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Abstract 

The Beaverlodge uranium district north of Lake Athabasca in northern Saskatchewan is 

known for vein-type uranium mineralization hosted in Archean to Proterozoic granitic 

and metamorphic rocks. Most of the Beaverlodge deposits are spatially related to major 

structures, and hosted by granitic rocks of various ages (and albitite derived from them) 

and by ca. 2.33 Ga Murmac Bay group amphibolite, both of which are unconformably 

overlain locally by deformed but unmetamorphosed redbeds of the ca. 1.82 Ga Martin 

group, and by the weakly deformed to non-deformed ca. 1.75-1.5 Ga Athabasca group.  

The uranium mineralization in the Beaverlodge uranium district is mainly developed in 

fault rocks and carbonate ± quartz veins. The compositions of the vein minerals vary 

from one deposit to another, including variable amounts of quartz, Fe-poor calcite, 

Fe-rich calcite, Fe-poor dolomite and Fe-rich dolomite. Most of the mineralized veins are 

developed in the basement rocks, and some crosscut the Martin group. Three types of 

fluid inclusions were found in the veins, including liquid-dominated biphase, 

vapour-dominated biphase and vapour-only monophase inclusions. The coexistence of 

these three types of fluid inclusions within individual fluid inclusion assemblages 

suggests fluid boiling or phase separation. Microthermometric measurements of 

liquid-dominated fluid inclusions show homogenization temperatures (Th) from 78
o
 to 

330
o
C (mainly 100

o
 to 250

o
C), and salinities from 0.2 to 30.8 wt% NaCl equivalent 

(clustered in two ranges, 0.2-5.9 wt% NaCl equiv and 18.2-30.8 wt% NaCl equiv). The 

average homogenization temperature of liquid-dominated inclusions in quartz from the 
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mineralized veins of one deposit (Hab, 231.5
o
C) is very similar to the calculated 

temperature (238.3
o
C) obtained from chlorite geothermometry. Mass spectrometric 

analysis of bulk fluid inclusions shows the volatiles are dominated by H2O, with minor 

amounts of CO2, CH4, H2, O2, N2, Ar and He. On plots of Ar/He versus N2/Ar, the data 

overlap the fields of basinal brines and meteoric water. Fluid pressures were estimated by 

using fluid inclusion isochores in the H2O-NaCl system. The calculated fluid pressures 

mainly range from 5 to 123 bars, corresponding to a hydrostatic load of 46 to 1256 m for 

the vein formation and mineralization. The oxygen and carbon isotopes of carbonate 

minerals associated with uranium mineralization from various occurrences, including 

those hosted in leucogranite or albitite, amphibolite, and the Martin group, show δ
18

O 

ranging from -20.5 to -8.9‰ (VPDB) and δ
13

C values from -10.1 to -0.9‰ (VPDB). By 

using the different ranges of homogenization temperatures of fluid inclusions in 

carbonates, the calculated δ
18

O values of the parent fluids in equilibrium with the 

carbonates range from -9.6 to +17.0‰, with the majority from 0 to +5.0‰ (VSMOW), 

lower than magmatic and metamorphic fluids. It is proposed that the main uranium 

mineralization in the Beaverlodge uranium district is syn- to post-Martin group, and 

resulted from the circulation of oxidizing basinal fluids from the Martin Lake basin into 

the basement at shallow depths. Such fluids were likely channelled along high 

permeability zones produced by structural deformation, where mixing with fluids from 

the basement containing Fe
2+

 and methane, together with fluid phase separation or boiling, 

caused precipitation of uraninite. 
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Chapter 1: Introduction 

1.1 Mining history in the Beaverlodge uranium district 

The Beaverlodge uranium district was firstly explored for gold, which resulted in the 

discovery of the Box gold deposit in 1935. Uranium was firstly found at the Box gold 

mine and the Nicholson mine during the gold exploration (Beck, 1969). Due to the 

recognition of uranium‟s strategic values, extensive uranium exploration in the 

Beaverlodge uranium district was carried out in the early 1940s, which contributed to the 

discovery of the Ace-Fay-Verna deposits in 1946 (Beck, 1969; McMahon and Remy, 

2001). These uranium deposits were actively mined from 1953 to 1982. The ore grades 

mainly range from 0.15% to 0.25% U, up to 0.4% U in some places (Robinson, 1955; 

Tremblay, 1972; Sibbald, 1985). A total of 25939 tonnes U3O8 was mined from 17 

uranium deposits, with the majority produced from Eldorado‟s Ace-Fay mine and the 

Gunnar deposits (Jefferson et al., 2007).  

1.2 Previous work in the Beaverlodge uranium district 

A number of studies were carried out in the Beaverlodge uranium district from the 

1950s to 1980s. Detailed regional mapping studies at different scales are recorded in the 

literature (Christie, 1953; Fraser, 1954; Blake, 1955; Hale, 1955; Tremblay, 1972; 

Langford, 1981; Elliott, 1982; Persons, 1988). The previous studies of uranium deposits 

form the basis for further genetic analysis of mineralization (Robinson, 1955; Allan, 1963; 

Turek, 1965; Koeppel, 1968; Beck, 1969; Sassano et al., 1972; Tremblay, 1972, 1978; 

Sibbald, 1982; Tortosa, 1983; Mazimhaka and Hendry, 1984; Evoy, 1986; Van Schmus et 
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al., 1986; Peiris and Parslow, 1988). Particularly Robinson (1955) included very detailed 

descriptions of about 117 uranium deposits in this area, and many of the ores can no 

longer be found because of mining activities. Sassano et al. (1972) provided detailed fluid 

inclusion and stable isotope studies on the carbonate veins in the Fay mine and Bolger pit. 

However, the discovery of the higher grade (about 20% U) Rabbit Lake uranium deposit 

in 1968 led to a shift in the focus of uranium exploration and research from the 

Beaverlodge uranium district to the Athabasca basin. Consequently, fewer studies have 

been carried out on the uranium deposits in the Beaverlodge district over the last two 

decades (Rees, 1992; Ruzicka, 1993; McMahon and Remy, 2001; Tracey et al., 2009; 

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

Previous studies have indicated that the uranium deposits in the Beaverlodge uranium 

district are vein-type, mainly hosted in sheared leucogranite and amphibolite, and some 

of them are spatially associated with the unconformably overlying redbeds of the Martin 

Lake basin (Sassano et al., 1972; Tremblay, 1972, 1978; Rees, 1992; Ruzicka, 1993; 

Ashton et al., 2009; Morelli et al., 2009; Tracey et al., 2009). It has also been noticed that 

the most important uranium deposits in this district are associated with deformation zones, 

and many occur in albitized leucogranite (Ashton, 2010, 2011; Ashton and Normand, 

2012). However, many questions regarding the formation of these uranium deposits 

remain unanswered. In particular, it is uncertain whether the main phase of uranium 

mineralization took place before or during the development of the Martin Lake basin, and 

whether or not uranium mineralization and albitization are genetically related. It is also 
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unknown whether the mineralizing fluids were derived from the basement, the Martin 

Lake basin, or other sources and how those fluids were channelled to the mineralization 

zones. The mechanism of uranium precipitation also remains unclear, particularly the 

reducing agents required to precipitate uraninite. 

1.3 A review of vein-type uranium deposits 

Vein-type uranium deposits provided significant uranium production all around the 

world before the 1950s. However, with the increasing discovery of unconformity-related, 

sandstone type, and other types of uranium deposits, the vein-type deposits now 

contribute no more than 10% of the world‟s production (Cuney and Kyser, 2008a). The 

vein-type uranium mineralization is generally understood as epigenetic concentrations of 

pitchblende and coffinite with gangue minerals (e.g., carbonate, quartz) in fractures, shear 

zones and breccia, and in the host rocks (e.g., igneous, sedimentary and metamorphic 

rocks) (Robinson, 1958; Lang et al., 1962; Ruzicka, 1993). Alteration is well developed 

in the host rocks, including hematitization, albitization, chloritization and carbonatization 

(Tremblay, 1978; Ruzicka, 1993). Based on metallic mineral components, the vein-type 

uranium mineralization is further classified into monometallic and polymetallic subtypes 

(Ruzicka, 1993). For hydrothermal vein-type deposits, one of the common theories of 

origin involves the mixing of oxidizing meteoric water with reducing connate fluids 

under low temperatures (less than 200
o
C) (Cuney, 1978; Dubessy et al., 1987; Turpin et 

al., 1990). 
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1.4 Scope, objectives and methods of this study 

This study represents part of an ongoing effort to revisit the Beaverlodge uranium 

district and investigate some of the remaining genetic problems, some of which may be 

shared with the unconformity-related uranium deposits in the Athabasca basin. As some 

previous studies (Robinson, 1955; Beck, 1969; Trembly, 1972) suggested, the uranium 

mineralization was mainly distributed in breccia and veins. However, because of the 

effective termination of mining activities, we can only get access to the veins left on the 

surface in this study. The main objectives of this study are to characterize the 

mineralizing fluids in terms of fluid temperature, pressure and composition, to analyze 

the favoured structural control on uranium mineralization and to investigate the 

mechanisms of uranium precipitation. The paragenetic sequences of vein minerals were 

determined by field observation and detailed petrographic work. The temperatures, 

pressures, salinities and volatile compositions of the mineralizing fluids were estimated 

by fluid inclusion studies, including the fluid inclusion microthermometric measurements, 

Laser Raman spectroscopic analysis and mass spectrometric analysis. The temperatures 

of the fluids responsible for forming chlorite were calculated by chlorite geothermometry. 

The carbon and oxygen isotope compositions of the mineralizing fluids were estimated 

through isotopic analysis of carbonate minerals coupled with temperatures obtained from 

fluid inclusion studies. These results were combined to better constrain the origins of the 

mineralizing fluids, the mineralization conditions, the ore precipitation mechanisms, and 

the relative timing of mineralization in a regional geologic context. 



5 

Chapter 2: Geological setting 

2.1 Regional geology and tectonic framework 

The Beaverlodge uranium district is located on the north shore of Lake Athabasca, 

within the southwestern Rae craton of the Churchill Province in the Canadian Shield 

(Figure 2.1). The Churchill Province is bounded by the Taltson-Thelon orogeny of 

2.02-1.91 Ga age (Hoffman, 1988) to the northwest and the 1.9-1.8 Ga Trans-Hudson 

orogeny to the southeast. The Churchill Province has been subdivided into the Rae craton 

to the northwest and the Hearne craton to the southeast along the 1.91-1.90 Ga Snowbird 

tectonic zone (Hoffman, 1988; Ashton et al., 2009). The Snowbird tectonic zone is a 2800 

kilometre-long geophysical anomaly that is generally characterized by high-temperature, 

high-pressure metamorphism of the Rae craton rocks on its western side (Hoffman, 1990; 

Ashton et al., 2009).  

The southwestern Rae craton is divided into several lithostructural domains, including 

the Nolan, Zemlak, Beaverlodge, Train Lake, Dodge and Tantato. These domains are 

mainly composed of Neoarchean to Paleoproterozoic rocks that have been 

metamorphosed under upper amphibolite to locally granulite facies conditions (Figure 2.2; 

Ashton et al., 2009). 
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Figure 2.1 Location map showing the Beaverlodge uranium district in the Canadian 

Shield; red box showing the Beaverlodge uranium district (modified after Ashton et al., 

2013). 

 

 

Figure 2.2 Location and regional tectonic setting of the Beaverlodge uranium district; 

black box showing area of study (modified after Ashton et al., 2007). (Original in colour) 
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The Nolan domain is composed of a weakly metamorphosed, 2.64-2.58 Ga multi-phase 

batholith (Ashton et al., 2009). The Zemlak domain is dominated by 2.71-2.33 Ga 

orthogneisses, which have been metamorphosed to amphibolite facies (Ashton et al., 

2007). The NE-SW trending Black Bay fault (BBF) separates the Zemlak domain from 

the Beaverlodge domain (Ashton et al., 2000). The Beaverlodge domain is mainly 

composed of granitoids with the ages of 3.0 Ga, 2.60 Ga, 2.34-2.29 and 1.9 Ga (Ashton et 

al., 2009), and a quartzite-basalt-pelite succession (Murmac Bay group), all of which 

have been metamorphosed under lower to upper amphibolite facies conditions twice, at 

1.94-1.92 and 1.91-1.90 Ga. The Oldman-Bulyea shear zone (OBSZ), separating the 

northern Beaverlodge domain from the Train Lake domain, is generally southeast-striking 

and is interpreted as a thrust fault that was later re-activated as a normal fault (Harper, 

1986; Card, 2001; Ashton et al., 2007). The Train Lake domain is mainly composed of 

leucocratic igneous gneisses, remnants of a granite-greenstone belt and granitic stocks 

(Ashton et al., 1999). The Dodge domain mainly consists of gabbroid to granitoid 

gneisses, including some 2.68 Ga granites. All these rocks in the Dodge domain have 

been metamorphosed to granulite-facies and overprinted by amphibolite-facies 

metamorphism (Ashton et al., 2009). The Tantato domain is separated from the 

Beaverlodge domain by the early Proterozoic Grease River shear zone (GRSZ) (Lafrance 

and Sibbald, 1997). The Tantato domain consists of a 3.4 Ga tonalitic batholith (Martel et 

al., 2008), garnet-bearing migmatites, granitoids, 2.63-2.58 Ga, and metabasites (Hanmer, 

1997). The Tantato domain has undergone granulite-facies metamorphism at 2.55-2.52 
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Ga and 1.91-1.90 Ga (Baldwin et al., 2003).  

Four major Paleoproterozoic thermotectonic events have affected these different 

lithotectonic domains (Hoffman, 1988,1990; Berman et al., 2005), including the 2.5-2.3 

Ga Arrowsmith orogeny, 1.99-1.93 Ga Thelon-Taltson orogeny, ca. 1.90 Ga Snowbird 

orogeny, and 1.9-1.8 Ga Trans-Hudson orogeny. The Arrowsmith orogeny is 

characterized by 2.5-2.3 Ga granitoids and 2.39-2.35 Ga metamorphism, and is thought to 

have resulted from the accretion of a terrane along the western margin of the Rae craton 

(Berman et al., 2005, 2012). The Thelon-Taltson orogeny is divided into two parts, with 

the Thelon tectonic zone in the north and the Taltson tectonic zone in the south. The 

Thelon tectonic zone, contains a 2.02-1.91 Ga granitoid suite attributed to the collision 

between the Slave craton and the Rae craton (Hoffman, 1988; McNicoll et al., 2000; 

Ashton et al., 2013). The Taltson tectonic zone, comprising 1.99-1.92 Ga granitoids is 

thought to result from the accretion of exotic terranes in the sub-Phanerozoic of northern 

Alberta and Northwest Territories to the western Rae craton (Hoffman, 1988; Ross, 2002; 

Card et al., 2010). The Snowbird tectonic zone, welding the Hearne craton to the east and 

Rae craton to the west, has been alternatively interpreted as either a tectonic suture 

(Hoffman, 1988) or an intracontinental fault (Hanmer et al., 1995). The Trans-Hudson 

orogeny affected the Hearne and created gentle folding and brittle-ductile faulting in 

southern Rae craton (Hoffman, 1988; Ashton et al., 2013). 
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2.2 Rock units in the Beaverlodge uranium district 

The complex rocks in the Beaverlodge uranium district have been classified into 

basement granitoid and gneiss, metamorphosed Murmac Bay group rocks, 2.3 Ga and 1.9 

Ga granites, the Martin group sedimentary and volcanic rocks, and the Athabasca group 

sedimentary rocks (Sassano et al., 1972; Tremblay, 1978; Rees, 1992).  

The basement rocks are mainly 3.0 Ga granitoids, including 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 a suite of 2.62 to 2.60 Ga granodiorites and granites (Hartlaub 

et al., 2005). The 2.33 to 2.17 Ga Murmac Bay group metamorphic rocks lie 

unconformably upon the older Archean basement (Ashton et al., 2013). These 

metamorphic and deformed supracrustal rocks are composed of quartzite, mafic volcanic 

rocks, psammite and pelite, with minor amounts of basal conglomerate, dolomitic marble, 

and banded iron formation (Tremblay, 1978; Hartlaub et al., 2004; Ashton and Normand, 

2012). The 3.0 Ga granitoids and basal units of the Murmac Bay group were intruded by 

2.33 to 2.29 Ga syn- to post-tectonic granites following the Arrowsmith orogeny mainly 

in the southern part of the Beaverlodge uranium district. A suite of 1.94 to 1.92 Ga 

anatectic leucogranite hosts many of the uranium deposits in the district (Figure 2.3; 

Hartlaub et al., 2005, 2007; Tracey et al., 2009). The Murmac Bay group was intruded by 

these anatectic leucogranites, including the 1.94-1.90 Ga Donaldson Lake granite (Ashton 

et al., 2013), which is pink to white colour, and contains numerous amphibolite and 
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quartzite xenoliths (Tremblay, 1972; Hartlaub et al., 2004).  

The Martin group lies unconformably upon the Murmac Bay group and basement 

granitoids (Figure 2.4 A). It consists of 5000m-thick continental redbeds and mafic rocks 

deposited in a fault-controlled, pull-apart basin (Mazimhaka and Hendry, 1984). The 

redbeds are mainly composed of conglomerate, sandstone and siltstone.  

The Martin group has been divided into four formations, including, from bottom to top: 

the Beaverlodge, Gillies Channel, Seaplane Base and Melville Lake formations 

(Tremblay, 1972; Langford, 1981; Elliott, 1982; Mazimhaka and Hendry, 1984). The 

Beaverlodge Formation is mainly composed of conglomerate with abundant clasts of 

various, locally derived basement rocks, along with sandstone and siltstone. The Gillies 

Channel Formation comprises cobble to pebble conglomerate, coarse sandstone and 

volcanic flows and sills of subalkaline to alkaline basalt composition (Morelli et al., 

2009). The Seaplane Base Formation mainly consists of coarse sandstone and siltstone. 

The Melville Lake Formation is composed of argillite and siltstone with subordinate 

sandstone and conglomerate. The Martin group has generally undergone deformation, but 

has not been metamorphosed (Figure 2.4 B). 
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Figure 2.3 Geological map of the study area showing the locations of selected 

past-producing mines and occurrences, including those covered in this study. (Original in 

colour)  

 

Figure 2.4 Photographs showing the Martin group sedimentary rocks in the Beaverlodge 

uranium district; A. Martin group conglomerate unconformably overlying basement 

leucogranite; B. Martin group sedimentary rocks dipping steeply. 
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The Athabasca group was deposited with angular unconformity upon the Murmac Bay 

group and is exposed on some of the islands along the north shore of Lake Athabasca 

south of Uranium City. The Athabasca strata are flat lying, unmetamorphosed and mainly 

composed of quartz sandstone. Deposition of the Athabasca group was initiated after 1.75 

Ga (Ramaekers et al., 2007). 

2.3 Regional deformation events (D1-D4) 

Four regional deformation events (D1-D4) have affected the Beaverlodge uranium 

district. The 3.0 and 2.6 Ga granitoids, 2.33-2.29 Ga granites, and the Murmac Bay group 

have all been affected by D1 and D2. The D1 foliation is defined by phyllosilicates and 

by leucosome in the partially melted rocks. D2 produces tight to isoclinal folding with 

localized mylonitization resulting in a west-northwest-trending regional fabric (Figure 

2.3). These two regional deformation events and the accompanying amphibolite-facies 

metamorphism are attributed to the Taltson orogeny. The 1.94-1.90 Ga leucogranites were 

formed during this D1-D2 stage due to partial melting. A third deformation event (D3) 

produced a northeast-striking deformational overprint (Figure 2.3) along with a second 

period of amphibolite-facies metamorphism, and is attributed to 1.91 to 1.90 Ga 

tectonism associated with the Snowbird tectonic zone (Ashton et al., 2009). The 

non-metamorphosed Martin group rocks were deposited after D3 but were affected by D4, 

which may be related to the Trans-Hudson orogeny (Tremblay, 1972; Ashton et al., 2009). 

According to one scenario, dextral displacement along the Black Bay and St. Louis faults 

during early D4 led to development of a modified pull-apart basin into which the Martin 
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group was deposited. Subsequent tectonic relaxation led to normal reactivation of both 

structures along with the ABC fault, which led to preservation of the Martin group in a 

structural basin (Ashton et al., 2001).  

2.4 Uranium mineralization 

The Beaverlodge uranium deposits were classified into syngenetic and epigenetic types 

(Koeppel, 1968; Beck, 1969). The syngenetic deposits consisted of pitchblende in 

anatectic granites, the leucosomal component of migmatites and pegmatite, and yielded 

207
Pb/

206
Pb ages of 2.21 and 1.93-1.85 Ga (Koeppel, 1968), which were thought to have 

resulted from the ca. 2.37-2.34 Ga Arrowsmith metamorphic event and/or the crustal 

melting event responsible for the 2.33-2.29 Ga granite suite, and the 1.94-1.90 Ga 

metamorphic events, respectively. This syngenetic mineralization has restricted 

distribution and did not prove economic (Beck, 1969; Tremblay, 1978). The most 

common and largest deposits are of epigenetic origin, mainly occurring as veins adjacent 

to deformation zones and as breccia (Beck, 1969). Based on metallic element associations, 

these epigenetic vein-type uranium deposits are further divided into two types (Lang et al., 

1962; Tremblay, 1972; Ruzicka, 1993; Kotzer et al., 1995). The first type is monometallic 

or simple, in which uranium is the principal metallic ore constituent. The main minerals 

are pitchblende, hematite and pyrite, as exemplified by the Hab pit. The other type is 

polymetallic or complex, in which uranium is accompanied by other metals, such as 

nickel, cobalt, arsenic, bismuth, copper, selenium, vanadium, silver and gold, as seen in 

the Nicholson Bay mine (Tremblay, 1972). In the Beaverlodge uranium district, most of 
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the important vein-type uranium deposits are monometallic. 

There have been several attempts to date the syngenetic uranium mineralization in the 

Beaverlodge uranium district. Koeppel (1968) thought there had been two syngenetic 

uranium-concentrating events: one at ca. 2270 Ma based on previous regional U-Pb 

uraninite, monazite and zircon ages, and a second at 1930 ± 40Ma based on several U-Pb 

uraninite ages from regional gneiss and pegmatite samples. Beck (1969) based his 

estimate of 1850-1900 Ma on the average of Koeppel‟s (1968) and other pre-existing 

U-Pb uraninite and monazite ages. For the epigenetic uranium mineralization, Robinson 

(1955) suggested initial deposition ages of 1600-1400 Ma based on pre-existing and the 

oldest of about twenty new 
207

Pb/
206

Pb ages from uraninite mineralization, followed by 

long periods of reworking at 950-850 Ma and 350-250 Ma. Eckelmann and Kulp (1956) 

provided more new U-Pb uraninite ages of 1860 to 220 Ma, as did Stevens (1964) who 

proposed an age of 1750 Ma for primary mineralization and 1200 Ma for a later 

mineralizing event. Koeppel (1968) and Tremblay (1972) suggested that vein-type 

uranium mineralization formed at about 1780 ± 20Ma, and was remobilized at about 

1140±50Ma and several times later. The polymetallic vein-type uranium mineralization 

was considered to take place at 1400 to 1100 Ma, whereas the monometallic uranium 

mineralization was considered older by Rees (1992). Dieng et al. (2013, 2015) used laser 

ablation techniques on pitchblendes and proposed multiple episodes of uranium 

mineralization, each of which was thought to be characterized by a unique setting, 

geochemical signature and/or cause. These included: 2293±17 Ma for cataclasite-type 
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uraninite (U1), 2289±20 Ma for early tensional vein-type uraninite (U2), 2321±3 Ma for 

uraninite associated with Na metasomatic alteration (U3), 1848±5 Ma for breccia-type 

uraninite (U4), which is interpreted to represent the main U-mineralizing event, 1812±15 

Ma for volcanic-type uraninite (U5), and 1620±4 Ma for uraninite deposited at the same 

time as the Athabasca unconformity-type deposits (U6). 

Vein-type uranium mineralization in the Beaverlodge uranium district occurs both in 

basement and the Martin Lake basin. The vast majority of the mineralization, however, is 

hosted by variably retrogressed, lower to upper amphibolite facies, 1.93 and 2.32 Ga 

granitoids and supracrustal rocks of the Murmac Bay group. Many of these basement 

rocks exhibit evidence of various wall rock alteration, including hematitization, 

chloritization, carbonatization, and albitization (Tremblay, 1978), although the 

relationships between these various alteration types and the uranium mineralization 

remains unclear. The albitization in granite is generally understood as an alteration 

produced by dissolution and removal of quartz, with replacement of plagioclase and 

K-feldspar by albite (Anderson, 1937; Cathelineau, 1986; Ashton, 2010). Mineralization 

in the Martin group is limited to the Beaverlodge and Gillies Channel formations. In the 

Beaverlodge Formation, small mineralized zones occur along fractures, locally associated 

with carbonate veins and hematite, within conglomerates and sandstones (Mazimhaka 

and Hendry, 1989). In the Gillies Channel Formation, uranium mineralization is in the 

upper sandstone and the alkali basalt flows and sills, with uraninite occurring as veins 

along fractures.  
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Chapter 3: Study methods 

3.1 Field investigation 

A total of 19 uranium deposits and occurrences in the Beaverlodge uranium district 

were visited during the 2012 and 2013 summer field trips. Of these, three relatively well 

preserved uranium mineralized open pits, including Bolger, Dubyna, and Hab were 

studied and mapped at outcrop scale. The rocks hosting the mineralization were 

characterized and the crosscutting veins and fractures described and measured. The 

original field maps were scanned with a Epson stylus NX130 scanner and drawn with 

CoreldrawX4. The strikes and dips of multiple generations of veins were plotted on 

stereonets. 

One hundred and forty-two hand samples, including 18 oriented ones, were collected 

from various rock units including the Martin group sedimentary rocks, Murmac Bay 

group supracrustal rocks, granitoids of various ages, ores and alteration rocks. Samples 

showing extremely strong radioactivity were avoided for safety reasons. Considering 

some of the visited spots had recently been burned by forest fires, samples from these 

spots were avoided for fluid inclusion study. The strike and dip of oriented samples were 

measured, marked, and sketched before the samples were removed from the outcrop. The 

sample locations, rock descriptions, and purposes for collection are listed in Appendix A.  

3.2 Petrographic study 

  All of the 142 hand samples were cut into small blocks (4cm X 2cm X 1cm) at 

University of Regina and sent to China University of Geosciences (Beijing) for making 
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both polished thin sections and doubly polished sections. Extra caution was taken in the 

preparation of doubly polished sections to avoid overheating fluid inclusions in the 

samples. Oriented samples were cut horizontally and the orientation of a known feature 

was marked on both petrographic slices and doubly polished wafers. An Olympus BX51 

microscope with transmitted light and reflected light were used for thin section 

examination. An Olympus Q-Color 3 camera attached to the microscope was used for 

taking photomicrographs. Petrographic slices were mainly studied for the mineralogy, 

textures, and paragenetic sequence of minerals. The doubly polished wafers were used for 

fluid inclusion microthermometric measurements and fluid inclusion plane (FIPs) 

measurements. 

3.3 Carbonate staining 

The thin sections with carbonate minerals were stained using the method described by 

Dickson (1965). Based on the relative contents of iron and magnesium, calcite and 

dolomite were designated as Fe-rich or Fe-poor varieties. The Fe-rich dolomite was 

classified ankerite when Fe
2+

>Mg
2+

. The solution used for the staining was produced by 

the mixing of two different solutions. One is composed of 200 ml of distilled water, 1 ml 

of HCl (37%) and 0.5g of potassium ferricynaur. The other contained 133 ml of distilled 

water, 0.71 ml of HCl (37%) and 0.0675g of arizarin red S. Half of each thin section was 

immersed in the mixed solution for 4 minutes and then rinsed with distilled water. The 

Fe-rich calcite is typically stained with a purple colour, and the Fe-poor calcite is stained 

with a pale red colour. For dolomite, Fe-rich dolomite (Fe
2+

<Mg
2+

) is stained pale blue 
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and ankerite (Fe
2+

>Mg
2+

) is stained dark blue. Fe-poor dolomite does not show any 

staining colour. 

3.4 Scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS) 

analysis 

SEM-EDS analysis was used to identify some unrecognized minerals encountered in 

thin sections. This study was carried out in the University of Regina with a JEOL 

JSM-6360 scanning electron microscope and a Thermo Scientific Noran System 7 

energy-dispersive detector. A high-voltage electron beam focused on the surface of 

selected samples, generated a variety of signals, including backscattered electrons, 

secondary electrons and X-rays. The emitted X-ray characteristic of the parent elements 

were detected and analyzed by energy dispersive spectroscopy (EDS). To avoid the 

electron beam overheating fluid inclusions in the minerals, only the petrographic slices 

containing unknown minerals were analyzed with SEM-EDS. Selected thin sections were 

coated with a thin layer of carbon before being placed into the vacuum chamber. The 

acquisition time was one minute and thirty seconds, and the operating voltage was 15KV.  

3.5 Chlorite geothermometric study 

  Chlorite is a clay mineral characterized by a range of chemical compositions and 

polytypes, which record different physicochemical conditions during their formation 

process (Foster, 1962; Deer et al., 1966). Chlorite geothermometric study reveals the 

relationships between chlorite composition and its formation temperature (Cathelineau, 

1988; Caritat et al., 1993). Different generations of chlorite were selected for chemical 
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composition analysis using an electron microprobe at the University of Manitoba. The 

data were obtained at an acceleration voltage of 15 KV. Various chlorite geothermometers 

have been widely used (Caritat et al., 1993). A polytype method proposed by Hayes (1970) 

is mainly applied to chlorite formed during the diagenetic process. Hutcheon (1990) 

provided a method for chlorite derived from chlorite-carbonate reactions based on the 

relationships between CO2-H2O miscibility, fluid temperatures and chlorite-carbonate 

reactions. Cathelineau (1988) provided an empirical method based on the tetrahedral 

aluminum occupancy. The calculated temperatures of chlorite using the empirical method 

showed relatively good agreement (differences of less than 10
o
C) to the temperatures 

obtained from fluid inclusion microthermometry (Fournier and Potter, 1982; Cathelineau 

et al., 1989). This empirical method was used to calculate the formation temperatures of 

chlorite in our study with the following equation: 

T (
o
C) = -61.92 + 321.98 Al 

IV
 

(Al 
IV

: number of tetrahedral aluminium per formula unit) 

The structure formula was calculated based on 28 oxygen equivalents (56 negative 

charges) (Foster, 1962; Deer et al., 1966). Divalent iron was considered as total iron. The 

number of tetrahedral aluminium per formula unit (Al
IV

) is equal to the total number of 

cations in the tetrahedral group, which is 8 according to Foster (1962), minus the number 

of silicon ions in the unit cell, which is equal to the cationic valences of Si divided by 4 

(Foster, 1962). The cationic valences of a species (e.g., Si or Al) is equal to the gram 

equivalents of cationic constituents of that species divided by the sum of gram 
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equivalents of all cationic constituents and then divided by the number of anionic 

valences (56).The gram equivalent of a cationic constituent is equal to the weight percent 

of the oxide divided by the molecular weight and then by the number of cationic 

valences. 

3.6 Fluid inclusion microthermometric study 

Doubly polished sections of quartz and carbonate samples were selected for fluid 

inclusion microthermometric measurement. For detaching the wafer from the glass, the 

doubly polished sections were fully immersed in acetone for at least 8 hours until most of 

the glue was dissolved. The residual glue was wiped off using cleaning paper. The 

detached sections were examined under the microscope to confirm that no residual glue 

was on their surfaces.  

Microthermometric measurement was carried out in the Geofluids Laboratory at the 

University of Regina, using a Linkam THMS 600 heating-cooling stage adapted to an 

Olympus BX 51 microscope. The total homogenization temperatures, freezing 

temperatures and final ice melting temperatures of fluid inclusions were measured. The 

heating-freezing stage was calibrated with synthetic fluid inclusions of CO2-H2O (CO2 

melting temperature at -56.6
o
C) and H2O (ice melting temperature at 0

o
C and critical 

temperature at 374.1
o
C). The precision is ±0.1

o
C for ice-melting temperatures, and ±

1-2
o
C for homogenization temperatures.  

The fluid inclusion assemblage (FIA) concept (Goldstein and Reynolds, 1994; Chi et 

al., 2006; Chi and Lu, 2008) was employed to verify the consistency of 
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microthermometric data. FIA refers to the fluid inclusions forming at the same time 

within petrographically distinguishable features such as a single growth zone or a single 

healed fracture. The average value of the microthermometric data from the fluid 

inclusions in a FIA is used for data analysis. For most of the fluid inclusions in our study, 

their random distribution made it difficult to include them as one specific FIA even 

though some of them show relatively consistent microthermometric results (i.e., 

difference of Th less than 15
o
C). Nevertheless, large variations of homogenization 

temperatures among fluid inclusions spatially close to each other are considered to 

indicate heterogeneous trapping, necking, or stretching (Chi and Lu, 2008), and such data 

were not used. 

The “FLUIDS” package of computer programs (Bakker, 2003) was used as the 

platform to calculate the fluid pressure and isochores. The bulk fluid density was firstly 

calculated using the “BULK” program (with the empirical equation of state of Bodnar, 

1993) for an assumed H2O-NaCl system, then the isochore was calculated by the “ISOC” 

program (with the empirical equation of state of Bodnar and Vityk, 1994). The calculated 

fluid pressures (Ph) are likely underestimated due to negligence of potential presence of 

non-aqueous volatiles (Takenouchi and Kennedy, 1964; Hanor, 1980; Bodnar et al., 1985; 

Ronacher et al., 2000). The potential errors for the Ph are estimated by assuming different 

amounts of CO2 components in the H2O-CO2 system, using the equations of state by 

Duan et al. (1992a, 1992b, 1996) in the Loner 9 program in “FLUIDS”. 

The depths for vein formation and mineralization were estimated by using the equation 
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H＝P/ρ g ( where P: Pressure of fluid; ρ : Density of rock or water; g: Gravitational 

acceleration 9.8 m/s
2
; H: Depth). For lithostatic load, the rock density was assumed to be 

2.7 g/cm
3
. For hydrostatic load, the water density was assumed to be 1.0 g/cm

3
. 

3.7 Fluid inclusion planes (FIPs) measurement 

  Fluid inclusion planes (FIPs) are healed microcracks with fluids trapped inside as fluid 

inclusions (Lespinasse, 1999). The percolation of paleofluids is recorded by the fluid 

inclusions in the FIPs. According to previous studies (Tuttle, 1949; Wise, 1964; 

Lespinasse and Pecher, 1986; Lespinasse, 1999), FIPs are generally regarded as mode I 

cracks (extensional), developed with a predominant orientation perpendicular to the least 

principal compressive stress axis (σ3). The orientations of the FIPs (strike and dip) were 

measured on oriented thin sections with a Nikon ECLIPSE E600 POL spectrographic 

microscopic, following the procedure described by Liu et al. (2011). The strike of an FIP 

is determined by measuring the angle between the strike of the FIP and a feature of 

known orientation (measured in the field) marked on the thin section. The dip angle of an 

FIP is estimated by changing the focus on different depths of the FIP and measuring the 

vertical and horizontal shifts of the focused point. The FIP is first rotated to the N-S 

direction, and the focus is put on the upper part of the FIP. The position of the FIP is 

recorded by the reading on the micro-scale as X1, and the depth of the FIP is recorded by 

the reading on the focusing screw as Z1. Then the focus is changed to a deeper part of the 

FIP, and the new position of the FIP is recorded by the reading on the micro-scale as X2, 

and the new depth of the FIP is recorded by the reading on the focusing screw as Z2. The 
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horizontal displacement (△X) of the FIP is calculated by (X2-X1) multiplied by the 

length per unit for the objective (e.g., for X40 objective the length per unit is 2.5 microns). 

The vertical displacement (△Z) along the FIP is calculated by (Z2-Z1) multiplied by the 

depth per unit (which is determined by measuring the upper and lower surfaces of a glass 

slide of known thickness). The dip angle (θ) is calculated using the following equation:  

θ =θ tan (△Z/ △X)   

The measured results are plotted on a stereonet by using software “Stereonet 8” with 

equal-area, lower-hemisphere stereographic projection. 

3.8 Laser Raman spectroscopic analysis  

The compositions of gases and solids in individual fluid inclusions were analyzed by a 

laser Raman spectroscope. Raman spectroscopy is the study of frequency shift of incident 

photons (laser light), which is produced by the inelastic scattering process. The inelastic 

scattering shifts the frequency of a small proportion of incident photons due to the 

vibrations of molecular bonds. These shifts are detected and measured by a 

monochromator and a filter. As a non-destructive quantitative method, Raman 

spectroscopy has been widely used to investigate the volatile composition of fluid 

inclusions, to identify daughter minerals and to estimate fluid pressures (Dubessy et al., 

1989; Rosso and Bodnar, 1995; Lu et al., 2007; Zheng et al., 2009; Frezzotti et al., 2012). 

In addition, cryogenic Raman study has been used to determine the composition of 

solutions by measuring the proportions of salt-hydrates (e.g., NaCl, CaCl2 hydrates) 

based on the recognition of Raman spectra of various hydrates (Dubessy et al., 2002; 
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Baumgartner and Bakker, 2010; Chi et al., 2014). In this study the Raman spectra were 

obtained with a RENISHAW (RM2000) dispersive spectrometer interfaced with a Leica 

DMLM microscope in the Geofluids Laboratory at the University of Regina. The 

excitation laser wavelength is 514 nm, the grating is 1800 and the objective is X50 with 

long working distance. A silicon wafer was used for calibration. Considering that some of 

the solids, such as hydrohalite, may only occur in the fluid inclusions at low temperatures, 

the heating-freezing stage was connected to Raman instruments during the Raman 

analysis of liquid-vapour biphase fluid inclusions. The procedure for producing salt 

hydrates through cooling was the same as that described by Chi et al. (2014). 

3.9 Mass spectrometric analysis of fluid inclusion gas compositions 

Mass spectrometry is a destructive method for quantitative analysis of fluid inclusion 

volatiles. The advantages of this method include increased gas species range, superior 

detection limits, little sample preparation and little affect by host minerals (Parry and 

Blamey, 2010; Blamey, 2012). The selected hand samples were firstly crushed into small 

particles (diameter: 2-5 mm) by using a micro-drill and rock hammer in the Geofluids 

Laboratory at the University of Regina. Pure quartz or carbonate samples were hand 

picked and then cleaned in a Bransonic ultrasonic bath with potassium hydroxide solution 

to remove surface contamination. The dry and clean samples were then sent for mass 

spectrometry analysis at the New Mexico Institute of Mining and Technology. Two 

Pfeiffer Prisma quadrupole mass spectrometers operating in fast-scan and peak-hopping 

mode were used to analyze the samples, which were crushed incrementally under a 



25 

vacuum for producing 6 to 10 successive bursts (Norman and Blamey, 2001; Norman and 

Moore, 2003). Capillary tubes filled with commercial gas mixtures of known composition 

and three in-house fluid inclusion gas standards were used for calibration (Norman and 

Blamey, 2001; Blamey, 2012). The analytical precision is better than 5% for major gas 

species (CO2, CH4, Ar and N2) and 10% for minor species (Blamey, 2012). 

3.10 Carbon-oxygen stable isotope study 

  Calcite and dolomite from different uranium deposits and showings as well as from the 

Martin group were analyzed for oxygen and carbon isotopes. Sampling was carried out 

using a Mastercraft LR 59053 micro-drill, and individual carbonate phases were 

separated for most samples. Where Fe-rich and Fe-poor calcite could not be separated, 

the mixture was analyzed as a single phase of calcite. In cases where coexisting calcite 

and dolomite could not be mechanically separated, the two minerals were analyzed 

separately during different steps of the analytical procedure. All the analyses were done in 

the Saskatchewan Isotope Laboratory at the University of Saskatchewan. The results are 

reported as δ
18

O and δ
13

C against the Vienna Pee Dee Belemnite standard (VPDB). The 

precision and accuracy for δ
18

O and δ
13

C are 0.11‰ and 0.05‰, respectively. 
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Chapter 4: Local geology and petrographic study of different localities 

4.1 Introduction 

Nineteen uranium deposits and showings in the Beaverlodge uranium district were 

visited during the summers of 2012 and 2013, including: Bolger pit, Fay mine site, 46 

Zone, 11 Zone, 21 Zone, Dubyna pit, Eagle-Ace mine site, Intermediate Zone, Eagle 

Shaft mine site, Spur pit, Hab pit, Nicholson Bay mine site, Lorado mine site, Leonard 

mine site, Cayzor mine site, Martin Lake mine site, Pitch-Ore occurrence, Camdeck 

occurrence, and National Exploration mine site (see Figure 2.3 for their locations). The 

local geology of these uranium deposits and showings is described below. For each 

locality, one GPS reading is provided for reference. In the descriptions of radioactivity, 

“high” gamma-ray spectrometer readings refer to readings significantly higher than the 

background. The multiple stages of veins in these different localities are marked with 

letters and numbers, for example, a symbol as VBP
4

c-q-a refers to the V4 

calcite-quartz-albite veins in Bolger pit (c-calcite, q-quartz, a-albite, BP-Bolger pit). 

4.2 Bolger pit 

4.2.1 Local geology of Bolger pit 

  The Bolger pit is situated in the hanging wall of the St. Louis fault, about 300 metres 

northeast of the former site of the Verna mine shaft (Figure 2.3). The dominant rock in 

this locality is Murmac Bay group amphibolite. A well exposed section of the upper 

northwest wall of the open pit (645918 mE, 6606293 mN) was selected for detailed study. 

As many as 7 stages of veins, mainly composed of calcite and quartz, were distinguished 
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based on crosscutting relationships observed in the pit wall. VBP
1

-q-e-p veins are composed 

of quartz (q) and epidote (e) with minor pyrite (p) and are parallel to the main regional 

D1-D2 foliation. They are folded, and cut by VBP
2

-q-c-ch veins, which consist of white 

quartz, calcite (c) and chlorite (ch), and are at high angles to the foliation (Figure 4.1A). 

VBP
3

-c-h veins are composed of grey, banded calcite with thin bands of hematite (h) 

(Figure 4.1B), whereas VBP
4

-c-q-a veins are made of reddish calcite and albite (a) with 

minor quartz (Figure 4.1B, C). VBP
4

-c-q-a veins are considered to have formed during the 

main mineralization stage, based on their anomalously high gamma-ray spectrometer 

readings (VBP
4

-c-q-a veins: U 80-146 ppm) relative to the host rocks and other veins 

(VBP
3

-c-h veins: U 87.2 ppm; VBP
5

-c-h veins: U 33-53 ppm; VBP
6

-c-q veins: U 23-56 ppm; 

VBP
7

-c-q veins: U 26 ppm). VBP
5

-c-h veins comprise grey to white, coarse calcite (Figure 

4.1C), and VBP
6

-c-q veins consist of pink, coarse calcite with minor white quartz. VBP
7

-c-q 

veins typically occur as quartz and calcite cemented breccia along gently dipping faults 

that cut all other stages of veins (Figure 4.1D). Vertical fracture zones were well 

developed in the pit wall with 10 to 30cm widths (Figure 4.2), and some fracture zones 

were cut by the VBP
7

-c-q veins. The multiple veins (VBP
1

-q-e-p to VBP
7

-c-q) vary from 4 mm 

to 17 cm in width, and are sparsely distributed in the amphibolite (Figure 4.2). Some of 

the vein stages have unique orientations or at least strike directions, whereas others 

appear more randomly oriented (Figure 4.3). VBP
1

-q-e-p veins dominantly strike west-east 

and dip to the south (Figure 4.3A), whereas VBP
2

-q-c-ch veins mainly strike 

northeast-southwest and dip steeply in either direction (Figure 4.3B). VBP
3

-c-h veins to 
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VBP
6

-c-q veins show various strikes (although there appears to be a preference in the 

northeast-southwest direction) and dip directions although most are steeply dipping 

(Figure 4.3C-F), whereas VBP
7

-c-q veins have various strike directions with generally 

shallow dip angles (Figure 4.3G).  

 

 

Figure 4.1 Photographs showing different episodes of veins and their crosscutting 

relationships at the Bolger pit. A. VBP
1

-q-e-p veins cut by VBP
2

-q-c-ch veins; B. grey VBP
3

-c-h 

veins along fracture surface (out of the view) cut by mineralized VBP
4

-c-q-a veins; C. 

reddish VBP
4

-c-q-a vein cut by VBP
5

-c-h vein; D. VBP
6

-c-q vein cut by a VBP
7

-c-q vein. 
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Figure 4.2 A cross section from the upper northwestern wall of the Bolger pit showing the 

distribution of various stages of veins. Pit wall strikes at 19º (modified from Liang et al., 

2014). (Original in colour) 
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Figure 4.3 Equal-area, lower-hemisphere stereographic projection of different stages of 

veins measured at the Bolger pit: A - VBP
1

-q-e-p veins; B - VBP
2

-q-c-ch veins; C - VBP
3

-c-h 

veins; D - VBP
4

-c-q-a veins; E - VBP
5

-c-h veins; F - VBP
6

-c-q veins; G - VBP
7

-c-q veins; n - 

number of measurements. 
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4.2.2 Petrographic study of vein samples from Bolger pit 

The seven episodes of quartz and carbonate veins in Bolger pit were examined with a 

microscope. The vein minerals are mainly composed of calcite and quartz, with minor 

amounts of epidote, chlorite, albite, dolomite, hematite, pyrite, chalcopyrite, and uraninite. 

Based on our field observations and petrographic study, the relative abundances and 

timing of different minerals at the various stages are summarized in Figure 4.4b. 

  The VBP
1

-q-e-p veins are mainly composed of deformed quartz and epidote, with minor 

pyrite (Figure 4.4a-A). The VBP
2

-q-c-ch veins contain Fe-rich and Fe-poor calcite, drusy 

quartz and chlorite (Figure 4.4a-B). The VBP
3

-c-h veins comprise Fe-poor calcite, hematite 

laths and deformed quartz clasts. The hematite laths are cut by VBP
4

-c-q-a veins (Figure 

4.4a-D). The VBP
4

-c-q-a veins contain Fe-poor calcite with crosscutting Fe-rich calcite and 

represent the only mineralized generation. Visible vugs are common in the Fe-poor 

calcite, indicating secondary dissolution of the calcite. Euhedral quartz crystals are 

randomly distributed in Fe-rich calcite with straight contacts, suggesting that they are 

contemporaneous. Euhedral albite is mantling the VBP
4

-c-q-a calcite locally (Figure 4.4a-C). 

The VBP
5

-c-h veins mainly comprise Fe-poor and Fe-rich calcite and hematite. VBP
6

-c-q 

veins are mainly composed of Fe-poor calcite, with minor amounts of Fe-rich calcite, 

Fe-poor dolomite (possibly) and subhedral to euhedral quartz. Specifically, Fe-rich calcite 

is spatially associated with some subhedral quartz grains and crosscuts the Fe-poor calcite. 

Hematite is the most common metallic mineral in VBP
6

-c-q veins, with minor amounts of 

pyrite and chalcopyrite. The timing relationships between these three metallic minerals 
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are uncertain. VBP
7

-c-q veins are characterized by euhedral quartz, which is cemented by 

Fe-rich and Fe-poor calcite (Figure 4.4a-E). Chalcopyrite is associated with pyrite, and 

both of them truncate V7 quartz, indicating post-V7 stage growth. Chlorite in VBP
7

-c-q 

veins occurs as veinlets crosscutting both V7 quartz and calcite (Figure 4.4a-F). 
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Figure 4.4a Photomicrographs showing vein minerals and their relationships in Bolger pit. 

A. Deformed quartz in VBP
1

-q-e-p veins cut by VBP
2

-q-c-ch veins; B. Epidote cut by quartz 

and chlorite in VBP
2

-q-c-ch veins; C. Euhedral albite mantling calcite in VBP
4

-c-q-a veins; D. 

Hematite laths in host rock cut by calcite of VBP
4

-c-q-a veins; E. Fe-rich and Fe-poor calcite 

cementing quartz in the VBP
7

-c-q veins; F. Chlorite veinlets crosscutting quartz and calcite 

of the VBP
7

-c-q veins. 
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Figure 4.4b Paragenetic sequence of the seven vein stages in the Bolger pit (modified 

after Liang et al., 2014). 
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4.3 Dubyna pit 

4.3.1 Local geology of Dubyna pit 

The Dubyna pit is located about 400 m to the northeast of the St. Louis fault (Figure 

2.3). The Dubyna pit and nearby road cut are situated at or near the junction of 

crosscutting secondary faults (e.g., Baseline fault, Donaldson Lake fault). The host rock 

is the Donaldson Lake granite, which is extensively hematitized and albitized. There are 

two excellent exposures of mineralized rocks: the main southeast-facing pit wall (UTM 

647873 mE, 6608439 mN) and a road cut located 170 m to the southeast (UTM 648030 

mE, 6608364 mN). The variably albitized granite in the road cut exposure is transected 

by multiple calcite, dolomite, and quartz veins (Figure 4.5A, B). Most of the veins are 6 

mm to 12 cm in width, but locally can be as wide as 40 cm (Figure 4.6). Three episodes 

of veins were distinguished cutting the Donaldson Lake granite, including the VDP
1

-c-q-d 

veins, VDP
2

-q veins and VDP
3

-d veins. The VDP
1

-c-q-d veins are mainly composed of white to 

pink calcite, white quartz, yellowish dolomite (d) and rare fluorite (Figure 4.5 A, C). The 

VDP
2

-q veins are drusy quartz (comb shape) veins. The VDP
3

-d veins consist of brownish 

dolomite. The brownish dolomite mainly occurs as very thin veinlets vertically cutting 

the Donaldson Lake granite and VDP
1

-c-q-d veins, with some of the dolomite filling the 

cores of VDP
2

-q veins (Figure 4.5 A). Some yellowish, near-parallel veins (VDP-d-c-a-q) 

vertically cut the albitite in pit wall, and these veins are mainly composed of dolomite, 

calcite, quartz and crosscutting albite (Figure 4.5 B, D). The VDP-d-c-a-q veins (U:1338 ppm) 

in the pit wall and the VDP
1

-c-q-d veins (U:381.3 ppm) in the road cut produced high 
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gamma-ray readings. 

 

Figure 4.5 Veins in the Dubyna pit wall and road cut exposure: A. Wide sub-vertical 

VDP
1

-c-q-d veins cutting albitized Donaldson Lake granite in the Dubyna road cut; B. 

VDP-d-c-a-q veins cutting the albitite in the Dubyna pit wall; C. Hand specimen of the 

VDP
1

-c-q-d veins showing yellowish dolomite, white quartz and amethyst; D. Hand 

specimen of VDP-d-c-a-q veins in pit wall showing dolomite cut by reddish albite veinlets. 

 

Figure 4.6 Cross section of the road cut at the Dubyna mine showing extent, orientations 

and crosscutting relationships of veins in variably hematitized and albitized Donaldson 

Lake granite. Road cut wall strikes at 175º. (Original in colour) 
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4.3.2 Petrographic study of vein samples from Dubyna pit 

The VDP
1

-c-q-d veins are mainly composed of drusy quartz, calcite (Fe-rich and Fe-poor) 

and dolomite (Fe-rich). The drusy quartz (comb shape) mainly occurs as fragments in the 

calcite (Fe-rich and Fe-poor) (with straight contacts). The Fe-rich calcite (coarse-grained) 

is crosscut by Fe-rich dolomite (fine-grained) veinlets (Figure 4.7a-A). The Fe-rich 

dolomite also crosscuts albite (fine-grained, containing abundant hematite inclusions) 

veinlets in the granite (Figure 4.7a-B). Petrographic study shows that the VDP-d-c-a-q veins 

cutting albitite in the pit wall are made of Fe-rich dolomite, Fe-rich calcite, euhedral 

quartz and albite. The Fe-rich dolomite is dirty (rich in hematite inclusions), deformed 

and cut by albite veinlets. The albite is generally rusty and hematite inclusion-rich, 

whereas along the contacts between albite and dolomite, the albite is relatively free of 

hematite inclusions (Figure 4.7a-C). Fe-rich calcite and euhedral quartz locally fill the 

vugs in dolomite, and the euhedral quartz is cut by albite (Figure 4.7a-D). Based on the 

crosscutting relationships, the Fe-rich calcite predates the dirty dolomite in the VDP
1

-c-q-d 

veins. The drusy quartz may be broadly coeval with calcite. Albite (rusty, hematite 

inclusion-rich) veinlets are also pre- VDP
1

-c-q-d veins. For the VDP-d-c-a-q veins in albitite, 

dolomite may predate euhedral quartz and Fe-rich calcite. Albite veinlets are 

post-dolomite, quartz and calcite (Figure 4.7b). Considering the dolomite in VDP
1

-c-q-d 

veins crosscuts albite (fine-grained) veinlets, and dolomite in VDP-d-c-a-q veins is cut by 

rusty albite, it is inferred that the VDP-d-c-a-q veins predate VDP
1

-c-q-d veins, even though the 

fine-grained albite is possibly different from the rusty albite.  
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Figure 4.7a Photomicrographs showing VDP
1

-c-q-d and VDP-d-c-a-q vein minerals and their 

relationships in Dubyna pit. A. Fe-rich dolomite veinlets crosscutting the Fe-rich calcite 

in VDP
1

-c-q-d veins X4 PPL; B. Fe-rich dolomite crosscutting albite veinlets X4 XPL; C. 

Albite cutting the Fe-rich dolomite in VDP-d-c-a-q veins X 10 PPL; D. Euhedral quartz cut 

by albite in the VDP-d-c-a-q veins X10 XPL. 

 

Figure 4.7b Paragenetic sequence of minerals in the multiple veins at Dubyna pit. 
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4.4 Hab pit 

4.4.1 Local geology of Hab pit 

The Hab mine (UTM 645390 mE, 6612270 mN) is located 4.5 km northwest of the 

Dubyna pit (Figure 2.3) at the approximate intersection of an overprinting 

northeast-trending fault that is broadly parallel to the Black Bay and St. Louis faults, and 

an apparently sinistral east-southeast-trending fault (Tracey et al., 2009) . The host rock is 

the Donaldson Lake granite, which has been mylonitized to produce a dark-coloured, 

chlorite-sericite schist. Hematitization has affected a zone extending more than 50 m 

northeast of the pit, where albitization was also noted. A detailed cross-section of the 

north-eastern face of the Hab pit illustrates the relationships between minor shear zones, 

faults and veins (Figure 4.8). Three episodes of veins were distinguished in the field: 

VHP
1

-q-m-ch veins are composed of quartz with minor muscovite (m) and chlorite, are 

parallel to the main shear foliation, and are boudinaged, and some of the boudinaged 

quartz is dismembered by subsequent deformation (Figure 4.9A); VHP
2

-q-d-c-ch-a veins are 

also dominated by quartz, but have dolomite and calcite filling their cores, with minor 

chlorite and albite; and VHP
3

-q veins are mainly composed of vuggy quartz (Figure 4.9B). 

Anomalously high gamma-ray spectrometer readings (U: 440.1 ppm) were recorded from 

the VHP
2

-q-d-c-ch-a veins in Hab pit. 
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Figure 4.8 A cross section of the Hab mine showing the distribution and crosscutting 

relationships of shear zones, faults, and the various stages of veins. Pit wall strikes at 160º. 

(Original in colour) 

 

 

 

Figure 4.9 Photographs showing three types of veins in the Hab pit. A. dismembered 

quartz in VHP
1

-q-m-ch veins; B. VHP
2

-q-d-c-ch-a veins cut by VHP
3

-q veins. 
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4.4.2 Petrographic study of vein samples from Hab pit 

VHP
1

-q-m-ch veins are mainly made of deformed quartz, with minor chlorite, muscovite 

and rare pyrite. The chlorite is generally randomly distributed within the deformed quartz. 

The muscovite is bent, elongated, and locally developing along the sides of deformed 

quartz (Figure 4.10a-A). VHP
2

-q-d-c-ch-a veins mainly consist of drusy quartz, Fe-rich calcite, 

Fe-rich dolomite, chlorite and minor albite. The drusy quartz (comb shape) forms the 

margins of VHP
2

-q-d-c-ch-a veins, with Fe-rich calcite and Fe-rich dolomite filling the cores. 

The subhedral, clean (hematite inclusion-poor) albite is randomly distributed within the 

drusy quartz (Figure 4.10a-B). Chlorite is intergrown with the V2 quartz (Figure 4.10a-C). 

VHP
3

-q veins mainly comprise drusy quartz, with minor rutile, rare chlorite and specular 

hematite (Figure 4.10a-D). The chlorite and rutile are randomly distributed in the drusy 

quartz. 

Based on the petrographic study, the chlorite and muscovite may be broadly coeval 

with the deformed quartz in the VHP
1

-q-m-ch veins. Drusy quartz, albite and chlorite in the 

margins may predate the calcite and dolomite cores in the VHP
2

-q-d-c-ch-a veins.  Some 

chlorite is contemporaneous with quartz in the VHP
2

-q-d-c-ch-a veins. Rutile is broadly 

coeval with drusy quartz in VHP
3

-q veins (Figure 4.10b). 
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Figure 4.10a Photomicrographs showing vein minerals and their relationships in the 

Donaldson Lake granite at Hab pit; A. VHP
1

-q-m-ch veins consisting of deformed quartz, 

chlorite and muscovite X10 XPL; B. Albite distributing within the drusy quartz in the 

VHP
2

-q-d-c-ch-a veins X10 XPL; C. Chlorite filling the drusy quartz in the VHP
2

-q-d-c-ch-a veins 

X4 PPL; D. Subhedral rutile in the VHP
3

-q veins X10 XPL. 

 

Figure 4.10b Paragenetic sequence of vein minerals in Hab pit. 
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4.5 Eagle shaft 

4.5.1 Local geology of Eagle shaft 

The Eagle shaft (UTM 639656 mE, 6607227 mN) lies about 2 km northwest of the St. 

Louis fault, along one of a series of near-parallel, east-trending faults including the Lost 

Mine, Conglomerate, Spur and Edie (Figure 4.11). The host rock is sheared and locally 

cataclastic pink leucogranite containing Murmac Bay group quartzite and amphibolite 

inclusions. Martin group conglomerate unconformably overlies the pink leucogranite 

about 100 m north of the mine shaft. Intense hematitization was recorded in the 

leucogranite, although albitization is rare and patchy. The uranium mineralization in this 

area is of polymetallic type, mainly containing pitchblende, pyrite, chalcopyrite, bornite 

and trace galena (Ashton, 2011). Graphite is locally abundant in some shear zones, and it 

is not associated with quartz or carbonate veins. Three episodes of veins cutting the pink 

leucogranite were distinguished, including VES-q-p veins, VES-q-d-c veins and VES-q-c-a veins. 

The VES-q-p veins with green copper staining mainly consist of deformed quartz and 

stockwork pyrite (Figure 4.13 A). The deformed quartz suggests that the VES-q-p veins are 

older than the other veins (VES-q-d-c and VES-q-c-a veins). The near-parallel VES-q-d-c veins 

generally dip steeply (Figure 4.12 A), and some of the VES-q-d-c veins exhibit yellowish 

uranophane staining and high gamma-ray spectrometer readings (1649 ppm U) (Figure 

4.12B). The VES-q-d-c veins generally comprise of white quartz margins with yellowish to 

brownish carbonate (dolomite and calcite) cores (Figure 4.13 B,C). The VES-q-c-a veins 

were only found on the floor of the pit, so their age relative to the VES-q-d-c veins is 

unknown. They are mainly composed of white to pinkish calcite, white quartz and 
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reddish albite (Figure 4.13 D). Albite is locally developed along the margins of the veins.  
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Figure 4.11 Simplified geological map of the northeastern Beaverlodge uranium district 

showing location of Eagle shaft (Ashton, 2014). 
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Figure 4.12 Photographs showing VES-q-d-c veins cutting leucogranite in Eagle shaft; A. 

VES-q-d-c veins (dipping at 67
o
) consisting of white quartz margins and yellowish 

carbonate cores; B. the VES-q-d-c veins developed along fractures with yellowish 

uranophane staining.  

 

 
Figure 4.13 Photographs showing hand specimens of the VES-q-p, VES-q-d-c and VES-q-c-a 

veins in Eagle shaft; A. VES-q-p vein sample showing stockwork pyrite in deformed quartz; 

B.VES-q-d-c vein sample showing quartz margins with dolomite and calcite cores; C. 

Another VES-q-d-c vein sample showing quartz margins with dolomite and calcite cores; 

D.VES-q-c-a vein sample showing albite lining the quartz and calcite. 
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4.5.2 Petrographic study of vein samples in Eagle shaft 

Petrographic study shows that the VES-q-p veins are mainly composed of deformed 

quartz and pyrite (Figure 4.14a-A), with rare chalcopyrite and hematite. The VES-q-d-c 

veins are made of drusy quartz, Fe-rich dolomite, Fe-rich and Fe-poor calcite and minor 

specular hematite. The drusy quartz (comb shape) generally forms the margins, mantling 

the Fe-rich dolomite and calcite (Fe-poor and Fe-rich) cores (Figure 4.14a-B, C). The 

VES-q-c-a veins consist of Fe-rich calcite in the cores, with minor quartz and albite locally 

distributed along the margins (Figure 4.14a-D). The quartz is generally subhedral to 

euhedral, and the albite is relatively clean (hematite inclusion-poor).  

Based on the petrographic study, the drusy quartz possibly predates dolomite and 

calcite in the VES-q-d-c veins. The quartz and albite along the margins may predate Fe-rich 

calcite in the VES-q-c-a veins (Figure 4.14b). 
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Figure 4.14a Photomicrographs showing vein minerals and their relationships at Eagle 

shaft; A. Deformed quartz showing sutured contacts in the VES-q-p veins X5 XPL; B. 

Fe-rich dolomite filling the drusy quartz in VES-q-d-c veins X4 XPL; C. Fe-rich calcite 

filling the drusy quartz in VES-q-d-c veins X4 XPL; D. Quartz and albite forming the 

margins along the Fe-rich calcite in VES-q-c-a veins X10 XPL. 

 

Figure 4.14b Paragenetic sequence of vein minerals in Eagle shaft.
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4.6 Spur pit 

4.6.1 Local geology of Spur pit 

The Spur pit (UTM 645382 mE, 6612280 mN) is situated about 300 m northwest of 

the Eagle shaft, between the near-parallel Edie and Spur faults (Figure 4.11). The host 

rocks are sheared and locally cataclastic pink leucogranites with possible Murmac Bay 

group quartzite and amphibolite inclusions. Intense hematitization was recorded in the 

leucogranite. Three episodes of veins cutting the cataclastic pink leucogranite were 

distinguished in rubble in the pit (Figure 4.15 A), including the VSP-q-c-a,VSP-c-d and 

VSP-q-ch-c-d veins. These three veins showed relatively high gamma-ray spectrometer 

readings (e.g., VSP-q-c-a veins: U100 ppm). The VSP-q-c-a veins are made of reddish albite 

and white quartz margins, with calcite cores (Figure 4.15 B). The VSP-c-d veins are mainly 

composed of white calcite and dark yellowish dolomite (Figure 4.15 C). The VSP-q-ch-c-d 

vein sample shows white quartz developed along one side of the yellowish carbonate 

(dolomite and calcite) (Figure 4.15 D).  
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Figure 4.15 Photographs showing hand specimens of VSP-q-c-a,VSP-c-d and VSP-q-ch-c-d veins 

in Spur pit; A. The Spur pit is poorly exposed, with the surface boulder strewn or covered 

with rubble; B. The VSP-q-c-a vein sample showing reddish albite lining white quartz and 

calcite cores; C. VSP-c-d vein sample showing white calcite with intergrown dolomite; D. 

VSP-q-ch-c-d vein sample showing white quartz margins and a calcite and dolomite core.  
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4.6.2 Petrographic study of vein samples from Spur pit 

Petrographic study shows that the VSP-q-c-a veins are characterized by elongated, rusty 

(hematite inclusion-rich) albite lining the margins, following by drusy quartz (comb 

shape) and Fe-poor, coarse-grained and strongly deformed calcite in the cores (Figure 

4.16a-A). The VSP-c-d veins are mainly composed of subhedral to euhedral, Fe-rich 

dolomite and Fe-rich calcite (Figure 4.16a-B). The Fe-rich dolomite is randomly 

distributed in the calcite with straight contacts. The VSP-q-ch-c-d veins consist of drusy 

quartz, Fe-rich dolomite, Fe-rich and Fe-poor calcite and minor chlorite. The drusy quartz 

and intergrown chlorite crosscut the Fe-rich dolomite (Figure 4.16a-C) and Fe-rich calcite 

(Figure 4.16a-D).  

Based on the petrographic study of the VSP-q -c-a vein minerals, albite may predate drusy 

quartz and the Fe-poor calcite. The straight contacts between the Fe-rich dolomite and 

Fe-rich calcite suggest they are broadly coeval in the VSP-c-d veins. The crosscutting 

relationships of minerals in the VSP-q-ch-c-d veins indicate that drusy quartz postdates both 

dolomite and calcite (Figure 4.16b). 
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Figure 4.16a Photomicrographs showing vein minerals and their relationships in the Spur 

pit; A. Albite lining sides of the drusy quartz and calcite in the VSP-q-c-a vein samples X4 

PPL; B. Dolomite showing straight contact with calcite in the VSP-c-d vein samples X4 

XPL; C. Drusy quartz and chlorite crosscutting Fe-rich dolomite in the VSP-q-ch-c-d vein 

samples X10 PPL; D. Drusy quartz crosscutting Fe-rich calcite in the VSP-q-ch-c-d vein 

samples X4 XPL. 

 
Figure 4.16b Paragenetic sequence of vein minerals in Spur pit. 
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4.7 Intermediate zone 

4.7.1 Local geology of Intermediate zone 

The Intermediate zone (UTM 640402 mE, 6607264 mN) is located about 700 m east of 

the Eagle shaft and about 600 m to the west of Eagle Lake (Figure 4.11). The zone lies 

along the faulted boundary between pink leucogranite and mylonitic equivalents. A 

narrow (about 1m width) sulfide-rich zone is situated at the northeast end of the pit 

(Figure 4.17D). A total of four episodes of veins were distinguished in the pit wall and 

rubble, including the VIZ-q-p veins, VIZ-q-c-d-a-ch veins, VIZ-q-d-c veins and VIZ-d-c veins. The 

VIZ-q-p veins found in the sulfide zone are made of highly deformed quartz and pyrite 

(Figure 4.17 E). The VIZ-q-p veins are cut by abundant chlorite-lined fractures. Some of 

these thicker chlorite veins are cored by calcite and, locally, dolomite. The VIZ-q-c-d-a-ch 

veins consist of white calcite, brownish to reddish dolomite, white quartz and minor red 

albite and chlorite (Figure 4.17 F). Botryoidal pitchblende is locally developed along the 

VIZ-q-c-d-a-ch veins, contacting with dolomite and calcite (Figure 4.17 C). The VIZ-q-c-d-a-ch 

veins showed much higher gamma-ray spectrometer readings than the background, 

whereas the VIZ-q-p veins did not show abnormal radioactivity. The VIZ-q-d-c veins are 

generally characterized by white quartz forming the margins, with yellowish dolomite 

and pinkish calcite filling the cores (Figure 4.17 G). The VIZ-q-d-c vein samples were only 

found in the rubble. The VIZ-d-c veins are mainly composed of yellowish dolomite and 

white to pinkish calcite (Figure 4.17 H), cutting the leucogranite at a high angle (about 

73
o
, Figure 4.17 B).  
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Figure 4.17 Photographs showing the VIZ-q-p, VIZ-q-c-d-a-ch, VIZ-q-d-c and VIZ-d-c veins in 

Intermediate zone; A. A snapshot towards the northwest of the Intermediate zone; B. The 

VIZ-d-c veins cutting leucogranite with steep dip; C. The VIZ-q-c-d-a-ch veins subvertically 

cutting leucogranite with botryoidal uraninite; D. The sulfide zone at northeast end of the 

pit showing copper staining; E. Hand sample of the VIZ-q-p veins showing deformed 

quartz and pyrite; F. Hand sample of the VIZ-q-c-d-a-ch veins showing uraninite at contact 

with brownish dolomite and white calcite; G. Hand sample of the VIZ-q-d-c veins showing 

quartz margin and carbonate cores; H. Hand sample of the VIZ-d-c veins showing 

yellowish dolomite and pinkish calcite.  
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4.7.2 Petrographic study of vein samples from Intermediate zone 

  The VIZ-q-p veins are mainly composed of deformed quartz and pyrite, with rare 

specular hematite (Figure 4.18a-A). The VIZ-q-c-d-a-ch veins are made of drusy quartz (comb 

shape), calcite (Fe-rich and Fe-poor), dolomite (Fe-rich and Fe-poor), albite and chlorite. 

The drusy quartz generally mantles the calcite (Fe-poor and Fe-rich) (Figure 4.18a-B). 

Dolomite (Fe-rich, subhedral to euhedral) is randomly distributed in the calcite with 

straight contacts. Fe-poor, fine-grained, dirty (hematite inclusion-rich) and deformed 

dolomite also shows relatively straight contacts with Fe-rich and Fe-poor calcite and 

some subhedral to euhedral quartz (Figure 4.18a-C). Albite is generally elongated, 

hematite inclusion-rich, and lines the margins of the drusy quartz with some chlorite 

fragments (Figure 4.18a-D). The VIZ-q-d-c veins mainly consist of drusy quartz, Fe-rich 

dolomite, calcite (Fe-rich and Fe-poor) and rare hematite. The coarse-grained, dirty 

(hematite inclusion-rich) dolomite (Fe-rich) crosscuts drusy quartz (Figure 4.18a-E). 

Some fine-grained, subhedral to euhedral, clean (hematite inclusion-poor) dolomite 

(Fe-rich) is well developed along the contact between Fe-rich calcite and the dirty 

dolomite (Figure 4.18a-F). The VIZ-d-c veins consist of Fe-rich dolomite and F-rich calcite, 

and the Fe-rich dolomite crosscuts chlorite in the pink leucogranite.  

Based on the mantling relationship, albite and chlorite may predate the drusy quartz, 

and be followed by carbonate and euhedral quartz in the VIZ-q-c-d-a-ch veins. The drusy 

quartz in the VIZ-q-d-c veins also predates Fe-rich dolomite. The clean dolomite may be 

broadly coeval with Fe-rich calcite (Figure 4.18b).  
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Figure 4.18a Photomicrographs showing different episodes of vein minerals and their 

crosscutting relationships in Intermediate zone; A. Deformed quartz with intergrown 

pyrite in the VIZ-q-p vein samples X5 XPL; B. Fe-poor calcite filling vugs in the drusy 

quartz in the VIZ-q-c-d-a-ch vein samples X4 XPL; C. Subhedral to euhedral quartz 

distributed in the Fe-poor dolomite in the VIZ-q-c-d-a-ch vein samples X4 XPL; D. Albite and 

chlorite lining the margins of drusy quartz in the VIZ-q-c-d-a-ch vein samples X10 XPL; E. 

Fe-rich dolomite crosscutting drusy quartz in the VIZ-q-d-c vein samples X4 XPL; F. Clean 

dolomite developed along the contacts between calcite and dirty dolomite in the VIZ-q-d-c 

vein samples X10 PPL.  
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Figure 4.18b Paragenetic sequence of vein minerals in the Intermediate zone. 
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4.8 Eagle-Ace mine 

4.8.1 Local geology of Eagle-Ace mine 

The Eagle-Ace mine (UTM 641750 mE, 6606721 mN) is situated south of Eagle Lake, 

about 1 km to the southeast of the Intermediate Zone. The host rock is the Murmac Bay 

group amphibolite, which is locally brecciated with the clasts cemented by white calcite. 

The mine workings have undergone reclamation but a trench located about 100 m to the 

northeast within mylonitized amphibolite exposes east-southeast trending mineralized 

veins. The VEA-c-a-ch-q-h veins are mainly composed of white to pinkish calcite, reddish 

albite, chlorite, hematite and minor quartz (Figure 4.19 A). The VEA-c veins contain white 

to pinkish, coarse-grained calcite (Figure 4.19B). 

4.8.2 Petrographic study of vein samples from Eagle-Ace mine 

  Petrographic study of the VEA-c-a-ch-q-h vein sample shows that fine-grained, 

equant-shaped and clean (hematite inclusion-poor) albite lines the margins of Fe-poor 

calcite (Figure 4.20a-A). Chlorite locally lines the sides of the calcite, with some chlorite 

fragments within the calcite (Figure 4.20a-B). Hematite laths and euhedral quartz are 

randomly distributed in the calcite (Figure 4.20a-C). The Fe-poor calcite in the VEA-c vein 

crosscuts deformed quartz veinlets in the amphibolite (Figure 4.20a-D). Based on the 

petrographic study, mantling relationships imply that albite and chlorite predate the 

Fe-poor calcite in the VEA-c-a-ch-q-h veins (Figure 4.20b). Chlorite veinlets may postdate 

both VEA-c-a-ch-q-h veins and VEA-c veins, whereas the deformed quartz veinlets predate 

other veins.
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Figure 4.19 Photographs showing episodes of veins in the Eagle-Ace mine; A. Reddish 

albite lining the white calcite in the VEA-c-a-ch-q-h vein; B. White to pinkish calcite in the 

VEA-c vein. 
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Figure 4.20a Photomicrographs showing vein minerals and their crosscutting 

relationships in the Eagle-Ace mine; A. Albite lining the Fe-poor calcite in the 

VEA-c-a-ch-q-h vein X10 XPL; B. Chlorite fragments and quartz in the Fe-poor calcite in the 

VEA-c-a-ch-q-h vein X10 XPL; C. Hematite well developed in calcite in the VEA-c-a-ch-q-h vein 

X10 XPL; D. Fe-poor calcite of the VEA-c vein crosscutting deformed quartz veinlets in 

the host rock X4 XPL. 

 

Figure 4.20b Paragenetic sequences of vein minerals in the Eagle-Ace mine. 
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4.9 Camdeck occurrence 

4.9.1 Local geology of the Camdeck occurrence 

The Camdeck area (UTM 641305 mE, 6608851 mN) lies about 1.7 km northeast of the 

Eagle Shaft mine (Figure 4.11) and includes several occurrences. The host rocks in the 

southeastern part of the Camdeck area are pink leucogranites containing Murmac Bay 

group xenoliths, sheared to cataclasite leucogranite equivalents, and outliers of 

unconformably overlying the Beaverlodge Formation conglomerate (Martin group). 

Several mineralized southeast-trending hematitized fractures were noted in the Martin 

group conglomerate outliers (Figure 4.21A). Patchy dolomite was noted along some of 

these fractures, and also occurs in cores of locally mineralized quartz veins. The 

mineralized fractures and quartz veins (VCO-q-c) (gamma-ray spectrometer reading of the 

veins: 949 ppm U) (Figure 4.21B) are commonly hematitized and exhibit a meter-wide 

zone of bleaching on either side. Mineralized fractures and veins in the conglomerate 

locally show a distinct yellowish colour due to uranophane staining. 

4.9.2 Petrographic study of vein samples from Camdeck occurrences 

  The V CO-q-c veins are composed of drusy quartz and minor calcite (Fe-rich) (Figure 

4.22a-A). The Fe-rich calcite is coarse-grained and locally mantled by drusy quartz 

(Figure 4.22a-B). The mantling relationship suggests that quartz possibly predates calcite 

in the V CO-q-c veins (Figure 4.22b).  
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Figure 4.21 Photographs showing mineralized fractures and the VCO-q-c vein sample in the 

Camdeck occurrence; A. Mineralized fracture cutting the Martin group conglomerate; B. 

Mineralized VCO-q-c vein sample in conglomerate. 

 

Figure 4.22a Photomicrographs showing minerals in the VCO-q-c vein sample; A. Drusy 

quartz in the VCO-q-c vein sample; B. Fe-rich calcite mantled by the drusy quartz. 

 
Figure 4.22b Paragenetic sequence of minerals in the VCO-q-c veins in Camdeck 

occurrence. 
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4.10 Forty-six (46) Zone 

4.10.1 Local geology of 46 Zone 

The 46 Zone (UTM 645821 mE, 6606844 mN) is situated about 250 m northeast of 

Verna Lake, in the footwall of the St. Louis fault (Figure 4.11). The host rocks are sheared 

to mylonitic Murmac Bay group amphibolite and intrusive metre- to decameter-scale 

sheets of variably albitized pink leucogranite, with minor psammopelitic to pelitic 

chlorite-sericite schist exposed about 100 m south of the pit. Alteration of host rocks 

includes hematitization and albitization. The mineralization is situated within a steep 

northeast-trending structural zone about 20 m wide characterized by locally brecciated 

amphibolite and variably albitized pink leucogranite, along with discrete shear zones, 

some of which contain sooty graphite. Sericite is noted along a chloritic shear and 

extends into some of the host albitized leucogranite. The albitized pink leucogranite 

breccia is locally cemented by white calcite and yellowish dolomite (C46Z-c-d) (Figure 4.23 

A, C). White calcite and yellowish dolomite also occur as subvertical veins (V46Z-c-d) up 

to 20 cm wide cutting the pink leucogranite (Figure 4.23B, D). Reddish albite veinlets 

crosscut both the carbonate cement and vein carbonate (Figure 4.23A, D). The 

anomalously radioactive areas are not within the veins at the 46 Zone, but rather are in 

discrete shears within the structural zone. 
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Figure 4.23 Photographs showing hand specimens of carbonate cement (C46Z-c-d) and vein 

carbonate (V46Z-c-d) in 46 Zone; A. Calcite and dolomite cementing the leucogranite 

breccia, red albite veinlets cutting calcite and dolomite; B. V46Z-c-d vein cutting 

leucogranite at high angle; C. Hand sample of the carbonate cement (C46Z-c-d); D. Calcite 

cut by albite veinlets in the V46Z-c-d vein. 
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4.10.2 Petrographic study of samples from 46 Zone 

  Petrographic study shows that the carbonate cement (C46Z-c-d) is composed of Fe-rich 

dolomite and calcite (Fe-rich and Fe-poor). The Fe-rich calcite is very fine grained, filling 

open spaces in the dolomite (Fe-rich), whereas the Fe-poor calcite shows relatively 

straight contacts with the dolomite (Figure 4.24a-A). The V46Z-c-d veins consist of Fe-poor 

calcite and Fe-rich dolomite. Albite (hematite inclusion-rich) veinlets and muscovite 

crosscut the Fe-poor calcite and Fe-rich dolomite (Figure 4.24a-B). Based on the 

crosscutting relationships, the Fe-poor calcite and Fe-rich dolomite in the V46Z-c-d vein 

predate the albite and muscovite (Figure 4.24b). 
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Figure 4.24a Photomicrographs showing minerals and their relationships in C46Z-c-d and 

V46Z-c-d veins; A. Fe-rich dolomite showing straight contact with the Fe-poor calcite in 

C46Z-c-d X4 PPL; B. Albite veinlets with muscovite crosscutting Fe-rich dolomite and 

Fe-poor calcite in the V46Z-c-d veins X10 XPL. 

 

 

Figure 4.24b Paragenetic sequence of minerals in 46 Zone. 
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4.11 Twenty-one (21) Zone 

4.11.1 Local geology of 21 Zone 

  The 21 Zone (UTM 646656 mE, 6607440 mN) is located about 600 m northeast of 46 

Zone, and about 200 m northwest, and in the footwall of, the St. Louis fault (Figure 4.11). 

The host rock is weakly foliated Donaldson Lake granite, containing Murmac Bay group 

quartzite and amphibolite xenoliths. Alteration of the host rocks includes patchy 

hematitization and albitization. Four episodes of veins were distinguished in the outcrop 

and rubble, including the V21Z-d-c-q veins, V21Z-q veins, V21Z-q-d-a veins and V21Z-d-c-m-p veins. 

The V21Z-d-c-q veins are mainly composed of yellowish, coarse-grained dolomite, minor 

calcite and quartz (Figure 4.25 A). Rare drusy quartz veins (V21Z-q) locally cut the 

albitized granite in outcrop, but no hand specimens were collected from the V21Z-q veins. 

The V21Z-q-d-a veins consist of white quartz margins, and yellowish to brownish dolomite 

cores (Figure 4.25 B, C). The change in colour of dolomite from yellowish to brownish 

may represent differing degrees of dolomitization. The V21Z-d-c-m-p veins mainly consist of 

yellowish dolomite, white calcite, minor muscovite and pyrite (Figure 4.25 D). 

Anomalously radioactive readings were obtained from the V21Z-d-c-q (U: 150 ppm), 

V21Z-q-d-a and V21Z-d-c-m-p vein samples. 
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Figure 4.25 Photographs showing vein samples in 21 Zone; A. Dolomite and calcite of 

the V21Z-d-c-q veins; B. V21Z-q-d-a veins showing quartz margins and yellowish dolomite 

cores; C. V21Z-q-d-a veins showing quartz margins and brownish dolomite cores; D. 

V21Z-d-c-m-p veins showing white calcite and dolomite. 
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4.11.2 Petrographic study of vein samples from 21 Zone 

  The V21Z-d-c-q veins are mainly composed of Fe-rich dolomite, calcite (Fe-rich and 

Fe-poor) and minor quartz. The Fe-rich dolomite is generally deformed and hematite 

inclusion rich. Calcite and minor quartz fill vugs in the dolomite, and the quartz is 

subhedral to euhedral, with hematite inclusions distributed along the growth zones 

(Figure 4.26a-A). The V21Z-q-d-a veins are made of drusy quartz margins (minor albite 

locally along the margins) (Figure 4.26a-B, C), and Fe-rich dolomite (coarse-grained, 

hematite inclusion-rich) cores with rare specular hematite. The albite is generally clean 

(hematite inclusion-poor) and equant. The V21Z-d-c-m-p veins consist of Fe-rich dolomite, 

Fe-rich calcite, muscovite and pyrite cubes. The Fe-rich dolomite is coarse grained and 

hematite inclusion rich. Fe-rich calcite fills the vugs of the dolomite. Muscovite and 

pyrite (subhedral) are randomly distributed in the dolomite (Figure 4.26a-D). 

Based on the petrographic study, the strongly deformed dolomite in the V21Z-d-c-q veins 

suggests relatively early generation compared to other veins. The mantling relationships 

between drusy quartz-albite and dolomite indicate both quartz and albite predate the 

dolomite in V21Z-q-d-a veins. The straight contacts between Fe-rich dolomite and Fe-rich 

calcite suggest that they are broadly contemporaneous in the V21Z-d-c-m-p veins (Figure 

4.26b).  
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Figure 4.26a Photomicrographs showing vein minerals and their relationships in the 21 

Zone; A. Deformed dolomite and calcite in contact with undeformed quartz in the 

V21Z-d-c-q veins X10 PPL; B. Drusy quartz mantling Fe-rich dolomite cores in the V21Z-q-d-a 

veins X4 XPL; C. Albite locally mantling Fe-rich dolomite in the V21Z-q-d-a veins X10 

XPL; D. Fe-rich calcite and pyrite cubes in the dolomite of the V21Z-d-c-m-p veins X10 PPL. 

 

Figure 4.26b Paragenetic sequence of vein minerals in the 21 Zone. 
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4.12 Eleven (11) Zone 

4.12.1 Local geology of 11 Zone 

The 11 Zone (UTM 646468 mE, 6606882 mN) lies to the south of 21 Zone and is just 

a few meters into the hanging wall of the St. Louis fault (Figure 4.11). The host rock is 

mainly sheared pink leucogranite, which is generally hematitized and contains rare 

patches of weak albitization. Discrete shear zones in the leucogranite are marked by 

chlorite, some forming masses of monophase chlorite up to several centimeters thick, and 

are overprinted by a later generation of chlorite-lined fractures (Figure 4.27A). The 

albitized pink leucogranite along the fractures is locally cemented by pinkish calcite and 

minor quartz (C11Z-c-q). The C11Z-c-q cements show anomalously high gamma-ray 

spectrometer readings. A narrow zone (50 cm wide) of leucogranite breccia is cemented 

by yellowish dolomite (C11Z-d) (Figure 4.27B). Pinkish, rusty veins (30 cm wide) 

subvertically cutting the leucogranite contain calcite, dolomite and minor quartz (V11Z-c-d-q 

vein) (Figure 4.27C, D).  

4.12.2 Petrographic study of samples from 11 Zone 

  The C11Z-d cements are mainly composed of fine-grained, Fe-rich dolomite, and are cut 

by some chlorite veinlets with euhedral quartz (Figure 4.28a-A). The C11Z-c-q cements in 

the albitized pink leucogranite are made of coarse-grained, Fe-rich calcite and euhedral 

quartz (Figure 4.28a-B). The V11Z-c-d-q veins are mainly composed of Fe-poor calcite, 

Fe-rich dolomite and subhedral quartz (comb shape) clusters (Figure 4.28a-C). The 

fine-grained, Fe-rich dolomite shows straight contacts with the coarse-grained, Fe-poor 
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calcite (Figure 4.28-D). Based on the petrographic study, the C11Z-d cements possibly 

predate the C11Z-c-q cements. The Fe-poor calcite may be broadly coeval with dolomite 

and quartz in the V11Z-c-d-q veins (Figure 4.28b). 
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Figure 4.27 Photographs showing fractures and samples in the 11 Zone; A. The 

chlorite-rich fractures steeply cutting albitized leucogranite; B. Yellowish dolomite 

cementing (C11Z-d) leucogranite breccia; C. Pinkish calcite in the V11Z-c-d-q vein; D. 

Yellowish dolomite associated with the calcite in the V11Z-c-d-q vein. 
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Figure 4.28a Photomicrographs showing minerals and their crosscutting relationships in 

the 11 Zone; A. Fe-rich dolomite cut by chlorite-quartz veinlets in the C11Z-d X10 PPL; B. 

Fe-rich calcite and euhedral quartz in the C11Z-c-d cements X10 XPL; C. The V11Z-c-d-q vein 

consisting of Fe-rich dolomite, Fe-poor calcite and subhedral to euhedral quartz X4 XPL; 

D. Fe-rich dolomite showing straight contact with the Fe-poor calcite X4 PPL. 

 

Figure 4.28b Paragenetic sequence of carbonate and quartz minerals in 11 Zone.
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4.13 Fay mine 

4.13.1 Local geology of Fay mine  

  The Fay mine (UTM 642189 mE, 6604572 mN) is also situated in the hanging wall of 

the southeast-dipping St. Louis fault and is about 1 km to the southwest of Ace Lake 

(Figure 4.11). The rocks exposed at the Fay mine site include variably gneissic pink 

leucogranite and unconformably overlying Martin group sedimentary rocks. The gneissic 

pale to salmon pink leucogranite contains minor mafic and rare quartzitic inclusions up to 

metre scale, presumably derived from Murmac Bay group supracrustal rocks, and minor 

layers of coarse-grained granite interpreted as leucosome (Ashton and Normand, 2012). 

This gneissic leucogranite basement ranges from rarely near massive to mylonitic and is 

variably hematitized and locally albitized. The unconformably overlying Martin group 

rocks comprise conglomerate and siltstone of the basal Beaverlodge Formation. Rare 

sandstone dykes indicate deposition during a seismically active time (Figure 4.29A). The 

Fay ore bodies mainly occurred at the unconformity between leucogranite and the Martin 

group sedimentary rocks, and in the breccia and shear zones within the leucogranite 

(Beck, 1969). Both the gneissic leucogranite and the Martin sedimentary rocks are cut by 

veins. Four episodes of veins cutting the Martin group were distinguished, including 

vuggy quartz veins (VFM-q), brownish dolomite veins (VFM-d), white to pinkish 

calcite-albite veins (VFM-c-a) and quartz-calcite-dolomite-chlorite veins (VFM-q-c-d-ch). The 

VFM-q veins are made of vuggy quartz with variable thickness (from 1 cm to 6 cm), and 

are crosscut by northeast-trending fractures (Figure 4.29B). The VFM-d veins consist of 
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brownish dolomite, locally crosscutting the conglomerate (Figure 4.29C). The VFM-c-a 

veins steeply cut siltstone (Figure 4.29D), and are generally characterized by white to 

pinkish calcite with local reddish albite linings (Figure 4.29F). The VFM-q-c-d-ch vein 

samples were only found in rubble of the pit. The VFM-q-c-d-ch veins are mainly composed 

of quartz and chlorite margins, and white to pinkish calcite with minor yellowish 

dolomite in the cores (Figure 4.29E). Only the VFM-q-c-d-ch and VFM-c-a vein samples could 

be sampled.  

4.13.2 Petrographic study of vein samples from Fay mine  

  Petrographic study shows that the VFM-c-a veins consist of Fe-rich calcite and 

crosscutting Fe-poor calcite and albite (Figure 4.30a-A). The albite is generally hematite 

inclusion-poor and lines the margins of the calcite, with some of the albite fragments 

within the calcite (Figure 4.30a-B). The VFM-q-c-d-ch veins are made of drusy quartz, calcite 

(Fe-rich and Fe-poor), Fe-rich dolomite and chlorite. The drusy quartz generally mantles 

the calcite (Fe-rich and Fe-poor) and Fe-rich dolomite (Figure 4.30a-C). Chlorite is 

locally developed in drusy quartz, with some chlorite growing into the Fe-poor calcite 

(Figure 4.30a-D), indicating that chlorite postdated Fe-poor calcite. Based on the 

petrographic study, mantling relationships suggest that albite predates calcite in the 

VFM-c-a veins. Drusy quartz predates the calcite and dolomite, whereas chlorite may 

postdate calcite and dolomite in the VFM-q-c-d-ch veins (Figure 4.30b). 
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Figure 4.29 Photographs showing sandstone dyke and different veins in Fay mine; A. 

Sandstone dyke cutting the Martin group conglomerate; B. The VFM-q veins cut by 

fractures; C. The VFM-d veins cutting conglomerate; D. The VFM-c-a veins steeply cutting 

Martin siltstone; E. The VFM-q-c-d-ch vein showing quartz margins with carbonate cores; F. 

Red albite locally lining margins of the calcite in the VFM-c-a vein. 
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Figure 4.30a Photomicrographs showing vein minerals and their crosscutting 

relationships in Fay mine; A. Drusy quartz locally mantling calcite and dolomite cores X4 

XPL; B. Chlorite growing into the Fe-poor calcite in a VFM-q-c-d-ch vein X10 PPL; C. 

Fe-poor calcite cutting the Fe-rich calcite in the VFM-c-a vein sample X4 PPL; D. Albite 

lining the Fe-poor calcite with some albite fragments in calcite X10 XPL. 

 

Figure 4.30b Paragenetic sequences of vein minerals at the Fay mine site. 
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4.14 National Exploration mine 

4.14.1 Local geology of National Exploration mine  

The National Exploration mine (UTM 644793 mE, 6608592 mN) is located about 650 

m northwest of Donaldson Lake, and more than 2 km to the northwest of the St. Louis 

fault. The host rocks mainly consist of pink leucogranite and derived gneisses containing 

xenoliths and schlieren of Murmac Bay group quartzite and amphibolite. The pink 

leucogranite is crosscut by hematitized fractures that are locally albitized. Much of the 

mine site has been reclaimed but, in the waste rocks at the site (Figure 4.31A), there is 

pervasively hematitized and albitized gneissic leucogranite. Two episodes of veins were 

distinguished in the leucogranite within these waste rocks but could not be seen in situ 

due to the lack of exposure: the VNE-d-c-q-ch and VNE-q-d-c veins. The VNE-d-c-q-ch veins are 

mainly composed of coarse-grained, brownish to yellowish dolomite, white calcite and 

minor quartz and chlorite (Figure 4.31B). The VNE-q-d-c veins are generally characterized 

by white quartz margins with brownish to yellowish carbonate cores (Figure 4.31C, D). 

Reddish albite is well developed in the host rock along the VNE-q-d-c veins (Figure 4.31D). 

High gamma-ray spectrometer readings were obtained from both VNE-d-c-q-ch and VNE-q-d-c 

veins. 
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Figure 4.31 Photographs showing vein samples at the National Exploration mine site; A. 

National Exploration mine site mostly covered by rubble; B. Brownish to yellowish 

dolomite in the VNE-d-c-q-ch vein sample; C. White quartz filled by dolomite in the VNE-q-d-c 

vein sample; D. Reddish albite developed along the VNE-q-d-c vein. 
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4.14.2 Petrographic study of vein samples from National Exploration mine  

  Petrographic study shows that the VNE-d-c-q-ch veins are mainly composed of Fe-rich 

dolomite, Fe-rich calcite, subhedral to euhedral quartz and chlorite (Figure 4.32a-A).  

Some fine-grained, subhedral to euhedral, clean (hematite inclusion-poor) dolomite 

(Fe-rich) is developed along the contact between calcite and the coarse-grained, dirty 

(hematite inclusion-rich) dolomite (Fe-rich), and some of the clean dolomite crosscuts 

calcite (Figure 4.32a-B). Chlorite is randomly distributed within the dirty dolomite. The 

VNE-q-d-c veins are made of drusy quartz, Fe-rich dolomite and calcite (Fe-rich and 

Fe-poor). The dolomite (Fe-rich) crosscuts the drusy quartz and the Fe-poor calcite 

(Figure 4.32a-C, D). Based on the crosscutting relationships, the fine-grained, clean 

dolomite postdates calcite in the VNE-d-c-q-ch veins. The dolomite in the VNE-q-d-c veins may 

also postdate the drusy quartz and calcite (Figure 4.32b). 
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Figure 4.32a Photomicrographs showing vein minerals and their crosscutting 

relationships in National Exploration mine site; A. The VNE-d-c-q-ch veins consisting of 

Fe-rich dolomite, quartz, calcite and chlorite X10 XPL; B. The clean dolomite 

crosscutting calcite in the VNE-d-c-q-ch veins X10 XPL; C. Fe-rich dolomite crosscutting 

drusy quartz X4 XPL; D. Fe-rich dolomite crosscutting calcite in the VNE-q-d-c veins X4 

PPL. 

 
Figure 4.32b Paragenetic sequence of vein minerals in the National Exploration mine. 
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4.15 Lorado mine site 

The Lorado mine (UTM 632329 mE, 6597216 mN) is located near the southwest shore 

of Beaverlodge Lake (Figure 2.3). The host rocks are mainly composed of Murmac Bay 

group chlorite-sericite schists derived from argillaceous sedimentary rocks within 

extensive quartzites (Beck, 1969; Ashton and Normand, 2012). Some of the 

chlorite-sericite schists contain abundant graphite and pyrite, possibly indicating 

derivation from a black shale. These rocks are locally unconformably overlain by 

conglomerate of the Beaverlodge Formation (Martin group) (Figure 4.33A, B). There is 

no mineralization at surface, nor are the graphite-pyrite rich rocks exposed. No vein 

samples were collected from the Lorado mine site. 

 

 

Figure 4.33 Photographs showing the Martin group conglomerate overlying the Murmac 

Bay group quartzite in Lorado mine. 
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4.16 Cayzor mine 

4.16.1 Local geology of Cayzor mine  

  The Cayzor mine (UTM 633452 mE, 6606740 mN) is situated about 2 km northwest of 

Uranium City on the northeastern side of Jean Lake (Figure 2.3) along an east-trending 

zone of faults and fractures, possibly representing splays of the Leonard fault. Much of 

the underground mineralization reportedly came from northeast-, east-, and 

northwest-striking fracture sets and their intersections (Beck, 1969). Due to reclamation 

and poor exposure, not much can be seen now at the mine site; however, about 150 m to 

the southwest along strike, variably mylonitized orthogneiss and pink medium- to 

coarse-grained leucogranite are exposed. Continuous layers of Murmac Bay group 

quartzite, amphibolite and pelitic gneiss are exposed about 750 m to the west and occur 

as thin enclaves within the orthogneiss. Two episodes of veins were found cutting the 

orthogneiss, including VCM-c-d-q and VCM-d-q-a veins. High gamma-ray spectrometer 

readings were obtained from both VCM-d-q-a and VCM-c-d-q veins. The VCM-c-d-q veins are 

mainly composed of white calcite, yellowish to pinkish dolomite and minor quartz 

(Figure 4.34A). The VCM-d-q-a veins are made of drusy quartz margins, brownish dolomite 

cores and veinlets of albite within the dolomite (Figure 4.34B).  
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Figure 4.34 Photographs showing vein samples in the Cayzor mine site; A. White calcite 

and pinkish to yellowish dolomite in the VCM-c-d-q vein sample; B. Quartz margins and 

dolomite core cut by albite veinlets in the VCM-d-q-a vein sample. 
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4.16.2 Petrographic study of vein samples from Cayzor mine  

  Petrographic study shows that the VCM-c-d-q veins are made of Fe-rich dolomite, calcite 

(Fe-rich and Fe-poor) and subhedral to euhedral quartz (Figure 4.35a-A, B). The Fe-rich 

dolomite is generally coarse-grained, dirty (hematite inclusion-rich) and deformed. The 

subhedral to euhedral quartz and calcite are randomly distributed in the dolomite. The 

VCM-d-q-a veins are composed of drusy quartz margins and Fe-rich dolomite cores, with 

some near-parallel albite veinlets cutting the dolomite (Figure 4.35a-C, D). Based on the 

petrographic study, quartz and calcite may postdate the dolomite in the VCM-c-d-q veins. 

Drusy quartz in the VCM-d-q-a veins may predate dolomite, whereas albite postdates the 

Fe-rich dolomite (Figure 4.35b). 
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Figure 4.35a Photomicrographs showing vein minerals and their crosscutting relations in 

the Cayzor mine site; A. Fe-rich dolomite showing straight contacts with subhedral to 

euhedral quartz in the VCM-c-d-q vein X4 XPL; B. Fe-rich calcite filling the Fe-rich 

dolomite in the VCM-c-d-q vein X4 PPL; C. Drusy quartz mantling dolomite in the VCM-d-q-a 

vein X4 XPL; D. Albite veinlets cutting dolomite in the VCM-d-q-a vein X4 XPL. 

 

Figure 4.35b Paragenetic sequence of vein minerals in the Cayzor mine site. 
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4.17 Leonard mine 

4.17.1 Local geology of Leonard mine  

  The Leonard mine (UTM 631333 mE, 6604497 mN) lies about 2 km farther southwest 

within the southwestward continuation of Murmac Bay group rocks west of the Cayzor 

mine site (Figure 2.3). It is located near the intersection of the northeast-trending Leonard 

fault and the sinistral southeast-trending „201‟ fault. The shaft has been covered and the 

main adit filled in, but a steep face below the shaft site provides exposure of the host 

rocks, which include black, foliated to lineated, homogeneous to layered, Murmac Bay 

group amphibolite at the base and intrusive white to pale pink, medium-grained to 

pegmatitic, anatectic leucogranite at the top (Figure 4.36A). The amphibolite is also cut 

by decimeter-scale granitic dykes (Figure 4.36B). Both rock types contain hematitized 

fractures, some of which are accompanied by quartz ± carbonate veins. These 

fracture-vein systems tend to be curvilinear, though near-vertical, and include both east- 

and northeast-trending orientations. Two generations of veins were found in the wall of 

the pit, including VLM-c-ch and VLM-d-c-q-ch veins. Both show anomalously high gamma-ray 

spectrometer readings. The VLM-c-ch veins are mainly composed of white to pinkish calcite 

and chlorite, with some of the chlorite along margins of the veins (Figure 4.36C). 

VLM-d-c-q-ch veins are made of yellowish dolomite, minor calcite, quartz and chlorite. The 

VLM-d-c-q-ch veins crosscut hematitized fractures (Figure 4.36D), suggesting that the 

VLM-d-c-q-ch veins are younger. 
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Figure 4.36 Photographs showing local geology and veins samples at the Leonard mine 

site; A. Pink leucogranite overlying the amphibolite; B. Granitic dykes intruding the 

amphibolite; C. White to pinkish calcite cores with chlorite margins in the VLM-c-ch vein; 

D. The VLM-d-c-q-ch vein crosscutting hematitized fracture. 
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4.17.2 Petrographic study of vein samples from Leonard mine  

  Petrographic study shows that the calcite in the VLM-c-ch veins is made of Fe-rich and 

Fe-poor components. Fine-grained chlorite is generally developed along the margins of 

calcite, with some of the chlorite fragments in the contact between the Fe-rich and 

Fe-poor calcite (Figure 4.37a-A). This fine-grained chlorite is locally cut by 

coarse-grained chlorite veinlets in the host rock (Figure 4.37a-B). The VLM-d-c-q-ch veins 

are mainly composed of Fe-rich dolomite, calcite (Fe-rich and Fe-poor), euhedral quartz 

and fine-grained chlorite (Figure 4.37a-C). The fine-grained chlorite and euhedral quartz 

fill a fracture within coarse-grained dolomite. Fine-grained, clean (hematite 

inclusion-poor) dolomite veinlets crosscut the coarse-grained, dirty (hematite 

inclusion-rich) dolomite (Figure 4.37a-D), indicating the clean dolomite postdates the 

dirty dolomite. Based on the petrographic study, it is inferred that fine-grained chlorite in 

the VLM-c-ch veins predates the calcite (Fe-rich and Fe-poor). The clean dolomite postdates 

the dirty dolomite in the VLM-d-c-q-ch veins (Figure 4.37b). 
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Figure 4.37a Photomicrographs showing vein minerals and their relationships at the 

Leonard mine site; A. Fine-grained chlorite along contact between Fe-rich and Fe-poor 

calcite in the VLM-c-ch veins X10 PPL; B. Coarse-grained chlorite crosscutting 

fine-grained chlorite in host rock X20 XPL; C. Fractures in coarse-grained dolomite filled 

by chlorite and quartz, Fe-rich calcite and quartz randomly distributed in dolomite in the 

VLM-d-c-q-ch veins X4 PPL; D. Fine-grained, clean dolomite crosscutting coarse-grained, 

dirty dolomite in the VLM-d-c-q-ch veins X4 XPL. 

 

Figure 4.37b Paragenetic sequence of the vein minerals in the Leonard mine site. 
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4.18 Pitch-Ore and Martin Lake mines 

4.18.1 Local geology of the Pitch-Ore and Martin Lake mines 

  The Pitch Ore (UTM 638294 mE, 6602604 mN) and Martin Lake (UTM 638344 mE, 

6603380 mN) mines are located between the northwest shore of Beaverlodge Lake and 

Martin Lake on the eastern limb of the Martin Lake syncline where it is transected by a 

steep north-northwest-trending fault (Beck, 1969). The host rocks are Martin group 

arkose and interbedded mafic volcanic rocks of the Gillies Channel Formation. At the 

Pitch-Ore site, the volcanic rocks are massive and locally contain randomly oriented 

plagioclase phenocrysts and quartz-calcite- and possibly albite-filled amygdules. Cooling 

cracks in the mafic volcanic rocks were noted in one exposure (Figure 4.38A). The 

mineralization is exposed in several trenches and in east-southeast and southeast-trending 

hematitized fractures filled by carbonate. Some of these carbonate veins are lined by 

specular hematite (Figure 4.38B). As Beck (1969) recorded, pitchblende in the Pitch-Ore 

and Martin Lake mines mainly occurred in massive and colloform varieties and as 

veinlets and stringers in the calcite veins and in breccia cemented by calcite. Minor pyrite, 

chalcopyrite, covellite, bornite and native gold were associated with the pitchblende. The 

Martin Lake mine is situated within the same rocks along east-northeast to southeast- 

trending faults and fractures. The main mine site on the eastern side of Martin Lake was 

not visited but samples of amygdaloidal basalt (Figure 4.38 C) and mineralized veins 

(VML-c-q-s) cutting basalt were collected from waste rock at a second adit on the western 

shore of Beaverlodge Lake. The VML-c-q-s veins are mainly composed of white to pinkish 
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calcite, specularite and minor quartz. Quartz veinlets cut both the VML-c-q-s veins and 

reddish albite veinlets (Figure 4.38D). 
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Figure 4.38 Photographs showing local geology and vein samples in the Pitch-Ore and 

Martin Lake mine sites; A. Cooling cracks in the basalt; B. Southeast-trending trench in 

Pitch-Ore mine site; C. Amygdaloidal basalt at a second adit in the Martin Lake mine site; 

D. The VML-c-q-s vein and albite veinlets cut by quartz veinlet. 

 



95 

4.18.2 Petrographic study of samples from Pitch-ore and Martin Lake mines 

  Petrographic study of the basalt samples from Pitch-Ore mine site shows that the 

amygdules (APO-c-q-a) are made of Fe-poor calcite, minor euhedral quartz (Figure 4.39a-A) 

and albite. The fine-grained, clean (hematite inclusion-poor) albite is locally associated 

with the calcite (Figure 4.39a-B). The amygdaloidal basalt sample from the Martin Lake 

mine site shows that the amygdules (AML-c) are only made of Fe-poor calcite. The 

VML-c-q-s veins are composed of Fe-rich calcite, subhedral to euhedral quartz and 

specularite (Figure 4.39a C). The specularite laths crosscut both quartz and the Fe-rich 

calcite. The VML-c-q-s veins are cut by hematitized albite (hematite inclusion-rich) veinlets 

(Figure 4.39a D). Based on the petrographic study, the relatively straight contacts 

between Fe-poor calcite and quartz may suggest that they were broadly coeval in the 

amygdules (APO-c-q-a) from the Pitch-Ore mine site. Specularite postdates the Fe-rich 

calcite and quartz in the VML-c-q-s veins (Figure 4.39b). 
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Figure 4.39a Photomicrographs showing different minerals and their relationships in the 

Pitch-Ore and Martin Lake mine site; A. Euhedral quartz showing straight contacts with 

Fe-poor calcite in amygdaloidal basalt (APO-c-q-a) from Pitch-Ore mine X20 XPL; B. 

Albite associated with Fe-poor calcite vein in amygdaloidal basalt from Pitch-Ore mine 

X10 XPL; C. VML-c-q-s vein consisting of Fe-rich calcite, euhedral quartz and specularite 

X4 XPL; D. Fe-rich calcite in a VML-c-q-s vein cut by hematitized albite veinlet X10 PPL.  

 

Figure 4.39b Paragenetic sequence of minerals in the amygdaloidal basalt and VML-c-q-s 

veins cutting basalt in the Pitch-Ore and Martin Lake mine sites.
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4.19 Nicholson Bay mine 

4.19.1 Local geology of Nicholson Bay mine 

  The Nicholson Bay mine (UTM 645325 mE, 6594039 mN) is located about 10 km 

southeast of the Pitch-Ore deposit, on the north shore of Lake Athabasca (Figure 2.3). 

The host rocks are mainly composed of the Murmac Bay group quartzite, dolomitic 

quartzite, dolomitic marble and amphibolite derived from mafic and ultramafic rocks 

(Sibbald et al., 1983). These rocks are intensely folded and part of a southwest-plunging, 

northeast-trending synform. The reddish (hematitized) quartzite is strongly brecciated. 

The uranium mineralization occurs along steep fractures, some filled by dolomite veins 

(possibly with minor quartz, VNB-d-q) (Figure 4.40 A), mainly trending parallel to the 

north-northwest-striking regional fabric or to the east-southeast. Intense fracturing in 

some of these zones has produced brecciation. It is polymetallic, containing pitchblende, 

Cu sulphides, Ni and Co arsenides and native gold and silver (Figure 4.40 B) (Beck, 

1969).  

4.19.2 Petrographic study of vein samples from Nicholson Bay mine  

  The VNB-d-q veins are mainly composed of Fe-rich dolomite (clean and dirty), and 

minor subhedral to euhedral quartz (Figure 4.41a-A). The clean (hematite inclusion-poor) 

dolomite (Fe-rich) crosscuts dirty (hematite inclusion-rich) dolomite (Fe-rich) (Figure 

4.41a-B), which indicates that the clean dolomite postdates the dirty dolomite in the 

VNB-d-q veins (Figure 4.41b). 
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Figure 4.40 Photographs showing dolomite and Ni-Co mineralization in the Nicholson 

Bay mine site; A. Coarse-grained, yellow dolomite of the VNB-d-q veins cutting quartzite; 

B. Ni-Co mineralization showing greenish (anabergite) and pinkish (erythrite) staining. 

 

 
Figure 4.41a Photomicrographs showing vein minerals and their relationships at the 

Nicholson Bay mine site; A. Quartz associated with clean dolomite; B. Clean dolomite 

crosscutting the dirty dolomite in the VNB-d-q veins. 

 

 

Figure 4.41b Paragenetic sequence of vein minerals in the VNB-d-q veins at the Nicholson 

Bay mine site. 
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4.20 Petrographic study of samples from Martin group 

  Samples of sedimentary rocks from the Beaverlodge Formation, Gillies Channel 

Formation, Seaplane Base Formation and Melville Formation of the Martin group were 

collected from different locations distal to the uranium mine sites (see Appendix A for 

details). Thin sections of Martin group arkose and conglomerate along with some 

crosscutting carbonate and quartz veins were examined with a petrographic microscope.  

The arkose from the Beaverlodge Formation is generally composed of fine-grained, 

well-sorted and sub-angular sand. Quartz is the most common mineral, followed by 

feldspar (20-30%), glauconite, sericite, chlorite, zircon, hematite and lithic grains. Matrix 

is rare and very little visible pore space is present. Cements are mainly composed of 

carbonates (Fe-poor and Fe-rich calcite), quartz overgrowths and iron oxides. Two 

episodes of veins were distinguished in the arkose, including VBF-c-q and VBF-d veins. The 

VBF-c-q veins are mainly composed of Fe-poor calcite and subhedral to euhedral quartz 

(Figure 4.42a-A). The VBF-d veins consist of coarse-grained, Fe-poor dolomite. The quartz 

overgrowths have been variously dissolved by the dolomite (Figure 4.42a-B). 

  The arkose from the Gillies Channel Formation is generally characterized by 

medium-grained sands, with moderate sorting and sub-angular roundness. The studied 

samples are mainly composed of quartz, feldspar, sericite, lithic grains and hematite. 

Matrix is rare and very little visible pore space is present. Variously dissolved quartz 

overgrowths and Fe-poor dolomite act as cement in the arkose (Figure 4.42a-C). Some of 

the Fe-poor dolomite occurs as veins (VGCF-d veins) crosscutting the Gillies Channel 
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Formation arkose (Figure 4.42a-D). 

The arkose from Seaplane Base Formation is mainly made of medium, well sorted and 

sub-angular sand grains. The arkoses comprise quartz, feldspar, sericite, lithic grains and 

hematite. Matrix is rare and little visible pore space is present. Cement of the arkose 

mainly consists of quartz overgrowths, feldspar overgrowths and calcite (Fe-rich and 

Fe-poor) (Figure 4.42a-E). Some of the Fe-poor calcite occurs as veins (VSBF-c veins) 

crosscutting the arkose (Figure 4.42a-F). 

  Thin sections of arkose and conglomerate from the Melville Formation of the Martin 

group have also been studied. The arkose is generally composed of medium- grained, 

well-sorted and sub-rounded sand, mainly consisting of quartz, feldspar, biotite, 

muscovite, lithic grains and hematite. Matrix is rare and little visible pore space is present. 

Quartz and feldspar overgrowths are well developed in the arkose (Figure 4.42a-G). 

Carbonate cement is also common, including Fe-rich and Fe-poor calcite. The 

conglomerate is mainly composed of coarse, moderately sorted and sub-angular sand 

grains. Quartz is most dominant in the conglomerate, followed by feldspar, sericite, rock 

fragments, chlorite, pyrite and hematite. Cements mainly comprise calcite (Fe-poor and 

Fe-rich), and quartz and feldspar overgrowths (Figure 4.42a-H). Several episodes of veins 

were found cutting the Melville Formation sedimentary rocks, including VMF-c, VMF-d, 

VMF-q and VMF-c-d-q-ch veins. The VMF-c veins mainly consist of fine-grained, Fe-rich 

calcite (Figure 4.42b-A). The VMF-d veins are made of coarse-grained, dirty (hematite 

inclusion-rich), Fe-rich dolomite (Figure 4.42b-B). The VMF-q veins are mainly composed 
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of drusy quartz (Figure 4.42b-C). The VMF-c-d-q-ch veins are made of Fe-rich and Fe-poor 

calcite, Fe-rich dolomite, minor quartz and chlorite. The Fe-rich calcite is cut by Fe-poor 

calcite (Figure 4.42b-D). Some fractures in the Fe-rich calcite are filled by minor chlorite 

and deformed quartz. The subhedral, Fe-rich dolomite shows straight contacts with 

Fe-rich calcite (Figure 4.42b-E). Chlorite is randomly distributed in the Fe-rich calcite 

(Figure 4.42b-F). 

  Based on the petrographic study, deformed quartz in the VMF-c-d-q-ch veins represents an 

early silicification event. Quartz and feldspar overgrowths predate Fe-poor dolomite in 

the VBF-d and VGCF-d veins. Another silicification event represented by the deposition of 

subhedral to euhedral quartz and drusy quartz in the VBF-c-q and VMF-q veins may be 

relatively late (Figure 4.42c).  
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Figure 4.42a Photomicrographs showing vein minerals and their relationships in the 

Martin group sedimentary rocks; A. Fe-poor calcite and quartz in the VBF-c-q veins X4 

PPL; B. Quartz overgrowths dissolved by Fe-poor dolomite X10 XPL; C. Fe-poor 

dolomite cement and quartz overgrowths in the arkose of the Gillies Channel Formation 

X10 XPL; D. Fe-poor dolomite of the VGCF-d veins crosscutting arkose X4 XPL; E. The 

seaplane Base Formation arkose cemented by Fe-poor calcite X4 XPL; F. Fe-poor calcite 

of the VSBF-c veins crosscutting the arkose X10 XPL; G. Quartz and feldspar overgrowths 

well developed in the Melville Formation arkose X10 XPL; H. Feldspar overgrowths and 

Fe-rich calcite in the Melville Formation arkose X10 XPL. 
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Figure 4.42b Photomicrographs showing different episodes of veins cutting the Melville 

Formation sedimentary rocks; A. Fe-rich calcite of the VMF-c veins cutting arkose X4 XPL; 

B. Fe-rich dolomite of the VMF-d veins cutting conglomerate X4 XPL; C. Drusy quartz of 

the VMF-q veins cutting conglomerate X4 XPL; D. Fe-rich calcite cut by Fe-poor calcite in 

the VMF-c-d-q-ch veins X4 PPL; E. Fe-rich dolomite associated with Fe-rich calcite in the 

VMF-c-d-q-ch veins X4 PPL; F. Chlorite showing straight contacts with the Fe-rich calcite in 

VMF-c-d-q-ch veins X4 PPL. 
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Figure 4.42c Paragenetic sequence of vein minerals in the Martin group sedimentary 

rocks. 
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4.21 Summary of the regional paragenesis 

  Based on the field observation that some carbonate ± quartz veins crosscut the Martin 

group (some of which are mineralized), it is inferred that the main phase of vein-type 

uranium mineralization took place after deposition of the Martin group. One generation 

of early veining was recorded by the foliation-parallel veins containing strongly deformed 

quartz, including VBP
1

q-e-p, VHP
1

q-m-ch, VES-q-p and VIZ-q-p veins. Non-deformed quartz, 

including euhedral quartz and drusy quartz (comb shape), appears to predate most of the 

carbonate (e.g., VBP
2
 q-c-ch,VES q-c-a veins) although the latest generation of veins at several 

sites are also dominated by quartz and postdate the carbonate (e.g., VBP
7

c-q, VHP
3

-q veins). 

One generation of carbonate ± quartz veins is thought to form relatively early based on 

the fact that they are cut by albite veinlets, such as VDP-d-c-q-a, V46Z-c-d and VCM-d-q-a veins. 

In contrast, another generation of carbonate ± quartz veins is characterized by having 

albite lining their margins (the mantling albite is not exactly the same as that within the 

albite veinlets, e.g., some of mantling albite is hematite inclusion-poor whereas some 

albite veinlets are hematite inclusion-rich), such as VBP
4

c-q-a, VES-q-c-a and VSP-q-c-a veins, 

suggesting that these veins possibly formed later (Figure 4.43). Even though the mineral 

compositions of all these veins vary from one deposit to another, the dominant minerals 

generally include dolomite (Fe-rich and Fe-poor), calcite (Fe-rich and Fe-poor), quartz 

and albite. Fe-rich dolomite is well developed in most of the deposits, and it seems to 

form before, and during the precipitation of calcite (Fe-rich and Fe-poor). Fe-poor 

dolomite can be only observed in several deposits, and it is syn- to post-Fe-rich dolomite. 
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No preferred timing relationships can be observed between Fe-rich calcite and Fe-poor 

calcite. 
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Figure 4.43 Summary of the regional paragenesis in the Beaverlodge uranium district; 

note the red “V” refers to mineralized veins. 
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Chapter 5: Fluid inclusion study 

5.1 Types and occurrences of fluid inclusions 

Three types of fluid inclusions were identified in the quartz and/or carbonate samples, 

including liquid-dominated and vapour-dominated biphase fluid inclusions and 

monophase (vapour) inclusions.  

The liquid-dominated biphase fluid inclusions consist of a liquid phase and a vapour 

phase at room temperature, with the vapour percentage less than 50% (Figure 5.1A). The 

vapour-dominated biphase inclusions are composed of a liquid phase and vapour phase 

under room temperatures as well, but the vapour percentage is generally more than 50% 

(Figure 5.1B). The monophase fluid inclusions consist of only a vapour phase at room 

temperatures without a visible liquid phase (Figure 5.1C). Coexistence of 

liquid-dominated, vapour-dominated and vapour-only inclusions in individual fluid 

inclusion assemblages (FIA) is common in most of the host minerals (Figure 5.1D). Fluid 

inclusions occur in growth zones, isolation, random distribution, clusters and trails. The 

fluid inclusions in the growth zones are generally elongated or emplaced along the 

growth direction of the crystals (Figure 5.2A). The isolated fluid inclusions are separated 

from other inclusions with relatively long intervening distances (Figure 5.2B). The 

randomly distributed inclusions generally occupy large areas of individual crystals, and 

some of these inclusions form cloudy cores by covering the core areas of quartz crystals 

(Figure 5.2C). Fluid inclusions that occur as clusters are relatively close to each other and 

only cover a very small part of the host crystals. Trails of fluid inclusions include both 
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short trails within crystals and long trails crosscutting the crystal boundaries (Figure 

5.2D). Fluid inclusions with isolated distribution or those in the growth zones are 

considered primary, and those in short trails are likely pesudosecondary, whereas those in 

long trails crosscutting crystal boundaries are interpreted to be secondary. Petrographic 

study showed that the primary fluid inclusions, including liquid-dominated, 

vapour-dominated and vapour-only inclusions, were generally well developed in quartz 

and carbonate. However, no reliable results were provided by the microthermometric 

measurements of vapour-dominated and vapour-only inclusions. Only the primary 

liquid-dominated fluid inclusions with low vapour percentages were selected for fluid 

inclusion microthermometric measurements. Adjacent fluid inclusions with variable 

liquid/vapour ratios were considered unreliable (due to heterogeneous trapping or 

post-trapping modification) (Goldstein and Reynolds, 1994; Chi and Lu, 2008). 
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Figure 5.1 Photomicrographs showing different types of fluid inclusions: A. 

Liquid-dominated biphase fluid inclusion in calcite (Bolger pit); B. Vapour-dominated 

biphase fluid inclusion in quartz (21 Zone); C. Vapour-only monophase fluid inclusion in 

calcite (Bolger pit); D. Coexistence of biphase fluid inclusions and monophase fluid 

inclusions in quartz vein (Hab pit). (Original in colour) 
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Figure 5.2 Photomicrographs showing different occurrences of fluid inclusions in host 

minerals: A. Fluid inclusions (monophase) distributed along the quartz growth zones 

(Hab pit); B. An isolated liquid-dominated inclusion in calcite (Bolger pit); C. Fluid 

inclusions (monophase) forming cloudy core in quartz (Hab pit); D. Fluid inclusions 

(monophase) occurring as trails crosscutting quartz crystals (Hab pit). (Original in colour) 
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5.2 Microthermometric studies of fluid inclusions in quartz and carbonate from the 

Martin group and different uranium occurrences 

  For each of the deposits in the Beaverlodge uranium district, three types of inclusions, 

including the liquid-dominated biphase, vapour-dominated biphase and vapour-only 

(monophase) fluid inclusions, can be observed in most of the carbonate±quartz veins. 

The occurrences of these fluid inclusions mainly include isolation, random distribution, 

clusters and trails. Microthermometric results were obtained from the liquid-dominated 

biphase fluid inclusions with appropriate sizes (minimum diameter at 5µm).  

5.2.1 Microthermometric study of fluid inclusions in the VMF-c-d-q-ch veins cutting the 

Martin group 

  Measurements of total homogenization temperatures (Th) and final ice-melting 

temperatures (Tm-ice) were carried out on the liquid-dominated inclusions in Fe-rich 

calcite from VMF-c-d-q-ch veins that cut the Melville Formation of the Martin group. The 

homogenization temperatures mainly range from 96
o
 to 164

o
C, with the majority falling 

in the range of 110
o
 to 150

o
C (Figure 5.3a). Some of the fluid inclusions could not be 

frozen even down to -180
o
C, possibly indicating very high salinities and Ca-rich 

compositions (Chi et al., in review). The total homogenization temperatures of these 

non-freezing fluid inclusions are generally less than 110
o
C. Final ice-melting 

temperatures mainly range from -16.7
o
 to -0.6

o
C. Using the equation of Chi and Ni (2007) 

and assuming the H2O-NaCl system, the salinities are calculated to range from 20.0 to 1.1 

wt % NaCl equivalent (Figure 5.3b). Some of the inclusions, however, did not show 
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freezing during the reheating process (after being cooled to -185
o
C), and their salinities 

could not be estimated. Despite the apparent non-freezing, one inclusion still showed a 

melting event at +2.4
o
C. This temperature is interpreted to be the melting temperature for 

clathrate.  
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Figure 5.3a Histograms of homogenization temperatures of fluid inclusions in Fe-rich 

calcite from VMF-c-d-q-ch veins cutting the Martin group sedimentary rocks. (Original in 

colour) 

 

 

Figure 5.3b Plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in Fe-rich calcite from VMF-c-d-q-ch veins cutting the Martin group sedimentary 

rocks; note that only the microthermometric measurements with both Th and salinity 

results are plotted here. (Original in colour) 
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5.2.2 Microthermometric study of fluid inclusions from Bolger pit   

Liquid-dominated fluid inclusions are rare in quartz and calcite of the VBP
1

q-e-p and 

VBP
2

q-c-ch vein samples and most of them are too small for microthermometric 

measurement. Homogenization temperatures (Th) of fluid inclusions in VBP
3

c-h Fe-poor 

calcite range from 88
o
 to 195

o
C, with the majority from 150

o
 to 190

o
C (Figure 5.4a). Th 

values of fluid inclusions in Fe-poor calcite within the mineralized VBP
4

c-q-a veins vary 

from 113
o
 to 243

o
C, with the majority ranging from 130

o
 to 190

o
C. For VBP

5
c-h Fe-poor 

calcite, Th values fall in the range of 75
o
 to 133

o
C. One Th value obtained from the VBP

5
c-h 

Fe-rich calcite was at 143
o
C. Th values of VBP

6
c-q Fe-poor calcite and VBP

7
c-q Fe-poor 

calcite-quartz fall in the range 55
o
 to 239

o
C and 110

o
 to 283

o
C, respectively. Many 

liquid-dominated inclusions in V3 to V7 veins cannot be frozen even down to -180
o
C. 

During the reheating, some of these fluid inclusions became gradually frozen. For those 

fluid inclusions that can be frozen, ice-melting temperatures range from -51.8
o
 to -0.4

o
C. 

The calculated salinities mainly range from 31.4 to 0.7 wt % NaCl equivalent (Figure 

5.4b). The low ice-melting temperatures (<-21.2
o
C) suggest that the fluid may have 

contained other salts in addition to NaCl, most likely CaCl2 (Crawford, 1981). Using the 

equation of Chi and Ni (2007) for the H2O-NaCl-CaCl2 system, the CaCl2 percentage in 

total salts (CaCl2 / NaCl + CaCl2) of fluid was estimated to be up to 95 wt% for the 

ice-melting temperature at -51.8
o
C at the time of V3 calcite deposition. The clathrate 

melting temperatures mainly range from -4.5
o
 to +3.5

o
C for the non-freezing fluid 

inclusions.
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Figure 5.4a Histograms of homogenization temperatures of fluid inclusions in V3 to V7 

calcite and quartz from the Bolger pit. (Original in colour) 

 

 

Figure 5.4b A plot of total homogenization temperatures versus calculated salinities of 

fluid inclusions in V3 to V7 calcite and quartz from Bolger pit; note that only the 

microthermometric measurements with both Th and salinity results are plotted here. 

(Original in colour) 
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5.2.3 Microthermometric study of fluid inclusions from Dubyna pit 

  Microthermometric measurements were carried out on the liquid-dominated inclusions 

in calcite (Fe-rich and Fe-poor) and quartz of the VDP
1

c-q-d veins (mineralized) and in 

dolomite (Fe-rich) and quartz of the VDP-d-c-q-a veins (mineralized) from Dubyna pit. Th 

values of inclusions in quartz from the VDP
1

c-q-d veins vary from 106
o
 to 193

o
C, with the 

majority from 130
o
 to 170

o
C (Figure 5.5a). For Fe-rich and Fe-poor calcite, the Th values 

range from 120
o
 to 195

o
C. For Fe-rich dolomite from the VDP-d-c-q-a vein, Th values fall in 

the range 90
o
 to 220

o
C, whereas one single result from euhedral quartz in the VDP-d-c-q-a 

vein is 203
o
C. Tm-ice values measured in quartz from the VDP

1
c-q-d veins vary from -4.1

o
 to 

-0.2
o
C, with the calculated salinities from 6.6 to 0.4 wt % NaCl equivalent. For calcite, 

the Tm-ice values fall in the range of -17.9
o
 to -0.7

o
C and the calculated salinities range 

from 20.9 to 1.2 wt % NaCl equivalent. The Tm-ice values obtained from dolomite in the 

VDP-d-c-q-a vein range from -43.2
o
 to -1.1

o
C, with salinities from 29.5 to 1.9 wt % NaCl 

equivalent (Figure 5.5b). The lowest ice-melting temperature (-43.2
o
C) suggests that the 

fluid may have had up to 90 wt% CaCl2 ratios in total salts at the time of dolomite 

deposition. Two clathrate-melting temperatures at -2.6
o
 and +23.0

o
C were obtained from 

the dolomite.  
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Figure 5.5a Histograms of homogenization temperatures of fluid inclusions in calcite 

(Fe-rich and Fe-poor) and quartz of the VDP
1

c-q-d veins (mineralized) and in dolomite 

(Fe-rich) and quartz of the VDP-d-c-q-a veins (mineralized) from Dubyna pit. (Original in 

colour) 

 

 

Figure 5.5b Plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in calcite (Fe-rich and Fe-poor) and quartz of the VDP
1

c-q-d veins (mineralized) 

and in dolomite (Fe-rich) of the VDP-d-c-q-a veins (mineralized) from Dubyna pit, note that 

only microthermometric measurements with both Th and salinity results are plotted here. 

(Original in colour) 
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5.2.4 Microthermometric study of fluid inclusions in veins from Hab pit 

Microthermometric measurements were carried out on liquid-dominated inclusions in 

VHP
2

q-d-c-ch-a (mineralized) and VHP
3

-q quartz. The Th values of fluid inclusions in 

VHP
2

q-d-c-ch-a quartz varied from 121
o
 to 330

o
C, and three Th values obtained from VHP

3
-q 

quartz were 171
o
, 175

o
 and 241

o
C (Figure 5.6a). The Tm-ice values of fluid inclusions in 

the VHP
2

q-d-c-ch-a quartz ranged from -48.7
o
 to -0.5

o
C, with calculated salinities from 30.8 

to 0.9 wt % NaCl equivalent (Figure 5.6b). The lowest ice-melting temperature (-48.7
o
C) 

suggests that the fluid may have had up to 93 wt% CaCl2 ratios in total salts at the time of 

VHP
2

q-d-c-ch-a quartz deposition. The Tm-ice values of VHP
3

-q quartz range from -2.5
o
 to 

-1.1
o
C, with calculated salinities from 4.2 to 1.9 wt % NaCl equivalent. A plot of 

homogenization temperatures versus calculated salinities from fluid inclusions in 

VHP
2

q-d-c-ch-a quartz shows that fluids with two groups of salinities (0.9 to 4.2 wt % NaCl 

equivalent and 21.9 to 30.8 wt % NaCl equivalent) were involved in the vein formation, 

but these fluids have not mixed too much (Figure 5.6b). Three clathrate-melting 

temperatures of -1.0
o
, -1.4

o
 and -1.5

o
C were obtained from VHP

2
q-d-c-ch-a quartz.  
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Figure 5.6a Histograms of homogenization temperatures of fluid inclusions in 

VHP
2

q-d-c-ch-a (mineralized) and VHP
3

-q quartz from Hab. (Original in colour) 

 

 

Figure 5.6b A plot of homogenization temperatures versus calculated salinities from fluid 

inclusions in VHP
2

q-d-c-ch-a (mineralized) and VHP
3

-q quartz, note that only the 

microthermometric measurements with both Th and salinity results are plotted here. 

(Original in colour) 
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5.2.5 Microthermometric studies of fluid inclusions in veins from other uranium 

occurrences 

Microthermometric measurements were carried out on liquid-dominated inclusions in 

Fe-rich calcite from VES-q-c-a veins (mineralized) and Fe-rich dolomite from VES-q-d-c veins 

(mineralized) at the Eagle shaft. The Th values of fluid inclusions in the dolomite and 

calcite range from 109
o
 to 154

o
C and 175

o
 to 267

o
C, respectively (Figure 5.7a). The 

non-freezing fluid inclusions are well developed in both dolomite and calcite, with Th 

values generally falling in the range of 100
o
 to 160

o
C. For the calcite, the Tm-ice values fall 

in range of -6.9
o
 to -1.8

o
C, with calculated salinities from 10.4 to 3.1 wt % NaCl 

equivalent. The Tm-ice values obtained from dolomite range from -35.8
o
 to -5.8

o
C, with 

calculated salinities from 27.5 to 9.0 wt % NaCl equivalent (Figure 5.7b). The lowest 

ice-melting temperature (-35.8
o
C) suggests that the fluid may have had up to 81 wt% 

CaCl2 ratios in total salts at the time of dolomite deposition. The plot of homogenization 

temperatures versus calculated salinities of fluid inclusions in Fe-rich calcite from 

VES-q-c-a veins and Fe-rich dolomite from VES-q-d-c veins shows that the relatively early 

precipitation calcite fluids were generally hot and less saline, whereas the subsequently 

precipitated dolomite fluids were cooler and more saline (Figure 5.7b). 
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Figure 5.7a Histograms of homogenization temperatures of fluid inclusions in Fe-rich 

calcite from VES-q-c-a veins (mineralized) and Fe-rich dolomite from VES-q-d-c veins 

(mineralized) in Eagle shaft. (Original in colour) 

 

 

Figure 5.7b A plot of total homogenization temperatures versus calculated salinities of 

fluid inclusions in Fe-rich calcite from VES-q-c-a veins (mineralized) and Fe-rich dolomite 

from VES-q-d-c veins (mineralized) in Eagle shaft, note that only the microthermometric 

measurements with both Th and salinity results are plotted here. (Original in colour) 
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Liquid-dominated inclusions in drusy quartz and Fe-poor calcite from VSP-q-c-a veins 

(mineralized) and in Fe-rich dolomite and drusy quartz from VSP-q-ch-c-d veins (mineralized) 

in Spur pit were selected for microthermometric study. Th values of inclusions in drusy 

quartz from VSP-q-c-a veins mainly range from 151
o
 to 199

o
C. For calcite from VSP-q-c-a 

veins, three Th values were obtained: 167
o
, 182

o
 and 188

o
C. The Th values obtained from 

dolomite from VSP-q-ch-c-d veins fall in the range 156
o
 to 195

o
C. The Th values of 

inclusions in drusy quartz from VSP-q-ch-c-d veins show a range of 109
o
 to 242

o
C, with the 

majority from 150
o
 to 190

o
C (Figure 5.8a). For drusy quartz from VSP-q-c-a veins, the Tm-ice 

values range from -3.8
o
 to -0.8

o
C, with calculated salinities from 6.2 to 1.4 wt % NaCl 

equivalent. Two Tm-ice values were obtained in calcite from VSP-q-c-a veins: -1.0
o
 and 

-0.5
o
C, with calculated salinities at 1.7 to 0.9 wt % NaCl equivalent, respectively. The 

Tm-ice values of fluid inclusions in dolomite from VSP-q-ch-c-d veins fall in the range -3.2
o
 to 

-0.9
o
C, with calculated salinities from 5.3 to 1.6 wt % NaCl equivalent (Figure 5.8b). The 

Tm-ice values measured in drusy quartz from VSP-q-ch-c-d veins range from -40.5
o
 to -0.2

o
C, 

with the calculated salinities from 28.8 to 0.4 wt % NaCl equivalent. The lowest 

ice-melting temperature (-40.5
o
C) suggests that the fluid may have had up to 87 wt% 

CaCl2 ratios in total salts at the time of quartz deposition. One clathrate-melting 

temperature of +6.2
o
C was obtained in drusy quartz from VSP-q-ch-c-d veins.  
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Figure 5.8a Histograms of homogenization temperatures of fluid inclusions in drusy 

quartz and Fe-poor calcite from VSP-q-c-a veins (mineralized) and in Fe-rich dolomite and 

drusy quartz from VSP-q-ch-c-d veins (mineralized) in Spur pit. (Original in colour) 

 

 
Figure 5.8b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in drusy quartz and Fe-poor calcite from VSP-q-c-a veins (mineralized) and in 

Fe-rich dolomite and drusy quartz from VSP-q-ch-c-d veins (mineralized) in Spur pit; note 

that only microthermometric measurements with both Th and salinity results are plotted 

here. (Original in colour) 
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Liquid-dominated inclusions in deformed quartz from VIZ-q-p veins, drusy quartz from 

VIZ-q-c-d-a-ch veins (mineralized), calcite (Fe-rich and Fe-poor) and drusy quartz from 

VIZ-q-d-c veins (mineralized) in the Intermediate zone were selected for microthermometric 

measurements. The Th values of fluid inclusions in deformed quartz range from 119
o
 to 

276
o
C. Th values obtained from drusy quartz in the VIZ-q-c-d-a-ch veins range from 116

o
 to 

232
o
C, with the majority from 120

o
 to 170

o
C. The calcite (Fe-rich and Fe-poor) in VIZ-q-d-c 

veins has the Th values ranging from 125
o
 to 226

o
C (Figure 5.9a). Th values obtained 

from drusy quartz in the VIZ-q-d-c veins mainly range from 84
o
 to 201

o
C. 

The deformed quartz has Tm-ice values from -19.8
o
 to -9.4

o
C, with calculated salinities 

from 22.2 to 13.3 wt % NaCl equivalent. The Tm-ice values obtained from drusy quartz in 

the VIZ-q-c-d-a-ch veins vary from -3.2
o
 to -0.7

o
C, with calculated salinities from 5.3 to 1.2 

wt % NaCl equivalent. The Fe-poor calcite from VIZ-q-d-c veins has Tm-ice values in the 

range of -44.5
o
 to -1.3

o
C, with calculated salinities from 29.8 to 2.2 wt % NaCl 

equivalent (Figure 5.9b). The low ice-melting temperature (-44.5
o
C) suggests that the 

fluid may have had up to 91 wt% CaCl2 ratios in total salts at the time of Fe-poor calcite 

deposition. The Tm-ice values obtained from Fe-rich calcite in VIZ-q-d-c veins range from 

-3.3
o
 to -2.0

o
C, with calculated salinities from 5.4 to 3.4 wt % NaCl equivalent. Drusy 

quartz from VIZ-q-d-c veins has Tm-ice values ranging from -4.9
o
 to -1.5

o
C, with calculated 

salinities from 7.7 to 2.6 wt % NaCl equivalent. 
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Figure 5.9a Histograms of homogenization temperatures of fluid inclusions in deformed 

quartz from VIZ-q-p veins, drusy quartz from VIZ-q-c-d-a-ch veins (mineralized), calcite 

(Fe-rich and Fe-poor) and drusy quartz from VIZ-q-d-c veins (mineralized) in Intermediate 

zone. (Original in colour) 

 

Figure 5.9b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in deformed quartz from VIZ-q-p veins, drusy quartz from VIZ-q-c-d-a-ch veins 

(mineralized), calcite (Fe-rich and Fe-poor) and drusy quartz from VIZ-q-d-c veins 

(mineralized) in the Intermediate zone; note that only the microthermometric 

measurements with both Th and salinity results are plotted here. (Original in colour) 
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Microthermometric measurements were carried out on the liquid-dominated inclusions 

in Fe-poor calcite from VEA-c-a-ch-q-h veins (mineralized) and VEA-c veins (mineralized) at 

the Eagle-Ace site. The Fe-poor calcite from VEA-c-a-ch-q-h veins has Th values ranging 

from 110
o
 to 279

o
C. The Fe-poor calcite from VEA-c veins has Th values ranging from 

131
o
 to 202

o
C (Figure 5.10a). The calcite in VEA-c-a-ch-q-h veins has two Tm-ice values at 

-6.2
o
 and -0.1

o
C, with calculated salinities at 9.5 and 0.2 wt% NaCl equivalent. The Tm-ice 

values measured in the calcite from the VEA-c veins range from -20.7
o
 to -1.3

o
C, with 

calculated salinities from 22.9 to 2.2 wt% NaCl equivalent (Figure 5.10b).  

Liquid-dominated inclusions in quartz from the VCO-q-c veins (mineralized) at the 

Camdeck site were selected for microthermometric study. The Th values measured from 

quartz range from 150
o
 to 221

o
C, with the majority from 170

o
 to 190

o
C (Figure 5.11a). 

The quartz has Tm-ice values from -2.1
o
 to -0.5

o
C, with calculated salinities from 3.6 to 0.9 

wt% NaCl equivalent (Figure 5.11b). One clathrate-melting temperature of +1.6
o
C was 

obtained from quartz. 
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Figure 5.10a Histograms of homogenization temperatures of fluid inclusions in Fe-poor 

calcite from VEA-c-a-ch-q-h veins (mineralized) and VEA-c veins (mineralized) at the 

Eagle-Ace site. (Original in colour) 

 

Figure 5.10b A plot of total homogenization temperatures versus calculated salinities of 

fluid inclusions in Fe-poor calcite from VEA-c-a-ch-q-h veins (mineralized) and VEA-c veins 

(mineralized) at the Eagle-Ace site; note that only the microthermometric measurements 

with both Th and salinity results are plotted here. (Original in colour) 
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Figure 5.11a Histograms of homogenization temperatures of fluid inclusions in quartz 

from VCO-q-c veins at Camdeck. 

 

 

Figure 5.11b Plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in quartz from VCO-q-c veins at Camdeck. 
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Microthermometric measurements were carried out on liquid-dominated inclusions in 

Fe-rich calcite from C46Z-c-d cements (cementing albitized leucogranite, mineralized) in 46 

Zone. The Th values measured from calcite fall in the range of 139
o
 to 261

o
C, with the 

majority from 160
o
 to 200

o
C (Figure 5.12a). The Tm-ice values measured in calcite range 

from -40.2
o
 to -0.2

o
C, with calculated salinities from 28.7 to 0.4 wt % NaCl equivalent 

(Figure 5.12b). The lowest ice-melting temperature (-40.2
o
C) suggests that the fluid may 

have had up to 87 wt% CaCl2 ratios in total salts at the time of calcite deposition. One 

clathrate-melting temperature at -1.5
o
C was obtained from the calcite. 

Liquid-dominated inclusions in drusy quartz and Fe-rich dolomite from V21Z-q-d-a veins 

(mineralized) and Fe-rich dolomite from V21Z-d-c-m-p veins (mineralized) in the 21 Zone 

were selected for microthermometric study. The Th values of fluid inclusions in quartz 

and dolomite from V21Z-q-d-a veins range from 166
o
 to 260

o
C and 159

o
 to 237

o
C, 

respectively (Figure 5.13a). One Th value obtained from dolomite in a V21Z-d-c-m-p vein 

was 248
o
C. Many of the fluid inclusions in the quartz and dolomite cannot be frozen. 

Tm-ice values measured in quartz and dolomite from V21Z-q-d-a veins range from -9.1
o
 to 

-1.6
o
C, with calculated salinities from 13.0 to 2.7 wt % NaCl equivalent (Figure 5.13b). 

One clathrate-melting temperature of -5.0
o
C was obtained from quartz in V21Z-q-d-a veins. 
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Figure 5.12a Histograms of total homogenization temperatures of fluid inclusions in 

Fe-rich calcite from C46Z-c-d cements (cementing albitized leucogranite, mineralized) in 

the 46 Zone. (Original in colour) 

 

 

Figure 5.12b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in Fe-rich calcite from C46Z-c-d cements (cementing albitized leucogranite, 

mineralized) in the 46 Zone; note that only the microthermometric measurements with 

both Th and salinity results are plotted here. (Original in colour) 
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Figure 5.13a Histograms of total homogenization temperatures of fluid inclusions from 

V21Z-q-d-a veins (mineralized) and Fe-rich dolomite from V21Z-d-c-m-p veins (mineralized) in 

the 21 Zone. (Original in colour) 

 

Figure 5.13b The plot of homogenization temperatures versus calculated salinities of fluid 

inclusions from V21Z-q-d-a veins (mineralized) and Fe-rich dolomite from V21Z-d-c-m-p veins 

(mineralized) in the 21 Zone; note that only the microthermometric measurements with 

both Th and salinity results are plotted here. (Original in colour) 
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Liquid-dominated inclusions in Fe-rich dolomite from C11Z-d cements and Fe-poor 

calcite from V11Z-c-d-q veins in the 11 Zone were selected for microthermometric 

measurements. The Th values measured in dolomite and calcite range from 88
o
 to 146

o
C 

and 89
o
 to 221

o
C, respectively (Figure 5.14a). Many of the fluid inclusions in the calcite 

and dolomite cannot be frozen. Three Tm-ice values were obtained from dolomite at -39.8
o
, 

-28.3
o
 and -19.6

o
C, with calculated salinities at 28.6, 15.3 and 22.1 wt % NaCl equivalent. 

The calcite has Tm-ice values falling in the range of -46.0
o
 to -2.4

o
C, with the calculated 

salinities varying from 30.2 to 4.0 wt % NaCl equivalent (Figure 5.14b). The lowest 

ice-melting temperature (-46.0
o
C) suggests that the fluid may have had up to 92 wt% 

CaCl2 ratios in total salts at the time of calcite deposition. The clathrate-melting 

temperatures measured in dolomite and calcite range from +13.3
o
 to +31.7

o
C. 
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Figure 5.14a Histograms of homogenization temperatures of fluid inclusions in Fe-rich 

dolomite from C11Z-d cements and Fe-poor calcite from V11Z-c-d-q veins in the 11 Zone. 

(Original in colour) 

 

 

Figure 5.14b The plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in Fe-rich dolomite from C11Z-d cements and Fe-poor calcite from V11Z-c-d-q 

veins in the 11 Zone; note that only the microthermometric measurements with both Th 

and salinity results are plotted here. (Original in colour) 
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Microthermometric measurements were carried out on the liquid-dominated inclusions 

in drusy quartz and Fe-poor calcite from VNE-q-d-c veins (mineralized) at the National 

Exploration mine site. The Th values obtained from quartz range from 126
o
 to 283

o
C, 

with the majority falling in the range 160
o
 to 220

o
C. The calcite has Th values from 78

o
 to 

182
o
C, with the majority from 100

o
 to 160

o
C (Figure 5.15a). The Tm-ice values measured 

in drusy quartz range from -2.5
o
 to -0.5

o
C, with calculated salinities from 4.2 to 0.9 wt % 

NaCl equivalent. The calcite has Tm-ice values falling in the range of -41.8
o
 to -1.6

o
C, with 

calculated salinities ranging from 29.1 to 2.7 wt% NaCl equivalent (Figure 5.15b). The 

lowest ice-melting temperature (-41.8
o
C) suggests that the fluid may have had up to 89 

wt% CaCl2 ratios in total salts at the time of calcite deposition. The plot of 

homogenization temperatures versus calculated salinities of fluid inclusions in quartz and 

Fe-poor calcite from VNE-q-d-c veins shows that the fluids were generally hot and of low 

salinity during the relatively early precipitation of quartz, whereas the later calcite 

precipitated from cooler and more saline fluids (Figure 5.15b). 
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Figure 5.15a Histograms of homogenization temperatures of fluid inclusions in drusy 

quartz and Fe-poor calcite from VNE-q-d-c veins (mineralized) at the National Exploration 

mine site. (Original in colour) 

 

 

Figure 5.15b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in drusy quartz and Fe-poor calcite from VNE-q-d-c veins (mineralized) at the 

National Exploration mine site; note that only the microthermometric measurements with 

both Th and salinity results are plotted here. (Original in colour) 
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Liquid-dominated inclusions in Fe-rich dolomite from VCM-c-d-q veins (mineralized), 

and drusy quartz and Fe-rich dolomite from VCM-d-q-a veins (mineralized) near the Cayzor 

mine were selected for microthermometric measurements. The Th values measured in the 

dolomite from VCM-c-d-q veins range from 113
o
 to 161

o
C. The drusy quartz and dolomite 

from VCM-d-q-a veins have Th values from 100
o
 to 269

o
C, and from 97

o
 to 140

o
C, 

respectively (Figure 5.16a). The dolomite from VCM-c-d-q veins has Tm-ice values from 

-37.2
o
 to -15.1

o
C, with the calculated salinities from 27.9 to 18.7 wt% NaCl equivalent. 

Tm-ice values measured in dolomite and quartz from VCM-d-q-a veins range from -18.1
o
 to 

-0.1
o
C and -46.4

 o
 to -0.7

o
C, with calculated salinities from 21.0 to 0.2 wt% NaCl 

equivalent and 30.3 to 1.2 wt% NaCl equivalent, respectively (Figure 5.16b). The lowest 

ice-melting temperature (-46.4
o
C) in VCM-c-d-q veins suggests that the fluids may have had 

up to 92 wt% CaCl2 ratios in total salts at the time of dolomite deposition. 
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Figure 5.16a Histograms of homogenization temperatures of fluid inclusions in Fe-rich 

dolomite from VCM-c-d-q veins (mineralized), drusy quartz and Fe-rich dolomite from 

VCM-d-q-a veins (mineralized) near the Cayzor mine. (Original in colour) 

 

 

Figure 5.16b A plot of homogenization temperatures versus calculated salinities from 

fluid inclusions in Fe-rich dolomite from VCM-c-d-q veins (mineralized), and drusy quartz 

and Fe-rich dolomite from VCM-d-q-a veins (mineralized) near the Cayzor mine; note that 

only the microthermometric measurements with both Th and salinity results are plotted 

here. (Original in colour) 
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Microthermometric measurements were carried out on liquid-dominated inclusions in 

Fe-rich dolomite from VLM-d-c-q-ch veins and Fe-poor calcite from VLM-c-ch veins at the 

Leonard mine. The Th values measured in the dolomite range from 94
o
 to 148

o
C, with the 

majority falling in the range of 100
o
 to 130

o
C. The calcite has Th values varying from 

148
o
 to 178

o
C, with the majority falling in the range of 150

o
 to 170

o
C (Figure 5.17a). The 

dolomite has two Tm-ice values at -8.1
o
 and -6.1

o
C, with calculated salinities at 11.8 and 

9.3 wt % NaCl equivalents, respectively. The Tm-ice values measured in calcite range from 

-3.4
o
 to -1.6

o
C, with salinities from 5.6 to 2.7 wt % NaCl equivalent (Figure 5.17b). 

Liquid-dominated inclusions in amygdaloidal calcite (Fe-poor) from Pitch-Ore mine 

were selected for microthermometric study. The calcite has Th values from 135
o
 to 202

o
C, 

with the majority ranging from 150
o
 to 190

o
C (Figure 5.18a). The Tm-ice values obtained 

from calcite vary from -14.5
o
 to -0.1

o
C, with calculated salinities from 18.2 to 0.2

 
wt % 

NaCl equivalent (Figure 5.18b). 
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Figure 5.17a Histograms of homogenization temperatures of fluid inclusions in Fe-rich 

dolomite from VLM-d-c-q-ch veins and Fe-poor calcite from VLM-c-ch veins at the Leonard 

mine. (Original in colour) 

 

 
Figure 5.17b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in Fe-rich dolomite from VLM-d-c-q-ch veins and Fe-poor calcite from VLM-c-ch 

veins at the Leonard mine; note that only the microthermometric measurements with both 

Th and salinity results are plotted here. (Original in colour) 
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Figure 5.18a Histograms of homogenization temperatures of fluid inclusions in Fe-poor 

calcite in amygdules at the Pitch-Ore mine. (Original in colour) 

 

 

Figure 5.18b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in Fe-poor calcite in amygdules at the Pitch-Ore mine. (Original in colour) 
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Liquid-dominated inclusions in amygdaloidal calcite (Fe-poor) and Fe-rich calcite 

from VML-c-q-s veins at the Martin Lake mine were selected for microthermometric study. 

The amygdaloidal calcite has Th values from 195
o
 to 278

o
C, with the majority from 190

o
 

to 250
o
C (Figure 5.19a). The Th values of calcite from VML-c-q-s veins range from 95

o
 to 

158
o
C, with the majority from 110

o
 to 130

o
C. The Tm-ice values obtained from 

amygdaloidal calcite fall in the range of -39.6
o
 to -2.2

o
C, with calculated salinities from 

28.5 to 3.7 wt % NaCl equivalent (Figure 5.19b). The lowest ice-melting temperature 

(-39.6
o
C) suggests that the fluid may have had up to 86 wt% CaCl2 ratios in total salts at 

the time of amygdaloidal calcite deposition. None of the measured fluid inclusions in the 

VML-c-q-s vein calcite could be frozen and no ice-melting temperatures could be obtained 

from these inclusions.  

Microthermometric measurements were carried out on liquid-dominated inclusions in 

Fe-rich dolomite from VNB-d-q veins at the Nicholson Bay site. The dolomite has Th values 

falling in the range 104
o
 to 182

o
C, with the majority from 110

o
 to 140

o
C (Figure 5.20a). 

The Tm-ice values measured in dolomite range from -28.5
o
 to -17.3

o
C, with calculated 

salinities falling in range of 25.4 to 20.5 wt % NaCl equivalent (Figure 5.20b). The 

lowest ice-melting temperature (-28.5
o
C) suggests that the fluids may have had up to 59% 

CaCl2 ratios in total salts at the time of dolomite deposition. 
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Figure 5.19a Histograms of homogenization temperatures of fluid inclusions in 

amygdaloidal calcite and VML-c-q-s vein calcite from the Martin Lake mine site. (Original 

in colour) 

 

 

Figure 5.19b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in amygdaloidal Fe-poor calcite from the Martin Lake mine site; note that only 

the microthermometric measurements with both Th and salinity results are plotted here. 

(Original in colour) 
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Figure 5.20a Histograms of homogenization temperatures of fluid inclusions in Fe-rich 

dolomite from VNB-d-q veins at the Nicholson Bay site. (Original in colour) 

 

 

Figure 5.20b A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in Fe-rich dolomite from VNB-d-q veins at the Nicholson Bay site, note that only 

the microthermometric measurements with both Th and salinity results are plotted here. 

(Original in colour) 
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5.2.6 Summary of fluid inclusion microthermometric results 

As discussed in the previous chapter, field observations and the gamma-ray 

spectrometer readings were used to distinguish mineralized veins and non-mineralized 

veins. All of the quartz and/or carbonate veins associated with pitchblende (e.g., 

VIZ-q-c-d-a-ch veins in Intermediate Zone), showing uranophane staining (e.g., VES-q-d-c veins 

in Eagle shaft), or showing anomalously high readings on the gamma-ray spectrometer 

(e.g., VBP
4

c-q-a veins in Bolger pit), are considered to be mineralized veins. Accordingly, 

the mineralized veins in our study area include VBP
4

c-q-a veins in Bolger pit, VDP-d-c-q-a 

veins and VDP
1

c-q-d veins in Dubyna pit, VHP
2

q-d-c-ch-a veins in Hab pit, VES-q-c-a veins and 

VES-q-d-c veins in Eagle shaft, VSP-q-c-a, VSP-c-d and VSP-q-ch-c-d veins in Spur pit, VIZ-q-c-d-a-ch 

veins, VIZ-q-d-c veins and VIZ-d-c veins in Intermediate zone, VEA-c-a-ch-q-h veins and VEA-c 

veins in Eagle-Ace, VCO-q-c veins in Camdeck occurrence, V21Z-d-c-q veins, V21Z-q-d-a veins 

and V21Z-d-c-m-p veins in 21 Zone, C11Z-c-q cements in 11 Zone, VNE-d-c-q-ch and VNE-q-d-c 

veins in National Exploration, VCM-c-d-q veins and VCM-d-q-a veins in Cayzor mine, VLM-c-ch 

veins and VLM-d-c-q-ch veins in Leonard mine, VML-c-q-s veins in Martin Lake mine and 

VNB-d-q veins in Nicholson Bay mine. 

Overall the microthermometric results of fluid inclusions in mineralized veins from 

different localities in the Beaverlodge uranium district show that homogenization 

temperatures range from 78
o
 to 330

o
C, with the majority from 100

o
 to 250

o
C. Calculated 

salinities range from 0.2 to 30.8 wt% NaCl equivalent (mainly clustering around 0.2 to 

5.9 wt% NaCl equivalent and 18.2 to 30.8 wt% NaCl equivalent) (Figure 5.21 A). The 
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results obtained from non-mineralized vein samples show that the Th values range from 

57
o
 to 276

o
C, with the majority from 100

o
 to 250

o
C as well, and the salinities from 0.7 to 

31.4 wt% NaCl equivalent (Figure 5.21 B). Therefore, there is no systematic difference of 

homogenization temperatures and salinities in the mineralized and non-mineralized vein 

samples. 

For the microthermometric results obtained from fluid inclusions in different host 

minerals, such as calcite (Fe-poor), dolomite (Fe-rich) and quartz, the calculated salinities 

show relatively consistent ranges (within 0.2 to 31.1 wt% NaCl equivalent) (Figure 5.22), 

whereas Fe-rich calcite has more restricted salinities from 1.2 to 10.4 wt% NaCl 

equivalent. The Th values measured in Fe-rich dolomite mainly range from 100
o
 to 150

o
C 

(Figure 5.22C), and Th values from Fe-poor calcite mainly fall in the range of 125
o
 to 

175
o
C (Figure 5.22A). The Fe-rich calcite has Th values from 150

o 
to 250

o
C (Figure 

5.22B). Quartz has Th values mainly from 150
o
 to 250

o
C, and some of them are as high as 

330
o
C (Figure 5.22D). The Th results obtained from Fe-rich calcite and non-deformed 

quartz are generally hotter than the results for Fe-poor calcite and Fe-rich dolomite.  

 



147 

 

 
Figure 5.21 Plot of homogenization temperatures versus salinities of fluid inclusions in 

the mineralized vein samples and non-mineralized vein samples in the Beaverlodge 

uranium district; A. Plot of homogenization temperatures versus salinities of fluid 

inclusions in the mineralized vein samples; B. Plot of homogenization temperatures 

versus salinities of fluid inclusions in the non-mineralized vein samples. (Original in 

colour) 
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Figure 5.22 A plot of homogenization temperatures versus calculated salinities of fluid 

inclusions in terms of various host minerals (calcite, dolomite and quartz) from different 

localities in the Beaverlodge uranium district; A. Plot of the results from Fe-poor calcite; 

B. Plot of the results from Fe-rich calcite; C. Plot of the results from Fe-rich dolomite; D. 

Plot of the results from quartz. (Original in colour)
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5.3 Microstructural study of fluid inclusion planes (FIPs) 

5.3.1 Characteristics of FIPs 

Eighteen oriented samples of quartz and carbonate veins were collected for fluid 

inclusion plane (FIP) study. These were collected from the Bolger, Hab and Dubyna 

deposits, where the well-exposed pit walls facilitated detailed vein mapping (see above) 

and sample orientation. The FIPs in quartz and carbonate grew independently of the host 

minerals‟ crystallographic properties and show no disruption of the mechanical continuity 

in mineral grains (Lespinasse, 1999). The occurrences of the FIPs in our samples include 

those with uniform orientations and conjugate sets. Most of the FIPs occur in sets with 

uniform orientations (Figure 5.23 A, B), and only a few FIPs show conjugate occurrence 

with different directions (Figure 5.23 C). The FIPs with uniform orientations are 

generally characterized by similar length, width, and fluid inclusions with similar size, 

shape and V/T (volume ratio of vapour to total). Monophase (vapour) fluid inclusions 

form most of the FIPs, and biphase fluid inclusions are relatively rare in FIPs (Figure 

5.23 D). 
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Figure 5.23 Photomicrographs of fluid inclusion planes: A. FIPs in VBP

2
q-c-ch quartz 

showing uniform orientation, independent of the host minerals‟ crystallographic 

orientations (Bolger pit); B. VBP
6

c-q calcite showing less developed FIPs, independent of 

the host minerals‟ crystallographic orientations (Bolger pit); C. FIPs in VBP
4

c-q-a quartz 

showing conjugated occurrence (Bolger pit); D. FIPs in VBP
3

c-h quartz consisting of 

monophase (dominant) and biphase (minor) fluid inclusions (Bolger pit).  
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5.3.2 FIP study in Bolger pit 

The FIPs in VBP
1

q-e-p and VBP
2

q-c-ch quartz are generally cross-crystal, thin and long 

(>0.5mm) (Figure 5.23A). Fluid inclusions along the FIPs are characterized by very small 

size (mostly <2um), sub-round shapes and are all monophase (vapour). The FIPs in 

VBP
3

c-h quartz and calcite are composed of both monophase (dominated) and biphase 

(minor) fluid inclusions (Figure 5.23D). The FIPs in VBP
4

c-q-a veins generally grow in the 

quartz, with minor conjugate occurrence at different orientations (Figure 5.23C). All fluid 

inclusions are monophase in the VBP
4

c-q-a FIPs. The FIPs in VBP
5

c-h and VBP
6

c-q calcite are 

much shorter and thinner than those in VBP
1

q-e-p and VBP
2

q-c-ch veins. Abundant FIPs are 

well developed in VBP
7

c-q quartz, larger (mostly>3um) and are all monophase (vapour). 

  The measurements of orientated thin sections (VBP
1

q-e-p - VBP
7

c-q) are tabulated in 

Appendix D. FIPs in the VBP
1

q-e-p and VBP
2

q-c-ch quartz dominantly strike west-east and dip 

to the south at high angles (Figure 5.24A, B). FIPs in VBP
3

c-h calcite show various strikes 

without preference and dip steeply (Figure 5.24C). FIPs in VBP
4

c-q-a to VBP
7

c-q veins have 

various strikes with preferred NE-SW directions and are steeply dipping in either 

direction (Figure 5.24D-G).  
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Figure 5.24 Equal-area, lower-hemisphere stereographic projection of FIPs in VBP
1

q-e-p - 

VBP
7

c-q veins from Bolger pit: A. FIPs in VBP
1

q-e-p quartz showing dominant west-east 

strike; B. FIPs in VBP
2

q-c-ch quartz showing dominant west-southwest-east-northeast strike; 

C. FIPs in VBP
3

c-h calcite showing various strikes; D. FIPs in VBP
4

c-q-a quartz showing 

dominant NE-SW strike; E. FIPs in VBP
5

c-h calcite showing dominant NE-SW strike; F. 

FIPs in VBP
6

c-q calcite showing various strikes; G. FIPs in VBP
7

c-q quartz showing 

dominant NE-SW strike.  
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5.3.3 FIP study in Dubyna pit 

An orientated thin section of Fe-poor calcite from VDP
1 

c-q-d vein in Dubyna pit was 

selected for study of FIPs. The FIPs in calcite are generally inter-crystal, thin and short. 

Fluid inclusions in the FIPs are generally small (mostly <2 um), sub-rounded and are all 

monophase (vapour). The measurements of FIPs show various strikes (without preference 

directions) and high-angle dips (Figure 5.25 A).  

5.3.4 FIP study in Hab pit 

  Orientated thin sections of VHP
2

q-d-c-ch-a and VHP
3

q quartz from the Hab pit have been 

selected for FIP study. FIPs in VHP
2

q-d-c-ch-a quartz are generally cross-crystal, thin and 

long (>0.4mm). Fluid inclusions in the VHP
2

q-d-c-ch-a FIPs are relatively large 

(mostly>3um), sub-round to round and monophase (vapour). FIPs in VHP
3

q quartz are 

generally cross-crystal, thin and short (<0.3mm). The fluid inclusions in the VHP
3

q FIPs 

are small (mostly<2um), irregular and monophase (vapour). The measurements of FIPs in 

VHP
2

q-d-c-ch-a quartz show various strikes (preference along NE-SW) and steep dips. The 

FIPs in VHP
3

q quartz dominantly strike NW-SE and dip steeply (Figure 5.25 B, C). 
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Figure 5.25 Equal-area, lower-hemisphere stereographic projection of FIPs in calcite and 

quartz from the Dubyna pit and Hab pit, respectively: A. FIPs in calcite from VDP
1

-c-q-d 

vein from the Dubyna pit showing various strikes; B. FIPs in VHP
2

q-d-c-ch-a quartz from the 

Hab pit showing various strikes with NE-SW preference; C. FIPs in VHP
3

q quartz from the 

Hab pit showing dominant NW-SE strike. 
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5.4 Laser Raman spectroscopic analysis of fluid inclusions 

Individual fluid inclusions in VBP
4

c-q-a and VBP
7

c-q quartz from the Bolger pit were 

selected for Laser Raman spectroscopic analysis. For monophase (vapour-only) fluid 

inclusions in VBP
4

c-q-a quartz, a broad peak from 3205 to 3361cm
-1 

(Figure 5.26 A) is 

present, which corresponds to the bands of H2O (Frezzotti et al., 2012). For biphase 

(liquid-dominated and vapour-dominated) fluid inclusions in VBP
4

c-q-a quartz, the Raman 

bands for both vapour and liquid phases are very similar under room temperature, 

corresponding to the bands of H2O as well. Upon cooling, some biphase fluid inclusions 

were entirely frozen at -180
o
C. Raman spectra of the frozen inclusions show obvious 

peak values at 3423 and 3538 cm
-1 

(corresponding to the peak positions for hydrohalite) 

and peak values at 3406 and 3437 cm
-1 

(corresponding to the peak positions for 

hydrohalite and antarcticite) (Figure 5.26 B) (Samson and Walker, 2000; Frezzotti et al., 

2012). For biphase (liquid-dominated and vapour-dominated) fluid inclusions in VBP
7

c-q 

quartz, the H2O peak (3390 cm
-1

) obtained from the liquid phase of the fluid inclusions 

(Figure 5.26 C, red line) is stronger than those from the vapour phase (Figure 5.26 C, 

green line) and the background quartz (Figure 5.26 C, purple line). 

For monophase (vapour-only) fluid inclusions in VHP
2

q-d-c-ch-a quartz from the Hab pit, 

bands of vapour H2O were observed. For biphase fluid inclusions, the H2O band (around 

3460 cm
-1

) in the liquid phase of fluid inclusions (Figure 5.26D, pink line) are stronger 

than those in the vapour phase (Figure 5.26D, red line), monophase (vapour) fluid 

inclusions (Figure 5.26D, green line) and background quartz (Figure 5.26D, purple line). 
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Raman spectroscopic analysis of biphase and monophase fluid inclusions suggests that 

the fluid inclusions are all H2O dominated. The presence of hydrohalite (dominated) and 

antarcticite (minor) suggests that the fluids contain sodium and calcium.  

 

 

Figure 5.26 Raman spectra for monophase and biphase fluid inclusions in quartz from 

Bolger pit and Hab pit: A. Raman spectra of monophase fluid inclusions in VBP
4

c-q-a 

quartz from the Bolger pit showing H2O peak; B. Raman spectra of biphase fluid 

inclusion in VBP
4

c-q-a quartz from the Bolger pit indicating dominance of hydrohalite and 

minor antarcticite; C. Raman spectra of biphase fluid inclusion in VBP
7

c-q quartz from the 

Bolger pit showing H2O peak (see text); D. Raman spectra of monophase and biphase 

fluid inclusions in VHP
2

q-d-c-ch-a quartz from the Hab pit showing H2O peak (see text). 

(Original in colour) 
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5.5 Mass spectrometric analysis of fluid inclusion gas compositions 

  Eight samples of quartz and carbonate from Bolger pit, Hab pit, Eagle-Ace, Eagle 

Shaft, Intermediate zone, 21 Zone and Spur pit were analyzed for volatile compositions 

of bulk fluid inclusions using mass spectrometry. The measurement results are 

summarized in Table 5.1.  

The results show that the fluid inclusions in these quartz and carbonate samples are 

dominated by H2O (92.4158-99.5773 mol %), with variable amounts of CO2 (0.3887 – 

2.3913 mol %), CH4 (0.0041 – 0.6969 mol %), H2 (0.0001 – 2.9142 mol %), O2 (0.0261 – 

1.5219 mol %), N2 (0.0765 – 1.9819 mol %), Ar (0.0005 – 0.0134 mol %) and He 

(0.0093 – 1.2401 mol %).  

According to a magmatic-meteoric discrimination (CO2/CH4 versus N2/Ar) diagram 

(Blamey, 2012), the potential fluid sources can be divided into shallow meteoric water, 

evolved fluids (e.g., basinal fluids), organic fluids, magmatic and evolved magmatic 

fluids. For quartz samples from the Bolger pit, Hab pit and Eagle shaft, the CO2/CH4 

ratios range from 1.2 to 154, and the N2/Ar ratios from 88 to 329. For dolomite samples 

from the Hab pit and 21 Zone, the CO2/CH4 ratios range from 58 to 222, and the N2/Ar 

ratios from 67 to 103. For calcite samples from the Intermediate zone, Spur Zone and 

Eagle-Ace, the CO2/CH4 ratios range from 4 to 468, and the N2/Ar ratios from 59 to 123. 

Accordingly, most of the CO2/CH4 versus N2/Ar results obtained from quartz have been 

plotted in the fields for magmatic and organic fluids. The CO2/CH4 versus N2/Ar results 

obtained from calcite and dolomite mainly plot in the fields for shallow meteoric and 
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evolved fluids (Figure 5.27a). 

Based on a N2-Ar-He (Ar/He versus N2/Ar) plot (Blamey, 2012), the potential fluid 

sources in geothermal systems can be classified into calc-alkaline magmatic fluids, 

meteoric water and MVT‟s (the Mississippi Valley-type) basinal brines. N2/Ar ratios 

obtained from quartz and carbonate (calcite and dolomite) range from 59 to 329. Ar/He 

ratios obtained from quartz and calcite range from 0.01 to 0.2, whereas the ratios in 

dolomite range from 0.04 to 1.2. The plot of Ar/He versus N2/Ar shows that the Ar/He 

ratios obtained from quartz and calcite are too low for meteoric water or magmatic fluids; 

however, some of the results obtained from dolomite plot in an area overlapping the 

MVT‟s field (Figure 5.27b). Each mineral (quartz, calcite or dolomite) plots in a 

relatively distinctive field: dolomite has higher Ar/He ratios than calcite and quartz; 

quartz has higher N2/Ar ratios than carbonate (calcite and dolomite). This appears to 

suggest that each mineral either comes from a distinctive fluid or is precipitated during 

distinctive conditions (e.g., temperature, pressure or pH). 

Plots of CO2/N2 versus total gas have been employed to investigate fluid boiling and 

condensation (Blamey, 2012). For boiling fluids, high CO2/N2 ratios versus relatively low 

total gas amounts form a negative slope. In contrast, condensation data will plot as a 

positive slope. Based on the gas results, CO2/N2 versus total gas obtained from quartz 

plot on a negative slope, corresponding to a boiling model (Figure 5.28a). The data 

derived from carbonate (calcite and dolomite) form a positive slope, corresponding to a 

condensation model (Figure 5.28b).
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Table 5.1 Volatile compositions measured in fluid inclusions   

Sample 

No. 

H2O 

(mol%) 

CO2 

(mol%) 

CH4 

(mol%) 

H2 

(mol%) 

O2 

(mol%) 

N2 

(mol%) 

He 

(mol%) 

Ar 

(mol%) 

VHP
2

q-d-c-ch-a 

dolomite 

(Hab pit) 

96.3821 

- 

98.4628 

0.8414 

- 

2.5910 

0.0068 

- 

0.0266 

0.0894 

- 

0.3399 

0.056 

- 

0.2480 

0.2629 

- 

0.4878 

0.0051 

- 

0.0214 

0.0031 

- 

0.0068 

VHP
3

q  

quartz 

(Hab pit) 

95.2137 

- 

98.6098 

0.6022 

- 

2.9316 

0.3868 

- 

1.2983 

0.1234 

- 

0.9746 

0.0180 

- 

0.1180 

0.1697 

- 

0.6060 

0.0064 

- 

0.0443 

0.0009 

- 

0.0031 

VES-q-d-c 

quartz 

(Eagle 

shaft) 

98.8266 

- 

99.5773 

0.2110 

- 

0.7329 

0.0739 

- 

0.2419 

0.0000 

- 

0.0042 

0.0124 

- 

0.0340 

0.0429 

- 

0.1381 

0.0056 

- 

0.0228 

0.0001 

- 

0.0011 

V21Z-d-c-q 

dolomite 

(21 Zone) 

92.4158 

- 

94.8922 

1.9593 

- 

2.7799 

0.0178 

- 

0.0263 

1.4209 

- 

4.4506 

0.1642 

- 

0.9829 

0.1418 

- 

0.2755 

0.0256 

- 

0.0406 

0.0015 

- 

0.0036 

VIZ-q-c-d-a-ch 

calcite 

(Intermediate 

zone) 

93.9768 

- 

97.7269 

0.5115 

- 

1.3294 

0.0013 

- 

0.0095 

0.3024 

- 

1.9829 

1.0160 

- 

2.3821 

0.0360 

- 

0.3859 

0.0213 

- 

0.1680 

0.0004 

- 

0.0048 

VSP-c-d 

calcite 

(Spur pit) 

97.3097 

- 

98.8156 

0.4098 

- 

1.3220 

0.0058 

- 

0.0222 

0.0000 

- 

0.1095 

0.0952 

- 

0.3731 

0.1943 

- 

1.1071 

0.0866 

- 

0.2215 

0.0027 

- 

0.0129 

VEA-c 

calcite 

(Eagle-Ace) 

99.0148 

- 

99.3075 

0.2509 

- 

0.5822 

0.0266 

- 

0.0976 

0.0000 

- 

0.0017 

0.0255 

- 

0.0632 

0.1478 

- 

0.5395 

0.0192 

- 

0.0498 

0.0018 

- 

0.0059 

VBP
7

c-q  

quartz 

(Bolger pit) 

92.9451 

- 

96.0312 

1.1403 

- 

2.3051 

0.0093 

- 

0.2086 

0.2479 

- 

0.7005 

0.1167 

- 

0.6414 

1.3916 

- 

3.1879 

0.3832 

- 

1.7428 

0.0077 

- 

0.0291 
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Figure 5.27a Plot of CO2/CH4 versus N2/Ar diagram showing potential fluid sources for 

quartz and carbonate. (Original in colour) 

 

 

Figure 5.27b N2-Ar-He plot of data obtained from quartz and carbonate showing potential 

fluid sources; note that no data plot in the magmatic fluids field. (Original in colour) 



161 

 

 

Figure 5.28a The plot of CO2/N2 versus total gas in quartz showing negative slope, 

corresponding to a boiling model. (Original in colour) 

 

 

Figure 5.28b The CO2/N2 versus total gas plot of data obtained from carbonate showing 

positive slope, corresponding to a condensation model. (Original in colour) 
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5.6 P-T estimation 

 The coexistence of liquid-dominated, vapour-dominated and vapour-only inclusions in 

individual fluid inclusion assemblages of most samples suggest that fluid boiling took 

place. If the fluid inclusions were entrapped during boiling, the liquid-dominated biphase 

inclusions with lowest vapour percentage and the vapour-only monophase inclusions 

represent homogeneous trapping of the fluid inclusions, whereas the vapour-dominated 

inclusions represent heterogeneous trapping (Rodder, 1984; Chi and Lu, 2008). 

Accordingly, the total homogenization temperatures obtained from the liquid-dominated 

inclusions with lowest vapour percentage are equivalent to the actual fluid trapping 

temperatures, and the fluid pressures (Ph) at the homogenization temperatures represent 

the trapping pressures. However, not all liquid-dominated biphase inclusions were 

entrapped at the time of boiling; some of them may have been entrapped when the fluid 

was not boiling. In such cases, the homogenization temperature and pressure only 

represent the minimum trapping temperatures and pressures. The homogenization 

pressures were calculated using fluid inclusion isochores for the assumed H2O-NaCl 

system. The results for fluid pressures and corresponding depths within lithostatic and 

hydrostatic environments are listed in Table 5.2. Note these depths are presented for the 

purpose of reference; the actual depths may be deeper if pressure system was episodically 

sub-hydrostatic (thus inducing boiling), as will be discussed in the discussion section. For 

mineralized veins in different localities, the Ph values range from 5 to 123 bars, 

corresponding to a hydrostatic load of 50 to 1256 m or a lithostatic load of 18 to 457 m.  
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Table 5.2 Estimation of fluid pressures and depths of carbonate and quartz emplacement 

from different settings in the Beaverlodge uranium district 

Sample 

location 

Host 

mineral 

Tm-ice 

(
o
C) 

Th 

(
o
C) 

Salinity 

(%) 

Pressure (bar) 

(without gas) 

Depth (m) 

Maximum Minimum Maximum 

(hydrostatic) 

Minimum 

(lithostatic) 

 

 

 

 

 

 

 

Bolger 

pit 

Calcite 

(Fe-poor) 

VBP
3

c-h 

-0.9 130 1.6 / 5 46 17 

-3.0 195 4.9 11 / 115 42 

Calcite 

(Fe-poor) 

VBP
4
 c-q-a 

mineralized 

-10.0 113 13.9 / 5 49 18 

-38.5 179 28.2 8 / 81 29 

Calcite 

(Fe-poor) 

VBP
5

c-h 

-50.5 139 31.1 / 5 47 17 

-47.3 75 30.5 6 / 61 22 

Calcite 

(Fe-poor) 

VBP
6

c-q 

-39.9 96 28.6 / 5 54 20 

-25.9 57 24.6 6 / 63 23 

Calcite 

(Fe-poor) 

VBP
7

c-q 

-2.6 100 4.3 / 5 53 19 

-38.7 201 28.3 13 / 132 48 

 

Dubyna 

pit 

Dolomite 

(Fe-rich) 

 VDP-d-c-q-a 

mineralized 

-1.1 105 1.9 / 5 51 19 

Quartz  

VDP
1

c-q-d 

mineralized 

-4.1 193 6.6 11 / 110 40 

 

 

Hab 

pit 

Quartz  

VHP
2

q-d-c-ch-a 

mineralized 

-0.9 171 1.6 / 7 68 25 

-1.0 330 1.7 123 / 1256 457 

Quartz  

VHP
3

q 

-1.1 171 1.9 / 7 68 25 

-2.5 241 4.2 30 / 306 111 

 

 

11  

Zone 

Dolomite 

(Fe-rich) 

C11Z-d 

-39.8 88 28.6 6 / 57 21 

Calcite  

V11Z-c-d-q 

-24.2 132 24.1 / 5 46 17 
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21  

Zone 

Quartz 

V21Z-q-d-a 

mineralized 

-2.3 166 3.9 / 6 63 23 

-3.1 260 5.1 43 / 437 159 

 

46 Zone 

Calcite 

(Fe-rich) 

C46Z-c-d 

mineralized 

-40.2 139 28.7 / 5 47 17 

-0.2 237 0.4 28 / 284 103 

Camdeck 

occurrence 

Quartz 

VCO-q-c 

mineralized 

-2.1 171 3.6 / 7 68 25 

-1.3 246 2.2 33 / 338 123 

Cayzor 

mine 

Quartz 

VCM-d-q-a 

mineralized 

-39.3 100 28.5 / 5 53 19 

-3.7 269 6.0 50 / 510 186 

 

 

Eagle- 

-Ace 

Calcite 

(Fe-poor) 

VEA-c-a-ch-q-h 

Mineralized 

 

-0.1 110 0.2 / 5 50 18 

Calcite 

(Fe-poor) 

VEA-c 

mineralized 

-15.6 202 19.1 13 / 135 49 

 

 

Eagle  

shaft 

Dolomite 

(Fe-rich) 

VES-q-d-c 

mineralized 

-5.8 122 9.0 / 5 47 17 

Calcite 

(Fe-rich) 

VES-q-c-a 

mineralized 

-3.5 242 5.7 31 / 313 114 

 

Intermediate 

zone 

Quartz 

VIZ-q-d-c 

mineralized 

-1.5 84 2.6 / 6 59 22 

Calcite 

(Fe-poor) 

VIZ-q-d-c 

mineralized 

-28.5 214 25.4 17 / 176 64 

 

Leonard 

 

Dolomite 

-8.1 104 11.8 / 5 52 19 
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mine (Fe-rich) 

VLM-d-c-q-ch 

mineralized 

Calcite 

(Fe-poor) 

VLM-c-ch 

mineralized 

-2.5 178 4.2 8 / 80 29 

Martin Lake 

mine  

Calcite 

(Fe-poor) 

Amygdale 

-2.2 195 3.7 / 11 115 42 

-3.9 270 6.3 51 / 519 189 

 

 

National 

Exploration 

Calcite 

(Fe-poor) 

VNE-q-d-c 

mineralized 

-39.7 78 28.6 / 6 60 22 

Quartz 

VNE-q-d-c 

mineralized 

-2.4 283 4.0 63 / 643 234 

 

Nicholson 

Bay 

Dolomite 

(Fe-rich) 

VNB-d-q 

mineralized 

-17.3 104 20.5 / 5 52 19 

-19.5 170 22.0 20 / 207 75 

 

Pitch-Ore 

mine 

Calcite 

(Fe-poor) 

Amygdale 

-0.9 152 1.6 / 5 51 19 

-0.1 202 0.2 13 / 135 49 

 

Spur pit 

Quartz 

VSP-q-ch-c-d 

mineralized 

-2.1 110 3.6 / 5 50 18 

-7.9 242 11.6 31 / 313 114 

Martin 

group 

Calcite 

(Fe-rich) 

VMF-c-d-q-ch 

-16.7 112 20.0 / 5 49 18 

-3.5 164 5.7 6 / 60 22 
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Bulk analysis of fluid inclusions by mass spectrometry show an average of 2.47 mol% 

of non-aqueous volatiles in quartz and carbonate within mineralized veins and an average 

of 4.39 mol% of non-aqueous volatiles in quartz from veins that postdate 

vein-mineralization (e.g., VBP
7

 c-q veins). However, since the non-aqueous volatiles are 

mainly concentrated in the vapour phase of fluid inclusions, based on the abundance of 

vapour-only monophase inclusions and vapour-dominated biphase inclusions in most of 

our samples, those average values are likely higher than the contents of the non-aqueous 

volatiles in the liquid-dominated biphase inclusions. For better understanding the effect of 

non-aqueous volatiles on the fluid pressure calculations, we assume 1 mol%, 2 mol%, 

and 3 mol% of CO2 in the fluid inclusions from VBP
3

c-h, VBP
4

c-q-a, VBP
5

c-h, VBP
6

c-q and 

VBP
7

c-q calcite in the Bolger pit (Table 5.3). For CO2=1 mol%, the calculated Ph values 

range from 6.7 to 82.7 bars for VBP
3

c-h calcite, 4.8 to 16.8 bars for VBP
4

c-q-a calcite, 2.2 to 

8.0 bars for VBP
5

c-h calcite, 1.4 to 3.4 bars for VBP
6

c-q calcite and 3.7 to 82.8 bars for 

VBP
7

c-q calcite. For CO2=2 mol%, the calculated Ph values range from 10.8 to 167.2 bars 

for VBP
3

c-h calcite, 8.0 to 181.3 bars for VBP
4

c-q-a calcite, 3.9 to 12.6 bars for VBP
5

c-h calcite, 

2.7 to 5.9 bars for VBP
6

c-q calcite and 6.3 to 162.7 bars for VBP
7

c-q calcite. For CO2=3 

mol%, the calculated Ph values range from 14.8 to 287.3 bars for VBP
3

c-h calcite, 11.2 to 

338.9 bars for VBP
4

c-q-a calcite, 5.7 to 17.1 bars for VBP
5

c-h calcite, 4.0 to 8.4 bars for 

VBP
6

c-q calcite and 9.0 to 270.6 bars for VBP
7

c-q calcite. The calculated Ph results show that 

the fluid pressures generally increase for higher CO2 concentrations, and that the highest 

fluid pressure (338.9 bars) was from VBP
4

c-q-a veins. The depths for vein formation were 
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estimated based on the calculated Ph values. For the mineralized VBP
4

c-q-a veins, the 

calculated Ph values correspond to 19 to 63m of lithostatic load or 51 to 173m of 

hydrostatic load under 1 mol% CO2, or 30 to 672m of lithostatic load or 82 to 1847m of 

hydrostatic load under 2 mol% CO2, or 41 to 1258m of lithostatic load or 112 to 3459m 

of hydrostatic load under 3 mol% CO2. These calculated depths with different amounts of 

volatiles suggest a relatively shallow environment for the vein formation and 

mineralization. 
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Table 5.3 Fluid pressure (Ph) at homogenization temperature (Th) for liquid-dominated 

fluid inclusions from VBP
3

c-h to VBP
7

c-q calcite veins in the Bolger pit assuming various 

concentrations of CO2 

Host 

minerals 

 

Salinity 

(wt.%) 

 

Th 

(
o
C) 

 

Ph 

(bars) 

Ph (bars) 

(assuming H2O-CO2 

system) 

 

Depth (m) 

(lithostatic / hydrostatic) 

CO2=1 

(mol%) 

CO2=2 

(mol%) 

CO2=3 

(mol%) 

CO2=1 

(mol%) 

CO2=2 

(mol%) 

CO2=3 

(mol%) 

VBP
3

c-h 

calcite 

1.6 130 4.5 7 11 15 26/71 41/112 56/153 

4.9 195 11.3 83 167 287 308/ 

847 

620/ 

1704 

1065/ 

2929 

VBP
4

c-q-a 

calcite 

 

13.9 113 4.8 5 8 11 19/51 30/82 41/112 

28.2 179 7.9 17 181 339 63/ 

173 

672/ 

1847 

1258/ 

3459 

VBP
5

c-h 

calcite 

31.1 139 4.6 8 13 17 30/82 48/133 63/173 

30.5 75 6.0 2 4 6 7/20 15/41 22/61 

VBP
6

c-q 

calcite 

28.6 96 5.3 3 6 8 11/31 22/61 30/82 

24.6 57 6.2 1 3 4 4/10 11/31 15/41 

VBP
7

c-q 

calcite 

4.3 100 5.2 4 6 9 15/41 22/61 33/92 

28.3 201 12.9 83 163 271 308/ 

847 

605/ 

1663 

1006/ 

2765 
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Chapter 6: Chlorite geothermometric study 

6.1 Petrographic study of chlorite 

Chlorites from the VBP
2

q-c-ch (13RL004) and VBP
7

c-q (13RL006A) veins in the Bolger 

pit, VDP
1

c-q-d vein (13RL013) in the Dubyna pit and VHP
2

-q-d-c-ch-a vein (13RL017) in the 

Hab pit were selected for geothermometric study. The chlorite in VBP
2

q-c-ch vein from the 

Bolger pit is in contact with V2 quartz, and both the V2 chlorite and quartz crosscut V1 

epidote (Figure 6.1a-A). Chlorite in the VBP
7

c-q vein from the Bolger pit mainly occurs as 

veinlets crosscutting V7 quartz and calcite (Figure 6.1a-B). The chlorite in VDP
1

c-q-d vein 

from the Dubyna pit shows distinctly dark green to brown interference colours, which is 

similar to the chlorite derived from biotite alteration in the country rocks. Chlorite in 

VHP
2

-q-d-c-ch-a veins from the Hab pit is very fine-grained, and intergrown with the quartz 

(Figure 6.1a-C, D). Based on the crosscutting relationships between chlorite and other 

vein minerals, the chlorite in the VBP
2

q-c-ch vein and the chlorite in the VDP
1

c-q-d vein were 

deposited prior to the mineralized generation of vein at each deposit. Since the 

VHP
2

-q-d-c-ch-a veins are mineralized at the Hab mine, the chlorite in the VHP
2

-q-d-c-ch-a vein 

should have been deposited at the time of vein mineralization. The chlorite in the VBP
7

c-q 

vein from the Bolger pit postdates the V4 vein mineralization (Figure 6.1b).  
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Figure 6.1a Photomicrographs showing chlorite from different settings and their 

relationships with other vein minerals. A. Chlorite in VBP
2

q-c-ch vein from Bolger pit 

crosscutting V1 epidote; B. Chlorite in VBP
7

c-q veins from Bolger pit crosscutting V7 

quartz and calcite; C. Chlorite intergrown with V2 quartz from Hab; D. Chlorite 

intergrown with V2 quartz and cutting the country rock in Hab. 

 

 

Figure 6.1b Paragenetic sequence of selected chlorite from different settings in the 

Beaverlodge uranium district.
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6.2 Electron microprobe analysis of chlorite 

Results of chemical analyses of chlorite are summarized in Table 6.1. The 

concentrations of oxides (in percent) (e.g., SiO2, Al2O3, FeO, MgO) obtained from the 

chlorite in Bolger pit and Hab are quite consistent, with SiO2 contents from 25.61-31.87%, 

Al2O3 contents from 15.38- 20.31%, FeO contents from 13.89-29.22%, and MgO 

contents from 9.75-27.48%. However, the chlorite from Dubyna shows relatively high 

FeO content (35.21±0.44%) and low MgO percentages (5.55±0.16%). Chlorite can be 

classified into different groups in terms of their contents of Si and Fe cations (Hey, 1954). 

A plot of Fe contents versus Si contents of chlorite shows that the chlorite from Bolger pit 

and Hab pit is mainly distributed in the field of pycnochlorite, whereas the chlorite from 

the Dubyna pit plots in the field of brunsvigite (Figure 6.2). 

6.3 Geothermometric calculation of chlorite 

The empirical method proposed by Cathelineau (1988) was used to calculate the 

formation temperatures of chlorite. The calculated temperatures of formation for chlorite 

in the VBP
2

q-c-ch vein ranges from 215.8
o
 to 297.7

o
C, with an average temperature of 

270.9
o
C. The calculated temperatures for chlorite in the VDP

1
c-q-d vein vary from 308.6

o
 to 

312.8
o
C, with the average temperature at 310.3

o
C. The calculated temperatures for 

chlorites in the VHP
2

-q-d-c-ch-a vein range from 220.0
o
 to 275.8

o
C, with the average value at 

253.6
o
C. The calculated temperatures of chlorite in the VBP

7
c-q vein vary from 260.4

o
 to 

287.9
o
C, with the average temperature at 270.9

o
C. The average temperatures of 

pycnochlorite from Bolger pit and Hab pit plot in the range of 250
o
 to 270

o
C; however, 
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the average temperatures of brunsvigite yielded an anomalously high result at 310.3
o
C, 

suggesting that the brunsvigite from the Dubyna pit may result from biotite alteration 

rather than having a pore-filling origin. 

 

Table 6-1 Electron microprobe analyses and characteristic values of selected chlorite 

(13RL004, 13RL013, 13RL017-1,2 and 13RL006A). 

Oxide (wt %) 13RL004 

(pre-U) 

13RL013 

(pre-U) 

13RL017-1 

(syn-U) 

13RL017-2 

(syn-U) 

13RL006A 

(post-U) 

SiO2 27.93±2.32 25.51±0.24 30.42±1.45 28.23±0.29 28.29±0.64 

Al2O3 16.67±1.29 20.88±0.31 18.45±4.91 19.31±1.00 17.73±0.42 

FeO 25.86±1.19 35.21±0.44 18.39±4.50 27.96±1.26 25.62±0.44 

MgO 16.70±1.01 5.55±0.16 20.15±7.33 12.78±3.03 16.24±0.58 

CaO 0.09±0.04 0.36±0.07 0.15±0.08 0.08±0.03 0.07±0.04 

Na2O 0.05±0.0.5 0.06±0.01 0.05±0.01 0.05±0.03 0.08±0.05 

K2O 0.02±0.03 0.10±0.03 0.04±0.03 0.03±0.01 0.02±0.01 

MnO 0.35±0.06 0.06±0.02 0.07±0.01 0.10±0.02 0.37±0.03 

TiO2 0.01±0.02 0.01±0.01 0.01±0.01 0±0 0.01±0.01 

Cr2O3 0.04±0.02 0.07±0.01 0.11±0.08 0.03±0.02 0.03±0.01 

H2O 12.03±1.22 12.12±0.66 11.45±0.27 11.16±0.77 11.33±1.21 

Total 99.75±0.25 99.93±0.07 99.29±0.71 99.73±0.27 99.79±0.21 

 

Si 2.97 2.85 3.07 2.97 2.97 

Al (IV) 1.03 1.16 0.93 1.03 1.03 

Fe 2.30 3.28 1.55 2.46 2.25 

Mg 2.64 0.92 3.02 2.00 2.54 

Temperatures 

(
o
C) 

270.9±55.1 310.3±2.5 238.3±37.5 269.0±3.6 270.9±17.0 
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Figure 6.2 Classification of chlorites from different settings in terms of Fe and Si contents. 

(Original in colour) 

 

 

Figure 6.3 Histogram of calculated formation temperatures of chlorite from different 

settings in the Beaverlodge uranium district. (Original in colour) 
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Chapter 7: Carbon-oxygen stable isotope study 

7.1 C-O stable isotope study of carbonate minerals 

  A total of 74 samples of calcite (Fe-rich, Fe-poor) and dolomite (Fe-rich, Fe-poor) 

were selected for C-O isotope study. The analytical results for carbonate minerals and the 

calculated results for parent fluids are summarized in Appendix E.  

For carbonate minerals hosted by the Martin group sedimentary rocks and basalt 

(including calcite amygdules in basalt), the δ
13

C values generally range from -6.9 to 

+1.1‰ (VPDB-Vienna Pee Dee Belemnite) and the δ
18

O values range from -22.5 to 

-10.9‰ (VPDB) (Figure 7.1). One of the amygdaloidal calcite samples in basalt has 

relatively enriched δ
13

C and δ
18

O values compared to the sediment-hosted carbonate. 

For carbonate samples from VBP
2

q-c-ch to VBP
7

c-q veins from the Bolger pit, the δ
13

C 

values range from -9.4 to -2.7‰ (VPDB) and the δ
18

O values from -20.7 to -14.2‰ 

(VPDB), respectively (Figure 7.2). The mineralized VBP
4

c-q-a veins appear to have 

depleted δ
13

C values than other veins. 

  In addition to the carbonate in open vein fillings, some carbonates occurring as 

cements within the albitized leucogranite have also been analyzed, including C46Z-c-d 

cements from 46 Zone and C11Z-d cements from 11 Zone. The calcite (Fe-rich and Fe-poor) 

from C46Z-c-d cements has δ
13

C value at -1.9‰ (VPDB) and δ
18

O value at -16.2‰ 

(VPDB). The dolomite (Fe-rich) from C11Z-d cements has δ
13

C value at -5.3‰ (VPDB) 

and δ
18

O value at -13.1‰ (VPDB). 

Overall the δ
13

C values of carbonate minerals associated with uranium mineralization 
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from different localities in the Beaverlodge uranium district range from -10.1 to -0.9‰ 

(VPDB) and the δ
18

O values from -20.3 to -6.6‰ (VPDB) (Figure 7.3 A). Relatively 

depleted δ
13

C values from Fe-poor dolomite at the Nicholson mine (-8.1‰ VPDB), 

calcite (Fe-rich and Fe-poor) at the Cayzor mine (-10.1‰ VPDB) and calcite (Fe-rich and 

Fe-poor) from the Bolger pit (-8.1‰ VPDB) distinguish these deposits from the others 

(Figure 7.3 A). The plot of δ
13

C versus δ
18

O values obtained from non-mineralized 

carbonate (calcite and dolomite) shows that δ
13

C values range from -9.4 to +1.1‰ 

(VPDB) and the δ
18

O values from -22.2 to -10.9‰ (VPDB) (Figure 7.3 B). The 

mineralized carbonate seems to have enriched δ
18

O values compared with the 

non-mineralized carbonate. The mineralization seems to be favoured by veins containing 

dolomite, particularly Fe-rich dolomite, suggesting the possibility of a genetic 

relationship. The Martin group samples have on average slightly enriched δ
13

C values 

(mainly from -2.7 to +1.1‰ VPDB) than both the mineralized and non-mineralized 

carbonate. 
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Figure 7.1 Plot of δ
18

O versus δ
13

C values for various carbonate species from sediment- 

and basalt-hosted samples of the Martin group. (Original in colour) 

 

 

Figure 7.2 Plot of δ
18

O versus δ
13

C values for various carbonate species from Bolger pit; 

note that the V4 veins (red) are mineralized. (Original in colour) 
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Figure 7.3 Plot of δ
13

C versus δ
18

O values obtained from mineralized vein samples and 

non-mineralized vein samples in the Beaverlodge uranium district; A. Plot of δ
13

C versus 

δ
18

O values obtained from mineralized vein samples; B. Plot of δ
13

C versus δ
18

O values 

obtained from non-mineralized vein samples. (Original in colour) 
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7.2 C-O stable isotope study of parent fluids 

The δ
18

O values of parent fluids from which the carbonate minerals were precipitated 

can be calculated from their δ
18

O values using the oxygen isotope fractionation equations 

of Zheng (1999). The fractionation equations are:  

1000 lnα =D (10
6
)/T

2
 +E (10

3
)/T +F (T: 0-1200

o
C);  

1000 lnα=δ
18

Ocarbonate -δ
18

OH2O;  

(For calcite: D= 4.010; E= -4.66; F= 1.71; for dolomite: D= 4.060; E= -4.65; F= 1.71).  

The δ
13

C values of the fluid CO2 were estimated by using the calcite- and 

dolomite-CO2 fractionation factors of Ohmoto and Rye (1979). The fractionation 

equations are:  

1000 lnα =C (10
9
)/T

3
 +D (10

6
)/T

2
 +E (10

3
)/T+F (T< 600

o
C);  

1000 lnα=δ
13

Ccarbonate -δ
13

CCO2;  

(For calcite, C: -0.891; D: 8.557; E: -18.11; F: 8.27; for dolomite, C: -0.891; D: 8.737; 

E: -18.11; F: 8.44).  

The fluid temperatures (T
o
C) for the fractionation equations can be obtained from the 

fluid inclusions microthermometric measurements and chlorite geothermometry. Our 

chlorite geothermometric study provides relatively high fluid temperatures (mainly from 

220
o
 to 320

o
C), whereas the fluid inclusion microthermometric measurements suggest 

lower temperatures (mainly from 100
o
 to 250

o
C). Petrographic study of the measured 

chlorite confirms that only chlorite in the VHP
2

q-d-c-ch-a and VBP
2

q-c-ch veins was 

co-precipitated with the host minerals of the fluid inclusions, and can provide fluid 
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temperatures for the vein formation. For chlorite in VBP
7

c-q veins, petrographic study 

indicates that the chlorite postdates the VBP
7

c-q veins, and therefore the temperatures 

estimated from the chlorite thermometer (260.3
o
 to 287.9

o
C) cannot be used to represent 

the formation temperature of calcite and quartz. Similarly, for chlorite in VDP
1

c-q-d veins, 

petrographic study indicates that the chlorite predates the VDP
1

c-q-d veins, and the chlorite 

temperatures (308.6
o
 to 312.8

o
C) therefore do not represent the formation temperatures of 

the carbonate and quartz. Thus, these chlorite geothermometric results cannot be used in 

the calculation of fluid isotope values for vein formation. The average formation 

temperatures (253.6
o
C) of chlorite obtained from VHP

2
q-d-c-ch-a veins are comparable to the 

fluid temperatures (231.5
o
C) obtained from fluid inclusion microthermometric 

measurement in the same veins. Therefore, the fluid temperatures obtained from fluid 

inclusion microthermometry were used for the C-O isotope calculation of parent fluids. 

The minimum and maximum of homogenization temperatures obtained from primary, 

liquid-dominated fluid inclusions in the same vein were used to calculate the range of the 

δ
13

C and δ
18

O values of the parent fluids. 

For carbonate minerals in the Martin group, the total δ
13

C values for fluid CO2 range 

from -11.2 to +1.3‰ (VPDB) and total fluid δ
18

O values vary from -10.7 to +10.0‰ 

(VSMOW-Vienna Standard Mean Ocean Water) (Figure 7.4). The amygdaloidal calcite in 

the Martin group basalt has δ
13

C and δ
18

O values of parent fluids ranging from -1.1 to 

+1.3 ‰ (VPDB) and from +5.3 to +10.0‰ (VSMOW), respectively, which are distinct 

from the results for vein carbonate in the Martin group with δ
13

C values from -11.2 to 
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-0.9 ‰ (VPDB) and δ
18

O values from -10.7 to +5.2‰ (VSMOW). 

For the different episodes of carbonate minerals in the Bolger pit, the total δ
13

C values 

for fluid CO2 range from -15.4 to -1.5‰ (VPDB) and total fluid δ
18

O values from -13.5 

to +9.1‰ (VSMOW) (Figure 7.5). The fluid δ
13

C and δ
18

O values obtained from V4 

carbonate minerals show enriched results for both δ
13

C and δ
18

O (δ
13

C: -11.5 to -1.5‰ 

VPDB, δ
18

O: -5.2 to -8.1‰ VSMOW) compared with those from other episodes of veins. 

Overall the δ
13

C values of fluids in equilibrium with carbonate minerals associated 

with uranium mineralization from different settings range from -13.4 to +0.3‰ (VPDB), 

and the fluid δ
18

O values vary from -7.2 to +17.0‰ (VSMOW), with the majority falling 

in the range of 0 to +5.0‰ (VSMOW) (Figure 7.6 A). The fluid δ
13

C values obtained 

from non-mineralized carbonate (including those hosted by the Martin group and 

basement rocks) mainly range from -15.4 to +1.3‰ (VPDB), and the fluid δ
18

O values 

from -13.5 to +10.0‰ (VSMOW), with the majority from -5.0 to +5.0‰ (VSMOW) 

(Figure 7.6 B). The mineralized carbonate has enriched fluid δ
18

O values compared with 

the non-mineralized carbonate. Most of the fluid δ
13

C values from mineralized carbonate 

and the Martin group plot in the range from -6.0 to -2.0‰ (VPDB), whereas the majority 

of fluid δ
13

C values from non-mineralized carbonate in the basement are lower than 

-6.0‰ (VPDB). It is inferred that the fluids responsible for the non-mineralized veins 

represent the basement fluids and did not mix with the basinal fluids. When the basement 

fluids mixed with basinal fluids, mineralization may have taken place. 
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Figure 7.4 Plot of calculated δ
18

O versus δ
13

C (range and middle) values of fluids in 

equilibrium with sediment-hosted carbonate and basalt-hosted carbonate from the Martin 

group. (Original in colour) 

 

 

Figure 7.5 Plot of calculated δ
18

O versus δ
13

C (range and middle) values of fluids in 

equilibrium with different episodes of carbonate minerals from Bolger pit; note that V4 

carbonate (red) is mineralized. (Original in colour) 
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Figure 7.6 Plot of fluid δ
13

C versus fluid δ
18

O (range and middle) values obtained from 

mineralized vein samples and non-mineralized vein samples in the Beaverlodge uranium 

district; A. Plot of fluid δ
13

C versus fluid δ
18

O values obtained from mineralized vein 

samples; B. Plot of fluid δ
13

C versus fluid δ
18

O values obtained from non-mineralized 

samples. (Original in colour) 
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Chapter 8: Discussion 

8.1 Timing of main vein-type uranium mineralization relative to the Martin Lake 

Basin 

The fact that some uranium deposits occur in the Martin group (the Pitch-Ore mine and 

the Martin Lake mine) indicates that there was uranium mineralization after deposition of 

the Martin group. However, it remains unclear whether the main phase of uranium 

mineralization in the Beaverlodge uranium district was before, during, or after the 

deposition of Martin Lake basin. Deposition of the Martin group took place after 1.90 Ga 

(the age of the last amphibolite-facies metamorphic event), and was ongoing at 1.82 Ga, 

the age of the mafic magmatism responsible for the Martin group volcanic rocks (Ashton 

et al., 2009; Morelli et al., 2009). Many of the uraninite ages reported in the literature 

(Robinson, 1955; Koeppel, 1968; Hoeve and Sibbald, 1978; Tremblay, 1978; Bell, 1981; 

Dieng et al., 2013, 2015) are younger than 1.82 Ga, which would suggest that the main 

uranium mineralization postdates the Martin group. Our field studies indicate that the 

various carbonate veins emplaced within the Martin group are strikingly similar in 

outcrop appearance to those hosting the uranium mineralization in the basement. 

Furthermore, fluid inclusion microthermometric and C-O isotopic results of veins from 

the basin and the basement overlap (Figures 4.21, 7.4 and 7.5). These observations 

indicate that the vein-type mineralization is syn- to post-Martin group. 

On the other hand, some other uraninite ages (Langford, 1975; Rees, 1992; Dieng et al., 

2013, 2015) are older than 1.82 Ga, which would suggest pre-Martin group 
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mineralization. Dieng et al. (2015) proposed an age of 1850 Ma for a breccia-type 

uranium mineralization event at Beaverlodge. It is generally accepted that vein-type 

mineralization is the most common type of epigenetic deposit in the Beaverlodge area 

(Tremblay, 1972). Breccia-type ore (i.e. ore precipitated in breccia zones) is mentioned in 

some of the previous studies (Robinson, 1955; Beck, 1969; Tremblay, 1972), and 

Tremblay (1972) suggested that some veins apparently crosscut the breccia zones at the 

Ace mine. However, because of the mine reclamation efforts, no breccia-type ores could 

be observed in the field in the present study, and therefore the timing relationship 

between the breccia ores and vein ores remains uncertain. If the main phase of uranium 

mineralization did take place during the earlier brecciation event, and the vein-type 

uranium mineralization postdates the breccia-type ores, then the main uranium 

mineralization in Beaverlodge could be earlier than the deposition of the Martin group. 

Conversely, if the mineralization took place after the brecciation event, and were more or 

less contemporaneous with that in the veins, then the main uranium mineralization in 

Beaverlodge would be syn- to post-Martin group. 

8.2 Relationships between main uranium mineralization and albitization 

Many of the uranium deposits are hosted by, or spatially associated with extensive 

zones of replacement-type albitite in the leucogranite (Robinson, 1955; Hoeve, 1982; 

Rees, 1992). All of the mineralization observed within the replacement-type albitized 

rocks was found in crosscutting veins indicating that vein-type mineralization postdates 

replacement-type albitization. The spatial relationship between uranium mineralization 
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and albitite is therefore interpreted to indicate that the replacement-type albitization 

played a role in ground preparation for uranium mineralization, such as by increasing 

rock permeability (Hoeve, 1982; Evoy, 1986; Ashton, 2010). However, albite also occurs 

within veins, some of which cut rocks of the Martin group and some of which host 

mineralization. Petrographic study of the mineralized VBP
4

c-q-a vein samples from the 

Bolger pit shows that euhedral albite mantles the calcite, suggesting that a vein uranium 

mineralization event took place during or after this episode of albitization. C-O isotope 

values (Figure 7.3) and fluid temperatures (Figure 4.21) obtained from the VBP
4

c-q-a vein 

show no systematic difference relative to the results in other localities, so there is no 

reason to suspect that this mineralization event resulted from different fluids. In addition, 

petrographic studies of quartz and carbonate veins cutting the Martin group also show the 

presence of albite within some veins. These observations indicate that some vein-type 

albitization was still going on during uranium mineralization, during or after deposition 

of the Martin group. 

8.3 Sources of the mineralizing fluids  

Partly related to the controversy regarding mineralization age(s), the sources of the 

mineralizing fluids are debatable. As discussed above, if the main phase of uranium 

mineralization (assuming this was breccia-type) took place during a brecciation event 

before the development of the Martin Lake basin, then the mineralizing fluids were more 

likely of metamorphic and magmatic origin (Page, 1960; Mursky, 1963; Sassano et al., 

1972; Dieng et al., 2015). Conversely, if uranium mineralization (at least that occurring in 
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the veins) took place during or after deposition of the Martin group, the mineralizing 

fluids were possibly derived from the Martin Lake basin, although fluids of metamorphic 

origin from depth could still be involved, especially for a second reducing fluid from the 

basement. The involvement of fluids from different sources (basinal fluids, meteoric 

water and basement fluids) in the vein-type mineralization is supported by stable isotope 

and fluid inclusion results. The δ
13

C values obtained from Martin group-hosted carbonate 

mainly range from -3.8 to +0.1‰ (VPDB), which are generally higher than the δ
13

C 

values (majority from -10.1 to -1.5‰ VPDB) from carbonate veins in the deposits. It is 

inferred that the fluids responsible for Martin group-hosted carbonate had a great 

proportion of basinal fluids, whereas those involved in the precipitation of carbonate in 

the basement-hosted deposits had a higher proportion of basement-derived fluids. 

Carbon-oxygen stable isotope study of fluids in equilibrium with mineralized 

carbonate shows that the calculated fluid δ
18

OH2O values vary from -7.2 to +17.0‰ 

(VSMOW), with the majority (80% of total) falling in the range of 0 to +5.0‰ 

(VSMOW), which is outside the fields of magmatic, metamorphic and meteoric fluids. 

These results suggest that basinal fluids were involved in most of the mineralization 

(Craig, 1966; Sheppard, 1986), possibly with minor meteoric water, and these mixed with 

basement fluids to produce the mineralization. Dieng et al. (2015) proposed that the 

mineralizing fluids were of magmatic and metamorphic origins mainly based on the 

relatively high fluid temperatures they obtained from chlorite geothermometry and 

consequently high fluid δ
18

OH2O values. However, the N2-Ar-He diagram of gas 
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compositions detected by mass spectrometry (Figure 5.27b) shows that no magmatic 

fluids were involved in the mineralization. Our fluid inclusion microthermometric 

measurements provided almost the same temperatures range (mainly 100
o
 to 250

o
C) for 

both mineralized and non-mineralized veins. These relatively low temperatures obtained 

from the mineralized veins suggest that the mineralization took place after peak 

metamorphism (500
o
C or more for amphibolite-facies metamorphism), which is 

consistent with the basinal fluid origin as well. The relatively high fluid salinities (15.0 to 

30.0 wt% NaCl equivalent) obtained from fluid inclusions are typical of basinal brines, 

and the low salinities (0.1 to 5.0 wt% NaCl equivalent) may indicate the presence of 

meteoric water and basement fluids, whereas the medium salinities (5.0 to 15.0 wt% 

NaCl equivalent) may have resulted from the mixing of fluids with different sources. It is 

worth noting that the rocks in the Martin Lake basin are mainly redbeds, indicating an 

oxidizing environment, which is favourable for uranium transport in the basin.  

8.4 Structural control on uranium mineralization 

The largest uranium deposit in the Beaverlodge uranium district is located along the 

northeast-trending St. Louis fault, suggesting strong structural control on mineralizing 

fluid flow (Tremblay, 1978; Sibbald, 1985; Ashton, 2011). The attitudes of the various 

veins measured in the Bolger pit (except VBP
1

q-e-p, VBP
7

c-q), and in other mineralized 

localities, are mostly characterized by high dip angles, which suggests that during the 

vein formation, the maximum principal stress was sub-vertical. This is in contrast with 

the stress field characterized by horizontally oriented maximum principal stress during 
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regional metamorphism (including the initial formation of the St. Louis fault). These 

observations lend support to the hypothesis that the main phase of uranium mineralization 

took place after regional metamorphism during D3. The early D4 event was also 

characterized by ESE-WNW shortening, whereas the late D4 was characterized by 

extension as indicated by the downdropping of the Martin basin along the St. Louis, 

Black Bay and ABC faults. Thus, the maximum principal stress during late D4 extension 

was sub-vertical. This stage of extensional stress is thought to be responsible for forming 

the high dip angles of the veins. During extension, the less permeable basement is though 

to yield faster to the pressure drop than the more permeable overlying sedimentary rocks, 

consequently sucking down fluids from the basin into the underpressured basement along 

high permeability zones (Sibson et al., 1988; Oliver et al., 2006; Cui et al., 2012). Such a 

mechanism of fluid flow in relation to structural extension is supported by the 

observation of fluid boiling and the extremely low fluid pressures (5 to 123 bars) 

obtained from fluid inclusions studies. Fluid boiling was possibly triggered in response to 

the abrupt drop of pressure during fracture propagation (Wilkinson and Johnston, 1996). 

Based on Mohr‟s diagram, fracture propagation can develop when the differential stress 

(σ1-σ3) (σ1- maximum principle stress; σ3- minimum principal stress) is small and fluid 

pressure is high enough to ensure that the effective normal stress (σn-Pfluid) is negative 

(tensile) (Hubbert and Rubey, 1959; Handin et al., 1963; Phillips, 1972; Cox, 2005; Liu et 

al., 2011). As the suction pump model suggests (Sibson et al., 1988), hydrothermal 

deposition caused by boiling may contribute to diminishing the permeability of rupture 
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zones and result in sealing the fractures, which would then led to rebuilding of the fluid 

pressure. Thus, boiling could have taken place repeatedly within relatively long periods 

of geological time from the pre-mineralization to post-mineralization stages in the 

Beaverlodge uranium district. 

8.5 Conditions and causes of uranium deposition 

8.5.1 Temperatures of mineralization 

Microthermometric measurements of liquid-dominated biphase inclusions in the quartz 

and carbonate veins associated with mineralization show that the homogenization 

temperatures range from 78
o
 to 330

o
C, with the majority from 100

o
 to 250

o
C. These 

temperatures are comparable to the mineralizing temperatures (as low as 150
o
C) 

suggested by Robinson (1955) whom observed that magnetite locally replaced hematite. 

They also agree with the findings of Sassano et al. (1972) who obtained homogenization 

temperatures of about 155
o
C from fluid inclusion microthermometry on type D calcite in 

the Bolger pit, and Rees (1992) who used fluid inclusion microthermometry to obtain 

homogenization temperatures of about 140
o
C from dolomite veins in the Nicholson and 

Fish Hook mines. Much higher homogenization temperatures (up to 500
o
C) have been 

previously reported for the Beaverlodge deposits by Robinson (1955) mainly based on 

the exsolution texture of chalcopyrite in bornite and by Sassano et al. (1972) with the 

microthermometric measurement on vapour-dominated fluid inclusions. However, 

modern research has shown that the exsolution textures of chalcopyrite in bornite can 

take place at temperatures as low as 250
o
C (Durazzo and Taylor, 1982). Those extremely 
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high homogenization temperatures (up to 500
o
C) obtained from vapour-dominated fluid 

inclusions (Rees, 1992) most likely result from heterogeneous trapping of the fluid 

inclusions (Liang et al., 2014). As discussed above, the formation temperatures of chlorite 

petrographically shown to be contemporaneous with the host minerals of fluid inclusions 

in mineralized VHP
2

q-d-c-ch-a veins (238
o
 and 269

o
C) are similar to the average temperature 

obtained from fluid inclusions in the same vein (232
o
C). These temperatures are also 

comparable to the formation temperature (about 230
o
C) of chlorite associated with 

Athabasca-type uranium mineralization in the Beaverlodge area that was inferred by 

Dieng et al. (2015) to be coeval with the ca. 1.6 Ga unconformity-type mineralization 

associated with the Athabasca basin. In contrast, Dieng et al. (2015) proposed an average 

temperature of about 330
o
C for the main uranium mineralization event (breccia-type) 

based on chlorite geothermometry, which is substantially higher than our fluid inclusion 

homogenization data (mainly from100
o
 to 250

o
C). This discrepancy may be related to one 

of several possible factors or a combination of them. Firstly, fluid inclusion 

homogenization temperatures generally represent the minimum trapping temperatures. 

Although they are interpreted to represent the trapping temperature under boiling 

conditions, we cannot assure that all the liquid-dominated aqueous inclusions were 

entrapped exactly during the boiling; some inclusions may have been entrapped at 

slightly higher temperature and pressure conditions above the boiling curve. Secondly, 

the breccia ores may have been formed earlier than the vein ores, as discussed above, and 

their formation temperatures may have been different. A third possibility is that the 
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chlorite used to calculate the ore formation temperatures was not contemporaneous with 

the precipitation of the ores, as we have seen for some of the chlorite samples in the 

present study as well. Other geothermometers (e.g., oxygen isotope of paired quartz and 

carbonate, using in situ analysis such as SIMS) may help to clarify these uncertainties. 

8.5.2 Depths of mineralization 

  Based on the fluid pressures calculated by using fluid inclusion isochores under the 

assumed H2O-NaCl system, the depths of mineralization in the Beaverlodge uranium 

district were estimated to be from 46m to 1.3km for hydrostatic loads and 17m to 457m 

for lithostatic loads, respectively. Considering the presence of minor gas components (e.g., 

CO2), the calculated depths are likely to be less than 2 km. These relatively shallow 

depths are comparable to previously reported depths (less than 10000 feet) by Beck (1969) 

based on the extensive presence of open-space filling veins at Beaverlodge. If the fluid 

pressure regime was instantly under-hydrostatic during boiling in relation to structural 

extension, as discussed above, the actual depth may be deeper than those estimated based 

on a hydrostatic regime. Nevertheless, it is unlikely for the mineralization to have 

occurred in deep, mesothermal environments, in which fluid pressure more likely 

fluctuates between lithostatic and hydrostatic, rather than between hydrostatic and 

under-hydrostatic (Sibson et al., 1988). 

8.5.3 Causes of uranium deposition 

The observation that both massive and vein-hosted types of pitchblende mineralization 

were generally distributed in breccia zones and open-space fractures in the Beaverlodge 
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uranium district led to the initial suggestion that loss of pressure may have been 

responsible for the precipitation of pitchblende (Robinson, 1955; Turek, 1965; Beck, 

1969). Sassano et al. (1972) suggested that fluid boiling took place during the deposition 

of calcite in the Bolger pit based on their fluid inclusion study. Our study further indicates 

that fluid boiling took place before, during and after the vein-hosted uranium 

mineralization, based on the coexistence of liquid-dominated, vapour-dominated and 

vapour-only inclusions within individual fluid inclusion assemblages, and the boiling 

slope suggested by the plot of CO2/N2 versus total gas of fluid inclusions in quartz. 

During fluid boiling, acidic volatile species (e.g., CO2 or H2S) are thought to be 

significantly partitioned into the vapour phase, consequently increasing the pH and 

salinity of the residual solution and resulting in precipitation of the ore minerals (Leroy, 

1978; Slack, 1980; Drummond and Ohmoto, 1985; Pattrick, 1985; Helgeson and Lichtner, 

1987; Sibson et al., 1988). If uranium was initially transported as Cl complexes, an 

increase in pH would be favoured for the precipitation of uraninite (Romberger, 1984). 

Uranium is transported as the U
6+

 species and deposited when it is reduced to U
4+

 

(Hoeve and Sibbald, 1978; Romberger, 1984; Komninou and Sverjensky, 1996; Shock et 

al., 1997; Alexander et al., 2005). Therefore, reducing agents are important factors in 

controlling the localization of uranium deposits. In previous studies (Hoeve and Sibbald, 

1978; Alexander et al., 2005; Jefferson et al., 2007) of the unconformity-related uranium 

deposits in the Athabasca basin, it has been suggested that graphite in zones spatially 

associated with the basement faults acted as the reducing agents (or the precursors of 
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reducing agents). Yeo and Potter (2010) proposed that Fe
2+

 or H2S may have acted as 

reducing agents rather than the graphite in most of the Athabasca deposits. Unlike the 

Athabasca deposits, there is no obvious reducing agent for the uranium deposits in the 

Beaverlodge uranium district. Based on the observation that pitchblende was generally 

associated with hematitization, previous studies proposed that ferrous iron from the wall 

rocks might have acted as a reducing agent (Gruner, 1952; Turek, 1965; Beck, 1969; 

Peiris and Parslow, 1988; Sibbald, 1988). Fluid-rock interaction between oxidizing fluids 

and host rocks with Fe
2+

-bearing minerals (e.g., chlorite) could have provided the ferrous 

iron for precipitation. 

  Mixing of fluids with various origins has also been proposed as an important 

mechanism for hydrothermal vein-type uranium mineralization in previous studies 

(Cuney, 1978; Dubessy et al., 1987; Turpin et al., 1990). As discussed above, basinal 

fluids from the Martin Lake basin, meteoric water from the surface and fluids from the 

basement with different origins (e.g., initially of magmatic or metamorphism origin) may 

all have been involved in uranium mineralization. Relatively low δ
13

C values recorded in 

the carbonate from the Nicholson mine, Cayzor site and Bolger pit in our study may 

suggest that methane acted as a reducing agent locally (Sassano et al., 1972; Rees, 1992; 

Dieng et al., 2015). It is inferred that oxidizing basinal fluids were channelled along high 

permeability zones produced by structural deformation and albitization, and mixed with 

fluids from basement rocks containing Fe
2+

 and methane, leading to the precipitation of 

uraninite. 



194 

 The wide range of fluid inclusion homogenization temperatures from 78
o
 to 330

o
C, 

with the majority from 100
o
 to 250

o
C, and that of salinities from 0.2 to 30.8 wt% NaCl 

equivalent (mainly clustered around 0.2 to 5.9 wt% NaCl equivalent, and 18.2 to 30.8 

wt% NaCl equivalent) (Figure 5.21a), probably result from fluid mixing. Furthermore, 

considering that boiling and condensation took place in response to the pressure 

fluctuation, the fluid inclusions with high salinities (18.2 to 30.8 wt% NaCl equivalent) 

were possibly trapped from residual liquid solution during boiling, and the fluid 

inclusions with relatively low salinities (0.2 to 5.9 wt% NaCl equivalent) were trapped 

from the newborn liquid solution produced by condensation of vapour from fluid boiling. 

Mixing of these two types of fluids may have also contributed to uraninite precipitation.  

8.6 Comparison of vein-type uranium mineralization in the Beaverlodge uranium 

district with the unconformity-related uranium mineralization in the Athabasca 

basin 

In previous fluid inclusion and C-O isotope studies at the Nicholson Bay and Fish 

Hook deposits from the Beaverlodge uranium district, it was suggested that the vein-type 

uranium deposits shared similar fluid compositions and structural controls with the 

unconformity-type uranium mineralization in the Athabasca basin (Peiris and Parslow, 

1988; Sibbald, 1988; Kyser et al., 1990; Rees, 1992). According to the studies of 

unconformity uranium mineralization at the Cigar Lake, McArthur River, Key Lake and 

Rabbit Lake deposits in the Athabasca basin, the mineralizing fluid temperatures 

generally ranged from 120
o
 to 200

o
C and salinities from 22.0 to 36.0 wt % NaCl 
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equivalents (Hoeve and Sibbald, 1978; Kotzer and Kyser, 1990; Richard et al., 2013). 

Studies at McArthur River by Derome et al. (2005) and Richard et al. (2010) suggested 

that fluid mixing took place during mineralization. Our microthermometric results 

obtained from vein-type deposits suggest comparable fluid temperatures of around 100
o
 

to 250
o
C and salinities from 18.2 to 30.8 wt % NaCl equivalents. The oxygen isotope 

study of clay and silicate minerals in equilibrium with ore-forming fluids in the 

Athabasca basin showed that basinal fluids with a δ
18

O value of 4±2‰ (VSMOW) were 

involved in mineralization (Kotzer and Kyser, 1990; Rees, 1992; Percival et al., 1993; 

Fayek et al., 1997; Fayek and Kyser, 1997; Alexandre et al., 2005). The majority of fluid 

δ
18

O values in the Beaverlodge uranium district vary from 0 to +5.0‰ (VSMOW), which 

suggests that basinal fluids were also involved in the vein-type uranium mineralization. 

On the other hand, the development of abundant carbonate minerals in the mineralized 

veins in the Beaverlodge district contrasts with the absence of carbonates in the 

mineralization stage for the unconformity-type deposits in the Athabasca Basin. This 

indicates a relatively high pH environment for the vein-type uranium mineralization in 

Beaverlodge, as opposed to low pH values of around 4.8 to 6.0 (Fayek and Kyser, 1997) 

or even less than 3 (Richard et al., 2012) for the Athabasca unconformity-type uranium 

deposits. The significance of this different in pH for uranium extraction, transport, and 

deposition needs to be further examined in future studies. 
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Chapter 9: Conclusions 

Field observations confirm that all of the studied vein-type uranium deposits and 

showings in the Beaverlodge uranium district are characterized by the development of 

carbonate (with or without quartz) veins, consisting of Fe-poor calcite, Fe-rich calcite, 

Fe-poor dolomite, and Fe-rich dolomite. Similar carbonate veins are also developed in the 

sedimentary rocks and basalt of the Martin group, some of which are also mineralized. It 

is inferred that the vein-type uranium mineralization in the basement took place during or 

after deposition of the Martin group. Considering the fact that we have not seen and 

studied the breccia-type ore recorded in some previous studies, the main phase of 

uranium mineralization at Beaverlodge could have taken place during the early 

brecciation event; however, if the breccia-type mineralization took place at the same time 

as the vein-type mineralization, the main phase of uranium mineralization should be syn- 

to post-Martin group. 

Field observations and petrographic studies indicate that uranium mineralization is 

spatially associated with extensive replacement-type albitite alteration at many localities, 

but where this is true, the mineralization occurs in crosscutting carbonate-quartz veins. 

Petrographic study shows that some quartz and carbonate veins in the Martin group are 

lined by albite, suggesting that at least one episode of albitization postdates deposition of 

the Martin group. Furthermore, albite was found in mineralized carbonate veins in the 

basement, indicating that at least one episode of albitization is genetically associated with 

vein-type uranium mineralization. 
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Up to 7 episodes of vein emplacement are recognized in the Bolger pit, of which 

episode 4 veining is most closely related to uranium mineralization. Most of the resulting 

veins are sub-vertical, which indicate sub-vertical maximum principal stresses during 

vein-type mineralization, in contrast to sub-horizontal maximum principal stresses during 

regional metamorphism. The FIP measurements on the V1 to V7 vein samples show 

relatively similar strikes and dips to the corresponding episodes of veins in the Bolger pit. 

Three types of fluid inclusions are identified, i.e., liquid-dominated biphase (liquid + 

vapour), vapour-dominated biphase (liquid+ vapour) and monophase (vapour-only) 

inclusions. The coexistence of liquid-dominated, vapour-dominated and vapour-only 

inclusions indicates that fluid boiling took place before, during and after vein-type 

uranium mineralization. Microthermometric measurements of liquid-dominated biphase 

inclusions in the quartz and carbonate yielded homogenization temperatures ranging from 

78
o
 to 330

o
C (the majority from 100

o
 to 250

o
C), and salinities from 0.2 to 30.8 wt% NaCl 

equivalent (mainly clustered around 0.2 to 5.9 wt% NaCl equivalent and 18.2 to 30.8 

wt% NaCl equivalent). Thus, the fluids responsible for the vein-type uranium 

mineralization at Beaverlodge were mainly characterized by temperatures of around 100
o
 

to 250
o
C and various salinities (from 0.2 to 30.8 wt% NaCl equivalent). The average 

homogenization temperature (231.5
o
C) obtained from quartz in a mineralized VHP

2
q-d-c-ch-a 

vein at the Hab deposit is in agreement with the formation temperature (238.3
o
C) 

obtained from chlorite geothermometry for chlorite showing petrographic evidence of 

contemporaneousness with the host minerals of fluid inclusions from the same vein. 



198 

Fluid pressures were calculated by using the microthermometric results for H2O-NaCl 

system, and the fluid pressure at homogenization values (Ph) mainly range from 4.5 to 

123.1 bars, corresponding to a hydrostatic load of 46 to 1256m and a lithostatic load of 

17 to 457m, which indicate relatively shallow depths for vein formation. However, if 

minor amounts of non-aqueous volatiles were considered in the fluid inclusions, the 

calculated fluid pressures and depths would be slightly higher. 

No non-aqueous volatiles were detected in the fluid inclusions by Raman spectroscopy 

at room temperature. However, bulk analysis of selected quartz and carbonate samples by 

mass spectrometry indicates that the volatiles are dominated by H2O, with minor amounts 

of CO2 (0.3887-2.3913 mol%), CH4 (0.0041-0.6969 mol%), H2 (0.0001-2.9142 mol%), 

O2 (0.0261-1.5219 mol%), N2 (0.0765-1.9819 mol%), Ar (0.0005-0.0134 mol%) and He 

(0.0093-1.2401 mol%). Accordingly, the fluid compositions were mainly made of H2O 

and minor gas species. 

The oxygen and carbon isotopes of carbonate minerals associated with uranium 

mineralization from various occurrences show δ
18

O ranging from -20.5 to -8.9‰ (VPDB) 

and δ
13

C values from -10.1 to -0.9‰ (VPDB). By using the different ranges of 

homogenization temperatures of fluid inclusions in carbonates, the calculated δ
18

O values 

of the parent fluids in equilibrium with the carbonates range from -9.6 to +17.0‰, with 

the majority from 0 to +5.0‰ (VSMOW). 

Based on these data, uranium mineralization in the Beaverlodge uranium district was 

likely formed in a relatively shallow environment (depth 1-2 km), where basinal fluids 
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from the Martin Lake basin and meteoric water may have been channelled along high 

permeability zones produced by structural deformation and albitization, and mixed with 

fluids from the basement containing Fe
2+ 

and methane. Fluid mixing, fluid-rock 

interaction and boiling or phase separation may all have contributed toward precipitation 

of uraninite. 

The vein-type uranium deposits in the Beaverlodge uranium district share similar fluid 

temperatures to those of the unconformity-related uranium deposits in the Athabasca 

basin. Basinal fluids were involved in both the vein-type Beaverlodge mineralization and 

the unconformity-related Athabasca basin uranium mineralization. However, the 

vein-type uranium mineralization at Beaverlodge was developed in a relatively high pH 

environment. Considering the timing and mechanisms for both types of uranium 

mineralization, the vein-type uranium mineralization in the Beaverlodge uranium district 

may be considered as an older analog of the unconformity-type uranium deposits in the 

Athabasca basin. 
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Appendix A. Locations and descriptions of collected samples 

Sample No. Locations GPS Descriptions Purposes 

12GC501 Beside Melville 

Lake 

E: 639026 

N: 6606008 

Arkose of the Melville 

Formation cemented by calcite 

Fluid inclusions; 

C-O isotopes 

12GC502 West of Melville 

Lake 

E: 636403 

N: 6605067 

Conglomerate of the Melville 

Formation cemented by calcite 

Fluid inclusions; 

C-O isotopes 

12GC553 Near Fay mine E:642379 

N:6604556 

Conglomerate of the Melville 

Formation where cemented 

Fluid inclusions 

13RL001 Near Fay mine E:642663 

N: 6604636 

Conglomerate of the Melville 

Formation cut by quartz veins 

Fluid inclusions 

12GC503 West of Melville 

Lake 

E: 636015 

N: 6605046 

Arkose of the Melville 

Formation where cemented 

Fluid inclusions 

12GC504 West of Melville 

Lake 

E: 636015 

N: 6605046 

Arkose of the Melville 

Formation where cemented 

Fluid inclusions 

13RL023 Near Uranium 

City, road side 

E: 636387 

N: 6608071 

Arkose of the Melville 

Formation where cemented 

Fluid inclusions 

13RL024 Near Uranium 

City, road side 

E: 636423 

N: 6605066 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL025 Near Uranium 

City, road side 

E: 636494 

N: 6605079 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL026 Near Uranium 

City, road side 

E: 636471 

N: 6605065 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL027 Near Uranium 

City, road side 

E: 636426 

N: 6605068 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL028 Near Uranium 

City, road side 

E: 636471 

N: 6605065 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL029 Near Uranium 

City, road side 

E: 637474 

N: 6604924 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL030 Near Uranium 

City, road side 

E: 637481 

N: 6604919 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL031 Near Uranium 

City, road side 

E: 637481 

N: 6604919 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL032 Near Uranium 

City, road side 

E: 637605 

N: 6604852 

Arkose of the Melville 

Formation where cemented 

Fluid inclusions 

13RL033 Near Uranium 

City, road side 

E: 637605 

N: 6604852 

Arkose of the Melville 

Formation cut by calcite veins 

Fluid inclusions; 

C-O isotopes 

13RL034 Near Uranium 

City, road side 

E: 638474 

N: 6604472 

Arkose of the Seaplane Base 

Formation where cemented 

Fluid inclusions 

12GC530 Near Uranium 

City, road side 

E:634797 

N:6605534 

Arkose of the Seaplane Base 

Formation where cemented 

Fluid inclusions 
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12GC531 In Uranium City, 

near water fall 

E:635152 

N:6605996 

Arkose of the Seaplane Base 

Formation where cemented 

Fluid inclusions 

13RL035 Near Uranium 

City, road side 

E: 638972 

N: 6604300 

Arkose of the Gillies Channel 

Formation where cemented 

Fluid inclusions 

12GC533 Near 

Beaverlodge 

Lake 

E:638977 

N:6604283 

Arkose of the Gillies Channel 

Formation cut by dolomite 

veins 

Fluid inclusions; 

C-O isotopes 

12GC560 Pitch-Ore mine E:638083 

N:6602372 

Arkose of the Gillies Channel 

Formation where cemented 

Fluid inclusions 

12GC563 Martin Lake 

waste 

E:639056 

N:6603968 

Arkose of the Gillies Channel 

Formation cemented by calcite 

Fluid inclusions; 

C-O isotopes 

13RL036 Near Melville 

lake  

E: 639055 

N: 6606006 

Arkose of the Beaverlodge 

Formation cemented by calcite 

Fluid inclusions; 

C-O isotopes 

13RL037 Near Melville 

lake 

E: 640535 

N: 6604518 

Arkose of the Beaverlodge 

Formation where cemented 

Fluid inclusions 

13RL038 Main road near 

Fay mine 

E: 640510 

N: 6604511 

Arkose of the Beaverlodge 

Formation where cemented 

Fluid inclusions 

13RL039A Near Fay mine E: 642189 

N: 6604572 

Arkose of the Beaverlodge 

Formation where cemented 

Fluid inclusions 

13RL039B Near Fay mine E: 642241 

N: 6604585 

Arkose of the Beaverlodge 

Formation where cemented 

Fluid inclusions 

13RL059  

 

 

Fay mine 

E: 642581 

N: 6604615 

Quartz-carbonate vein in 

arkose of the Beaverlodge 

Formation 

Fluid inclusions; 

C-O isotopes 

13RL060 E: 642581 

N: 6604615 

Calcite vein in arkose of the 

Beaverlodge Formation 

Fluid inclusions; 

C-O isotopes 

13RL064 E: 642581 

N: 6604615 

Calcite cement in arkose of the 

Beaverlodge Formation 

Fluid inclusions 

12GC527  

 

Lorado mine 

E:632329 

N:6597216 

Conglomerate of the 

Beaverlodge Formation where 

cemented 

Fluid inclusions 

12GC528 E:632244 

N:6597222 

Conglomerate of the 

Beaverlodge Formation where 

cemented 

Fluid inclusions 

13RL051 Camdeck 

occurrence 

E: 641237 

N: 6608829 

Conglomerate of the 

Beaverlodge Formation with 

quartz vein (high U) 

Fluid inclusions 

12GC551 Martin Lake 

mine 

E:638852 

N:6604514 

Calcite vein cutting basalt of 

the Gillies Channel Formation 

Fluid inclusions; 

C-O isotopes 

12GC552 Martin Lake E:638852 Calcite vein cutting basalt of Fluid inclusions; 
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mine N:6604514 the Gillies Channel Formation C-O isotopes 

12GC559 Pitch-Ore mine E:638083 

N:6602372 

Amygdaloidal calcite in basalt 

of the Gillies Channel 

Formation 

Fluid inclusions; 

C-O isotopes 

12GC562 Martin Lake 

waste 

E:639053 

N:6603968 

Amygdaloidal calcite in basalt 

of the Gillies Channel 

Formation 

Fluid inclusions; 

C-O isotopes 

13RL004  

 

 

 

 

 

 

 

 

 

 

 

Bolger pit 

E:645999 

N:6606287 

V1 Quartz vein cut by V2 

quartz-calcite vein 

Fluid inclusions; 

C-O isotopes 

12GC549 E:645999 

N:6606287 

Calcite-quartz vein (V3) in 

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL007 E:645999 

N:6606287 

Calcite-quartz vein (V3) in 

amphibolite 

Fluid inclusions; 

C-O isotopes 

12GC545 E:645984 

N:6606240 

Calcite-quartz vein (V4) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL005 E:645984 

N:6606240 

Calcite-quartz vein (V4) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

12GC550 E:645936 

N:6606311 

Calcite-quartz vein (V4) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL010 E:645936 

N:6606311 

Calcite-quartz vein (V4) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

12GC546 E:645984 

N:6606240 

Calcite vein (V5) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL008 E:645984 

N:6606240 

Calcite vein (V5) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

12GC547 E:645984 

N:6606240 

Calcite-quartz vein (V6) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL009 E:645984 

N:6606240 

Calcite-quartz vein (V6) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

12GC548 E:646016 

N:6606267 

Calcite-quartz vein (V7) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL006A E:646016 

N:6606267 

Calcite-quartz vein (V7) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL006B E:646016 

N:6606267 

Calcite-quartz vein (V7) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL011 E:646016 

N:6606267 

Calcite-quartz vein (V7) in  

amphibolite 

Fluid inclusions; 

C-O isotopes 

12GC509  

 

E:648028 

N:6608353 

Calcite-quartz vein in albitite 

with high U 

Fluid inclusions; 

C-O isotopes 
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13RL014  

 

Dubyna pit 

E:648028 

N:6608353 

Dolomite vein in albitite with 

high U 

Fluid inclusions; 

C-O isotopes 

13RL015 E:648028 

N:6608353 

Quartz-dolomite vein in 

albitite with high U 

Fluid inclusions; 

C-O isotopes 

12GC510 E:647868 

N:6608421 

Dolomite-quartz vein in 

albitite  

Fluid inclusions; 

C-O isotopes 

13RL012 E:647868 

N:6608421 

Dolomite-calcite vein in 

leucogranite 

Fluid inclusions; 

C-O isotopes 

13RL013 E:647868 

N:6608421 

Quartz-carbonate vein in 

leucogranite 

Fluid inclusions; 

C-O isotopes 

13RL018  

 

 

 

 

 

 

Hab pit 

E:645382 

N:6612280 

Boudinage quartz (V1) Fluid inclusions 

12GC517 E:645382 

N:6612280 

Quartz-dolomite vein (V2) Fluid inclusions 

C-O isotopes 

12GC518 E:645426 

N:6612276 

Quartz-dolomite vein (V2) Fluid inclusions; 

C-O isotopes 

12GC519 E:645426 

N:6612276 

Quartz vein (V2) Fluid inclusions 

13RL017 E:645426 

N:6612276 

V1 quartz vein cut by V2 

quartz vein  

Fluid inclusions 

13RL019 E:645426 

N:6612276 

Quartz vein (V3) Fluid inclusions 

13RL020 E:645426 

N:6612276 

Quartz vein (V2) Fluid inclusions 

13RL021 E:645426 

N:6612276 

Quartz-dolomite vein (V2) Fluid inclusions; 

C-O isotopes 

12GC508  

 

 

 

 

21 Zone 

E:641483 

N:6608993 

Donaldson Lake granite with 

some quartz removed 

Fluid inclusions 

13RL52A E: 641485 

N: 6608992 

Donaldson Lake granite with 

dolomite vein 

Fluid inclusions; 

C-O isotopes 

13RL52B E: 641485 

N: 6608992 

Donaldson Lake granite with 

dolomite vein 

Fluid inclusions; 

C-O isotopes 

13RL053A E: 641485 

N: 6608992 

Donaldson Lake granite with 

dolomite-quartz vein 

Fluid inclusions; 

C-O isotopes 

13RL053B E: 641485 

N: 6608992 

Donaldson Lake granite with 

dolomite-quartz vein 

Fluid inclusions; 

C-O isotopes 

13RL054 E: 641485 

N: 6608992 

Donaldson Lake granite with 

dolomite-calcite vein 

Fluid inclusions; 

C-O isotopes 

12GC507  

 

E:646468 

N:6606882 

Disseminated calcite (high U) 

in albitite 

Fluid inclusions; 

C-O isotopes 
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13RL076 11 Zone E:646468 

N:6606882 

Disseminated dolomite (high 

U) in amphibolite breccia 

Fluid inclusions; 

C-O isotopes 

13RL077 E:646468 

N:6606882 

Calcite vein in amphibolite Fluid inclusions; 

C-O isotopes 

12GC506  

 

 

46 Zone 

E: 645821 

N: 6606844 

Calcite cement in albitite 

breccia 

Fluid inclusions; 

C-O isotopes 

13RL083 E: 645821 

N: 6606844 

Quartz-carbonate 

disseminating in amphibolite 

breccia 

Fluid inclusions; 

C-O isotopes 

13RL084 E: 645821 

N: 6606844 

Calcite-dolomite vein in 

amphibolite  

Fluid inclusions; 

C-O isotopes 

12GC515  

 

 

 

 

Eagle shaft  

mine 

E:639656 

N:6607227 

Quartz-dolomite vein with 

high U in albitite 

Fluid inclusions 

13RL044A E: 640404 

N: 6607224 

Quartz-dolomite vein with 

high U  

Fluid inclusions; 

C-O isotopes 

13RL044B E: 640404 

N: 6607224 

Quartz-dolomite vein with 

high U 

Fluid inclusions; 

C-O isotopes 

13RL045 E: 640404 

N: 6607224 

Dolomite vein with high U Fluid inclusions; 

C-O isotopes 

13RL046 E: 640404 

N: 6607224 

Quartz vein with sulfide  Fluid inclusions 

13RL047 E: 640404 

N: 6607224 

Calcite vein in leucogranite 

with high U 

Fluid inclusions; 

C-O isotopes 

12GC516  

 

 

Spur pit 

E:639261 

N:6607209 

Quartz-calcite vein with high 

U in leucogranite 

Fluid inclusions; 

C-O isotopes 

13RL048 E: 639268 

N: 6607328 

Calcite vein in leucogranite 

with high U 

Fluid inclusions; 

C-O isotopes 

13RL049 E: 639268 

N: 6607328 

Calcite vein in leucogranite 

with high U 

Fluid inclusions; 

C-O isotopes 

13RL050 E: 639268 

N: 6607328 

Quartz-calcite vein in 

leucogranite with high U 

Fluid inclusions; 

C-O isotopes 

12GC513  

 

 

 

Intermediate 

zone 

E:640402 

N:6607264 

Quartz-calcite vein with high 

U in albitite 

Fluid inclusions; 

C-O isotopes 

12GC514 E:640402 

N:6607264 

Calcite- dolomite vein with 

high U in albitite 

Fluid inclusions; 

C-O isotopes 

13RL040 E: 641348 

N: 6607226 

Calcite- dolomite vein with 

high U in leucogranite 

Fluid inclusions; 

C-O isotopes 

13RL041 E: 641348 

N: 6607226 

Quartz-carbonate vein in 

leucogranite 

Fluid inclusions; 

C-O isotopes 

13RL043 E: 641348 Quartz vein with sulfide  Fluid inclusions 
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N: 6607226 

12GC511  

Eagle-Ace mine 

E:641750 

N:6606721 

Calcite vein with high U in 

amphibolite 

Fluid inclusions; 

C-O isotopes 

12GC512 E:641750 

N:6606721 

Calcite vein with high U in 

amphibolite 

Fluid inclusions; 

C-O isotopes 

13RL068  

 

 

National 

Exploration mine 

E: 644793 

N: 6608592 

Quartz-dolomite vein in 

leucogranite  

Fluid inclusions; 

C-O isotopes 

13RL069 E: 644793 

N: 6608592 

Dolomite vein in leucogranite Fluid inclusions; 

C-O isotopes 

13RL070 E: 644793 

N: 6608592 

Quartz-dolomite vein in 

leucogranite 

Fluid inclusions; 

C-O isotopes 

13RL072 E: 644793 

N: 6608592 

Dolomite vein in leucogranite Fluid inclusions; 

C-O isotopes 

12GC536  

 

 

Cayzor mine 

E:633452 

N:6606740 

Calcite-dolomite vein with 

high U in orthogneiss 

Fluid inclusions; 

C-O isotopes 

13RL081 E:633452 

N:6606740 

Calcite-dolomite vein with 

high U in orthogneiss 

Fluid inclusions; 

C-O isotopes 

13RL082 E:633452 

N:6606740 

Quartz-dolomite vein with 

high U in orthogneiss 

Fluid inclusions; 

C-O isotopes 

12GC534  

 

 

Leonard mine 

E:631333 

N:6604497 

Quartz-calcite-dolomite vein 

in leucogranite 

Fluid inclusions; 

C-O isotopes 

12GC535 E:631333 

N:6604497 

Calcite vein in leucogranite Fluid inclusions; 

C-O isotopes 

13RL078 E:631333 

N:6604497 

Calcite vein in amphibolite Fluid inclusions; 

C-O isotopes 

13RL079 E:631333 

N:6604497 

Dolomite- calcite vein in the 

leucogranite 

Fluid inclusions; 

C-O isotopes 

13RL080 E:631333 

N:6604497 

Dolomite vein in leucogranite  Fluid inclusions; 

C-O isotopes 

12GC520  

 

 

 

 

 

Nicholson Bay 

mine 

E:645325 

N:6594039 

Calcite crosscutting diopside Fluid inclusions 

12GC521 E:645325 

N:6594039 

Dolomite vein in quartzite Fluid inclusions 

12GC522 E:645164 

N:6594147 

Dolomite vein in quartzite Fluid inclusions 

12GC523 E:645164 

N:6594147 

Vuggy dolomite vein in 

quartzite 

Fluid inclusions 

12GC524 E:645214 

N:6593322 

Sandstone of the Athabasca 

Group where cemented 

Fluid inclusions 
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Note: 

Sample No. 12GC5XX- collected in 2012 summer; 

Sample No. 13RL0XX- collected in 2013 summer. 

 

12GC525 E:645155 

N:6593231 

Sandstone of the Athabasca 

Group where cemented 

Fluid inclusions 

12GC542 E:645152 

N:6594168 

Quartz-dolomite vein in 

quartzite 

Fluid inclusions; 

C-O isotopes 

12GC537 E:645726 

N:6593595 

Quartz and carbonate veins 

associated with diopside 

Fluid inclusions 

12GC538 E:645726 

N:6593595 

Quartz and carbonate veins 

associated with diopside 

Fluid inclusions 

12GC541 E:645606 

N:6593867 

Marble (dolomite) with 

chalcopyrite, bornite and 

galena 

Fluid inclusions; 

C-O isotopes 
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Petrographic study of thin sections from Martin group sedimentary rocks 

Sample number: 12GC529 

The Beaverlodge Formation (Martin group) 

arkose 

(The top half of thin section is stained for 

carbonate, the lower half is unstained) 

 

 
Photomicrograph showing various contacts 

between framework grains X4 XPL 

 
Calcite (Fe-rich and Fe-poor) as cement in 

arkose with glauconite alteration X10 PPL 

 
Detrital zircon in matrix materials X10 XPL 

 

Muscovite showing slightly bent X10 XPL 

Texture: 

Fine (dominant) to medium sand grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from angular to sub-rounded; 

Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (50%), feldspar (30%), glauconite, zircon, muscovite, sericite, chlorite, rock fragments and 

hematite; 

Matrix: clay-size particles (0-2%); 

Cements: Carbonate (Fe-poor and Fe-rich calcite). 

Descriptions: 

Polycrystalline quartz grains randomly distribute in arkose, showing sutured contacts; 

Calcite (Fe-poor and Fe-rich) is the most common cement, occurring as pore-filling and 

fracture-filling in framework grains; 

Muscovite show slightly bent and squished due to compaction; 

Minor detrital hematite randomly distributes in arkose. 

Comments: 

No workable fluid inclusions in calcite cement. 
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Sample number: 13RL036  

Quartz wackes of Beaverlodge Formation 

(Martin group) cut by carbonate vein 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 

 

 
Photomicrograph showing various contacts 

between framework grains X4 XPL 

 
Muscovite laths in wackes X10 XPL 

 

 
Quartz overgrowth showing variably dissolved 

X10 XPL 

 

Fe-poor calcite vein with euhedral quartz 

cutting wackes X4 XPL 

Very fine to fine (dominant) sand grained; 

Well to moderately (dominant) sorted; 

Roundness ranging from angular to sub-rounded;  

Very little open space visible; 

Grain contact: point (most common) or concavo-convex. 

Composition: 

Quartz (10-20%), feldspar (2-5%), muscovite, sericite, rock fragments and hematite; 

Matrix: clay-size particles (30-40%). 

Descriptions: 

Minor quartz overgrowths can be found in this thin section, but most of them have been variably 

destroyed or dissolved; 

Fe-poor calcite veins associated with euhedral quartz cut the wackes; 

The Fe-poor calcite is coarse-grained and subhedral to anhedral, showing well developed 

cleavages; 

Comments: No workable fluid inclusions can be found in the quartz overgrowths. 
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Sample number: 13RL038  

Arkose of Beaverlodge Formation (Martin 

group) cut by carbonate vein 

 (The top half of thin section is unstained, the 

lower half is stained for carbonate ) 

 

 
Quartz cut by Fe-poor dolomite vein X4 XPL 

 
Muscovite well developed in quartz X10 XPL 

 
Chlorite developed in quartz X4 PPL 

 

 

Quartz overgrowth showing straight contact 

with dolomite X10 XPL 

Descriptions: 

The Beaverlodge Formation arkose was cut by Fe-poor dolomite veins; 

The polycrystalline quartz showed sutured contacts and was associated with abundant muscovite; 

Quartz overgrowths of arkose show relatively straight contact with dolomite, which may suggest 

they were broadly contemporary. 

The dolomite is Fe-poor, anhedral, showing dirty surface. 

 

Comments: 

Paragenesis: dolomite syn- quartz overgrowth; 

No workable fluid inclusions can be found in the quartz overgrowths and dolomite. 
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Sample number: 12GC533 

Arkose of Gillis Channel Formation (Martin 

group) 

 

 

 
Polycrystalline quartz showing undulatory 

extinction X10 XPL 

 
Sericite alteration of feldspar X10 XPL 

 

 
Dolomite (Fe-poor) as cements X10 XPL 

 

Dolomite veinlet cutting arkose X4 XPL 

Textures: 

Fine to medium (dominant) sand grained; Well to moderately (dominant) sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (>50%), feldspar (20%), muscovite, sericite, rock fragments and hematite; 

Matrix: clay-size particles (0-5%); 

Cements: carbonate (possibly Fe-poor dolomite). 

Descriptions: 

Polycrystalline quartz shows undulatory extinction and sutured contacts; 

Feldspar is clastic with anhedral-subhedral, and occasionally euhedral shapes; 

Sericite alteration was well developed in feldspar; 

Minor hematite randomly distributes in arkose; 

Dolomite (Fe-poor) generally acts as cement and some occurs as veinlets crosscutting the arkose 

in this thin section. 

Comments: 

No workable fluid inclusions can be found in the dolomite cement and veinlets. 
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Sample number: 13RL035  

Arkose of Gillis Channel Formation (Martin 

group) 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 

 

 
Muscovite showing strongly bent X4 XPL  

Sericite alteration of feldspar X4 XPL 

 
Fe-poor dolomite as cements X4 XPL 

 

 

Quartz overgrowth showing variably dissolved 

X10 XPL 

Fine to medium (dominant) sand grained; Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (>50%), feldspar (20%), muscovite, sericite, rock fragments and hematite; 

Matrix: clay-size particles (0-5%); 

Cements: quartz overgrowth, carbonate (Fe-poor dolomite). 

Descriptions: 

Polycrystalline quartz shows undulatory extinction and sutured contacts; 

Feldspar is clastic with anhedral-subhedral, and occasionally euhedral shapes; 

Sericite alteration is well developed in feldspar; 

Muscovite shows strongly bent due to compaction; 

Minor quartz overgrowths can be found, showing wavy contact with dolomite; 

Fe-poor dolomite generally acts as cement and some of the carbonate occurs as veinlets 

crosscutting the arkose. 

Comments: No workable fluid inclusions can be found in the dolomite and quartz overgrowths. 
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Sample number: 12GC530 

 

Seaplane Base Formation (Martin group) 

arkose near town 
 

  
Polycrystalline quartz showing undulatory 

extinction X4 XPL 

 
Sericite alteration of feldspar X10 XPL 

 

 
Quartz overgrowth showing variably dissolved 

X10 XPL 

 
Quartz veinlet cutting arkose X4 XPL 

 

Fine to medium (dominant) sand grained; Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (>50%), feldspar (20%), muscovite, sericite, rock fragments and hematite; 

Matrix: clay-size particles (0-5%); 

Cements: quartz overgrowth. 

Descriptions: 

Polycrystalline quartz shows undulatory extinction and sutured contacts; 

Feldspar is clastic with anhedral-subhedral, and occasionally euhedral shapes; 

Some of the feldspar shows sericite alteration; 

Minor quartz overgrowths can be found, but most of them have been variably destroyed or 

dissolved; 

Minor detrital hematite randomly distributes in arkose; Quartz veinlets cut the arkose. 

Comments: 

Paragenesis: Quartz overgrowth->quartz veinlet (later); 

No workable fluid inclusions can be found in the quartz overgrowth. 
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Sample number: 12GC531 

 

Seaplane Base Formation (Martin group) 

arkose in town 
 

  
Detrital zircon in arkose X20 XPL 

 
Muscovite clast X4 XPL 

 
Quartz overgrowth showing variably dissolved 

X10 XPL 

 
Carbonate cement eating feldspar 

overgrowth X10 XPL 

Textures: 

Fine to medium (dominant) sand grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

 

Composition: 

Quartz (>50%), feldspar (20%), muscovite, sericite, rock fragments and hematite; 

Matrix: clay-size particles (0-2%); 

Cements: quartz overgrowth, carbonate (Fe-poor dolomite). 

Descriptions: 

Polycrystalline quartz shows undulatory extinction and sutured contacts; 

Feldspar is clastic with anhedral-subhedral, and occasionally euhedral shapes; 

Some of the feldspar shows sericite alteration; 

Minor quartz overgrowths can be found, but most of them have been variably destroyed or 

dissolved. 

Comments: 

Paragenesis: Quartz overgrowth and feldspar overgrowth (syn?) dolomite; 

No workable fluid inclusions can be found in the overgrowth and dolomite. 
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Sample number: 13RL034  

Arkose of Seaplane Base Formation (Martin 

group) 

 (The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Fe-poor calcite as cement X4 XPL 

 
Muscovite clast X10 XPL 

 
Quartz and feldspar overgrowths showing 

variably dissolved X10 XPL 

 
Sericite alteration on feldspar X10 XPL 

 

Fine to medium (dominant) sand grained; Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (>50%), feldspar (20%), muscovite, sericite, rock fragments and hematite; 

Matrix: clay-size particles (0-2%); 

Cements: quartz overgrowth, feldspar overgrowth, carbonate (Fe-poor calcite). 

Descriptions: 

Some quartz and feldspar grains have been variably dissolved, with Fe-poor calcite filling in 

the residual space;  

Minor quartz overgrowth and feldspar overgrowth can be found, but most of them have been 

variably destroyed or dissolved;  

Calcite (Fe-poor) is the most common cement, occurring as pore-filling and fracture-filling in 

framework grains;  

Detrital hematite randomly distributes in the arkose. 

Comments:  

No workable fluid inclusions can be found in overgrowths and calcite cement. 
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Sample number: 12GC501  

Melville Formation (Martin group) gravelly 

sandstone cut by calcite  

(The lower half of thin section is unstained, the 

top half is stained for carbonate )  

 
Fe-rich calcite as cement in arkose X4 PPL 

 
Calcite vein cutting arkose X4 XPL 

 
Quartz overgrowth showing variably dissolved 

X20 PPL 

 
Biotite and sericite developed in 

polycrystalline quartz X10 XPL 

Textures: 

Fine to medium (dominant) sand grained; 

Well to moderately (dominant) sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point (most common), long to concavo-convex. 

Composition: 

Quartz (>50%), feldspar (20%), muscovite, sericite, biotite, rock fragments and hematite; 

Matrix: clay-size particles (0-2%); 

Cements: quartz overgrowth, carbonate (calcite). 

Descriptions: 

Feldspar is clastic with anhedral-subhedral, and occasionally euhedral shapes; 

Some of the feldspar shows sericite alteration; 

Minor quartz overgrowths can be found, but most of them have been variably destroyed or 

dissolved;  

Carbonate (Fe-rich calcite) cement occurs as pore-filling and fractures-filling in arkose. 

Comments: 

Paragenesis: Quartz overgrowth ->carbonate (syn or later?); 

Minor workable fluid inclusions can be found in the carbonate. 
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Sample number: 12GC502 

Melville Formation (Martin group) 

conglomerate cut by carbonate vein 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Quartz overgrowth showing variably dissolved 

X4 XPL 

 
Fe-rich calcite in conglomerate X4 PPL 

 

 
Feldspar overgrowth showing straight contact 

with Fe-rich calcite cement X10 XPL 

 
Fe-rich dolomite vein cutting conglomerate 

X4 XPL 

Fine to medium (dominant), to coarse sand grained; 

Well to moderately (dominant) sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point (most common), long to concavo-convex. 

Composition: 

Quartz (>50%), feldspar (10-20%), muscovite, sericite, rock fragments, chlorite, pyrite and 

hematite; 

Matrix: clay-size particles (0-2%); 

Cements: quartz and feldspar overgrowth, Fe-rich calcite. 

Descriptions: 

Minor quartz overgrowths can be found, but most of them have been variably destroyed or 

dissolved;  

Feldspar overgrowths show straight contact with the calcite cement, suggesting they are 

contemporary; 

Carbonate (Fe-rich calcite) cement occurs as pore-filling and fractures-filling; 

Minor detrital hematite and pyrite distribute randomly in conglomerate; 

Fe-rich dolomite veins cut the conglomerate. 

Comments: 

Paragenesis: Quartz and feldspar overgrowth-(contemporary?) calcite cement->dolomite (syn 

or late);  

Minor workable fluid inclusions can be found in the carbonate. 
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Sample number: 12GC503 

Melville Formation (Martin group) gravelly 

sandstone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Quartz overgrowth showing variably dissolved 

X10 XPL 

 
Feldspar overgrowth showing variably 

dissolved X10 XPL 

 
Detrital zircon in arkose X10 XPL 

 
Well developed sericite alteration X10 XPL 

Textures: 

Fine to medium (dominant), to coarse sand grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (>50%), feldspar (10-20%), muscovite, sericite, rock fragments and hematite; 

Matrix: clay-size particles (0-2%); 

Cements: quartz and feldspar overgrowths. 

 

Descriptions: 

Polycrystalline quartz grains randomly distribute in arkose, showing sutured contacts; 

Sericite alteration is well developed in feldspar; 

Quartz overgrowths and feldspar overgrowths occur as the most common cement, and most of 

them have been variably dissolved or destroyed in this thin section; 

Minor detrital hematite grains distribute randomly between framework grains. 

 

Comments: 

No workable fluid inclusions can be found in quartz and feldspar overgrowths. 
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Sample number: 12GC504 

Melville Formation (Martin group) sandstone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Quartz overgrowth showing variably dissolved 

X20 XPL 

 
Feldspar overgrowth showing variably 

dissolved X10 XPL 

 
Fe-poor calcite as cement X10 XPL 

 
Quartz veinlets cutting arkose X20 PPL 

Textures: 

Fine to medium (dominant) sand grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (>50%), feldspar (10-20%), biotite, sericite, zircon, rock fragments and hematite; 

Matrix: clay-size particles (0-2%); 

Cements: quartz and feldspar overgrowth, calcite. 

Descriptions: 

Quartz overgrowths and feldspar overgrowths are the most common cement, with most of 

them being variably destroyed or dissolved; 

Minor calcite (Fe-poor) occurs as pore-filling and fracture-filling in framework grains;  

Detrital hematite grains distribute randomly between framework grains; 

Quartz veinlets cut in arkose. 

Comments: 

No workable fluid inclusions can be found in the quartz overgrowths and calcite cement. 

The timing relationships between overgrowths, calcite cement and quartz veinlets are unclear. 
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Sample number: 13RL001 

Melville Formation (Martin group) 

conglomerate cut by drusy quartz veins 

(The lower half of thin section is unstained, the 

top half is stained for carbonate )  

  
Muscovite well developed in sutured quartz 

pod X10 XPL 

 
Sericite alteration of feldspar X10 XPL 

 

 
Quartz overgrowth showing variably dissolved 

X20 XPL 

 
Drusy quartz vein X4 XPL 

 

Textures: 

Fine to medium (dominant) sand grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

Composition: 

Quartz (>50%), feldspar (10-20%),sericite, muscovite, rock fragments and hematite; 

Matrix: clay-size particles (0-2%). 

Descriptions: 

Minor quartz overgrowth can be found, showing variably dissolved; 

Quartz pod (polycrystalline quartz) shows strongly undulatory extinction and sutured contacts; 

Muscovite is well developed in the quartz pod, generally along the sutured contacts between 

quartz grains; 

Sericite alteration can be found in some feldspar; 

Anhedral hematite and pyrite randomly distribute in the drusy quartz vein. 

Comments: 

Monophase (vapour) fluid inclusions are common in drusy quartz vein. 
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Sample number: 13RL023  

Conglomerate from Melville Formation 

(Martin group) 

 (The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Sericite alteration of feldspar X4 XPL 

 

 
Quartz overgrowth showing variably 

dissolved X10 XPL 

 
Feldspar overgrowth showing variably 

dissolved X10 XPL 

 
Fe-poor calcite as cement X4 PPL 

 

Textures: 

Fine to medium (dominant) sand grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point, long to concavo-convex (most common). 

 

Composition: 

Quartz (>50%), feldspar (10-20%), sericite, rock fragments and hematite; 

Matrix: clay-size particles (0-2%); 

Cements: quartz and feldspar overgrowth, calcite. 

 

Descriptions: 

Abundant sericite alteration can be found in feldspar; 

Quartz overgrowths and feldspar overgrowths are the most common cement, with most of 

them being variably destroyed or dissolved; 

Calcite (Fe-poor) occurs as pore-filling and fracture-filling in framework grains. 

 

Comments: 

No workable fluid inclusions can be found in the overgrowths and calcite cement. 
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Sample number: 13RL024  

Siltstone of Melville Formation (Martin group) 

cut by carbonate vein 

 (The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Photomicrograph showing strongly deformed 

siltstone X4 XPL 

 
Fe-rich calcite vein with Fe-rich dolomite 

X4 PPL 

 
Chlorite clast in calcite X4 PPL 

 
Quartz veinlet cutting siltstone X4 XPL 

Textures: 

Clay to silt (dominant) size grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point (most common), long to concavo-convex. 

 

Composition: Quartz (>50%), muscovite; 

Matrix: clay-size particles (0-5%); 

Descriptions: 

The quartz in the siltstone is strongly deformed; 

Carbonate vein cutting in the siltstone contains calcite (Fe-rich), dolomite (Fe-rich) and 

chlorite; 

The straight contacts between calcite, dolomite and chlorite may suggest they are 

contemporary; 

Quartz veinlet cutting in the siltstone is mainly characterized by clean quartz with sub-hedral 

to euhedral shape. 

Comments: 

The timing relationship between carbonate vein and quartz veinlet is unclear in this thin 

section. 
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Sample number: 13RL025  

Arkose of Melville Formation (Martin group) 

cut by calcite vein  

 (The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Muscovite showing slightly bent X10 XPL 

 

 
Chlorite well developed in arkose X10 PPL 

 

 
Quartz overgrowth showing variably dissolved 

X20 XPL 

 
Calcite (Fe-rich) vein cutting arkose X4 

XPL 

Textures: 

Fine (dominant) to medium sand grained; 

Well (dominant) to moderately sorted; 

Roundness ranging from sub-angular to sub-rounded; Very little open space visible; 

Grain contact: point (most common), long to concavo-convex. 

 

Composition: 

Quartz (>50%), feldspar, muscovite, sericite, chlorite, rock fragments and hematite; 

Matrix: clay-size particles (0-5%); 

Cements: quartz and feldspar overgrowth. 

 

Descriptions: 

Quartz overgrowth is generally destroyed via compaction in this thin section; 

Muscovite has been slightly bent and squished due to compaction; 

Calcite (Fe-rich) veins cutting in the arkose are fine-grained, anhedral and clean. 

 

Comments: 

No workable fluid inclusions can be found in the overgrowths and calcite. 
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Petrographic study of thin sections from Bolger pit 

Sample number: 13RL004  

V1 quartz-epidote vein cut by V2 

quartz-calcite vein 

(The lower half of thin section is unstained, the 

top half is stained for carbonate )  

  
V1 sutured quartz truncated by V2 drusy 

quartz and calcite vein X4 XPL 

 
V1 vein parallel to foliation in amphibolite 

X4 XPL 

 
V2 quartz filled by calcite X4 XPL 

 

 
V1 epidote cut by V2 quartz-chlorite X4 

PPL 

Descriptions: 

The V1 veins are approximately parallel to the foliation in amphibolite (host rock); 

The V2 veins cut amphibolite (foliation) and V1 veins with a low angle; 

 

V1 veins contain deformed quartz (dominant), epidote and pyrite; 

Quartz in V1 veins shows undulatory extinction and sutured contacts; 

Anhedral to subhedral pyrite randomly distributes in V1 veins; 

 

V2 veins are mainly composed of drusy quartz, Fe-poor calcite (dominant), Fe-rich calcite 

(minor) and chlorite; 

The V2 drusy quartz is generally associated with Fe-poor and Fe-rich calcite, the straight 

contact between quartz and calcite may suggest they are contemporary; 

Abundant open pores are found in the Fe-poor calcite, indicating secondary dissolution of 

calcite; 

Hematite laths crosscut Fe-poor calcite in V2 veins, indicating post-V2 stage (possible V3) for 

hematite. 

 

Comments: 

No workable fluid inclusions can be found in the V1 and V2 quartz. 
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Sample number: 13RL007  

V3 calcite veins 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Fe-poor calcite in V3 vein X10 XPL 

 
Deformed quartz in the V3 vein X20 XPL 

 
Chlorite clast in V3 vein X4 PPL 

 
Hematite laths in calcite X20 PPL 

Descriptions: 

V3 calcite veins are mainly composed of Fe-poor calcite and deformed quartz; 

 

The Fe-poor calcite is generally fine grained and anhedral to subhedral; 

The deformed quartz exhibits sutured contacts and strongly undulatory extinction; 

Some of the deformed quartz has been variably dissolved, with Fe-poor calcite filling in the 

residual space; 

Minor chlorite clasts in V3 vein is similar to the chlorite in amphibolite (host rock), which may 

suggest the chlorite is pre-V3; 

Anhedral pyrite randomly distributes in the V3 vein; 

Hematite laths well developed in the V3 vein. 

 

Comments: 

Abundant workable fluid inclusions were found in V3 calcite. 
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Sample number: 13RL010  

V4 calcite vein 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Fe-poor calcite with crosscutting Fe-rich 

calcite in V4 vein X4 PPL 

 
Albite lining V4 calcite vein X10 XPL 

 

 
Chlorite clast in V4 vein X10 PPL 

 
 

Chlorite cut by calcite X5 PPL 

Descriptions: 

 

V4 veins are mainly composed of Fe-poor calcite (dominant), Fe-rich calcite (minor) and 

albite; 

The Fe-poor calcite in V4 are generally coarse grained and anhedral to subhedral; 

The Fe-rich calcite in V4 shows fine grained size, suhedral to euhedral shape, well developed 

cleavages and cracks on the surface; 

Abundant albite is lining the V4 calcite; 

The albite is fine-grained, subhedral, clean and weakly undulatory extinction; 

Anhedral pyrite randomly distributes in the V4 calcite vein; 

 

Comments: 

Albite growing along V4 calcite vein (the main mineralization vein) suggests that one episode 

of albitization was related to uranium mineralization. 

Albite pre- or syn- V4 vein. 
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Sample number: 13RL005  

V4 calcite-quartz veins 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Calcite (Fe-poor and Fe-rich) with drusy quartz 

in V4 vein X10 PPL 

 
Small quartz associated with drusy quartz 

and calcite in V4 vein X4 XPL 

 
Chlorite clast in V4 vein X4 PPL 

 
Hematite veinlet in V4 calcite X20 PPL 

Descriptions: 

 

V4 veins are mainly composed of Fe-poor calcite (dominant), Fe-rich calcite (minor) and 

drusy quartz; 

The drusy quartz in V4 is characterized by dirty surface and variable shape (from subhedral to 

euhedral); 

Smaller quartz crystals are distributeed around the periphery; 

The Fe-poor calcite in V4 are generally coarse grained and anhedral to subhedral; 

The Fe-rich calcite in V4 shows well developed cleavages and cracks on the surface; 

Chlorite clasts in V4 vein are similar to those in the amphibolite; 

Hematite veinlets crosscut the Fe-poor calcite in V4 veins, indicating post-V4 stage (possible 

V5) for this hematite. 

 

Comments: 

Abundant workable fluid inclusions were found in V4 calcite. 

No workable fluid inclusions can be found in V4 quartz. 
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Sample number: 12GC545 

Bolger pit V4 calcite and quartz vein 

(The top half of thin section is stained for 

carbonate, the lower half is unstained) 

 

  
Fe-poor calcite with crosscutting Fe-rich 

calcite in V4 vein X4 PPL 

 
Comb quartz with calcite in V4 vein X4 

XPL 

 
Hematite laths distributing around pyrite X 50 

PPL 

 
Hematite laths veinlet cut by V4 Fe-poor 

calcite X10 PPL 

Descriptions: 

 

V4 veins are mainly composed of Fe-poor calcite (dominant), Fe-rich calcite (minor) and 

drusy quartz; 

The drusy quartz in V4 is characterized by dirty surface and variable shape (from subhedral to 

euhedral); 

The Fe-poor calcite in V4 are generally coarse grained and anhedral to subhedral; 

The Fe-rich calcite in V4 shows well developed cleavages and cracks on the surface; 

Hematite veinlets cut by the Fe-poor calcite in V4 veins, indicating pre-V4 stage (possible V3) 

for this hematite. 

Hematite laths (V3) grow around pyrite, which may suggest the pyrite is syn-or pre-hematite 

(V3). 

 

Comments: 

Abundant workable fluid inclusions were found in V4 calcite. 

No workable fluid inclusions can be found in V4 quartz. 
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Sample number: 13RL008  

V5 calcite vein 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Fe-poor calcite with crosscutting Fe-rich 

calcite in V5 vein X10 PPL 

 
Deformed quartz in V5 vein X10 PPL 

 

 
Fe-poor dolomite veinlet cutting V5 calcite X4 

XPL 

 
Chlorite clast from host rock in V5 calcite 

X10 XPL 

Descriptions: 

 

V5 calcite veins are mainly composed of Fe-poor (dominant), Fe-rich (minor) calcite and 

deformed quartz; 

Fe-poor calcite in V5 is characterized by coarse grained size, subhedral to euhedral shape, well 

developed cleavages and abundant open pores on the surface; 

Fe-rich calcite is commonly associated with deformed quartz, crosscutting the Fe-poor calcite; 

Fe-poor dolomite veinlets cut the V5 calcite, indicating post-V5 stage (may be V6); 

V5 Hematite laths well developed in the calcite vein. 

 
Comments: 

Abundant workable fluid inclusions were found in V5 calcite. 
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Sample number: 13RL009  

V6 calcite vein 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Fe-poor calcite with crosscutting Fe-rich 

calcite in V6 vein X4 PPL 

 
Euhedral quartz in V6 vein X10 XPL 

 

 
Deformed quartz clast in V6 vein X4 XPL 

 
Chlorite clast from host rock in V6 calcite 

X10 PPL 

Descriptions: 

 

V6 vein is mainly composed of Fe-poor calcite, with minor amounts of Fe-rich calcite and 

subhedral to euhedral quartz; 

The Fe-poor calcite shows coarse grained size, anhedral shape and abundant open pores; 

The Fe-rich calcite exhibits fine grained size, anhedral to subhedral shape and well developed 

cleavages; 

Fe-rich calcite is spatially associated with some subhedral quartz and crosscuts the Fe-poor 

calcite; 

Deformed quartz in the V6 vein is variably dissolved, with calcite filling relict spaces. 

 
Comments: 

Abundant workable fluid inclusions were in V6 Fe-poor calcite. 
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Sample number: 13RL006A  

V7 quartz-calcite vein 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
V7 quartz cemented by Fe-rich and Fe-poor 

calcite X4 PPL 

 
Small quartz crystals around periphery X10 

XPL 

 
Chlorite clast in V7 quartz vein X10 PPL 

 
V7 quartz cut by quartz veinlets X4 XPL 

Descriptions: 

 

V7 veins are mainly composed of euhedral quartz, which is cemented by Fe-rich and Fe-poor 

calcite; 

The V7 Fe-poor and Fe-poor calcite are generally fine grained and anhedral to subhedral; 

Some of the Fe-poor calcite occurs as veinlets cutting in the amphibolite (host rock); 

Subhedral pyrite randomly distributes in V7 quartz; 

Small quartz veinlets cut in the V7 veins, indicating post-V7 stage for these quartz veinlets; 

Fine-grained chlorite can be found in the V7 quartz, but their timing relationship is unclear in 

this thin section. 
 
Comments: 

Abundant workable fluid inclusions were found in V7 calcite. 
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Sample number: 12GC548 

Bolger pit V7 quartz vein 

(The lower half of thin section is stained for 

carbonate, the top half is unstained) 
 

  
Fe-poor calcite cementing euhedral quartz X10 

PPL 

 
Fe-rich calcite cementing euhedral quartz 

X4 PPL 

 
Chlorite veinlet cutting V7 vein X4 PPL 

 
Pyrite crosscutting quartz veinlet X5 PPL 

Descriptions: 

 

V7 veins are mainly composed of euhedral quartz, which is cemented by Fe-rich and Fe-poor 

calcite; 

The V7 Fe-poor and Fe-poor calcite are generally coarse grained and anhedral to subhedral; 

Chlorite veinlets crosscut the V7 quartz and calcite, which may indicate that the chlorite is 

post-V7 stage; 

Abundant pyrite crosscutting quartz veinlet, indicating a late stage (post-V7) for pyrite; 

 
Comments: 

Abundant workable fluid inclusions were found in V7 calcite. 

The post-V7 chlorite is selected for chlorite geothermometry. 
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Petrographic study of thin sections from Dubyna 

Sample number: 13RL012  

Carbonate (VDP
1

c-q-d) in Donaldson Lake 

granite from Dubyna pit 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Sericite alteration of feldspar X4 XPL 

 
Dolomite (Fe-rich) associated with Fe-rich 

calcite cutting albite X10 PPL 

Descriptions: 

Quartz in the Donaldson Lake granite shows strongly undulatory extinction, deformation and 

sutured contacts; 

Sericite alteration is pervasive in the granite; 

Chlorite is well developed with the sutured quartz and muscovite, exhibiting abnormal blue 

interference colour in the granite; 

VDP
1

c-q-d veins are mainly composed of dolomite (Fe-rich),calcite (Fe-rich) and quartz; 

The dolomite is fine grained, anhedral to subhedral and shows well developed cleavages and 

cracks on the surface (dirty-hematite inclusion rich); 

Minor calcite (Fe-rich) distributes along the dolomite and shows relatively straight contacts 

with dolomite; 

Albite veinlets in the host rock are cut by VDP
1

c-q-d veins. 

Comments: 

The straight contacts between albite and carbonate suggest they are contemporary. 

Albite veinlets are early comparing with VDP
1

c-q-d veins. 
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Sample number: 13RL013  

VDP
1

c-q-d veins in Donaldson Lake granite from 

Dubyna pit 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Muscovite developed in drusy quartz X10 XPL 

 
Drusy quartz associated with calcite and 

dolomite X4 XPL 

 
Dolomite (Fe-poor and Fe-rich) associated 

with calcite (Fe-poor and Fe-rich) X10 PPL 

 
Fe-rich dolomite cutting Fe-rich calcite X4 

PPL 

Descriptions: 

The VDP
1

c-q-d veins are mainly composed of drusy quartz, dolomite (Fe-rich and Fe-poor), 

calcite (Fe-poor and Fe-rich);  

Drusy quartz is in contact with the dolomite and calcite; 

The dolomite is characterized by different components (Fe-poor and Fe-rich), fine-grained, 

anhedral to subhedral shape and well developed cleavages; 

The calcite (Fe-poor and Fe-rich) is generally coarse-grained and full of open pores; 

The Fe-poor and Fe-rich calcite is cut by Fe-rich dolomite veinlets in this thin section; 

Anhedral hematite randomly distributes in the Fe-rich calcite. 

Minor muscovite can be found in the drusy quartz; 

 

Comments: 

Paragenesis: Fe-rich dolomite is post-calcite. 
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Sample number: 13RL014  

VDP-d-c-q-a vein with high U in albitite from 

Dubyna 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

 
Dolomite cut by albite X10 XPL 

 
Albite cutting dolomite X4 PPL 

 
Dolomite associated with Fe-rich calcite and 

euhedral quartz X10 XPL 

 
Albite cutting quartz and dolomite X10 XPL 

Descriptions: 

VDP-d-c-q-a veins cutting albitite are mainly composed of Fe-rich dolomite, Fe-rich calcite and 

quartz; 

The Fe-rich dolomite is generally coarse-grained, dirty (hematite inclusion-rich) and strongly 

deformed; 

The albite cutting dolomite is hematized with the edges of albite is free of hematite inclusion;  

Subhedral to euhedral quartz and Fe-rich calcite are developed in the vuggs of the dolomite, 

and the quartz showing relatively straight contact with calcite; 

Albite crosscut the quartz and calcite in the dolomite, suggesting albite is after all of the above 

minerals. 

 

Comments: 

Paragenesis: Dolomite early (1)-quartz (2)-calcite (2)-albite later (3). 

Fluid inclusions in dolomite are selected for microthermometry. 
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Petrographic study of thin sections from Hab 

Sample number: 13RL018  

V1 boudinage quartz in Hab 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
V1 quartz showing strong deFormation X10 

XPL 

 
Muscovite along V1 quartz vein X10 XPL 

 

 
Chlorite well developed in V1 quartz X10 XPL 

 
Quartz veinlets cutting V1 vein X4 XPL 

 

Descriptions: 

 

V1 veins are mainly composed of quartz, muscovite and chlorite; 

Quartz in V1 vein shows sutured contacts, undulatory extinction, dirty surface and boudinage 

occurrence; 

Muscovite is well developed in the V1 quartz, and most of the muscovite has been bent and 

squished; 

Chlorite generally grew with muscovite, exhibiting abnormal blue interference color; 

Anhedral pyrite randomly distributes in V1 quartz vein. 

Quartz veinlet can be found cutting the V1 quartz, which may suggest post-V1 stage for this 

clean, euhedral quartz. 

 

Comments: 

No workable fluid inclusions can be found in the V1 quartz. 
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Sample number: 13RL017  

V2 quartz in Hab 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
V1 quartz vein truncated by V2 drusy quartz 

vein X4 XPL 

 
Drusy quartz surrounded by small quartz 

crystals X4 XPL 

 
Fe-rich calcite and dolomite (Fe-rich) filling 

V2 drusy quartz X10 PPL 

 
Chlorite in V2 quartz X10 PPL 

 

Descriptions: 

V2 veins are mainly composed of drusy quartz, Fe-rich calcite and dolomite and chlorite in 

this thin section; 

The V2 quartz is characterized by comb shape and small quartz crystals surrounding 

periphery; 

The Fe-rich calcite is generally fine grained, anhedral and shows well developed cleavages; 

The dolomite (Fe-rich) is fine grained, anhedral and shows dirty surface with well developed 

cleavages; 

Subhedral to euhedral pyrite randomly distributes in V1 quartz. 

 

Comments: 

The straight contacts between quartz, calcite and dolomite may suggest they are contemporary. 
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Sample number: 12GC517 

Hab V2 quartz vein network associated with 

reddening 

(The lower half of thin section is unstained, the 

top half is stained for carbonate)  

  
Drusy quartz surrounded by small quartz 

crystals X4 XPL 

 
Fe-rich calcite and dolomite (Fe-rich) filling 

V2 drusy quartz X10 XPL 

 
Chlorite in V2 quartz X10 PPL 

 
Quartz veinlet cutting V2 quartz X4 XPL 

Descriptions: 

V2 veins are mainly composed of drusy quartz, Fe-rich calcite and dolomite and chlorite in 

this thin section; 

The V2 quartz is characterized by comb shape and small quartz crystals surrounding 

periphery; 

The Fe-rich calcite is generally fine-grained, anhedral and shows well developed cleavages; 

The dolomite (Fe-rich) is fine-grained, anhedral and shows dirty surface with well developed 

cleavages; 

Quartz veinlet cuts the V2 quartz, which may suggest post-V2 stage for this quartz veinlet. 

 

Comments: 

Fluid inclusions from V2 quartz are selected for microthermometric study. 

The V2 chlorite has been selected for chlorite geothermometry. 
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Sample number: 12GC518 

Hab , V2 drusy quartz vein with elevated U 

(The top half of thin section is unstained, the 

lower half is stained for carbonate) 
 

  
Drusy quartz surrounded by small quartz 

crystals X4 XPL 

 
Dolomite (Fe-rich) filling V2 drusy quartz 

X4 PPL 

 
Chlorite cutting V2 quartz X10 XPL 

 
Hematite laths in quartz X50 PPL 

Descriptions: 

V2 veins are mainly composed of drusy quartz and Fe-rich dolomite in this thin section; 

The V2 quartz is characterized by comb shape and small quartz crystals surrounding the 

periphery; 

The dolomite (Fe-rich) is fine-grained, anhedral and shows dirty surface with well developed 

cleavages; 

Chlorite veinlet cuts the V2 quartz, which may suggest post-V2 stage for this chlorite. 

 

Comments: 

The straight contacts between quartz and dolomite suggest they are contemporary. 
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Sample number: 12GC519 

Hab V2 quartz vein  

(The top half of thin section is unstained, the 

lower half is stained for carbonate) 
 

  
Drusy quartz surrounded by small quartz 

crystals X4 XPL 

 
V2 quartz cutting V1 sutured quartz X4 

XPL 

 
Muscovite in V2 quartz X10 XPL 

 
Quartz veinlet cutting V2 quartz X4 XPL 

Descriptions: 

V2 veins are mainly composed of drusy quartz and muscovite in this thin section; 

The V2 quartz is characterized by comb shape and small quartz crystals surrounding 

periphery; 

V1 Quartz shows sutured contacts, undulatory extinction and dirty surface, which is cut by V2 

quartz vein; 

Quartz veinlet cuts the V2 quartz, which may suggest post-V2 stage for this quartz veinlet. 

 

Comments: 

No workable fluid inclusions can be found in V1 quartz in this thin section. 
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Sample number: 13RL021  

V2 quartz-dolomite vein in Hab 

 (The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Euhedral quartz in the dolomite vein X4 XPL 

 

 
Albite in the drusy quartz associated with 

dolomite X10 XPL 

Descriptions: 

 

V2 veins are mainly composed of quartz, dolomite and albite in this thin scection; 

The dolomite (Fe-rich) is fine-grained, anhedral and shows dirty surface with well developed 

cleavages; 

Euhedral quartz shows straight contacts with the dolomite, which may suggest they are 

contemporary; 

Minor albite grows in the drusy quartz along the contact between drusy quartz and dolomite; 

The albite is generally subhedral, twinned and clean (hematite inclusion-poor). 

 

Comments: 

Albite grows in the V2 quartz, but the timing relationship between albite, quartz and dolomite 

is unclear in this thin section (possibly broadly coeval?). 
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Sample number: 13RL019  

V3 vuggy quartz vein in Hab 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Small quartz grain surrounding comb quartz 

X10 XPL  

 
Hematite laths in V3 quartz X20 PPL 

 

 
Chlorite in V3 quartz X10 PPL 

 
Pyrite in quartz X20 PPL 

Descriptions: 

 

V3 vein is mainly composed of comb quartz with small quartz crystals around the periphery 

and minor chlorite in this thin section; 

The quartz in the V3 veins are very similar to those in the V2 drusy quartz veins; 

The chlorite in the V3 veins may not be the same generation with the V3 quartz; 

Hematite laths locally distribute in V3 quartz. 

 

Comments: 

Workable fluid inclusions are very rare in V3 quartz. 
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Sample number: 13RL020  

V3 vuggy quartz vein in Hab 

 (The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Euhedral rutile in V3 quartz X10 XPL 

 
Chlorite in V3 quartz X4 PPL 

 

Descriptions: 

 

V3 vein is mainly composed of comb quartz with small quartz crystals around the periphery,  

minor chlorite and euhedral rutile in this thin section; 

Rutile is generally subhedral to euhedral, randomly distributing in the quartz; 

 

 

Comments: 

The rutile is too small for age-dating, but it is possible to get the age for V3 quartz by using 

this method. 
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Petrographic study of thin sections from Eagle shaft 

 

Sample number: 12GC515 

Eagle shaft quartz-carbonate vein (VES-q-d-c) 

with high U in leucogranite 

(The lower half of thin section is unstained, the 

top half is stained for carbonate)  

  
Drusy quartz with Fe-rich calcite and dolomite 

X10 XPL  

 
Mantling relationship between quartz and 

dolomite (Fe-rich) X10 XPL 

Descriptions: 

 

The VES-q-d-c veins are mainly composed of quartz, dolomite and calcite; 

Drusy quartz shows comb shape and generally surrounded by small quartz crystals; 

Quartz mantles the carbonate in cores; 

Dolomite (Fe-rich) is generally fine-grained, dirty (hematite inclusion-rich) and anhedral; 

Fe-rich calcite is fine-grained, anhedral and dirty (hematite inclusion-rich); 

Anhedral pyrite and hematite distribute randomly in drusy quartz.  

 

Comments: 

Mantling relationship between quartz and carbonate suggest the quartz is early. 

No workable fluid inclusions can be found in the calcite and dolomite. 
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Sample number: 13RL044A 

Yellow dolomite filling quartz vein (VES-q-d-c) 

in Eagle shaft 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Fe-rich calcite filling drusy quartz X4 XPL 

 

 
Dolomite (Fe-rich) filling the drusy quartz 

X4 XPL 

Descriptions: 

 

The VES-q-d-c veins are mainly composed of quartz, dolomite and calcite; 

Drusy quartz shows comb shape and generally surrounded by small quartz crystals; 

Quartz mantles the carbonate in cores; 

Dolomite (Fe-rich) is generally fine-grained, dirty (hematite inclusion-rich) and anhedral; 

Fe-rich calcite is fine-grained, anhedral and dirty (hematite inclusion-rich); 

Anhedral pyrite and hematite distribute randomly in drusy quartz vein.  

 

Comments: 

Mantling relationship between quartz and carbonate suggest the quartz is early. 

No workable fluid inclusions can be found in the calcite and dolomite. 
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Sample number: 13RL044B 

Yellow dolomite filling quartz vein (VES-q-d-c)  

in Eagle shaft 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Small quartz grain surrounding comb quartz 

X4 XPL  

 
Dolomite (Fe-rich) filling the drusy quartz 

X4 XPL 

 
Fe-poor calcite filling drusy quartz X5 PPL 

 
Drusy quartz cut by quartz veinlet X10 XPL 

 

Descriptions: 

 

The VES-q-d-c veins are mainly composed of quartz, dolomite and calcite; 

Drusy quartz shows comb shape and generally surrounded by small quartz crystals; 

Drusy quartz mantles dolomite (fine-grained, Fe-rich) and Fe-poor calcite, suggesting quartz is 

early; 

Anhedral pyrite and hematite distribute randomly in drusy quartz vein; 

The drusy quartz is cut by quartz veinlet, which may suggest post-drusy quartz episode for this 

quartz veinlet. 

 

Comments: 

Mantling relationship between quartz and carbonate suggest the quartz is early. 

No workable fluid inclusions can be found in the calcite and dolomite. 
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Sample number: 13RL045 

Yellow dolomite in VES-q-d-c vein from Eagle 

shaft 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Dolomite (Fe-rich) filled by Fe-rich calcite X4 

XPL  

 
Hematite laths growing in dolomite grains 

X10 PPL 

Descriptions: 

 

The dolomite (Fe-rich) is fine-grained, deformed, anhedral and showing dirty (hematite 

inclusion-rich) surface with abundant open pores; 

Minor Fe-rich calcite fills the dolomite; 

Hematite laths are well developed within the dolomite grains. 

 

Comments: 

No workable fluid inclusions for microthermometric measurement can be found in the 

euhedral quartz, calcite. 

The liquid-dominated inclusions in dolomite have been selected for microthermometric 

measurement. 
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Sample number: 13RL047 

Pink calcite-quartz vein (VES-q-c-a) from Eagle 

shaft 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Drusy quartz mantling Fe-rich calcite X4 XPL 

  

 
Albite lining the Fe-rich calcite vein X10 

XPL  

Descriptions: 

 

The VES-q-c-a veins are mainly composed of Fe-rich calcite, quartz and albite; 

The drusy quartz shows various grain size (comb mainly); 

The Fe-rich calcite is generally coarse-grained, anhedral and shows well developed cleavages; 

Subhedral to euhedral albite is clean and twinned; 

Chlorite is well developed in the granite, which is cut by VES-q-c-a vein, which may suggest pre- 

VES-q-c-a stage for chlorite. 

 

Comments: 

Paragenesis: quartz-albite (early)-calcite (later). 
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Sample number: 13RL046 

Pyrite in quartz (VES-q-p) vein from Eagle shaft 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Quartz showing strongly deformed X10 XPL  

 
Chlorite in quartz vein X10 PPL 

 
Pyrite with chalcopyrite growing between 

quartz grains X10 PPL 

 
Pyrite with hematite growing between 

quartz grains X10 PPL 

Descriptions: 

 

The VES-q-c-a vein mainly comprises quartz, chlorite, pyrite, hematite and chalcopyrite; 

The quartz shows strong deformation, undulatory extinction and sutured contacts; 

Pyrite is the most common metallic minerals well developed between quartz grains with minor 

hematite and chalcopyrite.  

 

Comments: 

This sutured quartz vein associated with sulfide is different from dursy quartz with carbonate. 

It is likely that this sutured quartz is much earlier than drusy quartz. 

No workable fluid inclusions can be found in the deformed quartz. 
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Petrographic study of thin sections from Spur pit 

Sample number: 13RL048 

Calcite (white) (VSP-c-d vein) in Spur pit 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 

 

  
Quartz showing strongly deformed in host rock 

X4 XPL  

 
Chlorite cutting the quartz in host rock X4 

PPL 

 
Fe-poor calcite in contact with Fe-rich 

dolomite X4 XPL 

 
Calcite cutting chlorite and quartz in host 

rock X4 PPL 

Descriptions: 

VSP-c-d veins are mainly composed of Fe-poor calcite and Fe-rich dolomite; 

The quartz in granite shows strong deformation, undulatory extinction and sutured contacts; 

Chlorite is well developed in the granite, cutting the sutured quartz; 

The straight contacts between calcite and dolomite may suggest they are broadly 

contemporary; 

The VSP-c-d veins cut sutured quartz and chlorite. 

 

Comments: 

Paragenesis: sutured quartz->chlorite->calcite + dolomite (later). 

Rare workable fluid inclusions can be found in carbonate. 
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Sample number: 13RL049 

VSP-q-ch-c-d vein in Spur pit 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Fe-rich dolomite filled by Fe-rich calcite X4 

PPL  

 
Drusy quartz-chlorite cutting the dolomite 

X10 PPL 

Descriptions: 

 

The VSP-q-ch-c-d vein is mainly composed of Fe-rich dolomite and Fe-rich calcite, drusy quartz 

with chlorite; 

The dolomite (Fe-rich) is fine-grained, anhedral to subhedral and dirty (hematite 

inclusion-rich); 

The Fe-rich calcite is generally coarse-grained, anhedral and showing well developed 

cleavages; 

Drusy quartz associated with chlorite cuts the dolomite-calcite, indicating quartz and chlorite 

postdating calcite and dolomite. 

 

Comments: 

Paragenesis: dolomite-calcite (early)-drusy quartz-chlorite (later). 

Workable fluid inclusions from dolomite and drusy quartz have been selected for 

microthermometric measurement. 
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Sample number: 12GC516 

Spur zone VSP-q-ch-c-d vein with high U 

(The top half of thin section is unstained, the 

lower half is stained for carbonate) 

 

  
Chlorite and quartz in Fe-rich calcite X4 PPL 

  

 
Drusy quartz cutting the Fe-rich calcite X4 

XPL 

 
Fe-rich dolomite cutting the Fe-rich calcite X4 

XPL 

 
Pyrite intergrowth with hematite X50 PPL 

 

Descriptions: 

 

The VSP-q-ch-c-d vein is mainly composed of Fe-rich dolomite and Fe-rich calcite, drusy quartz 

with chlorite; 

The carbonate is composed of Fe-rich dolomite (Fe-rich) and Fe-rich calcite; 

The Fe-rich calcite is generally coarse-grained, subhedral and shows well developed 

cleavages; 

The Fe-rich dolomite cutting the calcite is generally fine-grained, showing relatively dirty 

surface (hematite inclusion-rich); 

Drusy quartz is associated with chlorite, cutting the calcite; 

Hematite cuts pyrite locally. 

 

Comments: 

Paragenesis: Fe-rich calcite early->Fe-rich dolomite->drusy quartz->chlorite (later). 
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Sample number: 13RL050 

VSP-q-c-a vein in Spur pit 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Drusy quartz mantling Fe-poor calcite X4 PPL 

  

 
Albite lining the drusy quartz-calcite X4 

PPL 

Descriptions: 

 

The VSP-q-c-a veins are mainly composed of quartz, calcite and albite; 

Drusy quartz mantles the calcite, indicating quartz is early; 

The Fe-poor calcite is generally coarse-grained, anhedral and shows well developed cleavages; 

Euhedral, hematized albite grows along the drusy quartz and calcite, indicating albite is earlier 

than quartz and calcite. 

 

Comments: 

Paragenesis: albite (early)->quartz->calcite. 

Workable fluid inclusions from drusy quartz and calcite have been selected for 

microthermometric measurement. 
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Petrographic study of thin section from Intermediate zone 

Sample number: 13RL040 

VIZ-d-c vein cutting leucogranite from 

Intermediate zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Dolomite vein cutting granite X4 XPL 

  

 
Quartz in granite showing sutured contacts 

X10 XPL 

 
Fe-rich calcite associated with the dolomite 

X10 XPL 

 
Dolomite cutting chlorite X10 PPL 

 

Descriptions: 

VIZ-d-c veins are mainly composed of dolomite and calcite; 

Quartz pods in the granite show undulatory extinction and sutured contacts; 

Fe-rich dolomite is generally fine-grained, subhedral and shows well developed cleavages; 

Minor Fe-rich calcite is associated with the dolomite; 

Abundant chlorite is well developed in the granite, which is cut by the dolomite. 

 

Comments: 

The relatively straight contact between calcite and dolomite may suggest that they were 

broadly contemporaneous; 

No workable fluid inclusions can be found in the dolomite and calcite. 
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Sample number: 13RL041 

VIZ-q-d-c vein cutting leucogranite from 

Intermediate zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Drusy quartz cut by dolomite (Fe-rich) X4 

XPL 

 
Quartz mantling calcite and dolomite X4 

XPL 

 
Dolomite showing remobilization along the 

contact with calcite X10 XPL 

 
Hematite well developed in quartz X10 XPL 

 

Descriptions: 

The VIZ-q-d-c veins are mainly composed of drusy quartz, Fe-rich dolomite and Fe-rich calcite; 

The drusy quartz forms the margin, following by dolomite and calcite filling the cores; 

Drusy quartz is cut by dolomite; 

The Fe-rich dolomite is generally fine-grained, dirty (hematite inclusion-rich) and shows well 

developed cleavages; 

The calcite (Fe-poor and Fe-rich) is generally coarse-grained; 

Fine-grained, subhedral and clean (hematite inclusion-poor) dolomite (Fe-rich) grows along 

the contact between dirty dolomite and calcite, which may suggest that clean dolomite is 

resulted from remobilization of those dirty dolomite during the deposition of calcite; 

Hematite laths are well developed in the drusy quartz. 

Comments: 

Paragenesis: drusy quartz->dirty dolomite (Fe-rich)->calcite (Fe-poor and Fe-rich) and clean 

dolomite (late); 

Fluid inclusions from drusy quartz and calcite are selected for microthermometric study. 
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Sample number: 12GC513 

Intermediate zone VIZ-q-c-d-a-ch vein with high U 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Drusy quartz filled by calcite (Fe-poor) X4 

XPL 

 
Albite lining the quartz with chlorite X10 

XPL 

Descriptions: 

 

The VIZ-q-c-d-a-ch vein are mainly made of quartz, calcite and dolomite, albite and chlorite; 

The drusy quartz forms the margin of these veins, with calcite filling the cores, indicating 

quartz predates calcite; 

Elongated, hematized albite with chlorite lines along the margins of the quartz;  

The calcite (Fe-poor) is generally coarse-grained, filling vuggs of the quartz; 

Hematite laths are locally developed in the calcite. 

 

Comments: 

Paragenesis: albite-chlorite->quartz->carbonate (late). 

Fluid inclusions from drusy quartz are selected for microthermometric study. 
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Sample number: 12GC514 

Intermediate zone VIZ-q-c-d-a-ch vein with high U 

(The top and lower half of thin section is 

stained for carbonate) 
 

  
Dolomite filled by calcite (Fe-poor and 

Fe-rich) X10 PPL 

 
Euhedral quartz in dolomite X4 XPL 

 

 
Albite growing along dolomite X10 XPL 

 
Albite growing along chlorite X20 XPL 

Descriptions: 

 

The VIZ-q-c-d-a-ch veins are mainly composed of dominant dolomite ((Fe-poor and Fe-rich), 

euhedral quartz and calcite (Fe-poor and Fe-rich), albite and chlorite; 

The dolomite (Fe-poor and Fe-rich) is generally fine-grained, anhedral to subhedral and dirty 

(hematite inclusion-rich); 

Minor calcite and quartz are in contact with dolomite; 

Euhedral and clean albite grows locally along the margin of dolomite; 

Abundant chlorite grew along the albite, it is possible that they were broadly 

contemporaneous. 

 

Comments: 

Paragenesis:  

Albite-chlorite (early)->Fe-poor and Fe-rich dolomite->calcite (Fe-rich and Fe-poor)-quartz. 
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Petrographic study of thin sections from Eagle-Ace mine 

 

Sample number: 12GC511 

VEA-c-a-q-ch vein with high U 

(The lower half of thin section is unstained, the 

top half is stained for carbonate )  

  
Chlorite along margins of calcite X10 XPL 

 
Albite lining the calcite X10 XPL 

 

 
Chlorite along margins of calcite X10 PPL 

 
Abundant hematite developed in calcite X10 

XPL 

Descriptions: 

 

The VEA-c-a-q-ch veins are mainly made of calcite, albite, quartz and chlorite; 

Chlorite with undulatory extinction distributes along the margins of the calcite, with some of 

the chlorite splits into the calcite; 

The Fe-poor calcite is generally coarse-grained and shows well developed cleavages; 

Albite is subhedral to euhedral, clean and twinned, lining the margins of calcite; 

Minor quartz distributes in the calcite; 

Hematite laths are locally developed in the calcite. 

 

Comments: 

Paragenesis: albite-chlorite->calcite-quartz-hematite (later); 

Fluid inclusions from Fe-poor calcite are selected for microthermometric study. 
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Sample number: 12GC512 

VEA-c vein with high U 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Amphibolite cut by quartz veinlets then by 

Fe-poor calcite X4 XPL 

 
Chlorite clast in calcite vein X4 XPL 

 

Descriptions: 

VEA-c vein is made of Fe-poor calcite; 

Quartz veinlets cut the amphibolite, showing undulatory extinction and sutured contacts; 

The quartz veinlets is cut by VEA-c vein; 

The Fe-poor calcite is generally coarse-grained, anhedral and shows well developed cleavages; 

Chlorite clasts can be found in the calcite vein, but their timing relationship is unclear in this 

thin section; 

 

Comments: 

Paragenesis: quartz veinlets-> calcite (Fe-poor) (later). 

Fluid inclusions from Fe-poor calcite are selected for microthermometric study. 

 

 



60 

Petrographic study of thin sections from Camdeck occurrence 

 

Sample number: 13RL051 

Quartz-calcite vein (VCO-q-c) cutting 

conglomerate of Beaverldoge Formation 

(Martin group) in Camdeck 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Drusy quartz vein cutting conglomerate X4 

XPL 

 
Fe-rich calcite filling the vuggs of quartz X4 

XPL 

Descriptions: 

 

The VCO-q-c veins are mainly composed of quartz and minor Fe-rich calcite; 

The Fe-rich calcite is coarse-grained, clean (hematite inclusion-poor), filling the open space of 

the quartz (cores); 

These VCO-q-c veins were collected from a mineralizing fractures in the conglomerate, it is 

inferred that the vein-type mineralization may take place post-deposition of the Martin group. 

 

Comments: 

Fluid inclusions from drusy quartz are selected for microthermometric study. 
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Petrographic study of thin sections from 46 Zone 

 

Sample number: 13RL083 

Carbonate (C46Z-c-d) cementing leucogranite 

breccia in 46 Zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Dolomite filled by calcite (Fe-rich and 

Fe-poor)X4 PPL 

 
Quartz showing strongly deformed in host 

rock X10 XPL 

Descriptions: 

 

The C46Z-c-d cement is dominated by dolomite (Fe-rich), which is filled by Fe-rich cad Fe-poor 

calcite; 

The dolomite is generally fine-grained, subhedral and dirty (hematite inclusion-poor); 

Quartz in host rocks (albitized leucogranite) shows undulatory extinction and sutured contacts, 

which is filled by calcite (Fe-rich and Fe-poor); 

Albite is subhedral to euhedral, clean and twinned, mainly growing with the quartz in host 

rock. 

 

Comments: 

Fluid inclusions in the Fe-rich dolomite are selected for microthermometric measurement. 
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Sample number: 13RL084 

Calcite-dolomite (V46Z-c-d) veins in 

leucogranite from 46 Zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Dolomite (Fe-rich) associated with calcite 

(Fe-poor) X4 PPL 

 
Muscovite well developed in calcite X10 

XPL 

 
Albite veinlet cutting calcite X4 XPL 

 
Muscovite well developed in albite X10 

XPL 

Descriptions: 

 

The carbonate vein (V46Z-c-d) is dominated by Fe-poor calcite and dolomite (Fe-rich); 

The Fe-poor calcite is generally coarse-grained, and dirty (hematite inclusion-rich), showing 

well developed cleavages; 

The dolomite (Fe-rich) is fine-grained, subhedral and dirty (hematite inclusion-rich); 

Albite is subhedral to euhedral, hematized and twinned, mainly occurring as veinlet cutting 

both calcite and dolomite; 

Muscovite is well developed in albite. 

 

Comments: 

Paragenesis: calcite-dolomite->albite-muscovite (late). 
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Petrographic study of thin sections from 21 Zone 

 

Sample number: 13RL052A 

Dolomite (V21Z-d-c-q) veins in granite from 21 

Zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Dolomite associated with calcite and quartz 

X10 PPL 

 
Quartz veinlets cutting dolomite X10 XPL 

 

 
Hematized albite cluster in dolomite X10 PPL 

 
Pyrite in dolomite X10 PPL 

Descriptions: 

 

The V21Z-d-c-q veins are composed of dolomite, minor calcite and quartz; 

The dolomite (Fe-rich) is generally fine-grained, subhedral and dirty (hematite inclusion-rich); 

Euhedral quartz is strongly hematized, in contact with calcite and dolomite; 

Hematized albite clasts can be founded in the dolomite, possibly comes from host rocks; 

Some clean quartz veinlets crosscut the dolomite, which suggests post-dolomite stage for this 

quartz. 

 

Comments: 

Paragenesis: dolomite-(syn?) calcite ->quartz (later). 
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Sample number: 13RL053A 

V21Z-d-c-m-p veins in leucogranite in 21 Zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Muscovite in dolomite X20 XPL 

 
Dolomite filled by Fe-rich calcite X10 XPL 

Descriptions: 

 

V21Z-d-c-m-p veins are made of Fe-rich dolomite, Fe-rich calcite, muscovite and pyrite; 

The dolomite is generally fine-grained, subhedral and dirty (hematite inclusion-rich); 

Minor calcite (Fe-rich) is generally subhedral and clean, filling the dolomite; 

Minor muscovite is in the contacts with dolomite; 

Pyrite cubes locally distribute in dolomite. 

 

Comments: 

Paragenesis: dolomite->calcite-muscovite-pyrite (late). 
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Sample number: 13RL053B 

Dark yellow V21Z-q-d-a veins cutting 

leucogranite in 21 Zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Drusy quartz with dolomite X4 XPL 

 
Albite growing along dolomite X4 XPL 

Descriptions: 

 

The V21Z-q-d-a veins are composed of drusy quartz and dolomite (Fe-rich), with minor albite 

and hematite; 

The dolomite (Fe-rich) is generally fine-grained, subhedral and dirty (hematite inclusion-rich); 

Drusy quartz mantles the dolomite, indicating quartz predates carbonate; 

Albite is generally subhedral, clean and twinned; 

Albite was growing along the dolomite, which suggests that they were broadly 

contemporaneous. 

Hematite is locally developed with the dolomite and/or quartz. 

 

Comments: 

Paragenesis: albite-(syn?) drusy quartz-> dolomite (Fe-rich) (late). 

Fluid inclusions from drusy quartz and dolomite are selected for microthermometric study. 
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Petrographic study of thin sections from 11 Zone 

 

Sample number: 13RL076 

Yellow dolomite disseminated (C11Z-d) in 

leucogranite breccia from 11 Zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Dolomite cemented breccia X4 XPL 

 

 
Fractures in dolomite filled by chlorite and 

euhedral quartz X10 PPL 

Descriptions: 

 

The dolomite cemented the leucogranite breccia (Fe-rich) is generally fine-grained, subhedral 

and dirty; 

Abundant chlorite is well developed in both leucogranite breccia and the dolomite; 

The chlorite filling fractures in the dolomite is associated with some euhedral and clean 

quartz. 

Subhedral pyrite randomly distributes in the dolomite. 

 

Comments: 

Paragenesis: dolomite->chlorite-euhedral quartz. 

Fluid inclusions in the dolomite are selected for microthermometric study. 
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Sample number: 13RL077 

Red calcite vein (V11Z-c-d-q) in the 11Zone 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Fe-poor calcite in contact with dolomite X4 

PPL 

 
Subhedral quartz growing in the calcite X4 

PPL 

Descriptions: 

 

The V11Z-c-d-q veins are mainly composed of calcite, dolomite and quartz; 

The calcite is generally coarse-grained and dirty (hematite inclusion-rich), showing well 

developed cleavages; 

The Fe-rich dolomite showed relatively straight contact with the calcite; 

Subhedral to euhedral quartz were well developed in the Fe-poor calcite. 

 

Comments: 

Paragenesis:  

Calcite (Fe-poor)- dolomite (Fe-rich)- quartz (syn?); 

Fluid inclusions in the calcite are selected for microthermometric study. 
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Petrographic study of thin sections from Fay mine 

 

Sample number: 13RL059 

VFM-q-c-d-ch veins in conglomerate of the Martin 

group in Fay mine 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Drusy quartz in contact with Fe-rich calcite 

and Fe-poor dolomite X4 XPL 

 
Chlorite well developed in the drusy quartz 

X4 XPL 

Descriptions: 

 

The VFM-q-c-d-ch veins are mainly composed of drusy quartz, calcite (Fe-poor and Fe-rich), 

dolomite (Fe-poor) and chlorite; 

The calcite (Fe-poor and Fe-rich) is generally coarse-grained and clean (hematite 

inclusion-poor), showing well developed cleavages; 

Drusy quartz mantles the calcite and dolomite, indicating quartz predates carbonate; 

The dolomite is fine-grained, subhedral and dirty (hematite inclusion-rich); 

Chlorite is well developed in the drusy quartz, with some chlorite veinlet cutting the calcte; 

 

Comments: 

Paragenesis: quartz (early)-> calcite (Fe-poor and Fe-rich)- dolomite-> chlorite (late). 

 



69 

 

Sample number: 13RL060 

VFM-c-a veins in conglomerate of the Martin 

group from Fay mine 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

  
Fe-rich calcite cut by Fe-poor calcite X4 PPL 

 

 
Albite lining the calcite vein with some 

albite dropping into calcite X10 XPL 

Descriptions: 

 

The VFM-c-a veins are mainly composed of Fe-rich and Fe-poor calcite, with albite lining the 

margin of veins; 

The calcite (Fe-poor and Fe-rich) is generally coarse-grained and clean, showing well 

developed cleavages; 

The albite is generally anhedral to subhedral, clean (hematite inclusion-poor) and twinned; 

Most of the albite is lining along the calcite, with some albite dropping into the calcite. 

 

Comments: 

Paragenesis: albite (early)-> calcite (Fe-poor and Fe-rich) (later); 

The crosscutting relationship suggests that both carbonate and albite postdate the deposition of 

the Martin group. 
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Petrographic study of thin sections from National Exploration 

 

Sample number: 13RL068 

Quartz-carbonate (VNE-q-d-c) vein in granite 

from National Exploration 

(The lower half of thin section is unstained, the 

top half is stained for carbonate )  

  
Drusy quartz filled by calcite in core X4 XPL 

 
Dolomite cutting in calcite X10 PPL 

Descriptions: 

 

The quartz-carbonate (VNE-q-d-c) veins are mainly composed of drusy quartz, calcite and 

dolomite; 

The calcite (Fe-poor and Fe-rich) is generally coarse-grained and strongly deformed; 

The dolomite (Fe-rich and Fe-rich) is generally fine-grained, subhedral and dirty (hematite 

inclusion-rich); 

The dolomite cuts calcite, indicating the dolomite postdates calcite. 

 

Comments: 

Paragenesis: quartz-> calcite-> dolomite (late); 

Fluid inclusions in the drusy quartz are selected for microthermometric study. 
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Sample number: 13RL069 

Red VNE-d-c-q-ch vein in National Exploration 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Fe-rich dolomite X4 XPL 

 
Chlorite in the dolomite X10 XPL  

Descriptions: 

 

The VNE-d-c-q-ch veins are mainly composed of dolomite, calcite, quartz and chlorite; 

The dolomite (Fe-rich) is generally coarse-grained, dirty (hematite inclusion-rich) and strongly 

deformed; 

Clean, euhedral dolomite was developed along contact between calcite and the dolomite 

(dirty); 

Fe-rich calcite and subhedral to euhedral quartz fill vugs of the dolomite; 

Chlorite is locally developed in the dirty dolomite. 

 

Comments: 

Paragenesis: dolomite (Fe-rich, dirty)-(syn?) chlorite -> calcite (Fe-rich)-(syn) clean 

dolomite-quartz; 

No workable fluid inclusions can be found in dolomite. 
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Sample number: 13RL070 

VNE-q-d-c vein in National Exploration 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

  
Zircon in drusy quartz vein X10 XPL 

 
Chlorite in the drusy quartz X10 PPL  

 
Drusy quartz cut by dolomite veinlets X4 XPL 

 
Fe-poor calcite cut by dolomite X4 PPL 

Descriptions: 

The VNE-q-d-c vein are mainly composed of drusy quartz, calcite and dolomite; 

The drusy quartz is characterized by comb shape, with minor zircon intergrown within the 

drusy quartz; 

Fe-poor calcite is generally coarse-grained and clean (hematite inclusion-poor); 

The dolomite (Fe-rich) is generally subhedral, occurring as veinlets crosscutting both drusy 

quartz and calcite. 

Albite (reddish in hand samples) is well developed in host rocks along the VNE-q-d-c vein. 

 

Comments: 

Paragenesis: drusy quartz-> Fe-poor calcite->Fe-rich dolomite (later)->chlorite;  

Fluid inclusions from calcite are selected for microthermometric study. 
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Petrographic study of thin sections from Cayzor mine 

 

Sample number: 13RL081 

VCM-c-d-q vein in Cayzor mine 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

 
Dolomite (Fe-rich) filled by euhedral quartz 

X4 XPL 

 
Dolomite (Fe-rich) filled by Fe-rich calcite 

X4 PPL 

 
Dolomite (Fe-rich) filled by Fe-poor calcite X4 

PPL 

 
Dolomite (Fe-rich) cut? by quartz X4 XPL 

 

Descriptions: 

 

VCM-c-d-q veins are mainly composed of dolomite, calcite and quartz, which are similar to the 

VDP-d-c-q-a veins in Dubyna pit; 

The dolomite (Fe-rich) is generally coarse-grained, dirty (hematite inclusion-rich), and 

strongly deformed; 

Minor calcite (Fe-poor and Fe-rich) and quartz fills the open pores of dolomite; 

 

Comments: 

Paragenesis: dolomite (Fe-rich) (early)->-calcite (Fe-poor and Fe-rich)- (?) quartz. 

Fluid inclusions in the dolomite are selected for microthermometric study. 
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Sample number: 13RL082 

VCM-d-q-a vein in Cayzor mine 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

`  
Drusy quartz mantling dolomite (Fe-rich) X4 

XPL 

 
Dolomite (Fe-rich) cut by albite veinlets X4 

PPL 

Descriptions: 

 

The dolomite (Fe-rich) is generally coarse-grained, dirty (hematite inclusion-rich), and 

strongly deformed; 

Drusy quartz is characterized by comb shape and clean surface; 

Drusy quartz mantles dolomite, indicating quartz predates dolomite; 

Albite (clean) veinlets crosscut the dolomite, indicating albite postdates dolomite; 

Anhedral to subhedral pyrite distributes in the dolomite. 

 

Comments: 

Paragenesis: quartz->dolomite-> albite; 

Fluid inclusions in the dolomite and drusy quartz are selected for microthermometric study. 
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Petrographic study of thin sections from Leonard mine 

 

Sample number: 13RL078 

Pink VLM-c-ch vein in amphibolite from Leonard 

mine 

(The top half of thin section is unstained, the 

lower half is stained for carbonate ) 
 

`  
Chlorite in contact with calcite X10 XPL 

 

 
Calcite disseminating in amphibolite X4 

XPL 

Descriptions: 

 

The VLM-c-ch vein is mainly composed of Fe-poor calcite and Fe-rich calcite, chlorite; 

The calcite (Fe-rich and Fe-poor) is generally coarse-grained and dirty (hematite 

inclusion-rich); 

Chlorite alteration is well developed in the amphibolite, with some of the chlorite split in 

calcite, and some chlorite lining along the calcite. 

 

Comments: 

Paragenesis: chlorite ->calcite (Fe-rich and Fe-poor); 

Fluid inclusions in the calcite are selected for microthermometric study. 
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Sample number: 13RL079 

VLM-d-c-q-ch vein in leucogranite from Leonard 

mine 

(The top half of thin section is unstained, the 

lower half is stained for carbonate )  

`  
Coarse-grained dolomite cut by fine-grained 

dolomite X4 XPL 

 
Chlorite filling the fractures in dolomite X4 

PPL 

Descriptions: 

 

The VLM-d-c-q-ch veins are mainly composed of dolomite, calcite, quartz and chlorite; 

The dolomite (Fe-rich) is generally coarse-grained, dirty (hematite inclusion-rich) and strongly 

deformed; 

Some fine-grained dolomite (Fe-rich) veinlets crosscut the coarse-grained dolomite; 

Minor Fe-rich and Fe-poor calcite with subhedral to euhedral quartz grains occur as 

pore-filling in the coarse-grained dolomite. 

 

 

Comments: 

Paragenesis: chlorite->dolomite->calcite-quartz (late); 

Fluid inclusions in the coarse-grained dolomite are selected for microthermometric study. 
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Petrographic study of thin sections from Pitch-Ore mine 

 

Sample number: 12GC559 

Martin group amygdaloidal basalt (APO-c-q-a), 

Pitch-Ore mine 

(The lower half of thin section is unstained, the 

top half is stained for carbonate)  

`  
Fe-poor calcite with euhedral quartz X20 XPL 

 
Albite lining the calcite veinlets X10 XPL 

Descriptions: 

 

The APO-c-q-a is composed of Fe-poor calcite, subhedral quartz and albite; 

Minor subhedral quartz is associated with the calcite; 

Some of the calcite veinlets are lined by clean (hematite inclusion-poor) albite; 

Chlorite is abundant in the basalt, but the relationship between chlorite and calcite in unclear 

in this thin section. 

 

Comments: 

Paragenesis: albite->calcite->quartz (late); 

Fluid inclusions in the amygdaloidal calcite are selected for microthermometric study. 
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Petrographic study of thin sections from Martin Lake mine 

 

Sample number: 12GC562 

Martin group amygdaloidal basalt (AML-c), 

Martin Lake waste 

(The top half of thin section is stained for 

carbonate, the lower half is unstained)  

`  
Fe-poor calcite in basalt X4 PPL 

 
Chlorite cut by calcite X4 PPL 

Descriptions: 

 

The calcite (Fe-poor) is generally coarse-grained, the amygdaloidal calcite is similar to the one 

in the Pitch-Ore mine site; 

Chlorite is abundant in the basalt, which is cut by calcite veinlets, indicating the pre-calcite 

stage for this chlorite. 

 

Comments: 

Paragenesis: chlorite-> calcite (Fe-poor) (later); 

Fluid inclusions in the calcite are selected for microthermometric study. 
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Sample number: 12GC552 

Martin Lake mine adit pile VML-c-q-s vein in 

basalt 

 (The top half of thin section is stained for 

carbonate, the lower half is unstained) 
 

`  
Fe-rich calcite and quartz cut by specularite X4 

XPL 

 
Calcite cut by albite veinlets X10 PPL 

Descriptions: 

 

VML-c-q-s veins are mainly composed of calcite, quartz and specularite; 

The calcite (Fe-rich) is generally fine-grained, subhedral to anhedral and clean; 

Quartz in contact with calcite is very fine-grained and clean; 

Specularite cuts both calcite and quartz; 

Albite veinlet crosscuts the calcite, indicating albite postdates calcite. 

 

Comments: 

Paragenesis: VML-c-q-s vein pre-albite; 

No fluid inclusions in calcite-quartz have been selected for microthermometric study. 
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Petrographic study of thin sections from Nicholson Bay mine 

 

Sample number: 12GC521 

VNB-d-q veins in Nicholson Bay mine  

(The top half of thin section is unstained, the 

lower half is stained for carbonate) 
 

`  
Dolomite with euhedral quartz X4 XPL 

 

 
Dolomite disseminated in sutured quartz X4 

XPL 

Descriptions: 

 

The VNB-d-q veins are made of Fe-rich dolomite and subhedral quartz; 

The dolomite (Fe-rich) is generally coarse-grained and clean; 

Minor quartz (subhedral or euhedral) is associated with the dolomite; 

Some of the dolomite is disseminated into the quartz with sutured contacts (host 

rock-quartzite). 

 

Comments: 

Paragenesis: dolomite-quartz (subhedral or euhedral) (contemporary); 

Fluid inclusions in the dolomite are selected for microthermometric study. 
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Sample number: 12GC522 

Nicholson upper adit VNB-d-q veins vein cutting 

quartzite 

(The top half of thin section is unstained, the 

lower half is stained for carbonate)  

`  
Dolomite showing abundant open pores X4 

XPL 

 
Dolomite (clean) cutting dirty dolomite in 

the quartzite X4 XPL 

Descriptions: 

 

Two generations of dolomite (Fe-rich) can be found in this thin section, one is dirty (hematite 

inclusion-rich), and another one is relatively clean; 

The dirty dolomite is generally fine-grained, subhedral, showing lots of open pores; 

The clean (hematite inclusion-poor) dolomite crosscut the dirty dolomite. 

 

Comments: 

Fluid inclusions in the clean dolomite are selected for microthermometric study. 
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Sample number: 13RL033 

Carbonate veins cutting the Martin group 

sedimentary rocks 

 (The top half of thin section is unstained, the 

lower half is stained for carbonate) 
 

`  
Fracture zones in calcite filled by deformed 

quartz and chlorite X10 XPL 

 
Fe-poor calcite veinlets cutting Fe-rich 

calcite X4 PPL 

Descriptions: 

 

The carbonate veins cutting the Martin group siltstone are mainly composed of Fe-rich calcite, 

Fe-poor calcite; 

The Fe-rich calcite is generally coarse-grained and dirty (hematite inclusion-rich), with well 

developed cleavages; 

Deformed quartz and minor chlorite fill the fractures in the Fe-rich calcite; 

Fe-poor calcite generally occurs as veinlets, crosscutting the Fe-rich calcite, indicating 

Fe-poor calcite postdates Fe-rich calcite. 

 

Comments: 

Paragenesis: deformed quartz-chlorite->Fe-rich calcite->Fe-poor calcite. 
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Appendix C. Microthermometric results of fluid inclusions from different settings in the Beaverlodge uranium district 

C-1. Microthermometric results of fluid inclusions in calcite from the Martin group 

 

 

Note:  

Vapour ratio (%): volume ratio of vapour to total; Th (OC): Total homogenization temperatures of fluid inclusions; 

Tf (OC): freezing temperatures of fluid inclusions; Tm-ice (OC): final ice melting temperatures;  

Tm-clathrate (OC): clathrate melting temperatures; Salinity (wt %): weight% NaCl equivalent. 

Sample No. Host mineral Occurrence Size 

(µm) 

Vapour ratio 

(%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt % NaCl) 

 

 

 

13RL033 

(VMF-c-d-q-ch 

veins) 

 

 

 

Calcite 

(Fe-rich)  

Isolated 12 8 137 -41.8 -0.6  1.1 

Cluster 10 10 134 -57.1 -9.3  13.2 

10 10 124 -45.5 -2.8  4.7 

Isolated 8 10 164 -44.5 -3.5  5.7 

Isolated 10 10 143 -40.6 Not observed +2.4 / 

Isolated 12 8 112 -67.9 -16.7  20.0 

Isolated 16 10 105 Not observed /  / 

Cluster 8 10 140 -50 -5.8  9.0 

12 8 143 -50 -10.5  14.5 

Isolated 8 10 96 Not observed /  / 
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C-2. Microthermometric results of fluid inclusions in carbonate and quartz from Bolger pit 

Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour 

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt % NaCl) 

 

 

 

 

 

 

13RL007 

 

 

 

 

 

Calcite 

(Fe-poor) 

from VBP
3

c-h 

veins 

 

 

 

 

 

 

Calcite 

(Fe-poor)  

from VBP
4
 

c-q-a veins 

 

 

Isolated 13 15 176 -40.0 -1.5  2.6 

Isolated 10 15 127 Not observed /  / 

Isolated 6 15 155 -39.0 -1.3  2.2 

Isolated 12 15 186 -47.5 -4.9  7.7 

Isolated 12 10 130 -25.0  -0.9  1.6 

Isolated 8 10 195 -44.0 -3.0  4.9 

Isolated 11 15 88 -34.5 Not observed  / 

Isolated 13 10 178 -38.7 -0.5  0.9 

Isolated 10 10 155 -49 -1.5  2.6 

Isolated 9 20 174 -40.7 -1.8  3.1 

Isolated 10 20 153 -41.1 -2.7  4.5 

Isolated 13 10 144 -90.0 

(reheating) 

-51.8  31.4 

(up to 95wt% 

CaCl2) 

 

 

 

12GC545 

Isolated 21 25 190 -30.0 Not observed  / 

Isolated 8 12 154 -46.8 -5.0  7.9 

Isolated 8 14 160 Not observed / -4.5 / 

Isolated 16 10 156 -90.0 -20.0  22.4 

Isolated 8 14 160 Not observed / -4.5 / 

Isolated 10 14 168 Gradually 

freeze 

-5.5  8.6 
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Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour 

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt % NaCl) 

 

 

 

 

 

 

 

 

12GC545 

 

 

 

 

 

 

 

 

Calcite 

(Fe-poor)  

from VBP
4
 

c-q-a veins 

Isolated 13 25 243 Not observed / +3.5 / 

Isolated 10 25 149 Gradually 

freeze 

-2.0  3.4 

Isolated 8 13 154 -46.8 -5.0  7.9 

Isolated 12 11 147 -30.0 

(reheating) 

-4.5  7.2 

Isolated 16 13 151 -2.0 

(reheating) 

Not observed -1.3 / 

Isolated 11 20 168 Gradually 

freeze 

-13  16.9 

Isolated 9 13 113 -30.0 

(reheating) 

-10.0  13.9 

Isolated 10 20 179 Gradually 

freeze 

-38.5  28.2 (up to 

85wt%CaCl2) 

Isolated 12 17 / -59.0 -10.0  13.9 

Isolated 11 14 141 -56.0 Not observed +2.6 / 

Isolated 14 13 171 -60.0 

(reheating) 

-45.4  30.0 (up to 

92wt%CaCl2) 

 

 

13RL008 

 

Calcite 

(Fe-poor) of 

VBP
5
 c-h 

veins 

Isolated 10 10 139 Gradually 

freeze 

-50.5  31.1(up to 

94wt%CaCl2) 

Isolated 5 10 101 -80.0 

(reheating) 

Not observed  / 

Isolated 4 10 126 Not observed /  / 
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Sample No. Host 

mineral 

Occurrence Size 

(µm) 

Vapour 

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %NaCl) 

 

 

 

13RL008 

V5 calcite 

(Fe-poor)  

from VBP
5
 

c-h veins 

Isolated 9 10 103 Gradually 

freeze 

-31.2  26.2(up to 

70wt%CaCl2) 

Isolated 5 20 133 Not observed /  / 

Isolated 11 10 120 Not observed /  / 

Isolated 12 10 75 -79.7 -47.3  30.5(up to 

93wt%CaCl2) 

V5 calcite 

(Fe-rich)  

Isolated 8 15 143 Gradually 

freeze 

-1.8  3.1 

 

 

 

 

12GC547 

 

 

 

 

 

 

Calcite 

(Fe-poor)  

from VBP
6
 

c-q veins 

Isolated 10 20 160 Not observed /  / 

Isolated 8 25 239 Not observed -10.9  15.0 

Isolated 8 20 228 Not observed /  / 

 

 

Random 

5 15 105 Not observed /  / 

5 18 119 Not observed /  / 

6 33 124 Not observed /  / 

4 33 153 Not observed /  / 

3 33 187 Not observed /  / 

13RL009 Isolated 11 10 96 Gradually 

freeze 

-39.9  28.6(up to 

87wt%CaCl2) 

Isolated 8 10 57 -73.8 -25.9  24.6(up to 

45wt%CaCl2) 

Isolated 10 5 55 Not observed /  / 

Isolated 7 10 114 Not observed /  / 
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Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour 

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

 

12GC548 

(VBP
7
 c-q 

veins) 

 

 

 

 

 

 

 

Calcite 

(Fe-poor)  

 

Cluster 

7 20 266 Not observed / -1.1 / 

6 25 169 Not observed / -1.9 / 

4 33 283 Not observed / -1.1 / 

Isolated 10 13 179 Not observed / -1.4 / 

Cluster 13 25 182 -40.8 -5.0  7.9 

11 33 173 -45.3 -5.0  7.9 

Isolated 6 33 232 Not observed / -1.5 / 

 

Cluster 

6 33 182 Gradually 

freeze 

-2.0  3.4 

7 33 191 Gradually 

freeze 

-2.0  3.4 

Isolated 10 17 200 Not observed /  / 

Cluster 8 33 185 Not observed /  / 

5 40 199 Not observed /  / 

Isolated 20 10 201 -80.0 -38.7  28.3(up to 

85wt%CaCl2) 

Isolated 21 10 100 -63.0 -2.6  4.3 

V7 quartz Isolated 7 25 128 -39.4 -0.4  0.7 
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C-3. Microthermometric results of fluid inclusions in quartz and carbonate from Dubyna pit 

 

Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour 

ratio (%) 

Th 

(
O
C) 

Tf  

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

13RL013 

(VDP
1
 c-q-d 

veins) 

 

 

 

 

 

 

Quartz 

 

Isolated 7 10 152 -41.3 -2.4  4.0 

Cluster 11 10 183 -39.5 -2.3  3.9 

10 10 120 -39.5 -2.2  3.7 

11 10 183 -37.6 -2.1  3.6 

Cluster 14 15 166 -36.8 -1.3  2.2 

11 10 106 Gradually 

freeze 

-0.2  0.4 

Isolated 32 20 169 -40.8 -1.0  1.7 

Isolated 16 10 166 Gradually 

freeze 

-1.3  2.2 

Isolated 11 20 140 -38.1 -0.3  0.5 

Isolated 8 20 180 -41.0 -1.5  2.6 

Cluster 12 10 129 -38.8 -3.3  5.4 

12 15 161 -38.9 -0.3  0.5 

Isolated 22 10 163 -40.7 -2.3  3.9 

Isolated 20 20 193 -45.8 -4.1  6.6 

13RL012 

(VDP
1
 c-q-d 

veins) 

Fe-poor 

calcite  

Isolated 19 15 120 -60.7 -17.9  20.9 
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Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour 

ratio (%) 

Th 

(
O
C) 

Tf  

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt % NaCl) 

 

 

 

 

13RL013 

(VDP
1
 c-q-d 

veins) 

 

 

 

Fe-rich 

calcite  

Isolated 9 10 181 Gradually 

freeze 

-2.0  3.4 

Isolated 14 10 186 -41.5 -1.4  2.4 

Isolated 10 15 195 Not observed /  / 

Isolated 10 15 182 -45.4 -4.9  7.7 

Isolated 14 10 175 -34.2 -6.9  10.4 

Isolated 23 15 175 -42.2 -3.2  5.3 

Isolated 30 15 173 -40.1 -2.5  4.2 

Isolated 10 15 130 Gradually 

freeze 

-0.7  1.2 

Isolated 18 10 179 -34.1 -2.1  3.6 

 

 

 

 

13RL014 

(VDP
 
–d-c-q-a 

veins) 

 

 

 

Dolomite 

(Fe-rich) 

Isolated 12 10 185 Gradually 

freeze 

-3.5  5.7 

Isolated 6 15 90 Gradually 

freeze 

-43.2  29.5(up to 90 

wt%CaCl2) 

Isolated 12 10 105 Gradually 

freeze 

-1.1  1.9 

Isolated 6 20 102 Not observed /  / 

Isolated 8 10 154 Gradually 

freeze 

-8.4  12.2 

Isolated 11 15 102 Not observed /  / 

Isolated 7 20 130 Gradually 

freeze 

-2.0  3.4 
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Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour 

ratio (%) 

Th 

(
O
C) 

Tf  

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

13RL014 

(VDP
 
–d-c-q-a 

veins) 

 

Dolomite 

(Fe-rich) 

Isolated 6 10 220 Not observed / -2.6 / 

Isolated 11 10 124 Not observed /  / 

Isolated 10 15 116 Not observed /  / 

Isolated 14 5 120 Not observed /  / 

Isolated 15 10 118 Not observed / +23.0 / 

Quartz   Isolated 13 15 203 Not observed /  / 
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C-4. Microthermometric results of fluid inclusions in quartz from Hab pit 

 

Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

 

13RL017 

 

 

 

 

 

 

 

 

 

Quartz 

from VHP
2
 

q-d-c-ch-a 

veins 

 

 

Random 

8 10 199 Gradually 

freeze 

-2.9  4.8 

11 15 182 -43.5 -3.2  5.3 

12 10 184 -44.2 -3.2  5.3 

5 15 179 -43.5 -3.1  5.1 

Isolated 9 10 269 -63.0 

(reheating) 

-29.8  25.7(up to 65 

wt%CaCl2) 

Isolated 11 20 297 -41.3 -1.6  2.7 

 

 

 

Random 

8 10 204 Not observed /  / 

6 15 234 Not observed /  / 

16 10 249 Not observed /  / 

6 10 287 Not observed /  / 

8 10 229 Gradually 

freeze 

(reheating) 

-39.5  28.5 

6 15 287 -39.5  28.5 

20 10 209 -40.6  28.8 

21 10 230 -42.8  29.4 

 

 

12GC518 

Isolated 8 33 244 Not observed  -1.4 / 

Isolated 14 17 179 -35.0 -2.5  4.2 

Cluster 8 33 172 Not observed / -1.5 / 

4 33 292 Not observed /  / 
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Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

12GC518 

 

 

 

 

 

 

 

 

 

 

Quartz 

from VHP
2
 

q-d-c-ch-a 

veins 

Cluster 11 15 241 Not observed /  / 

7 18 222 Not observed /  / 

 

Cluster 

6 33 284 Gradually 

freeze 

-1.0  1.7 

5 30 330 Gradually 

freeze 

-1.0  1.7 

 

 

 

 

 

 

 

 

12GC519 

Isolated 12 15 171 -41.1 -0.9  1.6 

 

Cluster 

12 10 211 Gradually 

freeze 

-1.2  2.1 

15 20 210 -46.9 -1.0  1.7 

11 20 273 -44.2 -1.2  2.1 

Isolated 5 20 261 -58.9 

(reheating) 

-40.5  28.8(up to 87 

wt%CaCl2) 

Cluster 10 15 253 Not observed / -1.0 / 

Isolated 12 25 225 Not observed /  / 

Isolated 20 10 204 -84.1 

 (reheating) 

-48.7  30.8(up to 93 

wt%CaCl2) 

Isolated 20 30 271 -75.0 -19.4  21.9 

 

Cluster 

11 30 253 Gradually 

freeze 

-1.8  3.1 

20 15 190 -43.1 /  / 
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Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

13RL021 

 

 

 

Quartz 

from VHP
2
 

q-d-c-ch-a 

veins 

Isolated 10 10 158 Gradually 

freeze 

(reheating) 

-33.7  26.9 (up to 76 

wt%CaCl2) 

Isolated 11 20 329 Gradually 

freeze 

-0.5  0.9 

Isolated 11 30 273 -41.5 -1.5  2.6 

Isolated 12 15 163 -41.5 -2.1  3.6 

Isolated 11 10 121 Gradually 

freeze 

(reheating) 

-27.7  25.1 (up to 56 

wt%CaCl2) 

13RL019 Quartz 

from VHP
3
 -q 

veins 

Cluster 20 15 241 -43.2 -2.5  4.2 

16 15 175 -43.4 -2.4  4.0 

Isolated 8 10 171 -41.6 -1.1  1.9 

 



94 

C-5. Microthermometric results of fluid inclusions in carbonate from Eagle shaft 

 

Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

13RL045 

 

 

 

 

 

Dolomite 

(Fe-rich) 

from 

VES-q-d-c 

veins 

Isolated 8 5 138 Not observed /  / 

Cluster 6 10 115 Not observed /  / 

6 15 154 Not observed /  / 

Isolated 8 15 138 -89.0 -35.8  27.5(up to 81 

wt%CaCl2) 

Isolated 10 20 124 Not observed /  / 

Isolated 9 10 154 Not observed /  / 

Isolated 9 20 138 -30.7 -10.5  14.5 

Isolated 6 15 129 -47.8 -28.5  25.4(up to 59 

wt%CaCl2) 

Isolated 8 15 109 Not observed /  / 

Isolated 8 10 122 Gradually 

freeze 

-5.8  9.0 

Isolated 22 5 117 Not observed /  / 

 

 

 

13RL047 

 

 

Calcite 

(Fe-rich) 

from 

VES-q-c-a 

veins 

 

Cluster 

8 10 175 -44.3 -3.5  5.7 

9 10 188 Not observed /   

7 15 242 Gradually 

freeze 

-3.5  5.7 

Isolated 7 15 212 -45.9 -3.5  5.7 

Isolated 10 15 230 Gradually 

freeze 

-6.9  10.4 
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Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

13RL047 

 

 

Calcite 

(Fe-rich) 

from 

VES-q-c-a 

veins 

 

Cluster 

8 15 252 Not observed /  / 

10 10 267 Not observed /  / 

20 10 246 Not observed /  / 

Isolated 6 15 233 Gradually 

freeze 

-3.4  5.6 

Isolated 8 15 216 Gradually 

freeze 

-1.8  3.1 
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C-6. Microthermometric results of fluid inclusions in quartz and carbonate from Spur pit 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

13RL049 

(VSP-q-ch-c-d 

veins) 

 

 

 

 

 

 

 

Quartz 

(drusy)  

Isolated 10 20 242 -51.0 -7.9  11.6 

Isolated 14 8 109 Gradually 

freeze 

(reheating) 

-40.5  28.8(up to 87 

wt%CaCl2) 

 

Cluster 

20 10 110 -49.8 -2.1  3.6 

8 10 168 -46.5 -3.9  6.3 

16 10 150 -46.5 -7.4  11.0 

Isolated 12 10 172 -44.7 -3.7  6 

 

 

Random  

8 15 175 -43.9 -3.2  5.3 

6 10 146 -43.8 -0.2  0.4 

6 10 150 -43.8 -3.2  5.3 

14 15 177 Gradually 

freeze 

-3.2  5.3 

Isolated 9 15 239 Gradually 

freeze 

(reheating) 

-3.6  5.9 

Isolated 6 15 143 -47.1 Not observed +6.2 / 

Dolomite 

(Fe-rich)  

Isolated 12 15 195 -38.5 -0.9  1.6 

Isolated 11 15 183 Gradually 

freeze 

(reheating) 

-1.4  2.4 

Isolated 10 10 189 -40.9 -1.7  2.9 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

13RL049 

(VSP-q-ch-c-d 

veins) 

 

Dolomite 

(Fe-rich)  

Isolated 6 10 195 -48.4 -1.5  2.6 

 

 

Cluster 

 

14 15 171 Gradually 

freeze 

(reheating) 

-3.1  5.1 

12 15 156 Gradually 

freeze 

(reheating) 

-3.2  5.3 

 

 

 

 

 

 

13RL050 

(VSP-q-c-a 

veins) 

 

 

 

 

Quartz 

(drusy)  

Isolated 10 20 192 -40.3 -1.2  2.1 

Isolated 11 15 177 -45.6 -0.8  1.4 

 

Cluster 

10 10 151 -42.7 -2.7  4.5 

11 10 166 -42.3 -2.1  3.6 

12 10 168 -42.5 -3.8  6.2 

 

 

Random 

13 10 176 -41.5 -1.9  3.2 

6 15 180 -45.8 -1.9  3.2 

14 10 166 -40.8 -1.9  3.2 

5 20 199 -40.8 -1.9  3.2 

12 15 180 -41 -1.9  3.2 

Calcite 

(Fe-poor)  

Isolated 12 20 188 Not observed /  / 

Isolated 7 20 182 -36.5 -1.0  1.7 

Isolated 6 15 167 -40.8 -0.5  0.9 
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C-7. Microthermometric results of fluid inclusions in quartz and carbonate from Intermediate zone 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

12GC513 

 

 

 

 

 

Quartz 

(drusy) from 

VIZ-q-c-d-a-ch 

veins 

Isolated 7 15 195 Gradually 

freeze 

-2  3.4 

Cluster 11 8 116 -41 Not observed  / 

13 10 173 -41 -2.4  4.0 

Isolated 12 15 232 -43.3 -3.2  5.3 

Isolated 8 15 153 -38.5 -2.5  4.2 

 

Cluster 

11 10 181 Gradually 

freeze 

-1.5  2.6 

8 10 126 -42.1 -1.0  1.7 

Isolated 12 10 131 -39.9 Not observed  / 

Isolated 11 15 153 -45.0 -3.2  5.3 

Isolated 10 10 144 -41.8 Not observed  / 

Isolated 8 10 162 -41.0 -0.7  1.2 

 

 

 

13RL041 

 

 

Calcite 

 (Fe-poor) 

from VIZ-q-d-c 

veins 

Isolated 16 15 162 -43.1 -3.8  6.2 

Isolated 8 20 142 -44.7 Not observed  / 

Isolated 6 15 125 Gradually 

freeze 

-44.5  29.8(up to 91 

wt%CaCl2) 

 

Cluster 

 

8 10 214 Gradually 

freeze  

-28.5  25.4(up to 59 

wt%CaCl2) 

5 15 226 Not observed /  / 

24 8 213 Not observed /  / 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

 

 

 

 

13RL041 

(VIZ-q-d-c 

veins) 

Calcite 

 (Fe-poor)  

Isolated 10 15 153 -40.8 /  / 

Isolated 10 15 158 Gradually 

freeze 

-1.3  2.2 

 

 

Calcite 

 (Fe-rich)  

Cluster 

 

8 15 155 -41.3 -2.2  3.4 

8 15 154 Gradually 

freeze 

-2.2  3.4 

Isolated 6 15 143 -41.5 -2.0  3.4 

Isolated 10 10 158 -41.8 -3.3  5.4 

Isolated 10 15 190 -43.5 -3.0  5.0 

 

 

 

 

Quartz 

(drusy)  

Cluster 20 5 103 -43.5 -2.6  4.3 

11 8 84 -45.4 -1.5  2.6 

 

Cluster 

11 15 191 Gradually 

freeze 

-2.7  4.5 

10 10 167 -38 -3.7  6.0 

8 10 177 -40.1 -3.7  6.0 

Isolated 10 20 160 -43.8 -2.6  4.3 

 

Cluster 

12 15 194 -45.5 -3.8  6.2 

7 20 201 -45.3 -3.1  5.1 

16 10 180 -45.1 -3.2  5.3 

Cluster 

 

16 20 147 -45.6 -4.6  7.3 

11 20 149 -45.5 -3.9  6.3 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

13RL041 

(VIZ-q-d-c 

veins) 

 

Quartz 

(drusy)  

Isolated 12 15 168 -42.5 -2.3  3.9 

Isolated 13 15 184 -42.2 -2.6  4.3 

Isolated 12 15 147 -45.8 -4.9  7.7 

Isolated 12 15 164 -42.8 -3.1  5.1 

Isolated 11 15 198 -41.8 -1.9  3.2 

 

 

 

 

 

 

 

13RL043 

(VIZ-q-p 

veins) 

 

 

 

 

 

 

 

Quartz 

(deformed)  

 

Cluster 

18 5 119 -30 Not observed  / 

7 15 140 Gradually 

freeze 

-10.4  14.4 

14 10 130 -53.9 -12.4  16.3 

Cluster 

 

10 10 143 -55.7 -9.4  13.3 

10 10 140 -55.1 -9.5  13.4 

Isolated 6 15 152 -56.3 -12.5  16.4 

Isolated 13 15 237 -67.9 -16.6  19.9 

 

Cluster 

 

10 20 168 Gradually 

freeze 

-19.5  22.0 

5 15 167 Gradually 

freeze 

-19.8  22.2 

Isolated 16 10 276 Gradually 

freeze 

-15.3  18.9 

 

Cluster 

11 15 232 -58.2 -12.1  16.1 

7 10 152 Gradually 

freeze 

-9.5  13.4 
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C-8. Microthermometric results of fluid inclusions in carbonate from Eagle-Ace 

 

Sample No. Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

12GC512 

(VEA-c 

veins) 

 

 

Calcite 

(Fe-poor)  

Isolated 14 15 167 -29.7 -1.3  2.2 

Isolated 20 20 179 Gradually 

freeze 

-20.7  22.9 

 

Cluster 

12 10 136 -67.3 -15.6  19.1 

12 10 131 -66.8 -15.5  19.1 

11 15 202 -68 -15.6  19.1 

Isolated 11 10 175 -65.8 -14.5  18.2 

Isolated 24 10 178 -66.2 -15.5  19.1 

Isolated 14 10 167 -66.4 -15.0  18.6 

 

 

12GC511 

(VEA-c-a-ch-q-h 

veins) 

 

Calcite 

(Fe-poor)  

Isolated 10 15 259 Gradually 

freeze 

Not observed  / 

Isolated 11 20 279 Not observed /  / 

Isolated 20 10 141 -40.5 -6.2  9.5 

Isolated 9 10 110 -41.2 -0.1  0.2 

Isolated 8 10 119 -42.1 Not observed  / 
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C-9. Microthermometric results of fluid inclusions in quartz from Camdeck occurrence 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

13RL051 

(VCO-q-c 

veins) 

 

 

 

 

Quartz  

Isolated  8 15 221 Not observed /  / 

 

Cluster 

11 15 175 -45 -1.6  2.7 

13 20 171 -39.4 -2.1  3.6 

8 10 207 -42 -1.3  2.2 

Cluster 

(FIA) 

9 to 14 20 175 to 188 

(mean:183) 

Gradually 

freeze 

-0.5 to-1.0 

(mean:-0.7) 

 0.9 to 1.7 

(mean: 1.3) 

Isolated 10 15 183 -40.8 -1.7  2.9 

Isolated 9 10 201 -40.7 -1.6  2.7 

Isolated 9 20 192 -40.7 -2.1  3.6 

Isolated 11 25 246 Gradually 

freeze 

-1.3  2.2 

Isolated 10 15 150 -40.4 Not observed +1.6 / 
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C-10. Microthermometric results of fluid inclusions in carbonate from 46 Zone 

Sample 

No. 

Host 

mineral 

Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

 

12GC506 

(C46Z-c-d 

cements) 

 

 

 

 

 

 

 

Calcite 

(Fe-rich)  

 

 

 

 

Random 

8 15 192 -40.4 Not observed  / 

10 15 182 -36.5 -0.5  0.9 

11 20 194 -33.0 -2.1  3.6 

12 20 179 -34.2 -3.2  5.3 

13 20 224 Gradually 

freeze 

-12.1  16.1 

9 20 250 Not observed / -1.5 / 

11 15 160 -42.6 -1.4  2.4 

15 15 185 -31.3 -3.2  5.3 

7 20 237 Gradually 

freeze 

-0.2  0.4 

 

 

Cluster 

10 15 144 -30.2 -0.4  0.7 

8 15 177 / -0.4  0.7 

8 20 168 Gradually 

freeze 

-0.4  0.7 

 

 

Cluster 

6 15 139 Gradually 

freeze 

-40.2  28.7(up to 87 

wt%CaCl2) 

8 20 208 Not observed /  / 

7 10 155 -81.2 -23.8  24.0(up to 29 

wt%CaCl2) 

Cluster 8 30 261 Gradually 

freeze 

-3.7  6.0 

12 15 192 -43.3 -2.8  4.7 
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C-11. Microthermometric results of fluid inclusions in quartz and carbonate from 21 Zone 

 

Sample No. Host 

mineral 

Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

13RL052B 

(V21Z-q-d-a 

veins) 

Quartz 

(drusy) 

Isolated 11 20 231 -47.6 Not observed  / 

Isolated 7 25 183 -36.8 -4.6  7.3 

Isolated 14 30 258 Not observed /  / 

Dolomite 

(Fe-rich) 

Isolated 11 15 237 -47.4 Not observed  / 

Isolated 9 20 159 Not observed /  / 

13RL053A 

(V21Z-d-c-m-p) 

Dolomite 

(Fe-rich) 

Isolated 10 10 248 Not observed /  / 

 

 

 

 

 

13RL053B 

(V21Z-q-d-a 

veins) 

Dolomite 

(Fe-rich) 

Isolated 10 30 193 Gradually 

freeze 

-2.1  3.6 

 

 

 

 

 

Quartz 

(drusy) 

Isolated 4 30 260 Gradually 

freeze  

-2.4  4.0 

Isolated 8 10 173 -46.9 -9.1  13.0 

Isolated 7 30 259 Not observed / -5.0 / 

Isolated 10 30 260 -42.9 -3.1  5.1 

Isolated 6 20 184 -41.7 -1.6  2.7 

Isolated 12 10 166 -45.5 -2.3  3.9 

Isolated 9 20 219 Gradually 

freeze 

(reheating) 

-3.6  5.9 

Isolated 5 10 192 -40.5 -3.9  6.3 

Isolated 11 25 213 -39.8 -3.0  5.0 
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C-12. Microthermometric results of fluid inclusions in carbonate from 11 Zone 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

 

13RL076 

(C11Z-d 

veins) 

 

 

 

 

 

 

Dolomite 

(Fe-rich) 

Isolated 8 20 146 Gradually 

freeze 

Not observed +22.5 / 

 

Cluster 

10 10 114 Gradually 

freeze 

(reheating) 

-28.3 +26.0 25.3 

(up to 58 

wt%CaCl2) 

10 15 125 Not observed / +30.4 / 

9 10 141 Not observed / +30.4 / 

Isolated 7 15 88 -64.7 -39.8  28.6 

(up to 87 

wt%CaCl2) 

Isolated 6 15 128 Not observed /  / 

Isolated 6 15 127 Not observed /  / 

Isolated 9 20 119 Gradually 

freeze 

-19.6  22.1 

Isolated 9 15 138 Not observed / +26.0 / 

Isolated 8 15 115 Not observed /  / 

Cluster 6 20 122 Not observed /  / 

6 15 124 Not observed /  / 

Isolated 8 10 99 -49.0 

(reheating) 

Not observed +31.7 / 

Isolated 11 30 133 Not observed /  / 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

13RL077 

(V11Z-c-d-q 

veins) 

 

 

 

 

 

 

Fe-poor 

calcite 

Cluster 8 10 108 Not observed /  / 

6 15 134 Not observed /  / 

Cluster 10 10 100 Not observed /  / 

11 10 89 Not observed /  / 

Isolated 14 30 221 Not observed /  / 

 

Cluster 

20 15 132 Gradually 

freeze 

(reheating) 

-24.2  24.1 

(up to 32 

wt%CaCl2) 

10 10 109 Gradually 

freeze 

-46.0  30.2 

(up to 92 

wt%CaCl2) 

Isolated 14 15 105 Not observed / +13.3 / 

Isolated 5 20 140 -45.5 -2.4  4.0 

Isolated 11 10 89 Not observed /  / 
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C-13. Microthermometric results of fluid inclusions in quartz and carbonate from National Exploration 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

 

13RL068 

(VNE-q-d-c 

veins) 

 

 

 

 

 

 

Quartz 

(drusy) 

 

Cluster 

12 25 257 Gradually 

freeze 

-1.9  3.2 

10 20 196 -38.4 -1.4  2.4 

14 15 182 -41.4 -1.4  2.4 

9 15 154 -43.4 -2.1  3.6 

 

 

Random 

6 25 230 -42.5 -2.1  3.6 

10 25 283 Gradually 

freeze 

-2.4  4.0 

8 20 182 Gradually 

freeze 

-0.9  1.6 

9 15 168 Not observed /  / 

6 15 210 -43.5 /  / 

Isolated 8 30 243 Not observed /  / 

 

Cluster 

20 10 126 -39.9 Not observed  / 

6 10 171 -40.5 -0.7  1.2 

8 10 149 -42.9 -2.5  4.2 

9 30 194 Gradually 

freeze 

-0.5  0.9 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

13RL070 

(VNE-q-d-c 

veins) 

 

 

 

 

 

Fe-poor 

calcite 

Isolated 7 20 129 -43.8 Not observed  / 

Cluster 10 10 110 -66.7 -15.1  18.7 

10 10 112 Gradually 

freeze 

-16.5  19.8 

Isolated 8 20 182 -41.2 -1.6  2.7 

Isolated 8 15 156 Not observed /  / 

Cluster 16 5 175 -34.8 Not observed  / 

8 20 142 -29.5 -41.8  29.1 

(up to 89 

wt%CaCl2) 

12 15 138 -36.9 -3.6  5.9 

Isolated 20 10 108 -58.0 -16.1  19.6 

Isolated 16 5 78 Gradually 

freeze 

(reheating) 

-39.7  28.6 

(up to 86 

wt%CaCl2) 
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C-14. Microthermometric results of fluid inclusions in quartz and carbonate from Cayzor mine 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

13RL081 

(VCM-c-d-q 

veins) 

 

 

 

 

 

 

Dolomite 

(Fe-rich) 

Isolated 12 10 137 Gradually 

freeze 

-16.2  19.6 

Isolated 10 10 127 -55.9 -16.4  19.6 

Isolated 10 10 122 -53.8 -20.2  22.5 

Cluster 6 10 118 Not observed /  / 

10 10 129 Not observed /  / 

 

Cluster 

10 10 113 Not observed /  / 

11 10 121 -46.3 -18.3  21.2 

8 15 161 Not observed /   

8 10 128 -55.7 -15.1  18.7 

 

 

Random 

8 10 122 -54.7 -26.8  24.9(up to 51 

wt%CaCl2) 

9 10 123 Not observed /  / 

8 10 116 Not observed /  / 

10 10 115 -61.6 -17.9  20.9 

14 10 136 -61.6 -37.2  27.9(up to 83 

wt%CaCl2) 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

13RL082 

(VCM-d-q-a 

veins) 

 

 

 

 

 

Dolomite 

(Fe-rich) 

Isolated 4 10 128 -35 -18.1  21.0 

Isolated 6 10 136 Gradually 

freeze 

-0.1  0.2 

Isolated 8 15 131 -57.8 -4.4  7.0 

 

Cluster 

5 15 134 Gradually 

freeze 

-3.2  5.3 

5 10 140 Not observed /  / 

5 15 116 Not observed /  / 

 

Cluster 

4 15 129 Gradually 

freeze 

-7.5  11.1 

4 15 152 Not observed /  / 

 

 

Random 

8 10 118 Gradually 

freeze 

-4.9  7.7 

16 10 102 Not observed /  / 

8 10 97 Not observed /  / 

8 10 117 Not observed /  / 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

13RL082 

(VCM-d-q-a 

veins) 

 

 

 

 

 

Quartz 

(drusy) 

Isolated 12 10 143 Gradually freeze 

(reheating) 

-37.3  27.9(up to 83 

wt%CaCl2) 

Isolated 8 15 269 Gradually freeze -3.7  6.0 

Isolated 8 10 254 Gradually freeze -0.7  1.2 

Isolated 6 20 219 -40.1 -0.7  1.2 

 

 

 

 

 

Random 

12 10 133 Gradually freeze 

(reheating) 

-39.8  28.6(up to 87 

wt%CaCl2) 

11 10 109 Gradually freeze 

reheating 

-39.2  28.4(up to 86 

wt%CaCl2) 

8 10 119 Not observed /  / 

6 10 111 Gradually freeze 

(reheating) 

-28.5  25.4(up to 59 

wt%CaCl2) 

10 10 100 Gradually freeze 

(reheating) 

-39.3  28.5(up to 86 

wt%CaCl2) 

10 10 117 Gradually freeze 

(reheating) 

-46.4  30.3(up to 92 

wt%CaCl2) 
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C-15. Microthermometric results of fluid inclusions in carbonate from Leonard mine 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

13RL079 

(VLM-d-c-q-ch 

veins) 

 

 

 

Dolomite 

(Fe-rich) 

Isolated 4 10 119 Gradually 

freeze 

-6.1  9.3 

Isolated 8 10 148 Not observed /  / 

Isolated 10 10 111 Not observed /  / 

Isolated 10 8 112 Not observed /  / 

Isolated 6 10 112 Not observed /  / 

Isolated 6 10 104 Gradually 

freeze 

-8.1  11.8 

Isolated 12 5 100 Not observed /  / 

Isolated 4 10 119 Not observed /  / 

Isolated 6 15 122 Not observed /  / 

 

 

 

13RL078 

(VLM-c-ch 

veins) 

 

 

Calcite 

(Fe-poor) 

 

Isolated 4 20 174 -42.1 -1.8  3.1 

Cluster 6 15 168 -40.1 -1.6  2.7 

8 15 163 -33.9 -1.7  2.9 

Isolated 4 15 178 -43.3 -2.5  4.2 

Isolated 8 10 148 Not observed /  / 

Isolated 6 10 160 -44.5 -3.4  5.6 

Isolated 6 10 161 -44.5 -3.4  5.6 

Isolated 5 15 151 Not observed /  / 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

13RL080 

(VLM-d-c-q-ch 

veins) 

 

 

 

Dolomite 

(Fe-rich) 

 

Isolated 4 15 118 Not observed /  / 

Isolated 4 15 112 Not observed /  / 

Isolated 4 15 117 Not observed /  / 

Isolated 3 10 117 Not observed /  / 

Isolated 8 15 110 Not observed /  / 

Isolated 8 10 104 Not observed /  / 

Isolated 10 5 111 Not observed /  / 

Cluster 10 15 97 Not observed /  / 

6 10 94 Not observed /  / 

4 10 106 Not observed /  / 
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C-16. Microthermometric results of fluid inclusions in carbonate from Pitch-Ore mine 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

12GC559 

(APO-c-q-a 

veins) 

 

 

 

 

 

Calcite 

(Fe-poor) 

(Amygdaloidal) 

Isolated 5 10 192 Gradually 

freeze 

-1.0  1.7 

Isolated 7 10 153 -44.5 -1.5  2.6 

Isolated 4 20 156 -45 -2.0  3.4 

Isolated 6 15 189 -42.3 -1.7  2.9 

Isolated 5 15 152 -41.7 -0.9  1.6 

Isolated 8 15 174 -42.8 -1.0  1.7 

Isolated 11 15 182 Gradually 

freeze 

-14.5  18.2 

Isolated 10 15 181 Gradually 

freeze 

-0.7  1.2 

Isolated 6 15 154 -44.3 -2.6  4.3 

Isolated 6 15 135 -47.8 Not observed  / 

Isolated 10 15 202 -39.5 -0.1  0.2 
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C-17. Microthermometric results of fluid inclusions in carbonate from Martin Lake mine 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

 

12GC562 

(AML-c 

veins) 

 

 

 

 

 

 

Calcite 

(Fe-poor) 

(Amygdaloidal) 

Isolated 14 15 227 -41.2 -3.5  5.7 

Isolated 6 15 270 Gradually 

freeze 

-3.9  6.3 

Cluster 7 10 201 Gradually 

freeze 

(reheating) 

-25.4  24.4(up to 42 

wt%CaCl2) 

10 15 252 -6.0  9.2 

Isolated 12 15 201 -47.8 -3.7  6.0 

Isolated 8 20 245 Not observed /  / 

Isolated 8 20 278 Not observed /  / 

Isolated 4 30 221 Gradually 

freeze 

-39.6  28.5(up to 86 

wt%CaCl2) 

Isolated 8 20 231 Gradually 

freeze 

-17.5  20.6 

Isolated 10 10 195 Gradually 

freeze 

-2.2  3.7 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

12GC552 

(VML-c-q-s 

veins) 

 

 

Calcite 

(Fe-rich) 

 

Isolated 20 8 121 Not observed /  / 

Isolated 8 10 145 Not observed /  / 

Random 5 10 113 Not observed /  / 

5 10 127 /  / 

Isolated 13 5 95 Not observed /  / 

Isolated 7 15 120 Not observed /  / 

Isolated 8 15 158 Not observed /  / 
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C-18. Microthermometric results of fluid inclusions in carbonate from Nicholson Bay 

 

Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

 

 

 

 

12GC521 

(VNB-d-q 

veins) 

 

 

 

 

 

Dolomite 

(Fe-rich) 

Isolated 24 5 134 Not observed /  / 

Isolated 16 10 128 Gradually 

freeze 

(reheating) 

-28.5  25.4(up to 59 

wt%CaCl2) 

Isolated 20 10 133 -27.3  25.0(up to 53 

wt%CaCl2) 

Isolated 20 8 109 Not observed /  / 

Isolated 16 8 131 Not observed /  / 

Isolated 22 8 125 Not observed /  / 

Isolated 8 8 116 Not observed /  / 

 

Cluster 

14 10 104 -71.8 -17.3  20.5 

6 10 115 Not observed /  / 

12 10 115 Not observed /  / 

14 5 109 -71.9 -17.7  20.8 

 

 

12GC522 

(VNB-d-q 

veins) 

 

 

 

Dolomite 

(Fe-rich) 

Isolated 22 8 159 Not observed /  / 

Cluster 8 10 145 Not observed /  / 

10 15 170 Not observed -19.5  22.0 

Isolated 8 10 150 Not observed /  / 

Isolated 16 5 164 Not observed /  / 

Cluster 12 10 136 Not observed /  / 

8 10 146 Not observed /  / 
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Sample 

No. 

Host mineral Occurrence Size 

(µm) 

Vapour  

ratio (%) 

Th 

(
O
C) 

Tf 

(
O
C) 

Tm-ice 

(
O
C) 

Tm-clathrate 

(
O
C) 

Salinity 

(wt %)NaCl 

 

12GC522 

(VNB-d-q 

veins) 

 

Dolomite 

(Fe-rich) 

Isolated 22 8 182 Not observed /  / 

Isolated 20 5 126 Not observed /  / 

Isolated 12 10 132 Not observed /  / 

Isolated 10 10 134 Not observed /  / 
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Appendix D. Measurements of fluid inclusion planes (FIPs) in V1 to V7 vein samples from Bolger pit 

Note: ΔX- horizontal displacement, for X40 objective, per unit is 2.5 microns; ΔZ- vertical displacement, per unit is 1.5 microns;  

Dip-θ =θ tan (△ Z/ △ X).  

Sample ID. FIP No. Type of FI strike ΔX (um) ΔZ (unit) ΔZ (um) Dip (θ) 

 

 

 

13RL004 

V1 Quartz 

1  

 

 

Monophase 

(vapour) FI 

85 1X2.5=2.5 15 23.1 83.8 

2 94 2X2.5=5 14 21.5 76.9 

3 88 3X2.5=7.5 9 13.8 61.5 

4 86 2X2.5=5 7 10.8 65.2 

5 89 1X2.5=2.5 16 24.6 84.2 

6 86 1X2.5=2.5 12 18.4 82.3 

7 89 1X2.5=2.5 14 21.5 83.4 

8 92 2X2.5=5 16 24.6 78.5 

9 81 1X2.5=2.5 16.5 25.4 84.4 

10 100 1X2.5=2.5 14 21.5 83.4 

 

 

 

 

13RL004 

V2 Quartz 

1  

 

 

 

Monophase 

(vapour) FI 

67 1X2.5=2.5 17 26.2 84.5 

2 71 1.5X2.5=3.75 11 16.9 77.2 

3 71 2X2.5=5 12 18.5 74.9 

4 71 2X2.5=5 20 30.8 80.8 

5 70 1.5X2.5=3.75 13 20 79.2 

6 86 2.5X2.5=6.25 19 29.2 77.9 

7 76 1X2.5=2.5 17 26.2 84.6 

8 90 2X2.5=5 15 23.1 77.8 

9 80 1X2.5=2.5 17 26.2 84.6 

10 81 1.5X2.5=3.75 15 23.1 80.8 
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 Sample ID. FIP No. Type of FI strike ΔX (um) ΔZ (unit) ΔZ (um) Dip θ 

 

 

 

 

13RL007 

V3 Calcite 

1  

 

 

 

Monophase 

(vapour) FI 

14 2X2.5=5 14 21.5 76.9 

2 317 3X2.5=7.5 14 21.5 70.8 

3 313 3X2.5=7.5 12 18.5 67.9 

4 350 2X2.5=5 16 24.6 78.5 

5 38 2 X2.5=5 21 32.3 81.2 

6 269 1X2.5=2.5 13 20 82.9 

7 257 1X2.5=2.5 15 23.1 83.8 

8 248 2X2.5=5 11 16.9 73.5 

9 347 2X2.5=5 14 21.5 76.9 

10 312 1X2.5=2.5 17 26.2 84.5 

 

 

 

 

13RL005 

V4 Quartz 

1  

 

 

 

Monophase 

(vapour) FI 

207 4X2.5=10 17 26.2 69.1 

2 186 3.5X2.5=8.75 21 32.3 74.8 

3 219 4X2.5=10 23 35.4 74.2 

4 214 2X2.5=5 20 30.8 80.8 

5 211 1X2.5=2.5 11 16.9 81.2 

6 260 1.5X2.5=3.75 15 23.1 80.8 

7 255 2X2.5=5 24 36.9 82.3 

8 256 2.5X2.5=6.25 15 23.1 74.8 

9 240 1X2.5=2.5 13 20 82.9 

10 219 1X2.5=2.5 13 20 82.9 
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 Sample ID. FIP No. Type of FI strike ΔX um ΔZ (unit) ΔZ (um) Dip θ 

 

 

 

 

13RL008 

V5 Calcite 

1  

 

 

Monophase 

(vapour) FI 

25 2X2.5=5 15 23.1 77.8 

2 65 2.5X2.5=6.25 17 26.2 76.6 

3 81 1X2.5=2.5 12 18.5 82.3 

4 71 1X2.5=2.5 13 20 82.9 

5 57 1X2.5=2.5 10 15.4 80.8 

6 89 2X2.5=5 15 23.1 77.8 

7 49 1X2.5=2.5 10 15.4 80.8 

8 56 1X2.5=2.5 11 16.9 81.6 

9 89 2X2.5=5 16 24.6 78.5 

10 Biphase FI 51 1X2.5=2.5 15 23.1 83.8 

 

 

 

 

13RL009 

V6 Calcite  

1  

 

 

 

Monophase 

(vapour) FI 

83 1X2.5=2.5 15 23.1 83.8 

2 70 2X2.5=5 16 24.6 78.5 

3 53 1.5X2.5=3.75 17 26.2 81.9 

4 164 2.5X2.5=6.25 11 16.9 69.7 

5 62 2X2.5=5 15 23.1 77.8 

6 100 1.5 X2.5=3.75 13 20 79.3 

7 74 1X2.5=2.5 17 26.2 84.6 

8 128 2X2.5=5 13 20 76.0 

9 200 1X2.5=2.5 17 26.2 84.6 

10 156 2 X2.5=5 12 18.5 74.8 
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 Sample ID. FIP No. Type of FI strike ΔX um ΔZ (unit) ΔZ (um) Dip θ 

 

 

 

13RL06A 

V7 Quartz 

1  

 

 

Monophase 

(vapour) FI 

9 2.5X2.5=6.25 16 24.6 75.7 

2 48 1X2.5=2.5 14 21.5 83.4 

3 49 2 X2.5=5 13 20 76.0 

4 55 1X2.5=2.5 14 21.5 83.4 

5 32 1X2.5=2.5 16 24.6 84.2 

6 53 1X2.5=2.5 9 13.8 79.8 

7 134 3x2.5=7.5 16 24.6 73 

8 51 1X2.5=2.5 9 13.8 79.8 

9 50 2.5X2.5=6.25 16 24.6 75.7 

10 51 2 X2.5=5 12 18.5 74.8 
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Measurements of fluid inclusion planes (FIPs) in calcite vein sample from Dubyna 

 

Sample ID. FIP No. Type of FI strike ΔX um ΔZ (unit) ΔZ (um) Dip θ 

 

 

 

13RL012 

V1 Calcite   

1  

 

 

Monophase  

(vapour) FI 

80 2X2.5=5 12 18.5 74.8 

2 96 2X2.5=5 13 20 76 

3 175 2.5X2.5=6.25 11 16.9 69.7 

4 201 1.5x2.5=3.75 11 16.9 77.5 

5 232 2X2.5=5 10 15.4 72 

6 86 2.5X2.5=6.25 15 23.1 74.8 

7 115 2X2.5=5 12 18.5 74.8 

8 138 1X2.5=2.5 14 21.5 83.4 

9 125 2X2.5=5 12 18.5 74.8 

10 149 2X2.5=5 17 26.2 79.2 
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Measurements of fluid inclusion planes (FIPs) in quartz vein samples from Hab 

 

Sample ID. FIP No. Type of FI strike ΔX um ΔZ (unit) ΔZ (um) Dip θ 

 

 

 

 

13RL021 

V2 Quartz  

1  

 

 

 

Monophase  

(vapour) FI 

197 2X2.5=5 13 20 76 

2 237 2.5X2.5=6.25 12 18.5 71.3 

3 78 2X2.5=5 17 26.2 79.2 

4 77 1X2.5=2.5 12 18.5 82.3 

5 97 1 X2.5=2.5 17 26.2 84.5 

6 132 1 X2.5=2.5 14 21.5 83.4 

7 90 1X2.5=2.5 15 23.1 83.8 

8 219 1.5X2.5=3.75 11 16.9 77.5 

9 229 2X2.5=5 15 23.1 77.8 

10 241 2.5X2.5=6.25 13 20 72.6 

 

 

 

 

13RL020 

V3 Quartz  

1  

 

 

 

Monophase  

(vapour) FI 

351 2X2.5=5 14 21.5 76.9 

2 358 2 X2.5=5 12 18.5 74.9 

3 330 2.5 X2.5=6.25 12 18.5 71.3 

4 325 2 X2.5=5 13 20 76 

5 320 3 X2.5=7.5 16 24.6 73 

6 328 1.5 X2.5=3.75 12 18.5 78.5 

7 310 1.5 X2.5=3.75 20 30.8 83 

8 334 2.5 X2.5=6.25 14 21.5 87.3 

9 331 2.5 X2.5=6.25 11 16.9 69.7 

10 311 2 X2.5=5 15 23.1 77.8 
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Appendix E. Analytical results of carbon and oxygen isotopes of carbonate minerals from the Beaverlodge uranium district 

Sample No. Description and location Mineral analyzed δ13C 

(‰,VPDB) 

δ18O 

(‰,VPDB) 

δ13CCO2 

(‰,VPDB)* 

δ18OH2O 

(‰,VSMOW)* 

Temperature range (oC) 

12GC501 VMF-c vein in sandstone of the 

Melville Formation, MG 

Calcite 

(Fe-poor) 

-0.9 -21.2 -5.2 to -1.9 -9.4 to -2.9 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL024 VMF-c vein in sandstone of the 

Melville Formation, MG 

Calcite 

(Fe-poor) 

-1.0 -13.9 -5.3 to -2.0 -1.9 to +4.6 96 to 164 from FI-Calcite 

(Fe-rich) 

Calcite 

(Fe-rich) 

-1.6 -17.7 -5.9 to -2.6 -5.9 to +0.6 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL027 VMF-c vein in sandstone of the 

Melville Formation, MG 

Calcite 

(Fe-rich) 

-1.4 -17.5 -5.7 to -2.4 -5.7 to +0.8 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL028 VMF-c vein in sandstone of the 

Melville Formation, MG 

Calcite 

(Fe-rich and Fe-poor) 

-1.6 -18.2 -5.9 to -2.6 -6.3 to +0.2 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL029 VMF-c vein in sandstone of the 

Melville Formation, MG 

Calcite 

(Fe-poor) 

-0.2 -17.1 -4.5 to -1.2 -5.2 to +1.3 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL030 VMF-c vein in sandstone of the 

Melville Formation, MG 

Calcite 

(Fe-poor) 

-0.3 -13.6 -4.6 to -1.3 -1.6 to +4.9 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL031 VMF-c vein in sandstone of the 

Melville Formation, MG 

 

Calcite 

(Fe-rich) 

-0.3 -19.0 -4.6 to -1.3 -7.2 to -0.7 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL033 VMF-c-d-q-ch vein in sandstone 

of the Melville Formation, 

MG 

Calcite 

(Fe-rich) 

+0.1 -14.5 -4.2 to –0.9 -2.5 to +4.0 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL036 VBF-c-q vein in sandstone of 

the Beaverlodge Formation, 

MG 

Calcite 

(Fe-poor) 

-1.4 -22.5 -5.7 to -2.4 -10.7 to -4.2 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL038 VBF-d vein in sandstone of the Dolomite -2.7 -13.0 -8.5 to -4.8 -1.4 to +5.2 96 to 164 from FI-Calcite 
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Beaverlodge Formation, MG (Fe-poor) (Fe-rich) 

13RL059 VFM-q-c-d-ch vein in 

conglomerate, MG  

(Fay mine) 

Calcite 

(Fe-rich and Fe-poor) 

-6.9 -22.2 -11.2 to -7.9 -10.5 to -4.0 96 to 164 from FI-Calcite 

(Fe-rich) 

13RL060 VFM-c-a vein in conglomerate, 

MG (Fay mine) 

Calcite 

(Fe-rich and Fe-poor) 

-3.8 -19.9 -8.1 to -4.8 -8.1 to -1.6 96 to 164 from FI-Calcite 

(Fe-rich) 

12GC551 VML-c-q-s vein cutting MG  

basalt (Martin Lake mine) 

Calcite (Fe-poor) -1.9 -14.7 -6.3 to -3.1 -2.8 to +3.3 95 to 158 from FI-Calcite 

(Fe-rich) 

12GC552 VML-c-q-s vein cutting MG 

basalt (Martin Lake mine) 

Calcite (Fe-rich) -1.8 -16.9 -6.2 to -3.0 -5.1 to +1.0 95 to 158 from FI-Calcite 

(Fe-rich) 

12GC562 Amygdaloidal calcite in MG 

basalt (Martin Lake waste) 

Calcite (Fe-poor) 

 

-1.2 -14.9 -1.1 to +0.5 +5.4 to +9.0 195 to 278 from 

FI-Calcite (Fe-poor) 

12GC559 Amygdaloidal calcite in MG 

basalt (Pitch-Ore mine) 

Calcite (Fe-poor) 

 

+1.1 -10.9 -1.1 to +1.3 +5.3 to +10.0 135 to 202 from 

FI-Calcite (Fe-poor) 

13RL007 V3 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite 

(Fe-poor) 

-4.5 -15.4 -9.3 to -4.4 -4.6 to +4.9 88 to 195 from 

FI-V3 Calcite (Fe-poor) 

13RL005 V4 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite 

(Fe-rich and Fe-poor) 

-8.2 -14.7 -11.5 to -7.0 -0.7 to +8.1 113 to 243 from FI-V4 

Calcite (Fe-poor) 

13RL010 V4 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite 

(Fe-rich and Fe-poor) 

-3.4 -17.4 -6.7 to -2.2 -3.5 to +5.3 113 to 243 from FI-V4 

Calcite (Fe-poor) 

12GC550 V4 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite (Fe-rich) -2.7 -19.1 -6.0 to -1.5 -5.2 to +3.6 113 to 243 from FI-V4 

Calcite (Fe-poor) 

 

13RL008 V5 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite 

(Fe-rich and Fe-poor) 

-4.9 -18.0 -10.6 to -6.7 -9.1 to -1.4 75 to 143 from FI-V5 

Calcite (Fe-poor ,Fe-rich) 

12GC546 V5 Calcite vein in MBG 

 amphibolite (Bolger pit) 

Calcite (Fe-rich) -9.4 -20.7 -15.1 to -11.2 -11.8 to -4.1 75 to 143 from FI-V5 

Calcite (Fe-poor ,Fe-rich) 
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12GC547 V6 Calcite vein in MBG 

 amphibolite (Bolger pit) 

Calcite (Fe-rich and 

Fe-poor) 

-8.1 -19.1 -15.4 to -7.0 -13.5 to +3.3 55 to 239 from FI-V6 

Calcite (Fe-poor) 

13RL009 V6 Calcite vein in MBG 

 amphibolite (Bolger pit) 

Calcite (Fe-rich and 

Fe-poor) 

-6.8 -14.2 -14.1 to -5.7 -8.4 to +8.4 55 to 239 from FI-V6 

Calcite (Fe-poor) 

12GC548 V7 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite (Fe-rich and 

Fe-poor) 

-9.0 -19.8 -13.0 to -7.2 -7.4 to +4.3 100 to 283 from FI-V7 

Calcite (Fe-poor) 

13RL006B V7 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite (Fe-poor) -5.2 -19.0 -9.2 to -3.4 -6.7 to +5.0 100 to 283 from FI-V7 

Calcite (Fe-poor) 

13RL011 V7 Calcite vein in MBG 

amphibolite (Bolger pit) 

Calcite (Fe-poor) -7.7 -15.0 -11.7 to -5.9  -2.6 to +9.1 100 to 283 from FI-V7 

Calcite (Fe-poor) 

12GC509 VDP
1
c-q-d vein in albitized 

Donaldson Lake granite 

(Dubyna pit) 

Calcite (Fe-rich) -2.5 -16.6 -4.9 to -2.4 -1.0 to +3.7 130 to 195 from 

FI-Calcite (Fe-rich) 

13RL012 VDP
1
c-q-d vein in albitized 

Donaldson Lake granite 

(Dubyna pit) 

Calcite (Fe-poor) -2.6 -18.3 -5.5 -3.7 120 from FI- 

Calcite (Fe-poor) 

13RL013 VDP
1
c-q-d vein in albitized 

Donaldson Lake granite 

(Dubyna pit) 

Calcite (Fe-rich and 

Fe-poor) 

-2.5 -15.6 -4.9 to -2.4 0 to +4.7 130 to 195 from 

FI-Calcite (Fe-rich) 

13RL014 VDP-d-c-q-a vein in albitite 

(Dubyna pit) 

Dolomite (Fe-rich) -2.8 -10.2 -9.0 to -3.0 +0.7 to +11.4 90 to 220 from 

FI-Dolomite (Fe- rich) 

 

12GC564C VDP
1
c-q-d vein in albitized 

Donaldson Lake granite 

(Dubyna pit) 

Calcite (Fe-rich) and 

dolomite (Fe-rich). 

-4.7 -17.1 -7.1 to -4.6  -1.5 to +3.2 130 to 195 from 

FI-Calcite (Fe-rich) 

13RL021 VHP
2
q-d-c-ch-a 

Dolomite (Hab pit) 

Dolomite (Fe-rich) -4.6 -12.6 -8.8 to -3.0 +1.9 to +12.7 121 to 329 from FI-V3 

quartz 
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-4.8 to -3.7 +8.9 to +11.2 220 to 276 from chlorite 

in V2  

12GC513 

 

VIZ-q-c-d-a-ch vein in albitized 

pink leucogranite 

(Intermediate zone) 

Calcite (Fe-poor) -2.2 -15.2 -5.3 to -2.1 -1.0 to +5.1 116 to 195 from FI-drusy 

quartz  

13RL041 VIZ-q-d-c vein in albitized pink 

leucogranite (Intermediate 

zone) 

Calcite (Fe-poor) -2.0 -15.5 -4.6 to -1.4 -0.4 to +5.9 125 to 214 from 

FI-Calcite (Fe-poor) 

13RL042 VIZ-q-d-c vein in albitized pink 

leucogranite (Intermediate 

zone) 

Calcite (Fe-poor) -1.9 -15.0 -4.5 to -1.3 +0.2 to +6.5 125 to 214 from 

FI-Calcite (Fe-poor) 

13RL040 VIZ-d-c vein in albitized pink 

leucogranite (Intermediate 

zone) 

Dolomite (Fe-rich) -5.3 -8.9 -8.3 to -6.4 +7.8 to +11.2 143 to 190 from 

FI-Calcite(Fe-rich)  

12GC514C VIZ-q-c-d-a-ch vein in albitized 

pink leucogranite 

(Intermediate zone) 

Calcite (Fe-rich, 

Fe-poor) and dolomite 

(Fe-poor) 

-1.5  -14.5 -3.3 to -1.6 +2.2 to +5.6 143 to 190 from 

FI-Calcite(Fe-rich)  

12GC514 D VIZ-q-c-d-a-ch vein in albitized 

pink leucogranite 

(Intermediate zone)  

Calcite (Fe-rich, 

Fe-poor) and dolomite 

(Fe-poor) 

-1.4 -15.0 -3.4 to -2.5 +1.4 to +4.8 143 to 190 from 

FI-Calcite(Fe-rich)  

12GC543 V21Z-d-c veins in albitized 

Donaldson Lake granite (21 

Zone) 

Calcite (Fe-rich and 

Fe-poor) 

-3.7 -20.3 -4.3 to -2.2 -1.4 to +2.9 173 to 260 from 

FI-Quartz  

13RL054 V21Z-d-c veins in albitized 

Donaldson Lake granite (21 

Zone) 

Calcite (Fe-rich) -7.0 -12.9 -7.0 +7.4 193 from FI-dolomite 

13RL053A V21Z-d-c veins in albitized Dolomite (Fe-rich) -4.5 -14.9 -4.1 +7.8 248 from FI-Dolomite  
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Donaldson Lake granite (21 

Zone) 

13RL052AC V21Z-d-c veins in albitized 

Donaldson Lake granite (21 

Zone) 

Dolomite (Fe-rich) and 

calcite (Fe-rich) 

-3.6 -10.1 -4.7 to -2.5 +8.1 to +12.5 159 to 237 from 

FI-Dolomite (Fe-rich) 

12GC511 VEA-c-a-q-ch vein in MBG 

amphibolite (Eagle-Ace) 

Calcite (Fe-poor) -1.5 -19.5 -5.0 to +0.3 -6.1 to +4.4 110 to 279 from 

FI-Calcite (Fe-poor) 

12GC512 VEA-c vein in MBG 

amphibolite (Eagle-Ace) 

 

Calcite ( Fe-poor) -0.9 -15.2 -3.3 to -0.7 +0.6 to +5.6 131 to 202 from 

FI-Calcite ( Fe-poor) 

13RL047 VES-q-c-a vein in pink 

leucogranite (Eagle shaft ) 

Calcite ( Fe-rich) -2.7 -18.2 -3.3 to -1.1 +0.8 to +5.3 175 to 267 from 

FI-Calcite ( Fe-rich) 

13RL044A VES-q-d-c vein in pink 

leucogranite (Eagle shaft ) 

Dolomite (Fe-rich) -1.8 -14.8 -6.7 to -4.3 -1.6 to +2.6 109 to 154 from 

FI-Dolomite  (Fe-rich) 

13RL045 VES-q-d-c vein in pink 

leucogranite (Eagle shaft ) 

Dolomite (Fe-rich) -1.8 -14.0 -6.7 to -4.3 -0.8 to +3.4 109 to 154 from 

FI-Dolomite  (Fe-rich) 

13RL044B VES-q-d-c vein in pink 

leucogranite (Eagle shaft ) 

Calcite (Fe-rich and 

Fe-poor) 

-1.7 -18.1 -2.3 to -0.1 +0.9 to +5.4 175 to 267 from 

FI-Calcite ( Fe-rich) 

 

12GC506 C46Z-c-d cement in brecciated 

albitized leucogranite (46 

Zone) 

Calcite (Fe-rich and 

Fe-poor) 

-1.9 -16.2 -3.9 to -0.4 +0.2 to +7.2 139 to 261 from 

FI-Calcite (Fe-rich) 

13RL084 V46Z-c-d vein in albitized 

leucogranite (46 Zone) 

Calcite (Fe-poor) -2.7 -15.0 -4.7 to -1.2 +1.4 to +8.4 139 to 261 from 

FI-Calcite (Fe-rich) 

13RL083 C46Z-c-d cement in albitized 

leucogranite (46 Zone) 

Calcite (Fe-rich and 

Fe-poor) 

-1.7 -17.3 -3.7 to -0.2 -0.9 to +6.1 139 to 261 from 

FI-Calcite (Fe-rich) 

13RL077 V11Z-c-d-q vein in MBG Calcite (Fe-poor) -4.5 -20.5 -9.2 to -3.8 -9.6 to +1.1 89 to 221 from FI-Calcite 
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amphibolite (11 Zone) (Fe-poor) 

13RL076 C11Z-d cement in MBG 

amphibolite (11 Zone) 

Dolomite (Fe-rich) -5.3 -13.1 -11.7 to -8.2 -2.6 to +3.7 88 to 146 from 

FI-Dolomite (Fe-rich) 

12GC507C V11Z-c-d-q vein in albitited 

leucogranite (11 Zone) 

Calcite (Fe-rich and 

Fe-poor) and Fe-rich 

dolomite 

-5.9 -15.7 -10.6 to -5.2 -4.7 to +6.0 89 to 221 from FI-Calcite 

(Fe-poor) 

13RL070 VNE-q-d-c vein in pink 

leucogranite (National 

Exploration) 

Calcite (Fe-poor) -2.3 -16.6 -7.8 to -2.6 -7.2 to +3.0 78 to 182 from FI-Calcite 

(Fe-poor) 

13RL072C VNE-q-d-c vein in pink 

leucogranite (National 

Exploration) 

Dolomite (Fe-rich) and 

calcite (Fe-rich) 

-4.4 -6.6 -7.0 to -3.0 +9.0 to +17.0 126 to 257 from 

FI-Quartz 

12GC536 VCM-c-d-q vein in orthogneiss 

(Cayzor mine) 

Calcite (Fe-rich) -2.1 -16.0 -5.4 to -3.2 -2.0 to +2.2 113 to 161 from 

FI-Dolomite  

13RL081 VCM-c-d-q vein in orthogneiss 

(Cayzor mine) 

Dolomite (Fe-rich) -2.6 -12.9 -7.3 to -4.8 +0.8 to +5.2 113 to 161 from FI- 

Dolomite (Fe-rich) 

13RL082 VCM-d-q-a vein in orthogneiss 

(Cayzor mine) 

Dolomite (Fe-rich) -5.0 -13.3 -10.7 to -7.6 -1.6 to +4.0 97 to 152 from 

FI-Dolomite (Fe-rich) 

13RL081 VCM-c-d-q vein in orthogneiss 

(Cayzor mine) 

 

Calcite (Fe-rich and 

Fe-poor)  

-10.1 -12.0 -13.4 to -11.2 +2.0 to +6.2 113 to 161 from 

FI-Dolomite  

13RL048 VSP-c-d vein in pink 

leucogranite (Spur pit) 

Calcite ( Fe-poor)  

 

-1.8 -14.5 -3.1 to -1.7 +3.4 to +5.8 156 to 195 from 

FI-Dolomite (Fe-rich)  

13RL049 VSP-q-ch-c-d-a vein in pink 

leucogranite (Spur pit) 

Dolomite (Fe-rich) -1.6 -13.8 -4.0 to -2.5 +3.8 to +6.4 156 to 195 from 

FI-Dolomite (Fe-rich) 

12GC516C VSP-q-ch-c-d-a vein in pink 

leucogranite (Spur pit) 

Calcite (Fe-rich, 

Fe-poor) and dolomite 

-1.9 -15.1 -3.2 to -1.8 +2.7 to +5.2 156 to 195 from 

FI-Dolomite (Fe-rich) 
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(Fe-rich) 

12GC516D VSP-q-ch-c-d-a vein in pink 

leucogranite (Spur pit) 

Calcite (Fe-rich and 

Fe-poor) and dolomite 

(Fe-rich) 

-2.1 -16.5 -4.5 to -3.0 +1.0 to +3.6 156 to 195 from 

FI-Dolomite (Fe-rich) 

12GC521 VNB-d-q vein in MBG quartzite 

(Nicholson Bay) 

Dolomite (Fe-rich) -8.1 -15.3 -13.3 to -11.6 -2.8 to +0.3 104 to 134 from 

FI-Dolomite (Fe-rich) 

12GC522 VNB-d-q vein in MBG quartzite 

(Nicholson Bay ) 

Dolomite (Fe-rich) -4.3 -14.0 -8.2 to -5.7 +1.0 to +5.4 126 to 182 from 

FI-Dolomite (Fe-rich) 

12GC523 VNB-d-q vein in MBG quartzite 

(Nicholson Bay ) 

Dolomite (Fe-rich) -5.8 -10.9 -9.7 to -7.2 +4.2 to +8.6 126 to 182 from 

FI-Dolomite (Fe-rich) 

12GC542 VNB-d-q vein in MBG quartzite 

(Nicholson Bay ) 

Dolomite (Fe-rich) -7.8 -13.3 -11.7 to -9.2 +1.7 to +6.1 126 to 182 from 

FI-Dolomite (Fe-rich) 

12GC541 MBG marble (Nicholson 

Bay ) 

Dolomite (Fe-rich) -1.1 -15.2 -5.0 to -2.5 -0.3 to +4.1 126 to 182 from 

FI-Dolomite (Fe-rich) 

12GC534C VLM-d-c-q-ch vein in pink 

leucogranite (Leonard mine) 

Calcite (Fe-rich) and 

dolomite (Fe-rich) 

-2.6 -9.3 -6.6 to -3.1 +3.3 to +10.2 100 to 178 from 

FI-Dolomite (Fe-rich) 

12GC534D VLM-d-c-q-ch vein in pink 

leucogranite (Leonard mine) 

Calcite (Fe-rich) and 

dolomite (Fe-rich) 

-2.7 -10.3 -8.2 to -4.2 +1.9 to +9.0 100 to 178 from 

FI-Dolomite (Fe-rich) 

12GC535 VLM-c-ch vein in pink 

leucogranite (Leonard mine) 

Calcite (Fe-rich and 

Fe-poor) 

-1.4 -16.2 -5.4 to -1.9 -3.8 to +3.1 100 to 178 from 

FI-Dolomite (Fe-rich) 

13RL080 VLM-d-c-q-ch vein in pink 

leucogranite (Leonard mine) 

Dolomite (Fe-rich) -1.9 -13.3 -7.4 to -3.4 -1.2 to +5.9 100 to 178 from 

FI-Dolomite (Fe-rich) 

13RL078 VLM-c-ch vein in pink 

leucogranite (Leonard mine) 

Calcite (Fe-rich and 

Fe-poor) 

-2.3 -16.8 -6.3 to -2.8 -4.4 to +2.5 100 to 178 from 

FI-Dolomite (Fe-rich) 

 

13RL079C VLM-d-c-q-ch vein in pink Calcite (Fe-rich and -2.1 -12.8 -6.1 to -2.6 -0.3 to +6.6 100 to 178 from 



132 

 

 

Notes:   

C- Calcite & dolomite sample run as calcite;  

 D- Calcite & dolomite sample run as dolomite; 

       *δ18 OH2O (‰, VSMOW) – 18O values of parent fluids calculated from the δ18 O values of the carbonate mineral with temperatures obtained from fluid inclusions and 

chlorite thermometry data , using the isotope fractionation equations of Zheng (1999); 

        *δ13 CCO2 (‰, VPDB) – 13C values of parent fluids CO2 calculated from the δ13 C values of the carbonate mineral with temperatures obtained from fluid inclusions and 

chlorite thermometry data , using the isotope fractionation equations of Ohmoto and Rye (1979). 

 MG – Martin group; MBG – Murmac Bay group 

          

leucogranite (Leonard mine) Fe-poor) and  

Dolomite (Fe-rich) 

FI-Dolomite (Fe-rich) 
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Appendix F. Volatile compositions of fluid inclusions in quartz and carbonate 

 

Sample 

No. 

H2 

(mol %) 

He 

(mol %) 

CH4 

(mol %) 

H2O 

(mol %) 

N2 

(mol %) 

O2 

(mol %) 

Ar 

(mol %) 

CO2 

(mol %) 

 

Quartz 

V7 Bolger 

pit 

(13RL011) 

0.2479 0.3832 0.0184 95.5864 2.3384 0.2700 0.0155 1.1403 

0.2510 0.4151 0.0093 96.0312 1.9124 0.1996 0.0085 1.1729 

0.3029 0.6534 0.0145 92.9451 3.1879 0.6414 0.0291 2.2257 

0.4006 1.1645 0.0209 94.0048 2.5985 0.3044 0.0177 1.4886 

0.6183 1.4458 0.0365 94.3756 1.7430 0.2260 0.0094 1.5453 

0.7005 1.7428 0.0640 93.4681 1.5135 0.1968 0.0091 2.3051 

0.6680 1.7308 0.0975 93.7011 1.6041 0.1667 0.0107 2.0211 

0.5194 1.4115 0.2086 94.4845 1.3916 0.1167 0.0077 1.8599 

         

 

 

Quartz 

V3 Hab 

(13RL020) 

0.5438 0.0190 0.6472 95.2137 0.6060 0.0364 0.0023 2.9316 

0.4969 0.0291 1.2983 96.0892 0.4894 0.0295 0.0031 1.5645 

0.9746 0.0443 0.8885 96.5049 0.4417 0.1180 0.0019 1.0261 

0.3896 0.0114 0.5343 97.9983 0.3073 0.0336 0.0012 0.7243 

0.1234 0.0074 0.7804 97.3722 0.2676 0.0350 0.0016 1.4124 

0.5126 0.0176 0.8258 96.9902 0.3919 0.0326 0.0017 1.2276 

0.3017 0.0121 0.4655 97.9448 0.2934 0.0423 0.0012 0.9390 

0.6726 0.0283 0.7266 97.5454 0.2315 0.0180 0.0014 0.7764 

0.2548 0.0101 0.5021 98.0477 0.1767 0.0332 0.0014 0.9740 

0.1831 0.0064 0.3868 98.6098 0.1697 0.0411 0.0009 0.6022 

 

 

 

Quartz 

Eagle 

shaft 

(13RL044B) 

        

0.0000 0.0064 0.0739 99.5773 0.0963 0.0340 0.0011 0.2110 

0.0000 0.0118 0.1366 99.3482 0.0700 0.0144 0.0004 0.4185 

0.0000 0.0113 0.1308 99.2919 0.0665 0.0273 0.0005 0.4716 

0.0000 0.0082 0.1093 99.3665 0.0687 0.0246 0.0004 0.4223 

0.0000 0.0096 0.1131 99.3126 0.0688 0.0211 0.0003 0.4745 

0.0000 0.0056 0.1205 99.4232 0.0429 0.0194 0.0001 0.3884 

0.0000 0.0102 0.1035 99.4736 0.0450 0.0124 0.0001 0.3552 

0.0000 0.0094 0.1529 99.2050 0.0817 0.0327 0.0005 0.5179 

0.0042 0.0228 0.2419 98.8266 0.1381 0.0328 0.0008 0.7329 

0.0000 0.0076 0.1804 99.1829 0.0693 0.0303 0.0005 0.5290 
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Sample 

No. 

H2 

(mol %) 

He 

(mol %) 

CH4 

(mol %) 

H2O 

(mol %) 

N2 

(mol %) 

O2 

(mol %) 

Ar 

(mol %) 

CO2 

(mol %) 

 

 

Dolomite 

 V2 Hab 

(13RL021) 

0.2026 0.0051 0.0068 97.8298 0.4674 0.2480 0.0063 1.2340 

0.2990 0.0101 0.0086 98.4015 0.3348 0.1013 0.0032 0.8414 

0.2865 0.0091 0.0100 98.0340 0.3168 0.2008 0.0038 1.1389 

0.1153 0.0082 0.0119 98.4628 0.3154 0.0894 0.0034 0.9936 

0.3399 0.0115 0.0116 96.3821 0.4878 0.1693 0.0068 2.5910 

0.1212 0.0070 0.0177 98.3760 0.2629 0.0744 0.0031 1.1378 

0.1171 0.0052 0.0138 98.3032 0.3079 0.0733 0.0035 1.1760 

0.0894 0.0055 0.0266 97.8547 0.3744 0.1085 0.0043 1.5366 

         

 

 

 

Dolomite 

21 Zone 

(13RL052A) 

2.6166 0.0266 0.0193 94.8272 0.2727 0.1642 0.0036 2.0698 

3.4321 0.0319 0.0201 93.3112 0.2095 0.2229 0.0029 2.7694 

3.9975 0.0406 0.0220 92.4158 0.2545 0.4865 0.0033 2.7799 

2.7383 0.0273 0.0178 94.6113 0.2369 0.4061 0.0030 1.9593 

2.7018 0.0310 0.0200 94.4570 0.2065 0.2892 0.0026 2.2919 

1.4209 0.0312 0.0263 94.8922 0.2755 0.9829 0.0031 2.3678 

2.1649 0.0256 0.0208 94.5952 0.1778 0.3913 0.0025 2.6220 

2.3492 0.0284 0.0213 94.5226 0.1536 0.3493 0.0023 2.5733 

4.4506 0.0406 0.0233 92.7760 0.1418 0.3089 0.0015 2.2574 
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Sample No. H2 

(mol %) 

He 

(mol %) 

CH4 

(mol %) 

H2O 

(mol %) 

N2 

(mol %) 

O2 

(mol %) 

Ar 

(mol %) 

CO2 

(mol %) 

 

 

Calcite 

Intermediate 

Zone 

(13RL042) 

1.2116 0.1680 0.0095 95.0532 0.3859 2.0988 0.0048 1.0682 

0.6372 0.0309 0.0056 96.5711 0.1521 1.5585 0.0022 1.0424 

0.6128 0.0219 0.0022 96.8094 0.0712 1.5040 0.0008 0.9775 

0.6426 0.0213 0.0022 96.6646 0.0360 1.5995 0.0005 1.0332 

1.3133 0.0423 0.0032 96.7614 0.0492 1.1153 0.0004 0.7149 

1.9828 0.1041 0.0013 93.9768 0.2207 2.3821 0.0027 1.3294 

0.6123 0.0551 0.0032 97.1385 0.1690 1.3799 0.0019 0.6400 

0.8460 0.0904 0.0032 97.3498 0.0919 1.0160 0.0014 0.6012 

0.5295 0.0449 0.0016 97.4906 0.0883 1.3322 0.0015 0.5115 

0.3024 0.0392 0.0036 97.7269 0.0889 1.2172 0.0011 0.6206 

         

 

 

Calcite 

Spur 

(13RL048) 

0.0582 0.1761 0.0098 98.7294 0.1943 0.1103 0.0027 0.7192 

0.0719 0.2128 0.0162 98.5398 0.2403 0.0952 0.0028 0.8210 

0.1095 0.1870 0.0172 97.8823 0.3331 0.2073 0.0046 1.2591 

0.0038 0.1715 0.0106 97.6778 1.1071 0.2925 0.0129 0.7239 

0.0392 0.0929 0.0058 98.8156 0.4738 0.1568 0.0062 0.4098 

0.0302 0.0985 0.0069 98.6964 0.3617 0.1432 0.0048 0.6582 

0.0131 0.0866 0.0089 98.6981 0.4256 0.1648 0.0053 0.5975 

0.0000 0.1076 0.0222 97.3097 0.8536 0.3731 0.0118 1.3220 

0.0588 0.2215 0.0199 97.3199 0.9735 0.3028 0.0115 1.0921 

        

 

 

Calcite 

Eagle- 

Ace 

(12GC512) 

0.0000 0.0271 0.0266 99.2452 0.2734 0.0431 0.0032 0.3813 

0.0000 0.0306 0.0369 99.1249 0.3852 0.0501 0.0041 0.3682 

0.0000 0.0270 0.0271 99.1861 0.1478 0.0280 0.0018 0.5822 

0.0000 0.0249 0.0341 99.0814 0.5395 0.0632 0.0059 0.2509 

0.0000 0.0192 0.0435 99.1802 0.3540 0.0616 0.0045 0.3370 

0.0017 0.0321 0.0655 99.2928 0.2086 0.0255 0.0027 0.3711 

0.0000 0.0487 0.0757 99.3075 0.1951 0.0271 0.0020 0.3439 

0.0000 0.0443 0.0720 99.2353 0.2456 0.0304 0.0027 0.3697 

0.0000 0.0328 0.0882 99.0179 0.3248 0.0579 0.0040 0.4744 

0.0000 0.0498 0.0976 99.0148 0.3793 0.0564 0.0037 0.3983 
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