecciation would have also created conduits for the movement of 

fluids, both those responsible for albitization and uranium mineralization. Due to the 

multiple generations of fault activity, it is difficult to determine the relative ages of 

Martin deposition, replacement albitization and the subsequent generations of 

albitization, and the breccia- and vein-types of uranium mineralization, which probably 

also represent multiple generations. Similarly, it is difficult to know the age of the 

mineralization in breccia-type ore, since the mineralization may significantly postdate the 

brecciation. However, some observations made by previous workers and during the 

course of this study shed some light.  No replacement albitization has been seen in the 

Martin group, however a clast of episyenite, in which quartz has been removed, but K-

feldspar remains (i.e. partially albitized), was found in the Martin group conglomerate, 

suggesting that the albitization process began prior to the deposition of the Martin Lake 

Basin. Breccia-type ore is thought to postdate the pervasive style of albitization 

(Robinson, 1955) and developed during reactivation along former, major shear zones 
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such as the St. Louis fault and the Black Bay fault (Tremblay, 1978; Nash et al., 1981). 

Brecciation is not observed in the Martin group rocks, which infers that most of the major 

faulting in the area pre-dates its deposition. Rather mineralization is found in fractures 

and cross-cutting veins.  Older works have reported mineralized veins that crosscut 

mineralized breccias (Tremblay, 1972); however, due to reclamation of mine sites, 

breccia ores were not observed in the field. One sample from the Eagle shaft mine stored 

at the Saskatchewan Geological Survey’s core facility in La Ronge, Saskatchewan did 

contain a carbonate vein that is brecciated and impregnated  with hematite, pyrite, and 

pitchblende in a chloritic matrix. Uraninite in this sample is irregular and patchy and 

rimmed by chlorite, which also rims early pyrite grains. However, the carbonate vein 

itself was not mineralized, rather it was cut by breccia ore. Thus, there is some evidence 

for two generations of mineralization: an early breccia-type ore that postdated 

replacement-type albitization may have been synchronous with early D4 displacements 

along the major faults and predated the Martin group, and a later syn- to post-Martin 

group ore precipitated in veins. If fluids precipitating uranium in the breccias and veins 

are the same age, then all of the mineralization is syn- to post-Martin group.  
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7. Discussion 

 

7.1 Timing of albite generations relative to each other and fluid behavior and 

chemistry  

Pervasive, replacement albitization is the first generation of albitization to occur and 

forms large pervasive alteration zones spatially associated with many of the uranium 

deposits in the Beaverlodge uranium district. These albite (Ab1-R) crystals are generally 

anhedral and contain many inclusions of hematite and goethite and mixes of the two and 

minor inclusions of barite, lanthanite and rutile. A brittle-ductile deformation event 

postdates this pervasive Ab1-R alteration because albite crystals are bent, broken and 

polygonized at grain boundaries and within deformation cracks. Fluid moving through 

these microscopic scale (<1mm) deformation zones dissolves hematite and goethite 

inclusions in the first generation of albite and locally replaces polygonized Ab1-R albite 

with newly formed and hydrothermally precipitated second-generation albite (Ab2-R) 

containing no Fe-oxide inclusions. These albite crystals are subhedral, have wider and 

more continuous albite twinning that is often in alignment with twinning from the 

deformed albite (Ab1-R) of the first replacement generation, although, extinction in 

newly formed albite (Ab2-R) is different by a few degrees from the Ab1-R grains 

signifying a replacement process. In addition to new albite being formed other minerals 

are precipitated at this time within these polygonized zones including specular hematite, 

rutile ± apatite. 
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The second type of albite alteration is a vein-type. Monomineralic albite veins seen in 

amphibolites from the Murmac Bay group, where albite (Ab1-V) crystals are anhedral 

and contain many Fe oxide inclusions, are the first generation of this type. 

Monomineralic albite (Ab1-V) veins are cut by albite-carbonate-quartz veins, where 

albite (Ab2-V) crystals lining the margins of the veins are euhedral, contain significantly 

fewer Fe-oxide inclusions and were co-precipitated with rutile and specular hematite. 

Monomineralic albite (Ab1-V) veins are very deformed and irregular with many bends 

and folds indicative of brittle-ductile deformation during compressional regimes, whereas 

albite (Ab2-V)-carbonate-quartz veins are more straight sided suggesting precipitation 

during a period of extension.  

 

Albite (Ab2-V)-carbonate-quartz veins were observed to postdate the first generation of 

pervasive, replacement albitization and cut brecciated albitite at the 21 zone. Mineralized 

dolomite-calcite-quartz-albite (Ab2-V) veins in the pit wall at Dubyna cut partially 

albitized (Ab1-R) Donaldson Lake granite in which quartz dissolution has occurred, but 

the primary K-feldspar has only been partial replaced by albite. No crosscutting 

relationships between monomineralic albite (Ab1-V) veins and pervasive, replacement 

albitization (Ab1-R) have been observed or between albite (Ab2-V)-carbonate-quartz 

veins and the second generation of replacement albitization of polygonized albite (Ab2-

R). Therefore, consistent with petrographic observations and major element 

geochemistry, it is possible that Ab1-R and Ab1-V are broadly of the same early 

generation, and that Ab2-R and Ab2-V are broadly coeval but precipitated later, 

following a deformational event. Whether albite was precipitated as a pervasive 
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replacement of wall rock or in veins was dependent on the material the fluid was moving 

through and if open space was available in which case veins were formed.  Where 

albitization occurs in competent wall rock, generally as pervasive alteration in granitic 

rock, the dissolution/reprecipitation process would require a long period of time with 

fluids using pre-existing fractures as pathways, however a major and ongoing 

deformational event is not necessary.  The first generation of albite veins (Ab1-V) was 

most likely formed in open fractures, but has since seen at least one period of shortening 

that deforms and bends the veins. Ab2-V veins however are emplaced in straight-sided 

fractures with no alteration halos in the wall rock, suggesting development during a time 

of extension and relatively quick emplacement. The lack of deformation in both Ab2-R 

and Ab2-V crystals is consistent with these generations forming at the end of a long 

deformational event that was probably episodic and deformed albite crystals of Ab1-R 

and Ab1-V generations.   

 

If Ab1-R and Ab1-V, and Ab2-R and Ab2-V are of the same generations, some 

reasonable inferences on fluid chemistry can be made. The presence of microscopic 

hematite, goethite and rutile inclusions found in Ab1-R crystals and hematite and goethite 

inclusions in Ab1-V crystals signify that oxidizing fluids were responsible for the early 

generation of albite precipitation. At the time of, or after polygonization of Ab1-R 

crystals, fluids may have become reducing and leached Fe-oxide inclusions leaving the 

margins of Ab1-R crystals free of these inclusions where they are adjacent to newly 

formed Ab2-R crystals. Eventually the fluid may have become oversaturated with respect 

to specular hematite and rutile, allowing for the precipitation of well formed, euhedral 
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specular hematite and rutile crystals along with the replacement of Ab1-R crystals by 

Ab2-R crystals.  

 

7.2 Albitization and mineralization 

 

The replacement style of albitization is not pervasively mineralized in the main 

Beaverlodge uranium district. Data from whole rock analyses plotted on Th/U diagrams 

show a wide scatter in data from both protolith and derived albitite that suggests all rock 

types have seen hydrothermal activity and that uranium mineralization is not associated 

with the pervasive style of albitization in the Ab1-R generation. Rather, spatially 

associated mineralization tends to occur in crosscutting fractures and veins. However, 

changing of the rock properties may be important to later mineralization as albitization 

theoretically creates a more weakened and permeable rock, susceptible to brecciation and 

fluid migration. With the dissolution of quartz, the rock may become more porous, 

allowing for easier transportation of mineralizing fluids. 

 
The second generation of albitization (Ab2-R), precipitated in zones of albitite that had 

undergone polygonization and has no spatially associated pitchblende. It is noted 

however that the occurrence of Ab2-R is much more sparse than Ab1-R and so any 

special relationship with pitchblende is unlikely to be observed if it does exist.  However, 

the precipitation of specular hematite coeval with Ab2-R crystals suggest that the fluid 

became oxidizing, likely after leaching Fe oxide inclusions from Ab1-R crystals. This 

oxidizing fluid would have been favourable to uranium transport to be preferentially 

precipitated in the Ab2-V settings in extensional fractures.  It is also noted that in 
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comparison to veins, Ab2-R is less prominent and therefore observing mineralization in 

these zones is much less likely.   

 

Ab2-V veins found in rocks of the Martin group have similar petrographic characteristics 

to those found in Murmac Bay group amphibolites indicating formation during or post- 

Martin group sedimentation. Theoretical basinal brine fluids from the Martin group 

would be a potential source of Na for albitization. Likewise, basinal brine fluids could 

produce oxidizing fluid conditions favourable for uranium leaching and transport, as 

suggested to be the case during the first generation of albitization by Fe-oxide and rutile 

inclusions in Ab1-R crystals, and Fe-oxide inclusion in Ab1-V crystals.   
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8. Conclusions 

 

 This project’s purpose was to describe the fluid characteristics and timing of albitization 

to determine any genetic relationships between the uranium mineralization and spatially 

associated albite alteration found in the Beaverlodge uranium district. Through 

petrographic, whole rock, major and trace element analyses, and chlorite 

geothermometry, some conclusions can be made.  

1) Through petrographic studies, several generations of albitization have been 

characterized, some of which were previously unknown. These generations fall 

under two main types, pervasive, replacement albitization and vein type, for 

which there are two generations in each type.  

2) Pervasive, replacement albitization affects basement orthogneisses, the Gunnar 

and Donaldson Lake granites, pink leucogranite, and amphibolites of the Murmac 

Bay group, but first-generation albite (Ab1) is only observed in Martin group 

rocks as veins (Ab1-V-S). Partially albitized (episyenite) granitic clasts are 

present in the Martin group conglomerate, suggesting that initial stages of 

albitization responsible for quartz dissolution were taking place sometime pre- to 

syn-Martin group development.  However, because Ab1-V veins cut the basal 

conglomerate unit, the albitization process continued after initiation of Martin 

group deposition which was ongoing at 1.82 Ga.  

3) The second generation of albite veins (Ab2-V) is found as steep to vertical, 

straight sided veins that cut Donaldson Lake granites, pink leucogranite, 

amphibolites of the Murmac Bay group as well as sedimentary units of the Martin 
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group, and therefore developed during a time of extension syn- to post- Martin 

group deposition.  

4) Inclusions analyzed in Ab1-R grains by EMPA yield results for rutile, Fe-oxides, 

barite and carbonate. Thus, elements Ti, Fe, Ba, S and Ca were carried in the 

albitizing fluids of Ab1-R and Ab1-V. Iron from iron oxides were dissolved and 

reprecipitated with the later Ab2-R and Ab2-V generation as specular hematite, 

with added Ti and Ca in the Ab2 fluid to precipitate rutile and apatite.  

5) Mineralization is not pervasive throughout the replacement style of albitization in 

the main Beaverlodge uranium district. Whole rock analyses plotted on Th/U 

diagrams show a wide scatter of data from both protolith and derived albitite rock 

suggesting that all rock types have seen hydrothermal activity and that uranium 

mineralization is not genetically associated with the pervasive style of albitization 

(Ab1-R). This is also suggested by mass balance calculations where U may be 

gained or lost during replacement albitization and results do not consistently 

suggest any genetic relationship between mineralization and albitization.  

However, mineralization tends to occur in crosscutting fractures and veins. The 

second generation of albite veins (Ab2-V) are found to be the main stage of 

mineralization at the Bolger pit.  
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Appendix A: 
Petrographic Study of Drill Core from Ace-Fay Verna 

Petrographic Characteristics 
Brecciated quartz vein cementing red hematized granitic rock of 30% quartz, 50% feldspar as k-feldspar 
and plagioclase in the host rock and 10% hematized albite in brittely deformed veins, 10% chlorite in 
fractures and ductiley deformed veins. Brecciated clasts are recrystallized and consist of quartz that 
shows the highest degree of recrystallization, and feldspar which is also recrystallized showing grain 
boundary recrystallization. Hematized albite is found in deformed and fragmented veins that cut the host 
rock and are in turn cut by a quartz vein with recrystallized quartz that is prismatic in shape and 
cementing brecciated host rock clast. Albite veins are also cut by ductiley deformed chlorite veins. 

Comments/Description 
 

 

  

Sample Number: 14-JK-001 Location:  Drill hole EMR_AFV 24-363-488 

 

 

   
Description 1: Recrystallized 
and brecciated quartz vein with 
prismatic quartz crystals 
cementing recrystallized granitic 
rock composed of fragmented 
feldspar and quartz veins with 
ductiley deformed chlorite vein 

Description 2: recrystallized and 
hematized albite? In a vein 
within recrystallized quartz in 
becciated and fragmented 
granitic rock. Albite vein is in 
turn cut by quartz vein that is 
cementing host rock clast. 

Description 3: Ductiley 
deformed chlorite vein cutting 
hematized albite. 
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Sample Number: 14-JK-002 Location:  Drill hole EMR_AFV 24-363-488 
 

 

 

   
Description 1: Amphibolite rock 
composed of albite, K-feldspar 
and minor muscovite. 

Description 2: Pyrite grain in 
amphibolite host. Host rock is 
dominated by plagioclase that is 
deformed, crushed and 
recrystallized with zones of grain 
boundary recrystallization. Pyrite 
grain is altered by carbonate. 

Description 3: K-feldspar vein 
that is fractured and deformed 
cutting amphibolite rock. 

Petrographic Characteristics 
An amphibolite rock of the Murmac Bay group that contains mostly plagioclase grains that are 
seriticized, K-feldspar and minor muscovite and pyrite. A K-feldspar vein made of medium grains that 
are bent, fractured and hematized along grain boundaries, fractures and cleavage planes cuts the host 
rock. K-feldspar crystals display tartan and mottled twinning and are free of sericite observed in 
plagioclase with in the host rock matrix. The host rock has crushed and cataclastic textures that occur at 
grain boundaries as well as grain boundary migration recrystallization with carbonate filling space 
between recrystallized and crushed grains. Relic pyrite grains exist in the recrystallized host rock and are 
altered by carbonate, some of which is Fe-rich.  

Comments/Description 
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Sample Number: 14-JK-003-b Location:  Drill hole EM-V9-24 

 
 

   
Description 1: Albitized 
amphibolite cut by very fine 
grained, mottled albite vein that 
is in turn cut by hematized 
drewsy carbonate vein. 

Description 2: Albitized 
amphibolite cut by carbonate 
vein that is fractured and 
deformed. 

Description 3: quartz occurring 
in amphibolite not affected by 
albitization between grains of 
sericitized albite. 

Petrographic Characteristics 
Amphibolite rock of the Murmac Bay group that is in parts albitized. Relic ablite1 grains are dirty and 
sericitized with recysatalized margins showing grain boundary migration recrystallization where iron 
oxide inclusions of the ablite1 grains are absent. New hydrothermal albite occurs near zones where later 
carbonate veins cut the albitized amphibolite and fluids have migrated from the vein to pervasively alter 
the wall rock along with the precipitation of specular hematite. New hydrothermal albite is better 
twinned, euhedral and free of iron oxide inclusions. Very fine grained albite stringer veins cut the 
albitized amphibolite and are in turn cut by a drwesy carbonate-quartz vein with hematized margins. 
Areas of amphibolite that are not albitized contain 2% recrystallized quartz between sericitized albite 
grains.  

Comments/Description 
The transition to albitized rock is gradational with a small percentage (2%) of quartz occurring in 
unalbitized rock. Areas not affected by albitization also do not display the distinctive red colouring 
found in albitized zones. Albite crystals found in zones not affected by albitization are more intensely 
sericitized. 
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Sample Number: 14-JK-003-c Location:  Drill hole EM-V9-24 

 

 

   
Description 1: Hematized albite 
vein cut by stringers of 
carbonate-quartz veins. 

Description 2: Red stringer 
albite veins cut by carbonate-
ablite-quartz vein in 
amphibolite. 

Description 3: PPL Red stringer 
albite veins cut by carbonate-
ablite-quartz vein in amphibolite 

Petrographic Characteristics 
Amphibolite rock of the Murmac Bay group that has been recrystallized showing grain boundary 
migration recrystallization. Very fine grained stringer albite veins cut the amphibolite host rock and are 
in turn cut by stringer carbonate-quartz and crab-ablite-quartz veins. All veins are deformed, fractures 
and have cataclastic textures in areas where crystals are crushed, bent and fractured.  

Comments/Description 
A very fine grained hematized albite vein is observed cut by a carbonate-ablite-quartz vein.  
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Sample Number: 14-JK-004 Location:  Drill hole Va-109 

 

Representative photo 

 
 

   
Description 1: Very fine grained 
albite in fractured conglomerate 
clast that have been albitized and 
hematized. 

Description 2: Carbonate-ablite-
quartz vein cutting crushed 
albitized clast in Martin group 
conglomerate. 

Description 3: Carbonate-ablite-
quartz vein cutting crushed 
albitized clast in Martin group 
conglomerate. 

Petrographic Characteristics 
Deformed Martin group conglomerate rock that contains some crushed clast of albitized rock. Clasts are 
cemented in recrystallized quartz and is cut by carbonate-ablite-quartz veins that are very deformed and 
fractured with gradational grain boundaries with the host rock.  

Comments/Description 
Albitized clast in the Martin group conglomerate are cemented by quartz and cut by car-ablite-quartz 
veins.  
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Sample Number: 14-JK-005 Location:  Drill hole Va-109 

 

Representative photo 

 

   
Description 1: Relic albite 
twinning in carbonatizaed clast 
grain.  

Description 2: PPL relic albite 
twinning in carbonatizaed clast 
grain. 

Description 3: relic albite 
twinning in carbonatizaed clast 
grain 

Petrographic Characteristics 
Nearly completely carbonatizaed rock with some grains showing relic albite twinning. Areas not 
affected by carbonateonatization are a granitic rock composted of K-feldspar, plagioclase that is weakly 
sericitized, quartz and minor muscovite between crystals.  All crystals are deformed and display grain 
boundary migration recrystallization with carbonate altering crystals at their grain boundaries.  

Comments/Description 
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Sample Number: 14-JK-006 Location:  Drill hole Va-109 

 

Representative photo 

 

  

 

Description 1:  XPL: Fine 
grained amphibolite of the 
Murmac Bay group with albite 
as dominate groundmass 
mineral. 

Description 2: PPL of photo 1  

Petrographic Characteristics 
Fine grained amphibolite of the Murmac Bay group dominated by albite. Feldspar grains are altered by 
chlorite and with minor muscovite flakes and specular hematite occurring between grains in the rock 
matrix.  

Comments/Description 
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Sample Number: 14-JK-007 Location:  Drill hole Va-109 

 

Representative photo 

 

   
Description 1: XPL: Relic 
plagioclase grains being 
recrystallized. Plagioclase grains 
are weakly sericitized. 

Description 2: XPL: Coarse 
grained carbonate vein cuts 
granitic rock. 

Description 3: XPL: Carbonate 
veins showing deformation and 
brecciation with cataclastic 
fracturing. 

Petrographic Characteristics 
Brecciated granitic rock with cross cutting carbonate vein. The rock consists of lager deformed and 
fractured K-feldspar grains and recrystallized plagioclase displaying grain boundary migration 
recrystallization. Relic, larger plagioclase grains are weakly sericitized. Carbonate vein has fractures and 
cataclastic textures of brittle deformation following emplacement of veins.  

Comments/Description 
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Sample Number: 14-JK-010 Location:  Drill hole Va-109 

 

Representative photo 

 

   
Description 1: XPL: albite 
crystals at the margin of pyrite 
grains in fine grained 
amphibolite. 

Description 2: XPL: Ab2-V with 
albite margins and carbonate 
cores cutting amphibolite. 

Description 3: XPL: Quartz and 
quartz-carbonate vein cutting 
foliations in amphibolite. Veins 
truncated by a second generation 
of foliation defined by micas. 

Petrographic Characteristics 
Fine grained amphibolite of the Murmac bay group. Groundmass is dominated by albite as the main 
feldspar. Early foliations are cut by quartz and quartz-carbonate veins. This early foliation and veins that 
cut it are truncated by a second generation of foliations that are defined by mica crystals.  

Comments/Description 
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Sample Number: 14-JK-011 Location:  Drill hole Va-109 

 

  
Description 1: XPL: Drewsey quartz and 
carbonate fill open space cavity in Murmac 
Bay group amphibolite. Specular hematite 
cuts carbonate. 

Description 2:  XPL: X10 of carbonate cross cut by 
specular hematite.  

Petrographic Characteristics 
Fine grained amphibolite of the Murmac Bay group with matrix dominated by albite. Feldspar grains are 
altered by chlorite. Medium grained, carbonate and drewsey quartz fills voids and cavities and is cut by 
specular hematite crystals.  

Comments/Description 
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Petrographic Study of the 21 Zone 

Petrographic Characteristics 
Leucogranite with seriate grain texture. Chlorite alters quartz grains that are recrystallized to a finer 
grain size. Host is cut by stringer quartz veins that contain deformed and recrystallized quartz. At the 
margins of these veins hematite inclusions in sericitized plagioclase grains are leached.    

Comments/Description 
 

 

  

Sample Number: 14-JK-034-a-1 Location:  21 Zone 

 

Representative photo 

 

   
Description 1: XPL: 
Recrystallized quatz vein of 
anhedral quatz is leaching 
hematite inclusion from 
hematized plagioclase and vein 
margin.   

Description 2: XPL: 
Sericitization of hematized 
plagioclase grain.    

Description 3: PPL: 
Hematization of plagioclase and 
recrystallized quartz grains, 
chlorite alters quartz grains.  
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Sample Number: 14-JK-034-a-2 Location:  21 Zone 

 

Representative photo 

 

   
Description 1: XPL: Pervasively 
albitized leucogranite with no 
quartz. Albite crystals are 
deformed and fractured and 
hematized. Chlorite alters 
biotites and occurs between 
albite grains.    

Description 2: PPL of photo 1.    Description 3: PPL: Pervasivley 
albitized leucogranite with 
hematized albite crystals. 
Carbonate fills space between 
grains. Chloriteand leucoxene 
alter biotites.   

Petrographic Characteristics 
Albitized leucogranite with seriate grain texture. Albite grains are deformed and fractured and 
pervasively hematized. Biotites are altered to chlorite and chloritization with leucoxene occurs at grain 
boundaries. Carbonate is a later event the fills space between grains.    

Comments/Description 
Pervasive, replacement type albitization in leucogranite (Ab1-RG). 
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Sample Number: 14-JK-034-a-3 Location:  21 Zone 

 

Representative photo 

 

   
Description 1: XPL: Pervasively 
albitized leucogranite with no 
quartz. Albite crystals are 
deformed and fractured and 
hematized. Chlorite alters 
biotites and occurs between 
albite grains.    

Description 2: XPL: 
Recrystallized, euhedral, 
hydrothermal albite at margins 
of carbonate filling void space. 
Note lack of Fe-oxide inclusions 
in newly formed albite (Ab2-
RG)   

Description 3: PPL of photo 2.    

Petrographic Characteristics 
Albitized leucogranite with seriate grain texture. Albite grains are deformed and fractured and 
pervasively hematized. Biotites are altered to chlorite and chloritization with leucoxene occurs at grain 
boundaries. Carbonate is a later event the fills space between grains.  Newly formed albite lack Fe-Oxide 
inclusions and are euhedral, signifying emplacement from a hydrothermal fluid after the first generation 
of albitization (Ab1-R) 

Comments/Description 
Pervasive, replacement type albitization (Ab1-RG) and newly formed hydrothermal albite (Ab2-RG) in 
leucogranite  
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Sample Number: 14-JK-034-a-4 Location:  21 Zone 

 

Representative photo 

 

   
Description 1: XPL: Hematized 
leucogranite with minor 
mincrocline and recrystallized 
quartz grains. Chlortie alters 
biotites and is also occurring 
between grains.    

Description 2: PPL: Hematized 
plagioclase grains.    

Description 3: XPL: Microline 
crystal are fractured and 
polygonised. Hematization of 
crystals only occurs along 
fracture and cleavage planes.     

Petrographic Characteristics 
Leucogranite with seriate grain texture where quartz is recrystallized to a fine grain size and plagioclase 
and microcline are medium grained. Plagioclase crystals are pervasively hematized while microcline 
only has hematite alteration along fracture planes and cleavages. Chlorite alter biotites and occurs 
between grains with leucoxene as and alteration.  

Comments/Description 
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Sample Number: 14-JK-034-a-5 Location:  21 Zone 

 

Representative photo 

 

   
Description 1: XPL: Plagioclase 
crystals show deformation of 
twins, are hematized and 
sericitized.     

Description 2: SPL: 
Recrystalization .of primary 
plagioclase grain occurring at 
grain margins which results in 
crystals that lack Fe-oxide 
inclusions and sericite 
alteration.  

Description 3: PPL of photo 2. 
Note lack of red Fe-oxide 
inclusions in recrystallized 
margin.      

Petrographic Characteristics 
Leucogranite with seriate grain texture where quartz is recrystallized to a fine grain size and plagioclase 
and microcline are medium grained. Plagioclase crystals are pervasively hematized while microcline 
only has hematite alteration along fracture planes and cleavages within crystals. Plagioclase grains show 
deformation twinning are hematized and moderately to strongly sericitized. At plagioclase margins some 
recrystallization has occurred where new grains lack Fe-oxide inclusions and sericite alteration found in 
primary plagioclase grains. Fine grained, anhedral chlorite alter biotites and occurs between grains with 
leucoxene and lines fracture planes.   

Comments/Description 
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Sample Number: 14-JK-035 Location:  21 Zone 

 

Representative photo 

 

   
Description 1: XPL: 
Deformation crack in medium 
grained Ab1-R crystals sutured 
by fine grained hydrothermal 
Ab2-R crystals.      

Description 2: PPL of photo1. 
Note Fe-oxide inclusions are 
absent in Ab2-R crystals that fill 
deformation crack in Ab1-R 
crystal.  

Description 3: XPL: Very fine 
grained recrystallized albite 
(Ab2-R) surrounding zone of 
calcite and dolomite.       

Petrographic Characteristics 
Albitized Donaldson Lake granite with seriate grain texture where quartz is completely dissolved and 
albite comprises 80% of the rock with 10% carbonate and 10% chlorite. Medium grained albite (Ab1-R) 
crystals are pervasively oxidized by Fe-oxide inclusion including hematite. These crystals are deformed 
and fractured with deformation twinning and deformation cracks within the crystals. Deformation cracks 
are sutured by new recrystallized albite (Ab2-R) where crystals are much finer grained and do not 
contain Fe-oxide inclusions, with carbonate (calcite and dolomite) filling in open space within cracks. 
Carbonates (calcite and dolomite) also fill space between grains in the host rock, generally within zones 
of very fine grained recrystallized, Fe-oxide inclusion free, albite.  

Comments/Description 
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Sample Number: 14-JK-066a Location:  21 Zone 

 

   
Description 1: Specular hematite 
occurring between quartz grains 
with carbonate and fine grained 
albite. 

Description 2: Same generation 
of specular hematite from 
Description 1, but cutting quartz 
and occurring with zircon and 
rutile. 

Description 3: Albitization 
occurring as fine grained in pods 
with carbonate and post 
albitization specular hematite of 
the same generation from 
Descriptions 1 & 2.  

Petrographic Characteristics 
Partially albitized coarse grained leucogranite with 20% quartz, 30-35% albite, 5% 
chlorite as alteration between grains, 25% Fe-oxide as specular hematite between 
grains, filling vugs, and cutting grains of quartz and albite, 10-15% carbonate as large 
grains exhibiting carbonate cleavage and fine grained filling vugs and 5% accessory 
minerals, rutile and zircon. Specular hematite is found cutting and filling carbonate 
pods with fine grained albite, accompanied by zircon and rutile. Specular hematite is 
found cutting quartz as well with rutile and zircon present, but appears centralized 
around these pods of carbonate with albite. 

Comments/Description 
Albitization does not appear complete. Quartz dissolution may be seen by carbonate pods filling space 
left by desilicification. Zircon and rutile is found spatially associated with specular hematite.   
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Sample Number: 14-JK-066b Location:  21 Zone 

  

  

 

Description 1: Specular hematite 
filling space with carbonate and a 
large grained albite crystal 
between hematized quartz grains 
with rutile at the boundary of 
quartz and carbonate 

Description 2: Same generation of 
specular hematite as Description 
one filling pod with carbonate and 
fine grained albite. 

 

Petrographic Characteristics 
Large grained leucogranite with 20% quartz, 30% plagioclase, 10% chlorite as biotite 
altered to chlorite, 15% Fe-oxide as dusty hematite altering magmatic coarse grained 
quartz and feldspars and as specular hematite between grains and filling voids often 
filled with carbonate and fine grained albite, 15% carbonate and 5% muscovite and 5% 
accessory minerals zircon. 
 

Comments/Description 
Albitization occurs with carbonate filling vugs with specular hematite. Carbonate appear coeval and 
specular hematite post dates vug filling.    

 

  



 187 
 

Sample Number: 14-JK-067 Location:  21 Zone 

 

   
Description 1:  Altered 
leucogranite with no quartz, but 
k-feldspar is present ~25-30%, 
15% microcline and 10-15% 
orthoclase, 30% albite, 30% 
plagioclase and 10% chlorite, 
with 1-5% accessory minerals. 
Very deformed Seriate texture 
with some boudinage structures.  

Description 2: Relic microcline 
sharing irregular grain boundary 
with albite that has deformed 
twins. 

Description 3: Rutile and zircon 
in microcline with chlorite and 
rutile between grains.  

Petrographic Characteristics 
Altered leucogranite from the 21 zone. Complete dissolution of quartz has taken, but k-feldspar is 
present ~25-30%, 15% microcline and 10-15% orthoclase, 30% albite, 30% plagioclase and 10% 
chlorite, with 1-5% accessory minerals. Very deformed Seriate texture with some boudinage structures. 
Assecory minerals include zircon, rutile and apatite.  

Comments/Description 
This is probably not an albitite in the strictest sense, as K-feldspars are not completely altered to albite, 
however quartz dissolution has occurred.  
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Sample Number: 14-JK-068 Location:  21 Zone  

 

   
Description 1: Polygonized zone 
between grains of microcline is 
albitized. 

Description 2: Large K-feldspar 
grain is brittely deformed and 
albite is cementing fragments. 

Description 3: Deformation 
twins in albite and 
recrystallization of larger albite 
crystal with intersticial 
carbonate. Albite exhibiting 
deformation twins is free of 
hematite inclusions and 
carbonate inclusion in relatively 
undeformed albites. Deformed 
albite progresses into 
polygonized zones between 
grains of finer grained albite that 
is also inclusion free. 

Petrographic Characteristics 
Rock is highly deformed with ductile deformation twins in albite with polygonization and 
recrystallization of albite at the margins of lager albite grains. Rock contains 20-25% K-feldspar, but 
quartz is absent, except for micro quartz veins that cut K-feldspar and albite crystals. Albitization occurs 
in deformation cracks and between grain boundaries in polygonized zones. Feldspars are heavily 
hematized and have many carbonate inclusions. Seriticization is intensive in some plagioclase grains.  

Comments/Description 
A representative sample of albitite from the 21 zone with albitization appearing in deformation cracks 
and as recrystallized grains of previous albite and replacement of primary K-feldspar and plagioclase in 
polygonized zones between grains. 
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Sample Number: 14-JK-
069 

Location:  21 Zone Leucogranite 

 

   
Description 1:  Leucogranite 
with 20% quartz, 70% feldspars 
and 10% chlorite as altered 
biotite and in veins with rutile 
and hematite.  

Description 2:  Late quartz-
carbonate vein with accessory 
rutile, cutting feldspar and quartz 
grains. 

Description 3:  Chlorite vein 
with many thin, red hematite 
crystals and fine-grained rutile. 

Petrographic Characteristics 
Leucogranite is very deformed forming sub-foliations and weak gneissic banding textures between 
quartz and larger grained microcline and plagioclase crystals. Mortar texture is common with finer 
grained crushed material cementing larger grains of feldspar. Late quartz-carbonate veins are present.  

Comments/Description 
Representative leucogranite sample from the 21 Zone, showing foliation and mortar textures with late 
quartz-carbonate veins.  
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Sample Number: 14-JK-070 Location:  21 Zone  

 

   
Description 1: Partially albitized 
leucogranite with large 
microcline and orthoclase 
crystals present. Albite crystals 
are medium grained and intensely 
seriticized. Quartz is present is 
recrystallized to polygonized 
creating a mortar texture.  

Description 2:  Orthoclase being 
altered to albite at  its margin 
with late carbonate filling voids, 
possibly created by quartz 
dissolution. 

Description 3: Polygonaized 
quartz between albite grains 
creating mortar texture.  

Petrographic Characteristics 
This is a partially albitized rock as microcline and orthoclase are still present and have not been 
completely altered to albite. Albite crystals have poikioblastic textures and are intesly seriticized. Albite 
is also seen replacing orthoclase at its margins with polygonized texture. Carbonateanate appears late 
and is filling voids that could be from partial quartz dissolution. Chlorite is altering biotites at grain 
boundaries. The overall texture is a mortar texture from brittle deformation and at smaller scales 
polygonization is intensive.  

Comments/Description 
A representative sample of what may be called a partially albitized with albite replacing orthoclase along 
polygonized margins.  
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Sample Number: 14-JK-
071 

Location:  21 Zone Albitite 

 

   
Description 1: Completely 
albitized rock with complete 
dissolution of quartz and 
replacement of K-feldspars and 
primary plagioclase by pure 
albite. There is also 10% 
carbonate and 10% chlorite. 
Carbonate filling voids possibly 
from quartz dissolution and 
chlorite is present between 
grains. 

Description 2:  Polygonized 
albite between larger grains of 
albite.  

Description 3: Chlorite in 
polygonized zone between grains 
with albite and many rutile 
crystals from retrograde 
metamorphism. Apatite is found 
in these zones when chlorite is 
present. Chlorite is altering albite 
crystals but apatite appears 
unaffected.  

Petrographic Characteristics 
Representative of a completely abliteatized leucogranite from the 21 Zone. Complete dissolution of 
quartz has taken place coupled with the replacement of primary K-feldspars and plagioclase. Albite 
crystals are intensively seriticized and hamatized, only in zones where polygonization and 
recrystallization has occurred are albites free of these alterations. Rutile is found in polygonized zones 
with chlorite and is most likely formed by retrograde metamorphism. Apitite and albite are also found in 
polygonized zones with chlorite filling space between grains. Albite is altered by chlorite however, 
apatite appears unaffected.  

Comments/Description 
Excelent example of albitite from the 21 Zone.  
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Sample Number: 14-JK-072 Location:  Leucogranite 21 Zone 

 

 

   
Description 1: XPL: Sericitized 
primary plagioclase grain with 
deformed twins and deformation 
cracks sutured by recrystallized albite. 

Description 2: XPL: Chlorite 
altered biotite between grains 
of plagioclase. 
Recrystallization of 
plagioclase grains occurs at 
grain boundaries. 

Description 3: XPL: 
Recrystallized quartz 
between grains and filling 
deformation cracks in 
plagioclase 

Petrographic Characteristics 
Leucogranite with 35-40% quartz, 45-50% feldspar and 15% chlorite. Chlorite is present as altering 
biotite between grains. Feldspars are mostly plagioclase and are intensely seriticized and show 
deformation twinning. Quartz is recrystallized by grain boundary dissolution and is also filling 
deformation cracks formed in feldspars.  

Comments/Description 
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Sample Number: 14-JK-073 Location:  21 Zone Alaskite 

 

   
Description 1: Alaskite with large 
feldspar grains (mainly 
orthoclase, some microcline and 
minor plagioclase) that are very 
hematized and quartz grains. All 
quartz has been recrystallized to 
create a mortar texture. There is 
5% chlorite between grains. 

Description 2: Micro carbonate 
vein is cut by recrystallized 
quarrts, however path of 
carbonate vein continues 
through quartz vein with 
striations and coeval with the 
recrystallization of quartz. 

Description 3: Micro carbonate 
vein cuts albite filling 
deformation crack.  

Petrographic Characteristics 
This sample is composed of 45% quartz, 55% alkalie feldspars with minor plagioclase and 5% chlorite 
making this a typical alaskite rock Micro carbonate veins appear to be coeval with the recrystallization 
of quartz that designates the mortar texture seen in thin section. These micro carbonate veins then cut 
albite found filling deformation microcracks in orthoclase. Rutile is an accessory mineral in these 
carbonate veins. Chlorite is found between grains and is an alteration of biotite.  

Comments/Description 
Excellent example of alaskite from the 21 Zone.  
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Sample Number: 14-JK-
074 

Location:  21 Zone leucogranite 

 

   
Description 1:  Leucogranite 
shows foliations is composed of 
20-30% quartz, 30% K-feldspar, 
30-40% plagioclase and 10% 
chlorite with accessory minerals, 
zircon, rutile and apatite. Quartz 
has been recrystallized creating a 
mortar texture. 

Description 2:  Polygonized 
quartz between feldspar grains. 
Plagioclase is hematized 
homogeneously throughout the 
crystal and K-feldspars are 
hematized along cleavage 
planes and deformation cracks.  

Description 3: Chlorite has 
altered biotite and is found 
between grains along foliation 
planes. Rutile, Fe-oxides and 
apatite are commonly found 
within chlorite and wrapped by 
chlorite.  

Petrographic Characteristics 
A typical leucogranite from the 21 zone with mortar texture and foliated. Chlorite is produced by the 
alteration of biotite and rutile is a common mineral found coeval with chlorite as the result of retrograde 
metamorphism. Plagioclase is intensively hematized and has poikioblastic texture from seriticization. K-
spars are also hematized but only along cleavage planes and deformation cracks.  

Comments/Description 
Representative leucogranite of the 21 Zone. 
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Sample Number: 14-JK-076 Location:  21 Zone albitite 

 

   
Description 1: Stock work of 
albite-carbonate veins cut by 
quartz-carbonate vein, albite 
may be coeval with carbonate in 
veins or recrystallized when hot 
carbonate rich fluid flowed 
through the albitite. 

Description 2: Albite-carbonate 
veins cut by quartz-carbonate 
veing. Rutile is present in albite-
carbonate veins. 

Description 3: Polygonized and 
recrystallized albitite after 
deformation causing 
polygonization of the host rock. 
Albites are hematite inclusion 
free, signifying this 
polygonization is separate from 
the event that altered the host 
rock. This zone is then cut by a 
albite-carbonate vein.  

Petrographic Characteristics 
Intensily deformed albitite rock with the entire matrix polygonized to very fine grained albite that has 
been extensively hematized. A stock work of albite lined carbonate veins are cut by a quartz-carbonate 
vein. This ablate could be covealy precipitated from the fluid carbonate precipitated from, or is 
recrystallized from the host rock when hot fluids were introduced. Later zones of recrystallization of 
albite is noted by a slightly larger grain size and lack of hematite inclusions.  

Comments/Description 
Sample show sequencing of albite-carbonate and late quatz-carbonate veins in an albitite rock from the 
21 Zone. 
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Sample Number: 14-JK-
079 

Location:  21 Zone albitite 

 

 

   
Description 1:  XPL: Specular 
hematite and rutile with albite in 
polygonized zones. 

Description 2: XPL: Carbonate 
altering albite. 

Description 3: XPL: Specular 
hematite in polygonized albite 
with carbonate filling in void. 

Petrographic Characteristics 
Albitized rock with complete dissolution of quartz and replacement of K-feldspar by albite. Albites are 
polygonized creating a mortar texture. Specular hematite and rutile are always found in these 
polygonized albite zones. Carbonate is later filling void and is seen altering albite. Albite that has 
recrystallized due to polygonization are hematite inclusion free, unlike larger, unpolygonized grains of 
albite. 

Comments/Description 
Excellent example of specular hematite and rutile being developed in zones of polygonized albite. 
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Sample Number: 14-JK- 080 Location:  21 Zone 

 

   
Description 1:  Albite with 
deformation twinning and 
boudenage texture with carbonate 
filling gaps. Carbonate is altering 
the albite but twinning is still 
visible and rutile is in the more 
intensely carbonatizaed albite. 

Description 2: Boudenaged 
polygonized albite. 

Description 3: Carbonate 
altering albite and filling void, 
potential made by quartz 
dissolution. 

Petrographic Characteristics 
Albitized rock with complete dissolution of quartz and replacement of K-feldspar by albite. Albites are 
polygonized creating a mortar texture. Specular hematite and rutile are always found in these 
polygonized albite zones. Carbonate is later filling voids and is seen altering albite. Albite that has 
recrystallized due to polygonization are hematite inclusion free, unlike larger, unpolygonized grains of 
albite. 

Comments/Description 
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Sample Number: 14-JK-081 Location:  21 Zone Carbonate rich albitite 

 

 

   
Description 1:  Carbonate rich 
albitite that is very polygonized 
creating a mortar texture with 
carbonate filling between grains 
and altering grains of weakend 
polygonized zones. 

Description 2:  Vein like 
structure of specular hematite, 
rutile and recrystallized albite 
with carbonate filling around 
margins. Larger grains of 
recrystallized albite are produced 
around the margin of very 
deformed albite crystal. 

Description 3: Polygonized 
albitite with albite 
recrystallization developed in 
polygonized zones. Specular 
hematite and rutile are found 
with albite in intensively 
polygonized zones. Carbonate 
is filling voids potentially left 
by quartz dissolution or has 
replaced some of polygonized 
albite in spaces between grains 
of larger albite crystals.  

Petrographic Characteristics 
This sample is from a carbonate rich albitite with 30-35% carbonate in the rock. Carbonate is found 
intercially between polygonized albite grains and is also altering polygonized albite grains as well as 
filling cracks in larger albite grains. The polygonized texture creates a mortar texture cementing larger 
albite cystals. Specular hematite is found in zones of intense polygonization and recrystallization of 
albite along with rutile. Specular hematite trails are often seen surrounding albite crystals that are 
recrystallized along its margins and rutile is generally present, suggesting specular hematite and rutile 
are formed at the time of recrystallization through polygonization. Albites are very hematized with many 
microscopic hematite inclusions, however where recrystallization has occurred these inclusions are 
absent. Likewise larger albite grain have poikioblastic texture with carbonate inclusion, these inclusion 
are absent in recrystallized albite. These observations suggest two generations of albitization, one that is 
early replacement of k-feldspars and primary plagioclase by albite that was subsequently hematized and 
formed with an early generation of carbonates to produce the poikioblastic texture. Second, is the 
polygonization of albite producing finer grains of recrystallized albite that is free of hematite and 
carbonate inclusion. This second generation is accompanied by specular hematite and rutile believed to 
coeval with the recrystallization albite. Minor chlorite is found in microcracks between grains. 

Comments/Description 
Sample showing relationship if the different generations of albitization, specular hematite, rutile and 
carbonate. 
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Sample Number: 14-JK-082-a Location:  21 Zone 

 

 

   
Description 1: XPL: Carbonate 
filling space between grains of 
albite where polygonization of 
medium grained albite produces a 
second generation of finer 
grained albite crystals.  

Description 2: XPL: Contact 
between polygonized zone 
showing weak foliation. 

Carbonate microvein cutting 
specular hematite and albite 
crystals.  

Petrographic Characteristics 
Large grains of albite are hematized with many micro inclusions of hematite causing the reddish color of 
the rock. Specular hematite is between these hematized albite crystals along with rutile and minor zircon 
in zones of polygonization where the larger grains of albite are recrystallized in response to high strain. 
This generation of albite is hematite inclusion free and finer grained. Carbonate is found in pods along 
with albite, specular hematite and rutile. Carbonates are also in microveins that cut specular hematite and 
polygonised albite grains.  

Comments/Description 
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Sample Number: 14-JK-082-b Location:  21 Zone abliteititzed amphibolite 

 

 

   
Description 1:  XPL: This is a 
xenolith of amphibolite from the 
murmac bay group found in an 
abliteititzed leucogranite. 
Subsequently the amphibolite 
has also been albitized resulting 
in an albite, specular hematite 
rock. 

Description 2: XPL:  Picture of 
polygonized and albitized 
amphibolite xenolith. Larger 
crystals of albite are hmeatized 
and there are late quartz veins 
cutting albite and polygonization 
plane.  

Description 3: SPL: Specular 
hematite with rutile in 
polygonized margin of albite 
crystal.  

Petrographic Characteristics 
Larger grains of albite are hematized with many micro inclusions of hematite causing the reddish color 
of the rock. Specular hematite is between these hematized albite crystals along with rutile and minor 
zircon in zones of a second generation of albitization where the larger grains of albite are recrystallized 
in response to high strain. This second generation in hematite inclusion free and finer grained. Carbonate 
is found in pods along with albite, specular hematite and rutile, however carbonate is after the second 
generation of albitization with finer grained albite crystals being altered by carbonates. Carbonates are 
also in microveins that cut specular hematite and second generation albite. 

Comments/Description 
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Sample Number: 14-JK-083 Location:  21 Zone albitite 

 

 

   
Description 1: XPL: Albitite rock 
with no quartz, grains are mostly 
equigranular, although 
polygonization of grain margins 
has occurred creating a mortar 
texture cementing larger grains, a 
completely polygigonized plane 
cuts larger grains and everything 
is cut by late quartz microveins. 

Description 2: XPL: Albite grain 
is deformed and is being altered 
by carbonate. Rutile is found 
with specular hematite in zones 
between albite grains, often 
matrixed by carbonate.  

Description 3: SPL:Quartz 
microvein cutting specular 
hematite. 

Petrographic Characteristics 
Albitized rock with complete dissolution of quartz and replacement of K-feldspar by albite. Albites are 
polygonized creating a mortar texture. Specular hematite and rutile are always found in these 
polygonized albite zones. Carbonate is later filling void and is seen altering albite. Albite that has 
recrystallized due to polygonization are hematite inclusion free, unlike larger, unpolygonized grains of 
albite. There is larger polygonization plane where grains are completely polygonized, this plane is cut 
my late quartz microveins.  

Comments/Description 
This sample is a good example of the relationship of albite with specular hematite and rutile.  
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Sample Number: 14-JK 
084 

Location:  21 Zone albitite 

 

 

   
Description 1: XPL: Carbonate 
filling spce in albite with 
specular hematite and rutile. 

Description 2: XPL: 
Recrystallization of albite along 
fracture plane. 

Description 3: XPL: 
Recrystallization of albite along 
fracture plane. Note absence of 
hematite inclusions. 

Petrographic Characteristics 
Albitized rock with complete dissolution of quartz and replacement of K-feldspar by albite. 
Albites are polygonized creating a mortar texture. Specular hematite and rutile are always 
found in these polygonized albite zones. Carbonate is later filling void and is seen altering 
albite. Carbonate is also filling micro cracks through grains. Albites are sericitized with 
albitization at the margins producing finer grained albite that is unaltered. Dusty hematization 
affects magmatic feldspars and quartz grains and minor biotite is altered to chloriteAlbite that 
has recrystallized due to polygonization are hematite inclusion free, unlike larger, 
unpolygonized grains of albite. It is appearing that specular hematite is late as it cuts 
recrystallized albite, rutile is coeval with specular hematite, these are after the recrystallization 
and polygonization of albite. 

Comments/Description 
Specular hematite and rutile may not be associated with recrystallized albite. Albitization may be a 
monomineralic event. 
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Sample Number: 14-JK-085-a Location:  21 Zone albitite 

 

 

   
Description 1:  Carbonate rich 
albitite with no quartz and 60% 
albite and carbonate filling 
between albite grains.  

Description 2: Albite grain with 
deformation twins and 
carbonate filling cracks along 
cleavage planes.  

Description 3:  Carbonate filling 
in around deformed albites. 

Petrographic Characteristics 
A carbonate rich albitite with varying grain sizes from pebbled sized to polygonized grains. Carbonate is 
filling in space between grains and is found in cracks along cleavage planes in albite crystals. Specular 
hematite is found between grains as well in zones of polygonization of albite crystals often with 
carbonate and rutile. 

Comments/Description 
Representative albitite from the 21 Zone. 
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Sample Number: 14-JK-085-b Location:  21 Zone Albitite Leucogranite 
Transition 

 

 

   
Description 1:  XPL: 
Polygonization of quartz and 
seriticized albite with suture 
boundries.  

Description 2: XPL: 
Polygonization plane between 
quartz, orthoclase and albite 
with recrystallized grains of 
each and specular hematite.  

Description 3: PPL: Specular 
hematite, rutile and zircon in 
polygonized quartz with 
hematitzed albite fragments.  

Petrographic Characteristics 
Polygonized rock with seriate texture. Much of the rock has been albitized although across the transition 
orthoclase and quartz are still present. Early large feldspar grains are hematized and albite grains are 
intensely seriticized. Polygonization affects all minierals and in the case of feldspars results in the 
disappearance of hematite inclusions. Specular hematite, rutile, and in some cases zircon, appear in 
polygonized zone and doesn’t not seem to have an affinity for any single mineral. Carbonates are late are 
altering both feldspars and quartz although, specular hematite and rutile are unaffected, due to higher 
resistance.  

Comments/Description 
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Sample Number: 14-JK- 
086 

Location:  21 Zone  

 
 

   
Description 1:  XPL: Very 
deformed grains with seriate 
texture. Grain sizes range from 
corse to very fine grained due to 
polygonization. Late quartz veins 
are cut by carbonate microveins.  

Description 2: XPL: Polygonized 
plane of recrystallized albite, 
specular hematite and rock 
fragments, cut by carbonate 
microvein. 

Description 3: XPL: Microvein 
of carbonate feeding carbonate 
filled void.  

Petrographic Characteristics 
Highly deformed with broken rock fragments, deformation twinning in albites, polygonization of 
crystals and seriate texture. Specular hematite with rutile and minor apatite is found in zones of 
polygonation of albite crystals. Late quartz veins are cut by later carbonate microveins, these carbonate 
microveins are feeding into voids creating void filling carbonate.  

Comments/Description 
Not alaskite as previously described in the field as there is no K-feldspar.  
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Sample Number: 14-JK-087 Location:  Alaskite 

 

 

   
Description 1:  Quartz vein 
cutting albite grain, and is in turn 
cut by carbonate microvein. 

Description 2: Albite crystal 
with deformation twinning and 
intercrystaline and marginal 
zones of recrystallization. 
Recystallized albite is cut by 
carbonate microveins and quartz 
veins. 

Description 3: Polygonized 
albite zone with specular 
hematite is cut by quartz-chl 
vein and by carbonate 
microvein rimmed by chlorite.  

Petrographic Characteristics 
Alaskite from the 21 Zone with 80% Feldspar (mostly albite, maybe 10% microcline), 10% carbonate 
(interstitially and in microveins), <5% chlorite rimming quartz and carbonate veins, 5% specular 
hematite and assesorie minerals include apatite, rutile and zircon. Veining includes late quartz and 
carbonate-apatite veins rimmed by chlorite, with carbonate microveins cutting quartz veins. This sample 
displays early deformation events with deformation cracks and deformation twinning in albite crystals 
formed by pervasive ablitetization. A later polygonization and recrystallization of albite has occurred 
with zones of polygonized albite in vein like structures with specular hematite and apatite. These 
polygonized zones are cut by late quartz and carbonate veins.  

Comments/Description 
This samples shows early deformation and late veining events.  
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Sample Number: 14-JK-088 Location:  21 Zone 

 

 

   
Description 1:  Muscovite  
growing between seriticized 
albite and recrystallized quartz.  

Description 2: Large seriticized 
albite grain with deformation 
twins showing shear movement. 
Quartz intersticially between 
albite grains is recrystallized with 
uneven boundaries.  

Description 3: Seriticization of 
large albite grain with 
muscovite replacing smaller 
albite grain between quartz 
grains. Quartz grains exhibit 
recrystallization textures.  

Petrographic Characteristics 
Possibly an alaskite rock with 20% quartz, 60% feldspar as mostly albite with some microcline, 5% 
muscovite as seriticization altering albite grains and in some cases completely altering albite to form 
muscovite grains that wrap recrystallized quartz and feldspar. Quartz is completely recrystallized to a 
finer grained material.  

Comments/Description 
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Sample Number: 14-JK-104A-2 Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
Polygonization of albite forming 
new albite with better twinning.  

Description 2: PPL of photo 1: 
note apsense of Fe oxide 
inclusions in recrystallized albite 
crystals.  

Description 3: XPL: 
Recrystalization of coarser 
grained albite to finer grained 
crystals with carbonate filling 
space between grains of finer 
grained albite.  

Petrographic Characteristics 
Contact of leucogranite and albitite. Leuco granite has medium to very coarse sized grains with albite 
grains ranging from 1-2.5 cm and is composed of 25% quartz, 20% albite, 35% plagioclase and 10% 
chlorite. Albitite is medium-coarse grained with few larger grains up to 1 cm and composed of 75% 
albite, 15% carbonate and 10% chlorite. Thinsections shows partialy albitized section with seriate grain 
texture. Original albite crystals are subhedral and sericitized. At the margins of these crystals 
polygonization has occurred. In these zones new albite is formed with wider and more continuous albite 
twinning and no sericite alteration. Carbonate is filling void space between grains, at the margins of 
these carbonate pods newly formed albite, specular hematite and apatite have precipitated, all minerals 
are euhedral and well formed with straight contact with carbonate. In polygonized zones specular 
hematite is commonly precipited with or with out the precipitation of new albite.  

Comments/Description 
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Sample Number: 14-JK-104A-3 Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
Polygonization of albite forming 
new albite with better twinning. 
Carbonate fills space between 
grains with new albite, specular 
hematite and rutile at margins of 
coarser grained albite.  

Description 2: PPL: Specular 
hematite and rutile crystals 
precipitated in recrystallized 
zone of albite.  

Description 3: XPL: rutile and 
spec hem with recryst ablite 
carbonate cutting seritcized 
ablite grain and micro carbonate 
vein cutting recryst quartz 

Petrographic Characteristics 
Contact of leucogranite and albitite. Leuco granite has medium to very coarse sized grains with albite 
grains ranging from 1-2.5 cm and is composed of 25% quartz, 20% albite, 35% plagioclase and 10% 
chlorite. Albitite is medium-coarse grained with few larger grains up to 1 cm and composed of 75% 
albite, 15% carbonate and 10% chlorite. Thinsections shows partialy albitized section with seriate grain 
texture. Original albite crystals are subhedral and sericitized. At the margins of these crystals 
polygonization has occurred. In these zones new albite is formed with wider and more continuous albite 
twinning and no sericite alteration. Carbonate is filling void space between grains, at the margins of 
these carbonate pods newly formed albite, specular hematite and apatite have precipitated, all minerals 
are euhedral and well formed with straight contact with carbonate. In polygonized zones specular 
hematite is commonly precipited with or with out the precipitation of new albite.  

Comments/Description 
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Sample Number: 14-JK-104B Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: Coarser 
grained albite crystals with 
deformation twinning and 
deformation cracks. 
Recrystallized, newly formed 
albite fills deformation cracks 
and is much finer grained than 
the original albite crystal.  

Description 2: PPL of photo 1: 
note absence of Fe oxide 
inclusions in recrystallized albite 
crystals.  

Description 3: XPL: 
Polygonization of coarser 
grained albite to finer grains at 
crystal boundaries.   

Petrographic Characteristics 
Mediu grained albitite with 75% albite, 15% carbonate and 10% chlorite in veins and in matrix. Original 
albite crystals are subhedral and sericitized. At the margins of these crystals polygonization has 
occurred. In these zones new albite is formed with wider and more continuous albite twinning and no 
sericite alteration. Carbonate is filling void space between grains, at the margins of these carbonate pods 
newly formed albite, specular hematite and apatite have precipitated, all minerals are euhedral and well 
formed with straight contact with carbonate. In polygonized zones specular hematite is commonly 
precipited with or with out the precipitation of new albite.  

Comments/Description 
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Sample Number: 14-JK-105A Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: Coarser 
grained albite crystal with 
polyginized grain boundaries   

Description 2: PPL of photo 1: 
note absence of Fe oxide 
inclusions in polygonized albite 
crystals.  

Description 3: XPL: Rutile 
crystal occurring in zone of 
polygonization.  

Petrographic Characteristics 
Albitite and leucogranite contact. Leucogranite is coarse grained with 30% quartz, 10% chlorite and a 
carbonate lense. Albitite is 85% albite, 10-15% chlorite and 5% carbonate in micro veins and lenses.  

Comments/Description 
 

 

  



 212 
 

Sample Number: 14-JK-105B Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
Recrystalization of coarser 
grained albite at its margins in 
partially albitized leucogranite.    

Description 2: XPL: Albite-
specular hematite vein in 
partially albitized leucogranite.  

Description 3: PPL of photo 2.  

Petrographic Characteristics 
Albitite and leucogranite contact. Leucogranite is coarse grained with 30% quartz, 10% chlorite and a 
carbonate lense. Albitite is 85% albite, 10-15% chlorite and 5% carbonate in micro veins and lenses.  

Comments/Description 
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Sample Number: 14-JK-105C Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
Recrystalization of coarser 
grained albite with deformation 
twins that is cracked and 
fractured.  

Description 2: XPL: 
Polygonization and 
recrystallization at margins of 
coarser grained albite.   

Description 3: PPL of photo 2.  

Petrographic Characteristics 
Albitite and leucogranite contact. Leucogranite is coarse grained with 30% quartz, 10% chlorite and a 
carbonate lense. Albitite is 85% albite, 10-15% chlorite and 5% carbonate in micro veins and lenses.  

Comments/Description 
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Sample Number: 14-JK-105D Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
Polygonization of older 
deformed albite grains to finer 
grained albite crysals.  

Description 2: PPL of photo 1. 
Note absense of Fe oxide 
inclusions in newly formed 
albite grains.  

Description 3:XPL: Older 
deformed albite grain with 
deformation twins poygonized at 
margins woth coeval 
precipitation of specular 
hematite and carbonate as the 
matrix to polygonised and newly 
formed albite and specular 
hematite crystals.  

Petrographic Characteristics 
Albitite and leucogranite contact. Leucogranite is coarse grained with 30% quartz, 10% chlorite and a 
carbonate lense. Albitite is 85% albite, 10-15% chlorite and 5% carbonate in micro veins and lenses.  

Comments/Description 
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ample Number: 14-JK-105E Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
Polygonization of older 
deformed albite grains to finer 
grained albite crysals.  

Description 2: PPL of photo 1. 
Note absense of Fe oxide 
inclusions in newly formed 
albite grains.  

Description 3:XPL: Apatite 
occurring with specular 
hematite, rutile and newly 
formed albite in pod with 
carbonate matrix.   

 

  

Description 4: PPL of photo 3.   
Petrographic Characteristics 

Albitite and leucogranite contact. Leucogranite is coarse grained with 30% quartz, 10% chlorite and a 
carbonate lense. Albitite is 85% albite, 10-15% chlorite and 5% carbonate in micro veins and lenses.  

Comments/Description 
 

  



 216 
 

Sample Number: 14-JK-106A-a Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: specular 
hematite with recrystallized 
quartz occurring between grains 
of albite that display 
deformation twinning and slight 
sericite alteration.   

Description 2: XPL: late quartz-
carbonate-apatite vein cuts 
deformed albite grain with 
zircon in grain. 

Description 3: PPL of photo 2   

 
Petrographic Characteristics 

Medium grained leucogranite with 45% quartz, 45% feldspar, 5% chlorite and 5% carbonate in micro 
veins. 

Comments/Description 
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Sample Number: 14-JK-106A-b Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: albite-
quartz-carbonate-specular 
hematite vein cutting older 
deformed albite grain with 
deformation cracks and 
fractures. 

Description 2: PPL of photo 2. Description 3: ZPL: Rutile 
cluster precipitating with 
specular in zone of newly 
formed finer grained albite 
crystals with carbonate forming 
the matrix to these minerals.  

 
Petrographic Characteristics 

Medium grained albitite composed of as much as 85% albite. Microveins of albite-quartz-carbonate ± 
apatite cut older, deformed grains of albite. These older, coaser grained albite crystals have undergone 
polygonization at grain boundaries which has allowed space for fluid migration. Fluids flowing through 
zones of polygonization precipitate rutile, specular hematite and newly formed finer grained albite 
crystals that are held in a matrix of carbonate.  

Comments/Description 
Sample show cross cutting relationships of Ab1-RG and Ab2-VG. 
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Sample Number: 14-JK-106B-a Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
recrystallized quartz grains. 

Description 2: deformation crack 
in albite grain sutured by newly 
formed finer grained albite 
crystals.  

Description 3: PPL of photo 3. 

 
Petrographic Characteristics 

Partially albitized sample of medium grained pink leucogranite. Quartz is recrystallized by grain 
boundary migration recrystallization. Rock is composed of medium grained albite crystals with 
deformation twinning and deformation cracks. Deformation crack in albite grains are sutured with newly 
formed recrystallized albite.   

Comments/Description 
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Sample Number: 14-JK-106B-b Location:  21 zone 

 

Representative photo 
 

   
Description 1:  XPL: Ab1-GV 
cut by Ab2-GR in abliteitzed 
leucogranite.  

Description 2: PPL of photo 1.   Description 3: XPL: Ab2-GR in 
carbonate matrix with co-
precipitated specular hematite.  

 
Petrographic Characteristics 

Medium grained partially albitized leucogranite with cross cutting Ab1-G-V veins. These veins are 
essentially monomineralic consisting of randomly oriented anhedral albite crystals containing abundant 
microscopic Fe oxide inclusions. These veins are seen to be cut by Ab2-G-R albite found in pods 
developed at the margins and within pods filled with carbonate. In addition to ne hydrothermal albite 
these pods also contain rutile, specular hematite which are found in a matrix of 
calcite.cccccc 

Comments/Description 
Cross cutting relationships of Ab1-GV and Ab2-GR generations.  
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Sample Number: 14-JK-106A-c Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: Sillimanite 
grain in zone of recrystallized 
quartz.  

Description 2: PPL of photo 2. Description 3: XPL: carbonate 
micro veins cut early S1-S2 
foliations 

 
Petrographic Characteristics 

Partially albitized sample of medium grained pink leucogranite. Rare sillimanite crystals are found in 
zones of recrystallization in quartz grains by grain boundary migration recrystallization suggesting high 
temperatures during the process. Micro veins of quartz tend to follow early S1-S2 foliations in the rock 
while later carbonate veinlets cut this foliation.   

Comments/Description 
Sample show cross cutting relationships of Ab1-RG and Ab2-VG. 
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Sample Number: 14-JK-106A-d Location:  21 zone 

 

   
Description 1:  XPL: Sillimanite 
grain in zone of recrystallized 
quartz.  

Description 2: Polygonization of 
coarser grained albite to finer 
grains with specular hematite co-
precipitated with newly formed 
abliteit. 

Description 3: PPL of photo 3. 

 
Petrographic Characteristics 

Partially albitized sample of medium grained pink leucogranite. Rare sillimanite crystals are found in 
zones of recrystallization in quartz grains by grain boundary migration recrystallization suggesting high 
temperatures during the process.  

Comments/Description 
Sample show cross cutting relationships of Ab1-RG and Ab2-VG. 
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Sample Number: 14-JK-107A-c Location:  21 zone 

 

Representative photo 

 

   
Description 1:  XPL: 
Polygonization of albite 
forming new albite with better 
twinning. Carbonate fills space 
between grains with new albite, 
specular hematite and apatite at 
the margins.  

Description 2: XPL: Specular 
hematite growing in polygonized 
zone of albite. Relic zircon grain 
remains in the host rock. 

Description 3: XPL: Apatite at 
the margins of a carbonate filled 
void. 

Petrographic Characteristics 
Partialy albitized rock from the 21 zone with seriate grain texture. Original albite crystals are subhedral 
and sericitized. At the margins of these crystals polygonization has occurred. In these zones new albite is 
formed with wider and more continuous albite twinning and not sericite alteration (Ab2-R). Carbonate is 
filling void space between grains, at the margins of these carbonate pods newly formed albite, specular 
hematite and apatite have precipitated, all minerals are euhedral and well formed with straight contact 
with carbonate. In polygonized zones specular hematite is commonly precipited with or with out the 
precipitation of new albite.  

Comments/Description 
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Sample Number: 14-JK-107B-a Location:  21 zone 

 

Representative photo 

 

   
Description 1:  Quartz 
dissolution has occurred and K-
feldspar replace, however some 
primary plagioclase remains. 
With primary plagioclase 
intensely sericitized.  

Description 2: PPL image 
showing hematization of albite 
and primary plagioclase crystals 
with chloritization occurring at 
grain boundaries with specular 
hematite precipitated in chlorite.  

Description 3: PPL: Specular 
hematite and rutile with chlorite 
between feldspar grains in 
polygonized zone.  

Petrographic Characteristics 
Partially albitized sample from the 21 zone with seriate texture. Quartz dissolution and replacement of 
K-feldspar has occurred, however some primary plagioclase crystals remain. Primary plagioclase is 
intensely sericitized, hematized and deformed with bending and fracturing of the crystal. Chloritization 
occurs between feldspar crystals. Polygonization occurs between feldspar crystals forming new albite 
with better twinning and lack hematite inclusions. In these zones of polygonization well formed specular 
hematite and rutile crystals are precipitated.   

Comments/Description 
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Sample Number: 14-JK-107C-a Location:  21 zone 

 

   
Description 1:  XPL: Ab1-G-V 
cutting granitic rock.  

Description 2: PPL image of 
photo 1. 

Description 3: XPL: 
monominerallic albite veins 
(Ab1-G-V) cutting K-feldspar in 
partially albitized rock. Vein 
grades into patchy zone of very 
fine grain replacement type 
albitization (Ab1-G-R) 

Petrographic Characteristics 
Partially albitized sample from the 21 zone with seriate texture. Primary plagioclase is intensely 
sericitized, hematized and deformed with bending and fracturing of the crystals. Chloritization occurs 
between feldspar crystals. Polygonization occurs between feldspar crystals forming new albite with 
better twinning and lacks hematite inclusions. In these zones of polygonization well formed specular 
hematite and rutile crystals are precipitated.  Veins composed of fine grained anhedral albite with many 
Fe oxide inclusions cut the host rock. When veins intersect open space albitization grades into a more 
pervasive characteristic.  

Comments/Description 
Ab1-G-V veins in granitic rock from the 21 Zone. 
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Petrographic Study of Bolger Pit 

Fine grained amphibolite from the Murmac bay group with local chlorite and epidote alterations. 
Medium grained pyrite is subhedral and disseminated through host rock. Host rock is foliated and cut by 
sub-foliation parallel quartz-carbonate-specular hematite vein and later stringer carbonate veins that all 
generations of alterations.  

Comments/Description 
 

 

  

Sample Number: 14-JK-091 Location:  Bolger pit 

 
 

   
Description 1: XPL: Quart-
chlorite-carbonate vein cutting 
rock that is recrystallized to a 
fine grain size. Vein cuts 
through early generations of 
cubic to subhedral pyrite 
crystals. 

Description 2: XPL: quartz-
carbonate-specular hematite vein 
sub-parallel with foliation in 
amphibolite with crosscutting 
stringer carbonate veins that cut 
host and pyrite grains.  Chlorite 
and epidote alteration locally in 
host rock. 

Description 3: PPL of photo 2.  
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Sample Number: 14-JK-093 Location:  Bolger pit 

 
 

   
Description 1: XPL: Pervasive 
zone of albite alteration (Ab2-A-
R) with carbonate filling space 
between grains in amphibolite 
cut by later medium grained 
carbonate vein with sillimanite 
crystal at core of vein.  

Description 2: PPL of photo 1.  Description 3: XPL: Fine 
grained suhedral to euhedral 
albite crystals with fine to 
medium grained carbonate 
crystals filling space between 
grains of albite. 

Petrographic Characteristics 
Fine grained amphibolite from the Murmac bay group with retrograde metamorphic chlorite and sericite 
alterations. Pervasive sones of fine grained, suhedral to euhedral albite occurs as alterations with fine to 
medium grained carbonate filling space between grains in albite altered zones. Carbonate appears to 
postdate albite as it alters grain boundaries of albite crystals.  Host rock and albite altered zones are cut 
by a medium grained carbonate vein with silliminate crystal growing at its core.  

Comments/Description 
Sample used in chlorite geothermometry.  
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Sample Number: 14-JK-094 Location:  Bolger pit 

 

Representative photo 

 

  

 

Description 1: XPL: Network of 
albite-carbonate-quartz veins 
(Ab2-VA) cutting 
monomineralic deformed albite 
veins (Ab1-VA) in amphibolite 
rock. 

Description 2: PPL image of 
photo 1: Note intense 
hematization of albite in 
deformed monomineralic veins 
(Ab1-VA) and relatively clear 
albite in cross cutting albite-
carbonate-quartz veins (Ab2-
VA). 

Petrographic Characteristics 
Ab1-VA vein in amphibolite rock from the Murmac Bay group is essentially monomineralic containing 
randomly oriented anhedral albite crystals that show intense hematization, these veins are deformed and 
intensely folded. Ab1-VA vein is cut by Ab2-VA vein with clean albite crystals that display better 
twinning and are euhedral lining the margins of veins with carbonate and minor quartz in the cores. 
Carbonate in cores in coarser grained and has good cleavage. 

Comments/Description 
Representative thin section of the relative timing of Ab1-VA and Ab2-VA. Thin section was used in 
EMPA and LA-ICP-MS studies.  
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Sample Number: 14-JK-095 Location:  Bolger pit 

 

Representative photo 

 

   
Description 1: XPL: Albite-
carbonate-quartz stringer veins 
splaying from main albite-
carbonate vein (Ab2-V) in 
amphibolite rock. Albite is 
prismatic and perpendicular to 
the vein wall. Rutile is 
precipitated in albite margins. 

Description 2: XPL: Large 
rutile crystal in albite margin 
of albite-carbonate-quartz vein.  

Description 3: PPL image of photo 
2: Note lack of hematite inclusions 
in albite margins.  Intense 
hematization is characteristic of 
Ab1-V veins (not pictured). 

Petrographic Characteristics 
Albite lines straight-sided calcite veins as prismatic to equigranular crystals with 
variable orientation, but most commonly crystal orientation is perpendicular to the vein 
walls. Ab2-A-V crystals along the margins of carbonate veins also contain Fe-oxide 
inclusions, although the number of inclusions is minimal compared with Ab1-A-V in 
monomineralic albite stringer veins (see sample 14-JK-094). Isolated rutile crystals are 
associated with Ab2-A-V, occurring in the albite-rich margins of the veins, but is 
absent from the carbonate-rich cores. Rutile crystals are coarser grained with well 
formed crystal faces.  

Comments/Description 
Representative sample of Ab2-A-V characteristics. Sample was used in EMPA and LA-ICP-MS studies 
with a failed attempt of U-Pb isotope dating of rutile by LA-ICP-MS. 
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Sample Number: 14-JK-096 Location:  Bolger pit 

 

   
Description 1:  Albite vein in 
amphibolite cut by carbonate 
vein. 

Description 2: Randomly 
oriented albite crystals in 
amphibolite matrix, possible 
albitization of amphibolite rock. 
Some albite crystals seem 
ordered around carbonate and 
maybe part of a vein structure.  

Description 3: Disseminated, 
hematized albite vein cut by 
prismatic albite vein and 
carbonate.  

Petrographic Characteristics 
Fine grained albite is randomly orieneted and occurs in patches as well as intercial to chlorite and 
opaque minerals. In some cases albite appears more ordered in vein like structures or is prismatic in 
shape and at the margin of carbonates filling open space like vugs or fractures. There appears to be an 
early generation of albite veins that hematized and cut by later, hematite free albite that is locally 
prismatic and by the carbonate that prismatic albite margins.  

Comments/Description 
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Petrographic Characteristics 
Albitite sample from the Dubyna mine area with larger subhedral-anhedral albite crystals with slight 
sericite alteration and deformation twinning. At the margins of these crystals grains are polygonized 
forming individual finer grained albite with chlorite also present in these polygonized zones. The albitite 
is cut by carbonate quartz veins that are cut by albite-carbonate-quartz veins. Albite-carbonate-quartz 
veins are in turn cut by quartz-specular hematite, where specular hematite grows in a radial form, and 
chlorite veins.  

Comments/Description 
Albite-carbonate-quartz vein cutting pervasive, replacement albitization in granitic rock, giving relative 
timing.  

 

  

Sample Number: 14-JK-012 Location:  Dubyna 

 

Representative photo 

 

   
Description 1: XPL: Carbonate-
quartz vein cutting albitized rock 
from the Dubyna area. 

Description 2:  XPL: Quartz-
carbonate vein with specular 
hematite cuts and albite-
carbonate-quartz vein. 

Description 3: PPL image of 
quartz vein with radial specular 
hematite that cuts albite-
carbonate-quartz vein. 
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Petrographic Study of Dubyna pit 

Sample Number: 14-JK-013 Location:  Dubyna 

 

Representative photo 

 

   
Description 1:  Carbonate-
quartz-specular hematite vein 
cutting hematized amphibolite. 

Description 2: Carbonate pod 
with specular hematite, rutile and 
newly precipitated albite at the 
margins 

Description 3: Carbonate-quartz 
vein cutting carbonate pod with 
specular hematite and rutile. 

Petrographic Characteristics 
Amphobolite rock from the Murmac Bay group that is potentially pervasively albitized. The only 
feldspar present is albite, however this is the stable mineral at amphibolite facies metamorphism, which 
these rocks reached. Albite grains have also been hematized consistent with pervasive, replacement 
albite found in granitic rock. In carbonate pod the precipitation of new albite at the margins is noted with 
better twinning and well formed crystal faces, along with coarse grained, euhedral specular hematite and 
rutile. Late carbonate-quartz veins cut these carbonate pods.  

Comments/Description 
Potentially pervasively albitized amphibolite with new albite formed in carbonate pods along with 
specular hematite and rutile.  
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Sample Number: 14-JK-014-a Location:  Dubyna 

 

Representative photo 

 

   
Description 1:   Description 2:  Description 3:  

Petrographic Characteristics 
Medium- fine-grained, strongly foliated leucogranite with foliation defined by ribboned quartz. Rock is 
cut by vuggy carbonate vein with many voids. Carbonate in veins is medium grained with good cleavage 
and chlorite alteration between grains. 

Comments/Description 
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Sample Number: 14-JK-015 Location:  Dubyna 

 

Representative photo 

 

   
Description 1:  XPL: deformed 
albite in leucogranite with early 
quartz veining, albite is 
hematized and polygonized. 

Description 2: XPL: Dolomite-
calcite-quartz vein cut by 
strongly hematized albite vein. 

Description 3: XPL: Albite in 
dissolution with quartz in 
dolomite-calcite-quartz vein. 

Petrographic Characteristics 
Dolomite-calcite-quartz vein is cutting albitized leucogranite. 
 
Dolomite is generally coarse-grained, contains many inclusions of hematite and is strongly 
deformed with cleavage generally not distinguished. Quartz grains are anhedral and coarse-grained 
with alteration from carbonate between grains and occurs in patches with calcite through out 
dolominte. Albite cutting dolomite-calcite-quartz vein in strongly hematized with hematite free 
margins.    
 

Comments/Description 
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Sample Number: 14-JK-015-a Location:  Dubyna 

 

Representative photo 

 

   
Description 1:  XPL: Hematized 
albite in dolomite-calcite-quartz 
vein rimmed by hematite free 
albite.   

Description 2: PPL image of 
photo 1. 

Description 3: XPL: Coarse 
grained subhedral to euhedral 
quartz at the margin of finer 
grained hematized albite and finer 
grained subhedral quartz pod.  

Petrographic Characteristics 
Dolomite-calcite-quartz vein cutting albitized leucogranite. 
 
Dolomite is generally coarse-grained, contains many inclusions of hematite and is strongly 
deformed with cleavage generally not distinguished. Quartz grains are commonly subhedral and 
coarse-grained with alteration from carbonate between grains and occurs in patches with calcite 
through out dolominte. Albite cutting dolomite-calcite-quartz vein in strongly hematized with 
hematite free margins.    
 
Finer grained suhedral quartz is found in pods with hematized albite and is margined by coarser grained 
subhedral-euhedral quartz grains with dissolution boundaries.  

Comments/Description 
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Sample Number: 14-JK-017 Location:  Dubyna 

 

Representative photo 

 

   
Description 1: XPL: 
Recrystallized and local 
elongated quartz in vein cutting 
finer grained recrystallized 
quartz with interstitial 
hematized carbonate in matrix. 

Description 2: PPL image of 
previous photo: Recrystallized 
quartz vein cut by quartz stringer 
vein with hematite at grain 
boundaries. 

Description 3: XPL: Fine 
grained muscovite vein cuts 
recrystallized quartz and is cut 
by elongated quartz vein 
network (See photo 1). 

Petrographic Characteristics 
Host rock is granitic with abundant recrystallized quartz and hematized carbonate filling space between 
quartz grains. A network of recrystallized and elongated quartz veins cut the host rock and in cut by a 
finer grained quartz stringer vein that is hematized at grain boundaries. Fine grained muscovite veins 
also cut the host rock, but is cut by the elongated quartz veins.  

Comments/Description 
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Sample Number: 14-JK-018 Location:  Dubyna 

 

Representative photo 

 

   
Description 1: XPL: Albite at 
the margin of carbonate vein 
cutting albitized Donaldson 
Lake granite.  

Description 2: XPL: Deformation 
crack in albite with recystalized 
albite suturing.  

Description 3: PPL image of 
photo 2.  

Petrographic Characteristics 
An irregular calcite-dolomite vein lined by fine grained albite is cutting albitized Donaldson Lake 
granite. Albite that pervasively alters the host rock is medium grained anhedral-subhedral and contains 
Fe-oxide inclusions. These albite grains show fracturing and bending of the crystals where sometimes 
deformation cracks are formed. These deformation cracks displace twinning and are sutured by 
recrystallized, Fe-oxide free, fine grained albite crystals.  

Comments/Description 
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Sample Number: 14-JK-019-b Location:  Dubyna 

 

Representative photo 

 

   
Description 1: XPL: 019 rock 
clast of foliated recystallized 
quatz and plagioclase in a 
matrix o drewsey carbonate and 
quartz grains.  

Description 2: XPL: Strongly 
coloured hematite laths within a 
vuggy carbonate vein that cuts 
foliations distinguished by 
recrystallized quartz between 
deformed feldspar grains.  

Description 3: PPL: Hematite 
laths at the margin of void space 
in carbonate vein.  

Petrographic Characteristics 
Carbonateoniferous rock that is highly deformed with foliations defined by recrystallized quartz and 
deformed feldpar grains locally in a matrix of carbonate and euhedral quartz grains. Calcite-dolomite 
veins containing laths of hematite and open vugs cut foliations within the host rock.   

Comments/Description 
Carbonatizaed host rock.  
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Sample Number: 14-JK-019-c Location:  Dubyna 

 

Representative photo 

 

   
Description 1: XPL: Nearly 
completely carbonatizaed host 
rock with patches of 
recrystallized quartz grains. 

Description 2: XPL: Patch of 
polygonized quartz between 
dolomite grains.   

Description 3: XPL:  Hematite 
laths within dolomite, but absent 
in calcite in carbonatizaed host 
rock.  

Petrographic Characteristics 
Pervasively carbonatizaed host rock with patches of polygonised quartz grains. Dolomite zones tend to 
contain hematite laths while none are found in calcite dominated areas.   

Comments/Description 
Relative timing between Ab1-V and Ab2-V veins is seen. Sample was used in EMPA and LA-ICP-MS 
studies.  
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Petrographic Study Eagle Mine 

Petrographic Characteristics 
Ab1-V vein in mylonitized rock is essentially monomineralic containing randomly oriented anhedral 
albite crystals that show intense hematization. Ab1-V vein is cut by Ab2-V vein with clean albite 
crystals that display better twinning and are euhedral lining the margins of veins with carbonate and 
minor quartz in the cores. Carbonate in cores in coarser grained and has good cleavage.  

Comments/Description 
Relative timing between Ab1-V and Ab2-V veins is seen. Sample was used in EMPA and LA-ICP-MS 
studies.  

 

  

Sample Number: 14-JK-024 Location:  Rubble from Eagle mine area 

 

Representative photo 

 

   
Description 1: XPL: Albite-
catbonate-quartz vein (Ab2-V) 
cuts monomineralic albite vein 
(Ab1-V) in mylonitized rock. 

Description 2: PPL image of 
photo 1: Note hematization in 
Ab1-V vein. 

Description 3: XPL: Ab2-V vein 
clealy cuts Ab1-V vein in 
mylonitized rock. 
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Sample Number: 14-JK-025 Location:  Eagle mine 

 

Representative photo 

 

   
Description 1: XPL: Deformed, 
recrystallized host rock with 
hematization of feldspar grains. 
quartz-specular hematite veins is 
offset by chlorite-specular 
hematite vein. 

Description 2: PPL: Deformed, 
recrystallized host rock with 
hematization of feldspar grains. 
quartz-specular hematite veins is 
offset by chlorite-specular 
hematite vein.  

Description 3: XPL: Fine graine 
anhedral quartz grains with 
euhedral coarser grained quartz 
growing into vugs within host 
rock.  

Petrographic Characteristics 
Deformed granitic host rock with complete recrystallization of quartz grains and partial recrystallization 
feldspar grains is cut by generations of vuggy quartz and quartz-specular hematite veins. Quartz-specular 
hematite veins are cut and offset by a generation of chlorite-specular hematite stringer veins.  

Comments/Description 
Relative timing between Ab1-V and Ab2-V veins is seen. Sample was used in EMPA and LA-ICP-MS 
studies.  
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Sample Number: 14-JK-026 Location:  Eagle mine 

 

Representative photo 

 

  
 

Description 1: XPL: Seriate 
grain texture with recrystallized 
fine grained quartz and 
deformed anhedral albite 
crystals in brecciated 
leucogranite.  

Description 2: PPL of photo 1. 
Note hematization of albite 
grains.  

Description 3: XPL: Local mortar 
texture.  

Petrographic Characteristics 
Deformed granitic host rock with complete recrystallization of quartz grains and deformation with 
partial recrystallization of albite grains. Albite grains are also pervasively hematized. Host rock is cut by 
quartz-specular hematite veins.  

Comments/Description 
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Sample Number: 14-JK-027 Location:  Eagle mine 

 

Representative photo 

 

   
Description 1: XPL: Brecciated 
and hematized leucogranite cuty 
by specular hematite veins that 
are in turn cut by quartz veins.  

Description 2: PPL of photo 1. 
Note hematization of albite 
grains.  

Description 3: 
XPL:Recrystallized quartz vein 
cutting hematized fracture.  

Petrographic Characteristics 
Deformed and hematized leucogranite with seriate grain texture where quartz in host rock and cross 
cutting quartz veins is recrystallized. Recrystallized quartz veins cut fractures lined with hematite. 
Specular hematie veins are cut by recrystallized quartz veins, but cut hematized fractures.  

Comments/Description 
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Sample Number: 14-JK-027 Location:  Eagle mine 

 

Representative photo 

 

   
Description 1: XPL: Drewsy 
quartz and quartz-carbonate 
veins cuts earlier finer grained 
quartz vein.  

Description 2: XPL: quartz-
carbonate vein with elongated 
quartz at the margins and fine 
grained carbonate at the core cuts 
brecciated and recrystallized 
leucogranite.   

Description 3: XPL: Carbonate 
laths in quartz-carbonate vein. 
Carbonate is elongated and 
hematite rich.   

Petrographic Characteristics 
Crystals in brecciated leucogranite are recrystallized to a fine grained texture. Brecciated host is cut by 
early fine grained quartz veins which are cut by quartz veins with coarser grain size and elongated 
crystals. Host is also cut by quartz-carbonate veins with fine grained, hematite altered carbonate at the 
core and elongated recrystallized quartz at the margins that cut early quartz veins.   

Comments/Description 
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Sample Number: 14-JK-029 Location:  Eagle mine 
 Representative photo 

 

   
Description 1:  XPL: Network 
of albite-carbonate-quartz veins 
(Ab2-V) cut hematized 
monomineralic albite veins 
(Ab1-V) in ultra mylonite rock.  

Description 2: PPL image of 
photo 1: Note intense 
hematization in Ab1-V albite. 

Description 3: Albite oriented 
perpendicular to carbonate core 
of albite-carbonate-quartz vein 
(Ab2-V) 

Petrographic Characteristics 
Ab1-V vein in mylonitized rock is essentially monomineralic containing randomly oriented anhedral 
albite crystals that show intense hematization. Ab1-V vein is cut by Ab2-V vein with clean albite 
crystals that display better twinning and are euhedral lining the margins of veins with carbonate and 
minor quartz in the cores. Carbonate in cores in coarser grained and has good cleavage. 

Comments/Description 
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Petrographic Characteristics 
Fine grained leucogranite, pervasively hematized with cross cutting stringer quartz-carbonate veins. Rare 
euhedral dolomite crystals lined by a second generation of dolomite occur within the host rock. 

Comments/Description 
 

 

  

Sample Number: 14-JK-030 Location:  Eagle-Camdeck 

 

Representative photo 

 

   
Description 1: XPL: Fine 
grained leucogranite cut by 
stringer quartz-carbonate veins.   

Description 2: XPL: Stringer 
quartz-carbonate veins and 
euhedral dolomite crystals linned 
by a second generation of 
dolomite.   

Description 3: PPL of photo 2. 
Note pervasive hematization 
fineer grained crystals.   
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Petrographic Study Eagle-Camdeck Area 
 

Sample Number: 14-JK-031 Location:  Eagle-Camdeck 

 

Representative photo 

 

   
Description 1: XPL: Feldspars 
in leucogranite are plygonized 
to a very fine grain size. Quartz 
show grain boundary migration 
recrystallization and feldspars 
are pervasively hematized.    

Description 2: PPL of photo 1. Description 3: XPL: Very fine 
grained leucogranite cut by 
deformed quatz-carbonate vein.  

Petrographic Characteristics 
Fine grained leucogranite, pervasively hematized with cross cutting stringer quartz-carbonate veins. 

Comments/Description 
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Sample Number: 14-JK-032 Location:  Eagle Lake 

 

Representative photo 

 

   
Description 1: XPL: Grain 
boundary migration 
recrystallization of quartz and 
alignment of muscovite crystals 
crating foliation that is cut by 
stringer chlorite veins and 
hematite linned fractures.     

Description 2: PPL of photo 1. Description 3: XPL: 
Chloritization of muscovite 
grains.   

Petrographic Characteristics 
Foliated argillite with complete recrystallization of quartz grains by grain boundary migration and 
locally into a mortar texture. Muscovite crystals are aligned by their long axis and with recrystallized 
grains define a foliation that is cut by chlorite veins and hematite lined fractures. Locally muscovite is 
partially altered by chlorite and leucoxene.  

Comments/Description 
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Sample Number: 14-JK-033 Location:  Eagle Lake 

 

Representative photo 

 

  

 

Description 1: XPL: Ultra 
mylonatized amphibolite cut by 
stringer quartz veins that show 
slip along folation after veining.  

Description 2: Brittley fractured 
quartz-epidote vein cut by a 
network of stringer quatz veins.  

Description 3: PPL of photo 2.   

Petrographic Characteristics 
Foliated and ultra mylonatized amphibolite rock with cross cutting quart-epidote and later stringer quartz 
veins. Offset in quartz veins show slip along foliation planes after emplacement of veins.   

Comments/Description 
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Sample Number: 14-JK-036 Location:  Eagle Lake 

 

 

 
 

 
Description 1: XPL: Fine grained 
euhedral albite lines the margins 
of a quartz-albite-carbonate vein 
that cuts a quartz-pyrite-chlorite 
vein cutting foliations in 
amphibolite rock at a low angle. 
Often quartz within the vein is 
recrystallized and anhedral, while 
carbonates are Fe-rich and have a 
variolitic texture.  

Description 2:  XPL: Quartz-
albite-carbonate vein cutting 
foliations in amphibolite rock. 
Albite is subhedral-euhedral 
with good albite twinning. 
Quartz is often recrystallized 
and carbonate is a mix of Fe-
rich calcite and dolomite with a 
variolitic texture.   

Description 3: PPL of photo 2.  

Petrographic Characteristics 
Foliated amphibolite rock with quartz-pyrite-chlorite veins that foliations at a low 
angle, where quartz is very fine grained, fractured and broken, chlorite is anhedral and 
fills spaces between quartz veins and pyrite is fine grained, anhedral-suhedral. These 
veins are cut by Quartz-albite-carbonate veins with subhedral to euhedral albite lining 
the margins of these veins often perpendicular to the vein walls. Quartz within these 
veins is often recrystallized to a finer grain size and carbonates (calcite and dolomite) 
are Fe-rich and have a variolitic texture.  
 

Comments/Description 
Ab2-V veins cutting foliated amphibolite.  
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Sample Number: 14-JK-034 Location:  Eagle Lake 

 

Representative photo 

 

   
Description 1: XPL: Tightly 
folded foliations in amphibolite 
rock (possibly during D1-D2 
deformation events) cut by 
fractured quartz vein with 
stringers that are folded into 
foliation. Signifying slip along 
foliation after emplacement of 
veins.  

Description 2: Brittley fractured 
quartz vein cutting foliation in 
host. Margins of vein consist of 
fine grained recrystallized 
quartz, with coarser and better 
preserved crystals at the core.   

Description 3: XPL: Quartz-
chlorite vein disturbing foliation, 
potentially emplaced before 
solidification of host.    

Petrographic Characteristics 
Foliated and ultra mylonatized amphibolite rock with cross cutting quartz and quartz-chlorite veins. Host 
rock foliations are folded into tight folds potentially during D1-D2. Some veins disturb foliation with 
slight incorporation signifying some veins where emplaced before the solidification of foliations.   

Comments/Description 
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Petrographic Study of Gunnar Mine 

Pettrographic Characteristics 
Medium-coarse grained, Gunnar granite with slight foliation defined by biotites generally alted to 
chlorite. Rock is approximately 40% quartz, 45% feldspar (plagioclase and microcline), 10% chlorite 
and 5% muscovite. Muscovite and chlorite altered biotites are suhedral-euhedral, medium grained and 
have good cleavage planes. Quartz grains and feldspars tend to be fractured and broken and locally 
feldspars are recrystallized to a finer grain size. Quartz grains are recrystallized by grain boundary 
migration and are much coarser grained then feldspars and micas.  

Comments/Description 
This section used in chlorite geothermometry for retrograde metamorphic chlorite altering biotites (chl1) 

 

  

Sample Number: 14-JK-037 Location:  Gunnar 

 

Representative photo 

 

   
Description 1: PPL: Subhedral 
biotite crystals are altered to 
chlorite. Muscovite is partially 
altered by chlorite. Both have 
good cleavage planes.       

Description 2: XPL: stringer 
fine grained quartz and 
carbonate veins cut across 
plagioclase and microcline 
crystals in host rock.  

Description 3: XPL: medium-
coarse grained anhedrhal quartz 
crystals are fractured and broken 
and show grain boundary 
migration recrystallization.        
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Sample Number: 14-JK-039 Location:  Gunnar 

 

Representative photo 

 

   
Description 1: XPL: Subhedral 
medium grained albite crystals 
in albitized Gunnar granite. 
Albite has good twinning and 
carbonate fills space between 
specular hematite.  

Description 2: XPL: Chlorite and 
leucoxene alter albite in albitite 
rock. Carbonate fills void space.   

Description 3: PPL of photo 2.        

Petrographic Characteristics 
Medium-coarse grained, Gunnar granite that is pervasively albitized. Grain textures are preserved from 
the original Gunnar granite. Albite crystals are equiangular and have a sub-granoblastic texture. Albite 
crystals are of the Ab1-G-R generation, have good twinning and contain Fe-Oxide inclusions. Biotite 
crystals are generally altered to chlorite. Chlorite and leucoxene alter albite crystals between grain 
boundaries with carbonates filling void spaces.  Rock is approximately 80% albite, 10% chlorite (5-8% 
altered from biotite) and 10% carbonate.  

Comments/Description 
Ab1-G-R generation of albitization in Gunnar granite.  
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Sample Number: 14-JK-041 Location:  Gunnar 

 

Representative photo 

 

   
Description 1: XPL: 
Recrystallized plagioclase and 
quartz grains into sub-
granoblastic texture. 

Description 2: XPL: Foliation 
defined by muscovite crystals 
and bands of chlorite and 
specular hematite. Feldspars 
show fracturing and bending of 
crystals that displace twins in 
plagioclase. Quartz is 
recrystallized 

Description 3: PPL of photo 2. 
Note hematization along 
fractures and crystal cleavage 
planes in microcline.        

Petrographic Characteristics 
Medium-coarse grained, Gunnar granite that is sheared with foliation defined by muscovite crystals and 
recrystallized and stretched quartz grains. A sub-granoblastic texture of equigranular plagioclase and 
microcline grains with grain boundary migration recrystallization boundaries between feldspars and 
quartz grains. Some microcline crystals remain coarser grained and are fractured and stretched that 
mottles twinning.  

Comments/Description 
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Sample Number: 14-JK-046 Location:  Gunnar 

 
 

   
Description 1: Sheared Gunnar 
granite with granoblastic 
texture. Grains are medium 
grained, and have good 
twinning, grain boundaries are 
straight. Chlorite stringer vein 
cuts host rock.  

Description 2: Stringer vein of 
cataclastic fragments of host 
rock.  

Description 3: PPL of photo 2. 

Petrographic Characteristics 
Medium-coarse grained, Gunnar granite that is sheared with foliation defined by rare muscovite crystals 
and recrystallized quartz grains. Grains are equigranular with a granoblastic texture and straight crystal 
boundaries. Feldspar crystals have good twinning and are relatively free of any inclusions, althought 
hematization does occur along crystal boundaries. The host rock is cut by catclastic veins composted of 
crushed and fractured wall rock fragments and broken plagioclase, microcline and quartz crystals.  

Comments/Description 
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Sample Number: 14-JK-047 Location:  Gunnar 

 
 

   
Description 1: Sub-granoblastic 
of fine-medium grained albite 
and microcline crystals. Coarser 
grained albite crystals are bent, 
fractured, and partially 
recrystallized with deformation 
twinning.   

Description 2: Rare primary 
muscovite preserved between 
grains of albite. Muscovites have 
bending of cleavage planes.   

Description 3: XPL: 
Deformation crack in coarser 
grained albite with new albite 
suturing crack.  

Petrographic Characteristics 
Fine-medium-coarse grained, Gunnar granite that is sheared and partially albitized, whith no quartz, but 
some microcline remains.  Finer grains of albite and microcline are equigranular with a granoblastic 
texture and straight crystal boundaries. Coarser grained albite crystals are bent and fractured displacing 
twinning and causing aundulouse extinction with partial polygonization of grains occurring. Some of 
these coarser albite grains contain deformation cracks sutured by new hydrothermal albite. Rare primary 
muscovite crystals show bending and shearing and occur between grains of albite.   

Comments/Description 
Partial albitization of Gunnar granite (Ab1-G-R) with a second generation of albite suturing deformation 
cracks (Ab2-G-R).  
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Sample Number: 14-JK-048 Location:  Gunnar 
 

 

   
Description 1: Magmatic 
plagioclase altered to albite. 
Albite grains extending to open 
space between grains filled with 
carbonate, Fe-oxides, and 
altered zircons. 

Description 2: Fine grained 
albite with fine grained 
carbonate and minor Fe-oxides 
and zircons between larger 
grains of magmatic feldspars. 
Hemitization at grain margins 
and affecting magmatic 
minerals. 

Description 3: Rutile crystal with 
carbonate and Fe-oxides at 
margin of space filled by 
carbonate.  

Petrographic Characteristics 
Partially albitized Gunnar granite with 35% quartz, 25% plagioclase, 10% mica as 
muscovite and sericite, 10% chlorite around grain boundaries and altering biotite, 5% 
opaques, 10% Fe-oxides as hematization of magmatic quartz and feldspar and 5% 
carbonate intestinally between grains. Rock is variably deformed with larger subhedral 
grains and finer grained brittle deformed zones. Veins of disseminated drewsey quartz 
and carbonate with minor muscovite are noted. Albitization is found with carbonate 
and in zones of seritization with possible rutile. Hydrothermal albite is distinguished by 
lack of hematization and chloritization affecting the grains.   
 

Comments/Description 
Albitization is partial as there is still plenty of quartz and occurs with carbonate minerals appearing 
coeval. Hydrothermal albite is found with carbonate in zones of polygonization. It is unclear weather 
vein carbonate is coeval with carbonate between grains.  
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Sample Number: JK-14-049 Location:  Gunnar 

 
 

   
Description 1: Primary 
plagioclase and recrystallized 
albite in partially albitized 
Gunnar granite.  

Description 2: Sericitization of 
primary plagioclase grain. 

Description 3: Sericitization of 
deformed plagioclase grain.  

Petrographic Characteristics 
Partially ablitized gunnar granite with 40% quartz remaining. There is 10% carbonate, 
25% plagioclase, 5% muscovite, 5% Fe-oxides as euhedral minerals in veins and 
matrix and as hematization between grains and 5% chlorite altering muscovite as well 
as following veins and between grains with hematite. Larger grained magmatic crystals 
of plagioclase and quartz with finer grained fragments in deformed areas. Rock is 
variably deformed with some zones showing mild lineation, elongated-grano blastic 
textures. Carbonate is anhedral and occurs in circular clustars possibly filling voids of 
quartz dissolution. Microveins of quartz with pyrite are noted with hematization and 
chlorite at the margins. Seritization of feldspars is intense near quartz veins and absent 
elsewhere.  
 

Comments/Description 
Albitization is partial as there is still quartz present. This sample may represent the beginning stages of 
carbonate filling voids left by quartz dissolution and the beginning stages of albitization at the Gunnar 
mine. 
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Sample Number: 14-JK-052 Location:   
Gunnar 

 

   
Description 1: Partially albitized 
Gunnar granite with granoblastic 
texture. Mineral assemblage is 
mostly albite with minor quartz 
and some chlorite as biotite 
alteration and in microveins and 
filling microcracks. Few 
muscovite crystals remain 
between grains. There a 
interlocking crystalline 
structures (top) and fragmented 
rock supported by a fine grained 
matrix (bottom). 

Description 2: Granoblastic 
texture is slightly deformed 
causing minor foliations. Quartz 
is seen here with chlorite 
altering biotite between grains. 

Description 3: Polygonized zone 
is cut by carbonate microvein 
that is lined by chlorite. 

Petrographic Characteristics 
This sample of Gunnar granite is partially albitized  and is medium-very coarse grained with 5% quartz, 
75% albite, 10% plagioclase and 5% chlorite and 5% muscovite and carbonate. Feldspars are intensly 
seriticized in cases and are hematized. Brittle structures included polygonized zones that have rock 
fragments at larger scales ~1mm and polygonized mineral grains at the microscale.  

Comments/Description 
Polygonization is seen cutting albite grains in gunnar granite with micro veins of carbonate lined by 
chlortite cutting polygonization planes.  
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Sample Number: 14-JK-055 Location:   
Gunnar 

 

   
Description 1:  Description 2:  Description 3:  

Petrographic Characteristics 
Partially albitized Gunnar granite with larger deformed quartz grains making up 20% of the mineral 
assemblage. Muscovite is better preserved in this sample from Gunnar than others and although there are 
planes of fracturing cutting across albite and other grains polygonization is not prominent. Rutile is 
found in areas with chlorite and hematite staining and is inertial with albite. Chlorite is cutting rutile 
grains and is lining crystals of muscovite and between grain boundaries of albite and minor quartz. 

Comments/Description 
Rutile is present with hematite staining, but specular hematite is not present as often seen in samples 
from the 21 Zone.  
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Sample Number: 14-JK-059 Location:  Gunnar granite 

 

   
Description 1: Largly 
granoblastic texture, but locally 
large plagioclase grains are show 
deformation twinning and not 
completely recrystallized and 
grain boundaries are very 
irregular. 

Description 2: Carbonate is 
filling voids within larger 
plagioclase grains with 
deformation twinning. Euhedral 
fine grained albite is within 
these voids and at the margins. 
Carbonate is altering the albite. 

Description 3: Carbonate filling 
void with muscovite cut by 
chlorite, probably altering 
biotite. Muscovite and chlorite 
are hematized. Rutile is at the 
margin of carbonate filled voids 
and within chlorite, although 
unaffected by hematite.  

Petrographic Characteristics 
Partial albitization has occurred; although quartz is remaining, no Kfeldspar is present. Carbonate is 
filling voids, possibly from some quartz dissolution. Euhedral albite is found in and at the margins of 
these carbonate filled voids, although carbonate is later and is altering the albite. Textures include 
granoblastic, where crystals of quartz and feldspars have sharp grain boundaries, and quartz is nearly 
hexagonal, in other locations grain boundaries are very irregular. Seritization of feldspars is extensive, 
and intense deformation twinning is found in some plagioclase and albite grains. Acsessory minerals 
include some muscovite that is primary, chlorite that is altering biotite and between grains that cut 
muscovite. Rutile is associated with chlorite. Hematization of the granite is extensive and also appears 
after chlorite, but rutile is unaffected.  

Comments/Description 
Spot circled of chlorite with hematite alteration around margins and euhedral rutile crystal in contact 
with chlorite. There is a single albite grain with this chlorite, rutile cluster. hematite is not found, 
although rutile is.  
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Sample Number: 14-JK-
060 

Location:  Gunnar 

 
 

   
Description 1: Subhedral albite 
crystals occurring within 
carbonate. 

Description 2: Albite occurring 
with interstitial carbonate.  

Description 3: Deformed zircon 
with carbonate.  

Petrographic Characteristics 
Very deformed rock with anhedral grains littered with fluid inclusions. Considerably 
more albitized with 20% quartz, 30% feldspar, increase due to albitization, 30% 
carbonate, 5% muscovite, 5% chlorite with biotite altered to chlorite, 10% Fe-oxides, 
mostly as oqaue minerals with little hematization of quartz and feldspar grains, 5% 
accessory minerals, epidote and zircon. Albite is found with in and around large 
carbonate grains exhibiting classic carbonate cleavage. Minor epidote is between 
deformed quartz grains and near some carbonates. Zircon is found with carbonate, 
crystal shapes are anhedral and pleochroism is odd.  
 

Comments/Description 
Much more albitized than other samples from Gunnar. Albitization seems coeval with carbonate 
precipitation. Zircon may be usable for U/Pb dating, although crystal shape and pleochroism appears 
deformed. Hematization is not prevalent although all crystals are effected by a myriad of fluid 
inclusions.    
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Petrographic Study of Intermediate pit 

Petrographic Characteristics 
Sheared and fractured and brecciated leucogranite host rock where quartz is recrystallized by grain 
boundary dissolution. Chlorite infills fractures along foliations planes and cuts across them. Chlorite has 
accessory amounts of pyrite and apatite. Chlorite is cut by later deformed calcite-quartz veins, where 
calcite is stretched in laths and quartz recrystallized and fractured. In other calcite-quartz veins which 
also post-date the chloritization event, calcite displays good twinning, but veins are irregular and 
deformed.   

Comments/Description 
Relative timing of chlorite brecciation events and carbonate veining stages.  

 

  

Sample Number: 14-JK-021 Location: Intermediate pit 

 

Representative photo 

 

   
Description 1: XPL: Accessory 
pyrite and apatite associated 
with chlorite at the margin of a 
deformed calcite-quartz vein 
that follows foliation planes.  

Description 2: XPL: 
Recrystallized quartz that is 
stretches and displays grain 
boundary migration 
recrystallization defined foliation 
planes that are cut by a broken 
and fractured calcite-quartz 
stringer vein, with elongated 
calcite laths and recrystallized 
quartz grains.  

Description 3: XPL:  Chlorite 
veins fracturing host rock is cut 
by later stringer calcite vein.  
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Sample Number: 14-JK-022 Location:  Intermediate pit 

 

 

   
Description 1: XPL: Grain 
boundary migration 
recystalization of fractured 
quartz block.  

Description 2: XPL: Epidote vein 
cutting recrystallized, and 
fractured granitic host rock. 

Description 3: XPL: Seraite 
grain texture of coarser grained 
feldspar crystals with 
polygonization at grain 
boundaries and recrystallized 
quartz.  

Petrographic Characteristics 
Fractured and brecciated leucogranite host rock with fragments of silicified quartz rich blocks and 
hematized leucogranite, cut by chlorite filled fractures.   Dark chlorite fills fractures that are cut by a 
generation of epidote veins.  

Comments/Description 
Relative timing between Ab1-V and Ab2-V veins is seen. Sample was used in EMPA and LA-ICP-MS 
studies.  
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Sample Number: 14-JK-023 Location:  Rubble from Eagle mine area 

 

Representative photo 

 

   
Description 1: XPL: Chlorite in 
fractures brecciating 
leucogranite. Chlorite is cut by 
later stringer carbonate veins.  

Description 2: PPL image of 
photo 2. 

Description 3: XPL: 
Deformation twins in partially 
recrystallized microcline grain. 
Recrystallized host rock is cut 
by a stringer carbonate vein with 
fine grained calcite at its 
margins.  

Petrographic Characteristics 
Fractured and brecciated leucogranite host rock with fragments of silicified quartz rich blocks and 
hematized leucogranite, cut by chlorite filled fractures.   Dark chlorite fills fractures that are cut by a 
generation of carbonate stringer veins with coarser grained carbonate with good cleavage planes at their 
core and fine grained calcite at their margins. 

Comments/Description 
Relative timing between chlorite brecciation event and carbonate veining.  
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Petrographic Study of Rix Smitty 

 
Petrographic Characteristics 

Rock is highly deformed with most quartz completely recrystallized, although there are rare larger grains 
of quartz. Feldspars all show deformation twinning and hematization is occurring between grains and in 
veins. Carbonate is late and cuts hematite veins and recrystallized quartz zones.  

Comments/Description 
 

 

  

Sample Number:  
14-JK-098 

Location:  Rix Smitty 

 

 

   
Description 1:  Hematized 
leucogranite with sub-foliation is 
brecciated by chlorite veining. 
Carbonate vein follows this 
breccia zone and rimmed by 
zones of polygonized host rock.  

Description 2: seraite grain 
texture with larger grains of 
deformed albite and microcline, 
and less deformed quartz. 
Hematization is occurring 
between grains and in 
microveins. Carbonate veins are 
seen to cut hematite veins. 

Description 3: Hematite and 
chlorite cementing grains of 
albite, quartz and microcline.  



 266 
 

Sample Number: 14-JK-100-a Location:  Rix Smitty 

 

 

   
Description  1: XPL: Cataclastic 
vein of chlorite and hematite 
among rock fragments cut by 
micro quartz veins which are in 
turn cut by quartz-carbonate-
apatite veins. 

Description  1: PPL: Carbonate-
quartz-chlorite-apatite vein in 
orthogneiss with micro Fe rich 
oxide vein, ilminite. 

Description  1: XPL: Mylonitic 
folding in carbonate-quartz 
vein.  

Petrographic Characteristics 
Matrix is a fine grained quartz feldspathic orthorgneiss that is highly sheared. There are multiple veining 
sequences starting with a cataclasitic type vein with micro chlorite and hematite veins within rock 
aggregate zone. Second is micro quartz veins of andhedral quartz, followed by carbonate-quartz-apatite 
veins. Larger carbonate-quartz-apatite veins have chlorite and hematite at the margins and micro veins of 
some Fe-oxide, probably ilminite. Many quartz and apatite crystals within these veins have Fe-oxide 
inclusions around their margins, again probably ilminite.  

Comments/Description 
Sample showing veining sequence in orthogneiss at Rix Smitty. Degree of shearing is prominent in 
carbonate veins showing mylonitic folding.  
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Sample Number: 14-JK-100-b Location:  Rix Smitty 

 

Representative photo 

 

   
Description 1:  XPL: Very fine 
grained orthorgneiss host rock 
with minor pyrite cut by 
hematized carbonate-quartz vein 
that is irregular and deformed 
and in turn cut by a quartz 
stringer vein. 

Description 2: XPL: Iron oxide 
alteration of car in deformed 
carbonate-quartz vein. 

Description 3: PPL image of 
photo 2. 

Petrographic Characteristics 
Matrix is a fine grained quartz feldspathic orthorgneiss that is highly sheared. There are 
multiple veining sequences starting with a cataclastic type vein with micro chlorite and 
hematite veins within rock aggregate zone. Second is micro quartz veins of andhedral 
quartz, followed by carbonate-quartz ± apatite veins. Larger carbonate-quartz-apatite 
veins have chlorite and hematite at the margins and micro veins of some Fe-oxide, 
probably goethite. Many carbonate grains are altered by Fe-oxide.  

Comments/Description 
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Sample Number: 14-JK-101 Location:  Rix Smitty  

 

Representative photo 

 

   
Description 1: XPL: Brecciated 
orthogneiss from the Rix Smitty 
mine with chlorite (Chl2) lining 
clast with carbonate cores. 

Description 2: XPL: Chlorite 
(Chl2) with interstitial carbonate 
lining orthogneiss clast.  

Description 3: PPL image of 
photo 2 

Petrographic Characteristics 
Brecciated orthogneiss from the Rix Smitty mine has clast coated by chlorite. Clast themselves are 
further fractures and brecciated where they are cemented by chlorite. Clast are supported in a matrix of 
carbonate that post-dates breccia chlorite (Chl2). Dolomite and calcite are present in these carbonate 
cores where grains are coarser grained.  

Comments/Description 
Breccia chlorite sample used in chlorite geothermometry.  
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Sample Number: 14-JK-102 Location:  Rix Smitty 

 

Representative photo 

 

   
Description 1:  XPL: 
perpendicular foliation to sub 
foliation in deformed 
orthogneiss contains cataclastic 
feldspar and quartz grains cut by 
carbonate-quartz vein 
incorporated in to the new 
foliation. 

Description 2: XPL: albite grain 
within carbonate filled void. 
Albite and carbonate contain 
goethite inclusions.  

Description 3: PPL: Hematite 
and chlorite alterations between 
grains in foliated orthogneiss.  

Petrographic Characteristics 
Orthogneiss sample from the Rix Smitty mine displays two distinct foliations perpendicular to each 
other. The earlier foliation is not as well defined as the second. Rock affected by the earliest foliation 
contains coarser grained feldspar crystals and recrystallized quartz that is much finer grained between 
feldspar crystals. This foliation is cut by a perpendicular, well defined foliation that contains aggregates 
of coarser grained feldspar and finer grained recrystallized quartz with carbonate-quartz veins 
incorporated into the new foliation. Late carbonate fills void spaces and contains albite euhedral albite, 
both carbonate and albite crystals contain goethite inclusions.  

Comments/Description 
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Appendix B: EMPA data for albite generations 

Table B1: EMPA oxide data for albite in in different settings.  

Sample # and 
location 

Oxide 

Point Albite 
generation 

Na2O SiO2 Al2O3 MgO K2O CaO FeO TiO2 Total 

14-JK-038-A 
 
Gunnar 
 

C1(1) Ab1-R 11.64 68.5 19.69 0.01 0.13 0.33 0.04 bd 100.35 

C1(2) Ab1-R 11.54 67.47 19.66 bd 0.11 0.44 0.12 0.02 99.37 

C1(3) Ab1-R 11.41 67.9 20.23 0.01 0.12 0.85 0.07 0.02 100.61 

C1(4) Ab1-R 12 68.7 19.31 bd 0.05 bd 0.09 bd 100.16 

C1(5) Ab1-R 12.03 68.64 19.61 0.01 0.04 0.01 0.01 bd 100.37 

14-JK-066-B 
 
21 Zone 
 

C1(1) Ab1-R 11.53 67.85 19.9 0.02 0.28 0.19 0.05 0.02 99.83 

C1(2) Ab1-R 11.58 67.66 19.76 bd 0.16 0.29 bd 0.04 99.48 

C1(3) Ab1-R 11.69 67.77 19.76 0.02 0.13 0.23 bd 0.02 99.62 

C1(4) Ab1-R 11.09 68.46 19.74 0.02 0.14 0.24 0.04 0.06 99.78 

C1(5) Ab1-R 11.4 68.41 19.72 bd 0.06 0.25 0.07 bd 99.9 

14-JK-079 
 
21 Zone 

C2(1) Ab1-R 11.49 68.62 19.56 0.01 0.1 0.09 0.06 bd 99.93 

C2(2) Ab1-R 11.66 68.41 19.94 bd 0.08 0.49 bd bd 100.57 

C2(3) Ab1-R 11.71 68.45 19.5 bd 0.08 0.03 0.11 0.02 99.9 

C2(4) Ab1-R 11.96 68.64 19.45 0.01 0.07 0.03 0.27 0.03 100.46 

C2(5) Ab1-R 11.8 68.3 19.59 0.02 0.07 0.07 0.03 bd 99.88 

C3(1) Ab1-R 11.83 68.42 19.57 0.01 0.08 0.14 0.13 0.04 100.23 

C3(2) Ab1-R 11.89 68.98 19.53 0.01 0.08 0.06 0.14 bd 100.69 

C3(3) Ab1-R 12.05 69.17 19.53 0.01 0.07 0.02 0.04 bd 100.89 

C3(4) Ab1-R 11.88 68.55 19.46 bd 0.09 0.01 0.08 bd 100.06 

C3(5) Ab1-R 11.88 68.66 19.52 0.01 0.05 bd 0.01 bd 100.13 

14-JK-104-B 
 
21 Zone 

C1A(1) Ab1-R 8.67 63.87 22.66 0.31 3.06 0.13 1.01 0.04 99.74 

C1A(2) Ab1-R 10.05 65.51 21.68 0.17 1.7 0.23 0.31 bd 99.65 

C1A(3) Ab1-R 5.61 57.49 26.34 0.7 5.88 0.19 1.1 0.01 97.34 

C1A(4) Ab1-R 10.7 66.92 20.55 0.17 0.94 0.3 0.22 bd 99.79 

C1A(5) Ab1-R 1.76 49.23 29.74 1.2 9.45 0.2 2.61 0.03 94.22 

C4A(1) Ab1-R 11.83 68.39 19.44 bd 0.08 0.04 0.3 0.04 100.12 

C4A(2) Ab1-R 11.85 69.28 19.61 0.01 0.06 0.02 0.09 0.02 100.93 

C4A(3) Ab1-R 11.86 69.1 19.45 0.01 0.05 0.01 0.13 bd 100.6 

C4A(4) Ab1-R 11.55 68.69 19.54 0.01 0.69 0.04 0.26 0.02 100.8 

C4A(5) Ab1-R 11.73 68.67 19.55 bd 0.1 0.02 0.49 bd 100.57 

14-JK-082-B 
 
21 Zone 

C1A(1) Ab1-R 11.8 68.12 19.51 0.09 0.24 0.11 0.27 0.03 100.17 

C1A(2) Ab1-R 10.21 65.81 20.24 0.54 1.16 0.08 0.62 0.04 98.69 

C1A(3) Ab1-R 10.66 66.71 20.04 0.27 1.43 0.16 0.75 Bd 100.02 

C1A(4) Ab1-R 12.12 69.45 19.33 0.02 0.1 0.04 0.36 0.03 101.46 

C1A(5) Ab1-R 11.39 68.05 20.03 0.17 0.65 0.04 0.71 0.01 101.04 

14-JK-038-A 
 
Gunnar 

C2(1) Ab1-R 11.36 67.71 19.77 0.01 0.07 0.41 0.05 0.03 99.41 

C2(2) Ab1-R 11.49 66.9 20.02 0.01 0.17 0.53 0.18 0.01 99.31 

bd = below detection limit 
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Table B1 cont’d 

14-JK-038-A 
 
Gunnar 

C2(3) Ab1-R 11.56 67.04 19.92 0.01 0.09 0.53 0.07 bd 99.22 

C2(4) Ab1-R 11.83 68.72 19.52 bd 0.03 0.02 0.05 bd 100.16 

C2(5) Ab1-R 11.67 66.29 19.91 bd 0.13 0.46 0.02 0.02 98.51 

14-JK-066-B 
 
21 Zone 

C2B(1) Ab1-R 0.39 63.9 18.35 0.01 16.28 0.06 0.22 bd 99.21 

C2B(2) Ab1-R 0.39 64.21 18.42 bd 16.36 0.04 0.14 bd 99.56 

C2B(3) Ab1-R 0.31 63.54 18.38 bd 16.42 0.03 0.25 bd 98.92 

C2B(4) Ab1-R 0.41 63.57 18.29 bd 16.22 0.05 0.32 0.01 98.87 

C2B(5) Ab1-R 0.64 63.98 18.39 0.03 16.04 0.06 0.22 bd 99.37 

14-JK-079 
 
21 Zone 

C2B(1) Ab1-R 11.69 69 19.47 0.01 0.08 0.05 0.12 0.02 100.43 

C2B(2) Ab1-R 11.76 68.34 19.65 bd 0.1 0.2 0.05 bd 100.11 

C2B(3) Ab1-R 11.73 68.63 19.48 0.01 0.08 0.06 0.11 bd 100.1 

C2B(4) Ab1-R 12.1 69.03 19.71 0.02 0.05 0.04 0.04 bd 101 

C2B(5) Ab1-R 12.02 68.98 19.55 bd 0.05 bd 0.1 bd 100.71 

C3B(1) Ab1-R 11.79 68.95 19.54 bd 0.05 0.02 0.16 bd 100.52 

C3B(2) Ab1-R 11.97 68.63 19.66 0.01 0.02 0.01 0.11 0.02 100.43 

C3B(3) Ab1-R 11.73 68.44 19.37 0.02 0.14 0.09 0.14 bd 99.92 

C3B(4) Ab1-R 12.08 69 19.4 0.01 0.08 0.02 0.08 bd 100.68 

C3B(5) Ab1-R 11.97 69.17 19.5 0.01 0.06 0.01 0.04 bd 100.77 

14-JK-104-B 
 
21 Zone 

C1B(1) Ab2-R 12.04 68.87 19.65 0.06 0.1 0.03 0.11 bd 100.86 

C1B(2) Ab2-R 11.97 68.82 19.49 0.01 0.05 bd 0.03 0.05 100.43 

C1B(3) Ab2-R 11.94 68.82 19.46 bd 0.05 0.01 0.06 0.01 100.35 

C1B(4) Ab2-R 11.8 68.95 19.43 bd 0.04 0.01 0.07 bd 100.31 

C1B(5) Ab2-R 12.01 68.42 19.61 bd 0.04 0.02 0.21 bd 100.32 

C4B(1) Ab2-R 11.74 69.06 19.49 bd 0.1 0.03 0.17 bd 100.61 

C4B(2) Ab2-R 11.75 69.02 19.47 bd 0.13 0.04 0.06 bd 100.49 

C4B(3) Ab2-R 12.07 69.32 19.6 bd 0.08 0.03 0.07 0.05 101.22 

C4B(4) Ab2-R 11.76 68.65 19.44 bd 0.09 0.02 0.28 bd 100.24 

C4B(5) Ab2-R 11.72 69.16 19.65 0.02 0.07 0.02 0.06 0.04 100.73 

14-JK-082-B 
 
21 Zone 

C1B(1) Ab2-R 0.23 66.7 18.05 1.97 5.94 0.24 2.44 1.3 96.87 

C1B(2) Ab2-R 10.08 69.14 18.21 0.22 0.61 0.03 2.58 0.09 100.97 

C1B(3) Ab2-R 9.16 38.52 10.65 0.05 0.2 0.02 42.57 1.69 102.85 

C1B(4) Ab2-R bd 7.25 0.18 0.1 0.06 0.02 82.02 1.87 91.5 

C1B(5) Ab2-R 0.87 30.58 11.16 1.56 2.93 0.1 46.3 1.2 94.7 

14-JK-066-B 
 
21 Zone 

C2(1) Ab2-R 11.66 68.28 19.51 0.01 0.1 0.2 0.04 bd 99.79 

C2(2) Ab2-R 11.78 68.89 19.58 0.01 0.08 0.11 0.06 0.02 100.53 

C2(3) Ab2-R 11.6 68.36 19.68 bd 0.1 0.21 0.04 bd 100 

C2(4) Ab2-R 11.74 68.21 19.64 0.01 0.09 0.2 0.03 0.11 100.01 

C2(5) Ab2-R 11.57 67.58 19.65 0.01 0.08 0.27 0.09 bd 99.24 

14-JK-094-A 
 
Bolger pit 

C1A(1) Ab1-V 8.76 57.59 18.63 4.04 0.34 0.08 7.21 0.08 96.74 

C1A(2) Ab1-V 11.46 67.75 19.4 0.07 0.24 0.07 1.36 0.04 100.39 

C1A(3) Ab1-V 11.57 68.18 19.54 0.04 0.14 0.07 1.35 bd 100.89 

bd = below detection limit 
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Table B1 cont’d 

14-JK-094-A 
 
Bolger pit 

C1A(4) Ab1-V 11.49 67.15 19.1 0.01 0.26 0.08 2.43 bd 100.52 

C1A(5) Ab1-V 11.02 67.23 19.05 0.07 0.55 0.38 1.18 0.5 99.99 

14-JK-024 
 
Eagle mine 

A(1) Ab1-V 11.34 67.14 19.34 0.81 0.07 0.12 0.99 0.08 99.89 

A(2) Ab1-V 11.68 68.16 19.7 0.23 0.07 0.16 0.3 0.01 100.31 

A(3) Ab1-V 11.49 67.87 19.38 0.19 0.08 0.26 0.82 bd 100.09 

A(4) Ab1-V 11.67 68.42 19.67 0.13 0.07 0.18 0.43 bd 100.57 

A(5) Ab1-V 11.77 68.39 19.71 0.05 0.06 0.18 0.3 bd 100.47 

C2(1) Ab1-V 10.57 70.35 18.13 0.14 0.04 0.05 0.45 0.02 99.76 

C2(2) Ab1-V 10.57 70.54 17.53 0.29 0.06 0.14 0.99 0.05 100.15 

C2(3) Ab1-V 11.81 68.5 19.49 0.1 0.04 0.09 0.34 bd 100.37 

C2(4) Ab1-V 7.26 78.75 12.69 0.66 0.05 0.77 0.84 0.01 101.02 

C2(5) Ab1-V 11.66 67.76 19.54 0.25 0.07 0.12 0.62 0.01 100.03 

C2(6) Ab1-V 9.67 72.8 15.93 0.31 0.06 0.14 0.73 bd 99.65 

14-JK-094-A 
 
Bolger pit 

C1(1) Ab1-V 11.03 66.81 19.21 0.64 0.54 0.08 1.35 bd 99.66 

C1(2) Ab1-V 10.73 68.07 19.12 0.01 1.19 0.07 0.43 bd 99.62 

C1(3) Ab1-V 11.38 68.12 19.36 0.02 0.7 0.05 0.91 bd 100.54 

C1(4) Ab1-V 11.63 68.6 19.34 0.06 0.34 0.07 0.61 bd 100.64 

C1(5) Ab1-V 11.52 68.92 19.45 0.01 0.3 0.07 0.69 bd 100.95 

14-JK-094-B 
 
Bolger pit 

C1(1) Ab1-V 11.6 68.58 19.76 bd 0.26 0.06 0.1 0.02 100.37 

C1(2) Ab1-V 11.28 65.02 18.54 bd 0.22 1.83 2.5 0.06 99.44 

C1(3) Ab1-V 11.65 68.13 19.53 bd 0.15 0.04 0.5 bd 100.01 

C1(4) Ab1-V 8.36 65.04 18.83 0.04 4.1 0.06 0.51 bd 96.95 

C1(5) Ab1-V 11.47 68.66 19.57 0.01 0.17 0.03 0.29 bd 100.21 

14-JK-095-A 
 
Bolger pit 

C2(1) Ab1-V 11.36 67.85 19.33 0.09 0.59 0.11 0.56 bd 99.88 

C2(2) Ab1-V 10.39 64.79 18.38 0.18 1.12 0.1 0.66 bd 95.63 

C2(3) Ab1-V 12.01 68.65 19.59 0.02 0.14 0.11 0.23 bd 100.76 

C2(4) Ab1-V 10.62 63.91 18.01 0.47 0.32 0.11 2.11 bd 95.54 

C2(5) Ab1-V 11.68 68.21 19.46 0.03 0.27 0.11 0.38 bd 100.14 

14-JK-024 
 
Eagle mine 

B(1) Ab2-V 11.73 68.84 19.54 0.04 0.03 0.05 0.07 bd 100.3 

B(2) Ab2-V 12.12 68.43 19.37 0.04 0.07 0.06 0.06 0.05 100.21 

B(3) Ab2-V 11.89 68.83 19.49 0.03 0.03 0.03 0.08 bd 100.38 

B(4) Ab2-V 11.82 68.47 19.36 0.03 0.09 0.03 0.05 0.02 99.88 

B(5) Ab2-V 11.73 68.82 19.44 0.03 0.03 0.02 0.11 bd 100.2 

C2B(1) Ab2-V 11.76 68.21 19.42 0.02 0.13 0.07 0.57 bd 100.18 

C2B(2) Ab2-V 11.69 68.17 19.39 0.04 0.18 0.1 0.03 bd 99.59 

C2B(3) Ab2-V 11.77 68.94 19.46 0.03 0.04 bd 0.22 0.05 100.51 

C2B(4) Ab2-V 11.98 68.7 19.52 0.01 0.02 0.01 0.25 bd 100.5 

C2B(5) Ab2-V 11.66 68.59 19.3 0.03 0.1 0.01 0.4 0.02 100.12 

14-JK-095 * 
 
Bolger pit 

C2(1) Ab2-V 11.46 67.82 19.24 bd 0.3 0.07 0.19 bd 99.09 

C2(2) Ab2-V 12.03 68.8 19.34 0.02 0.09 0.04 0.07 0.01 100.4 

C2(3) Ab2-V 12.05 68.71 19.53 bd 0.19 0.05 0.03 bd 100.55 

bd = below detection limit 
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Table B1 cont’d 

14-JK-095 * 
 
Bolger pit 

C2(4) Ab2-V 12.02 69.21 19.38 bd 0.14 0.05 0.14 0.03 100.97 

C2(5) Ab2-V 11.78 69.06 19.43 bd 0.06 0.02 0.07 bd 100.42 

C4(1) Ab2-V 11.54 68.18 19.42 bd 0.44 0.34 0.38 bd 100.3 

C4(2) Ab2-V 11.76 69.35 19.41 bd 0.14 0.01 0.19 bd 100.86 

C4(3) Ab2-V 12.13 69.03 19.46 bd 0.06 bd 0.02 0.01 100.71 

C4(4) Ab2-V 12.05 68.67 19.55 bd 0.08 0.03 0.03 bd 100.42 

C4(5) Ab2-V 12.04 68.9 19.61 bd 0.07 0.03 0.04 0.02 100.71 

14-JK-094-A 
 
Bolger pit 

C1B(1) Ab2-V 11.63 67.66 19.68 0.01 0.32 0.31 0.59 0.03 100.24 

C1B(2) Ab2-V 11.63 68.54 19.66 0.01 0.34 0.06 0.21 0.02 100.47 

C1B(3) Ab2-V 11.75 68.93 19.64 bd 0.3 0.08 0.15 0.03 100.88 

C1B(4) Ab2-V 11.91 68.53 19.65 0.01 0.26 0.11 0.35 0.04 100.86 

C1B(5) Ab2-V 11.72 68.38 19.46 bd 0.32 0.07 0.46 bd 100.41 

14-JK-094-B 
 
Bolger pit 

C1(1) Ab2-V 11.6 68.58 19.76 bd 0.26 0.06 0.1 0.02 100.37 

C1(2) Ab2-V 11.28 65.02 18.54 bd 0.22 1.83 2.5 0.06 99.44 

C1(3) Ab2-V 11.65 68.13 19.53 bd 0.15 0.04 0.5 bd 100.01 

C1(4) Ab2-V 8.36 65.04 18.83 0.04 4.1 0.06 0.51 bd 96.95 

C1(5) Ab2-V 11.47 68.66 19.57 0.01 0.17 0.03 0.29 bd 100.21 

* thin section 30um  
bd = below detection limit 
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Appendix C: EMPA data for inclusions found in albite 

Table C1 EMPA data in wt% for inclusions found in albite crystals from different settings. 
    

Wt% 
           

Sample # and 
location 

Point Na Si Al Mg Ca Fe Ti Cr K O C Total 

14-JK-038 
Gunnar 

C2A(2) 0.04 1.96 0.86 0.06 0.26 61.61 0.04 0.02 0.08 20.87 NA 85.8 

14-JK-024 
Eagle mine 

C1(3) bd 0.14 0.05 0.05 0.02 51.75 9.89 bd bd 21.68 NA 83.58 

14-JK-079 
21 Zone 

C1(3) 0.06 0.24 0.06 0.01 0.03 0.35 59.12 0.02 0.05 39.97 NA 99.89 

14-JK-079 
21 Zone 

C1(17) 0.05 0.14 0.05 bd 0.02 0.39 58.81 0.02 0.01 39.65 NA 99.16 

14-JK-038-B 
 
Gunnar 

C2A(4) 0.42 3.71 1.02 0.31 36.48 0.61 0.05 bd 0.23 47.11 10.06 100 

C2A(8) 0.49 3.01 0.9 0.16 36.72 0.23 bd bd 0.31 47.56 10.61 100 

C2A(12) 0.18 1.17 0.51 0.09 39.31 0.46 0.01 0.02 0.05 47.16 11.04 100 

C2A(13) 0.16 1.19 0.34 0.16 39.77 0.34 0.02 bd 0.11 46.97 10.94 100 

C2A(17) 0.34 2.61 0.89 0.35 37.55 0.78 0.08 bd 0.2 46.89 10.31 100 

C2A(21) 0.12 0.92 0.28 0.27 40.12 0.3 bd bd 0.09 46.91 10.99 100 

C2A(23) 0.1 1.72 0.26 0.08 41.15 0.15 0.03 bd 0.08 46.16 10.28 100 

14-JK-066-B 
 
21 Zone 

C1(1) 0.18 0.77 0.24 0 39.65 0.1 0.01 bd 0.02 47.57 11.46 100 

C1(8) 0.7 4.24 3.11 1.46 27.2 4.35 0.05 bd 0.12 48.45 10.32 100 

C1(24) 0.15 0.8 0.27 0.08 40.29 0.3 0.02 bd 0.09 46.93 11.06 100 

C1(26) 0.33 4.36 0.61 0.04 39.55 0.21 0.06 bd 0.04 45.73 9.08 100 

C1(28) 0.16 3.45 1.34 0.18 39.74 0.51 0.03 bd 0.48 45.19 8.92 100 

C1(29) 0.33 2.08 0.64 0.25 38.1 0.62 0.01 bd 0.07 47.18 10.71 100 

14-JK-024 
 
Eagle mine 

C1(1) 0.04 1.16 0.02 0.83 40 0.58 0.01 bd 0.02 46.62 10.73 100 

C1(2) 0.11 1.28 0.04 1.68 38.13 0.47 bd 0.01 0.01 47.27 10.98 100 

C1(4) bd 1.73 0.25 0.88 36.85 0.45 0.01 bd 0.01 48.29 11.51 100 

C1(5) 0.07 1.55 0.06 1.99 36.83 0.53 0.03 0.01 0.01 47.77 11.16 100 

bd = below detection limit 

 

Table C2: EMPA results for barite and lanthanite inclusion found in albite.  
  

Wt% 
              

Sample # and 
location 

Point Al Si P S Ba Ce Ca Mn Fe Pr Nd O Y La Total 

14-JK-066-B 
21 Zone 

C1(2) 1.78 4.06 0.01 10.32 49.86 3.98 0.5 bd 0.72 bd bd 23.42 NA NA 94.67 

14-JK-066-B 
21 Zone 

C1(16) 4.44 9.43 0.01 7.24 38.54 2.97 0.46 bd 0.71 0.02 bd 27.33 NA NA 91.17 

14-JK-079 
21 Zone 

C2(2) 0.41 1.11 12.28 0.47 10.05 28.58 0.75 bd 0.36 2.7 6.31 28.7 0.06 15.17 107.67 

bd = below detection limit, NA = Not analyzed  
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Appendix D: EMPA data for uraninite grains 

Table D1 EMPA data in wt% for uraninite grains in different settings 
Sample # 
and location 

wt% 

Point Si U Ca Ti Pb Th S V Fe Y Mo O Total 

15-JK-007 
 
core sample 
UA-109 @ 
12.8 m 

C1A(1) 0.19 62.6 3.27 0.18 10.41 bd 0.55 0.15 0.94 0.16 bd 11.98 90.43 

C1A(2) 0.22 69.89 3.9 0.18 9.27 0.02 bd 0.1 0.64 0.13 bd 12.43 96.78 

C1A(3) 0.19 69.59 3.48 0.15 10.26 0.04 bd 0.12 0.24 0.08 0.04 12.11 96.32 

C1A(4) 0.35 63.83 3.9 0.14 12.44 bd bd 0.09 0.72 0.22 0.05 12.05 93.79 

C1A(5) 0.18 70.48 3.14 0.13 10.5 0.01 bd 0.07 0.35 0.14 bd 12.08 97.09 

C1A(6) 1.39 67.93 3.89 0.09 7.79 bd bd 0.15 1.59 0.15 bd 13.78 96.75 

C1B(2) 0.2 69.36 3.89 0.04 10.69 bd bd 0.18 0.3 0.04 0.03 12.26 96.99 

C1B(3) 0.22 68.87 4.19 0.05 9.96 0.02 bd 0.12 0.46 0.07 bd 12.3 96.27 

C1B(4) 0.2 69.12 3.51 0.12 10.41 0.03 bd 0.13 0.56 0.32 0.01 12.25 96.67 

C1B(5) 0.27 68.1 4.55 0.09 9.03 bd bd 0.13 0.86 0.18 bd 12.56 95.77 

C1B(6) 0.28 0.14 0.1 0.54 0.09 bd bd 1.71 65.85 bd bd 30.39 99.09 

15-JK-016 
 
rock 
collection 
sample 72-
N-09-SW/04 

C1(1) 1.51 64.87 3.9 0.66 8.4 bd 0.71 0.05 0.97 0.05 bd 14.26 95.37 

C1(2) 3.39 59.81 4.26 0.54 2.38 bd bd 0.1 1.3 0.07 bd 14.8 86.66 

C1(3) 1.51 68.97 3.98 0.79 3.86 0.05 bd 0.12 1.03 0.02 0.01 13.97 94.33 

C1(4) 1.64 68.25 4.07 0.37 3.33 bd bd 0.1 0.98 0.21 bd 13.73 92.69 

C1(5) 1.24 65.97 6.24 0.51 3.03 0.03 bd 0.1 0.96 0.04 bd 13.85 91.97 

C1(6) 1.31 68 3.9 0.29 6.38 0.03 0.36 0.14 1.12 0.11 0.01 13.86 95.5 

C1(7) 1.48 69.6 4.71 0.48 2.22 bd bd 0.13 1.34 0.04 bd 14.11 94.1 

C1(8) 1.45 68.86 4.17 0.43 4.09 0.01 0.09 0.17 1.09 0.01 0.01 13.88 94.26 

C1(9) 1.4 69.52 4.7 0.51 2.59 0.02 bd 0.15 1.15 0.01 bd 13.98 94.04 

C1(10) 1.36 61.1 3.53 0.56 14.56 0.03 1.79 0.09 0.87 0.01 0.02 14.93 98.85 

15-JK-017 
 
rock 
collection 
sample 74-
N-09-SW/0 

C2A(1) 0.93 69.77 3.56 0.25 6.22 0.04 bd 0.45 1.01 0.04 bd 13.31 95.58 

C2A(2) 0.78 68.96 3.59 0.23 8.35 0.04 bd 0.42 0.91 0.02 bd 13.12 96.41 

C2A(3) 1.3 66.7 3.79 0.19 7.84 0.07 0.39 0.51 1.1 bd 0.04 13.99 95.93 

C2A(4) 1.53 67.81 4.26 0.16 4.56 0.05 bd 0.61 1.13 bd bd 13.99 94.11 

C2A(5) 1.31 69.4 4.02 0.21 4.79 0.04 bd 0.57 1.06 bd 0.01 13.85 95.26 

C2B(1) 1.31 69.99 4.34 0.11 3.88 0.03 bd 0.76 1.12 0.03 bd 14.1 95.67 

C2B(2) 1.37 69.53 4.14 0.07 3.6 0.12 bd 0.76 1.04 0.02 0.03 13.96 94.64 

C2B(3) 1.63 69.82 3.83 0.23 3.51 0.07 bd 0.8 1.05 bd bd 14.28 95.22 

C2B(4) 1.38 68.36 4.23 0.06 6.31 0.01 0.31 0.76 1.02 0.03 bd 14.32 96.76 

C2B(5) 1.67 68.74 4.02 0.1 3.79 0.03 bd 0.74 1.07 0.09 bd 14.18 94.43 

C2B(6) 2.99 67.71 2.28 0.55 2.59 0.02 bd 0.56 1.21 0.16 0.05 15.02 93.15 

C2B(8) 3.46 62.34 1.95 0.27 7.34 0.01 0.75 0.56 0.99 0.47 0.04 15.62 93.82 

C2B(10) 1.73 71.16 3.13 0.46 2.95 0.06 bd 0.63 1.12 0.03 bd 14.31 95.58 

bd = below detection limit 
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Table D1cont’d 

15-JK-017 
 
rock 
collection 
sample 74-
N-09-SW/0 

C2C(1) 2.14 71.24 2.53 0.36 2.4 bd bd 0.83 1.44 0.02 0.03 14.74 95.73 

C2C(2) 1.98 71.61 2.62 0.33 2.39 0.02 bd 0.74 1.29 0.06 0.03 14.5 95.56 

C2C(3) 2.29 70.65 2.65 0.66 4.28 0.01 0.27 0.72 1.48 0.03 0.02 15.42 98.47 

C2C(4) 1.75 71.66 2.4 0.68 2.32 bd bd 0.67 1.62 bd 0.02 14.46 95.59 

C2C(5) 1.96 71.44 2.56 0.3 2.7 bd bd 0.76 1.47 0.02 0.02 14.52 95.76 

C2C(6) 1.86 71.53 2.61 0.45 2.41 0.01 bd 0.74 1.47 0.03 bd 14.49 95.6 

C2D(1) 1.34 67.93 3.4 0.15 6.58 0.11 0.36 0.65 1.08 bd 0.08 14.01 95.67 

C2D(2) 1.4 69.21 3.08 0.28 6.66 0.02 0.51 0.58 1.05 bd 0.02 14.24 97.03 

C2D(3) 1.49 71.96 3.02 0.15 3.1 0.09 bd 0.72 1.35 bd bd 14.07 95.94 

C2D(4) 1.44 69.61 3.8 0.12 4.63 0.12 0.06 0.6 1.06 bd bd 13.96 95.4 

C2D(5) 1.48 70.49 3.75 0.12 4.29 0.15 0.04 0.67 1.01 bd bd 14.08 96.06 

C2D(6) 2.32 66.5 3.15 0.17 5.16 0.13 0.19 0.55 0.94 0.07 0.03 14.43 93.64 

15-JK-018 
 
rock 
collection 
sample 74-
N-09-SW/21 

C2(2) 3.94 32.36 0.53 0.02 46.17 bd 6.91 0.12 0.58 bd 0.07 19.91 110.61 

C2(3) 5.93 54.06 0.9 0.06 15.05 0.05 2.05 0.21 1.1 bd 0.02 18.28 97.71 

C2(6) 2.82 55.78 3.12 0.04 22.32 bd 1.36 0.22 1.03 bd bd 15.68 102.36 

C2(8) 7.19 58.64 0.78 0.03 8.36 bd 1.14 0.29 1.21 bd bd 18.95 96.59 

C2(10) 5.27 65.65 1.04 0.09 1.15 bd bd 0.36 1.5 bd bd 16.32 91.38 

C1(1) 3.31 41.05 1.49 0.09 28.92 bd 4.12 0.23 0.63 bd 0.04 16.76 96.64 

C1(2) 2.6 64.69 4.92 0.19 1.73 bd 0.01 0.42 0.99 0.03 bd 14.65 90.23 

C1(4) 3.08 67.57 2.66 0.09 5.95 bd 0.65 0.4 0.74 0.01 bd 15.46 96.62 

C1(5) 4.14 48.4 1.93 0.09 20.75 bd 3.25 0.36 1 bd 0.02 17.63 97.58 

C1(6) 4.03 57.91 2.35 0.15 13.96 bd 1.76 0.34 0.77 bd bd 16.84 98.1 

C1(7) 2.36 69.75 2.99 0.09 4.27 0.03 0.26 0.45 0.91 bd bd 14.65 95.75 

C1(8) 4.55 63.92 2.3 0.19 1.35 bd bd 0.44 1.78 bd 0.02 16.04 90.59 

C1(9) 3.07 69.88 2.93 0.12 1.64 bd bd 0.45 1.05 bd bd 15.07 94.2 

C1(10) 3.2 69.8 3.14 0.07 1.57 0.01 bd 0.46 0.85 bd 0.01 15.18 94.29 

bd = below detection limit 
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14JK101-1_1 
0.01 

0.43 
27.33 

32.95 
16.03 

0.11 
0.01 

13.61 
0.03 

0.01 
0.09 

0.03 
bd 

9.35 
100 

14JK101-1_2 
0.02 

0.41 
26.37 

32.47 
15.67 

0.09 
0.02 

13.7 
0.04 

0.03 
0.08 

0.01 
bd 

11.1 
100 

14JK101-1_3 
0.02 

0.42 
27.03 

32.61 
15.86 

0.07 
0.01 

13.36 
0.04 

0.04 
0.06 

0.01 
bd 

10.47 
100 

14JK101-1_4 
0.03 

0.45 
26.73 

32.42 
15.67 

0.11 
0.02 

14.25 
0.05 

0.07 
0.06 

0.06 
bd 

10.09 
100 

14JK101-1_5 
0.02 

0.45 
26.79 

32.56 
15.93 

0.13 
0.01 

13.57 
0.04 

0.01 
0.08 

bd 
bd 

10.42 
100 

14jk006c-1 
0.05 

0.17 
17.32 

27.01 
19.01 

0.11 
0.02 

24.03 
0.25 

0.01 
0.52 

0.05 
0.06 

11.39 
100 

14jk006c-2 
bd 

bd 
0.28 

0.02 
0.01 

57.68 
0.01 

0.67 
0.14 

bd 
bd 

bd 
bd 

41.2 
100 

14jk006c-3 
bd 

bd 
0.34 

0.04 
bd 

57.92 
0.01 

0.75 
0.22 

bd 
0.01 

0.01 
0.01 

40.69 
100 

14jk006c-4 
0.06 

0.16 
17.31 

27.1 
19.04 

0.1 
bd 

24.05 
0.27 

0.03 
0.35 

0.04 
0.04 

11.45 
100 

14jk037c-1 
0.01 

0.24 
17.28 

27.76 
19.4 

0.02 
bd 

24.09 
0.3 

0.09 
0.05 

0.04 
0.04 

10.66 
100 

14jk037c-2 
bd 

0.44 
18.57 

28.09 
18.7 

0.03 
0.03 

23.32 
0.28 

0.1 
0.05 

0.02 
0.03 

10.34 
100 

14jk037c-3 
0.01 

0.16 
17.74 

27.84 
19.21 

0.02 
0.03 

24.05 
0.35 

0.09 
0.03 

0.02 
0.02 

10.44 
100 

14jk037c-4 
0.01 

0.29 
18.12 

27.69 
18.97 

0.03 
0.02 

23.67 
0.31 

0.06 
0.07 

bd 
0.04 

10.72 
100 

14jk037c-5 
bd 

0.33 
18.72 

28.35 
18.71 

0.07 
bd 

22.54 
0.25 

0.05 
0.26 

0.01 
0.03 

10.68 
100 

Am
phibolite (chl1) 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

14JK093-1_1 
0.03 

bd 
13.21 

27.15 
19.83 

0.09 
0.05 

29.07 
0.34 

0.05 
0.2 

bd 
0.04 

9.93 
100 

14JK093-1_2 
0.04 

0.03 
13.3 

27.61 
20.02 

0.1 
0.06 

28.2 
0.28 

0.04 
0.32 

bd 
bd 

10.01 
100 

14JK093-1_3 
0.02 

0.07 
12.85 

27.17 
19.95 

0.06 
0.03 

28.89 
0.28 

0.02 
0.17 

bd 
0.04 

10.46 
100 

14JK093-1_4 
bd 

bd 
13.24 

27.14 
19.61 

0.05 
0.03 

29 
0.34 

0.02 
0.14 

0.02 
0.05 

10.37 
100 

14JK093-1_5 
bd 

0.11 
13.29 

26.81 
19.28 

0.06 
0.02 

28.93 
0.31 

0.02 
0.2 

0.01 
0.1 

10.86 
100 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Breccia (chl2) 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
14jk099-1 

0.05 
0.15 

15.64 
27.88 

17.92 
0.09 

0.01 
27.73 

0.47 
0.01 

0.1 
0.01 

0.09 
9.84 

100 
14jk099-2 

0.03 
0.16 

16.8 
27.8 

16.94 
0.11 

0.02 
26.68 

0.64 
bd 

0.19 
0.02 

0.09 
10.51 

100 
14jk099-3 

0.07 
0.21 

15.61 
28.22 

17.55 
0.1 

0.02 
26.67 

0.41 
bd 

0.12 
0.05 

0.13 
10.84 

100 
14JK101-2_1 

0.01 
0.37 

26.31 
32.76 

18.94 
0.17 

0.02 
12.18 

0.05 
bd 

0.04 
bd 

bd 
9.16 

100 
14JK101-2_2 

0.02 
0.36 

26.52 
32.51 

18.02 
0.16 

0.02 
12.36 

0.03 
bd 

0.03 
bd 

bd 
9.97 

100 
bd = below

 detection lim
it 
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14JK101-2_3 
0.02 

0.37 
25.82 

32.43 
18.97 

0.21 
0.01 

12.08 
0.06 

bd 
0.04 

bd 
0.01 

9.97 
100 

14JK101-2_4 
0.02 

0.42 
26.5 

32.43 
17.17 

0.14 
0.01 

12.36 
0.03 

bd 
0.01 

0.02 
bd 

10.89 
100 

14JK101-2_5 
0.02 

0.35 
26.42 

32.51 
18.71 

0.15 
bd 

12.02 
0.02 

bd 
0.02 

bd 
0.07 

9.7 
100 

14JK101-3_1 
0.03 

0.27 
25.52 

31.26 
18.44 

0.18 
0.04 

12.46 
0.08 

0.01 
0.05 

0.01 
0.03 

11.61 
100 

14JK101-3_2 
0.05 

0.35 
24.42 

32.39 
19.63 

0.16 
1.08 

11.88 
0.05 

bd 
0.03 

0.01 
0.05 

9.89 
100 

14JK101-3_3 
0.04 

0.43 
27.26 

31.8 
18.4 

0.16 
0.05 

12.55 
0.05 

bd 
0.02 

bd 
0.08 

9.16 
100 

14JK101-3_4 
0.05 

0.25 
26.13 

30.86 
18.43 

0.16 
0.07 

12.58 
0.07 

bd 
0.04 

bd 
0.04 

11.31 
100 

14JK101-3_5 
0.06 

0.26 
23.75 

31.14 
18.52 

0.15 
0.03 

12.64 
0.03 

0.01 
0.02 

bd 
0.06 

13.34 
100 

14JK101-4_1 
0.11 

0.32 
24.43 

30.2 
17.25 

0.14 
0.1 

11.82 
0.05 

bd 
0.04 

0.01 
bd 

15.53 
100 

14JK101-4_2 
0.07 

0.33 
25.83 

32.41 
17.4 

0.14 
0.08 

12.47 
0.06 

0.02 
0.05 

0.01 
0.03 

11.09 
100 

14JK101-4_3 
0.07 

0.22 
22.11 

26.63 
16.18 

0.16 
0.07 

10.48 
0.08 

bd 
0.02 

bd 
0.01 

23.96 
100 

14JK101-4_4 
0.11 

0.27 
25.13 

29.42 
17.87 

0.17 
0.14 

11.39 
0.07 

bd 
0.05 

bd 
0.06 

15.31 
100 

14JK101-4_5 
0.09 

0.29 
24.67 

30.88 
17.38 

0.15 
0.12 

11.86 
0.07 

0.01 
0.02 

bd 
bd 

14.47 
100 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Vein type (chl2) 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
14JK093-2_1 

1.87 
0.06 

6.79 
48.43 

18.21 
0.36 

6.66 
11.28 

0.18 
0.01 

0.07 
0.03 

0.01 
6.02 

100 
14JK093-2_2 

0.01 
0.13 

13.32 
28.14 

17.68 
0.07 

0.7 
27.7 

0.33 
0.06 

0.2 
0.03 

0.05 
11.59 

100 
14JK093-2_3 

0.02 
0.1 

13.02 
26.3 

18.25 
0.09 

0.14 
27.98 

0.3 
0.04 

0.26 
0.05 

0.07 
13.39 

100 
14JK093-2_4 

0.02 
0.08 

13.3 
30.54 

18.02 
0.09 

1.24 
25.93 

0.27 
0.12 

0.16 
0.02 

bd 
10.21 

100 
14JK093-2_5 

0.03 
0.14 

15.41 
29.69 

17.55 
0.1 

0.65 
25.65 

0.3 
0.07 

0.11 
0.02 

bd 
10.29 

100 
14JK094-1_1 

0.05 
0.12 

12.99 
27.08 

18.91 
0.08 

0.04 
28.1 

0.24 
bd 

0.16 
0.04 

0.04 
12.16 

100 
14JK094-1_2 

0.04 
0.09 

12.5 
27.15 

18.49 
0.08 

0.06 
29.07 

0.33 
bd 

0.1 
bd 

0.03 
12.05 

100 
14JK094-1_3 

0.06 
0.08 

14.15 
26.37 

18.47 
0.1 

0.05 
28.74 

0.31 
0.01 

0.14 
0.03 

0.05 
11.44 

100 
14JK094-1_4 

0.04 
0.08 

13.16 
26.81 

18.55 
0.08 

0.04 
28.99 

0.32 
0.01 

0.11 
bd 

0.03 
11.79 

100 
14JK094-1_5 

0.05 
0.08 

14.74 
25.64 

17.9 
0.08 

0.04 
28.73 

0.34 
bd 

0.13 
0.03 

0.04 
12.19 

100 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Chlorite vein (chl3) 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

14JK107_1 
0.06 

0.02 
9.95 

27.49 
22.66 

0.17 
0.09 

26.98 
0.04 

0.02 
0.18 

0.09 
0.07 

12.19 
100 

14JK107_1 
0.05 

0.11 
10.53 

29.4 
24.41 

0.16 
0.1 

26.18 
0.03 

bd 
0.23 

0.04 
0.03 

8.74 
100 

14JK107_1 
0.03 

0.34 
19.41 

29.68 
18.52 

0.11 
0.03 

21.49 
0.1 

0.01 
0.18 

0.06 
0.14 

9.9 
100 

14JK107_1 
0.05 

0.39 
17.47 

29.66 
17.77 

0.12 
0.04 

23.51 
0.06 

0.03 
0.22 

0.03 
0.1 

10.56 
100 

14JK107_1 
0.05 

0.31 
18.45 

28.59 
18.21 

0.09 
0.03 

22.83 
0.16 

bd 
0.18 

0.05 
0.07 

10.99 
100 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Vein type (chl4) 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
14JK093-4_1 

0.04 
0.03 

14.55 
29.32 

16.78 
0.24 

0.02 
28.62 

0.39 
bd 

0.04 
0.04 

0.03 
9.89 

100 
14JK094-4_1 

0.04 
0.03 

14.55 
29.32 

16.78 
0.24 

0.02 
28.62 

0.39 
bd 

0.04 
0.04 

0.03 
9.89 

100 
bd = below

 detection lim
it 
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14JK094-4_2 
0.02 

0.06 
13.35 

29.75 
17.49 

0.17 
0.03 

28.75 
0.38 

0.02 
0.08 

0.02 
0.01 

9.87 
100 

14JK094-4_3 
0.04 

0.04 
14.63 

28.84 
16.57 

0.23 
0.03 

28.66 
0.39 

bd 
0.05 

0.02 
0.07 

10.43 
100 

14JK094-4_4 
0.02 

0.12 
14.41 

28.64 
16.44 

0.17 
0.02 

29 
0.37 

0.02 
0.05 

bd 
0.05 

10.67 
100 

14JK094-4_5 
0.13 

0.08 
15.09 

27.59 
16.12 

0.2 
0.03 

28.82 
0.37 

0.01 
0.05 

bd 
bd 

11.51 
100 

bd = below
 detection lim

it 


