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Abstract 

The Athabasca Basin in northern Saskatchewan contains some of the world’s 

highest-grade unconformity-related uranium deposits, the genesis of which has been 

extensively explored in the literature. Constraints on the temperature, pressure, and 

composition of diagenetic fluids within the Athabasca Basin have mainly come from 

research conducted in uranium-mineralised areas, however, research conducted distally 

from known uranium mineralisation is relatively scarce. This study aims to provide a 

detailed data set on the temperature, pressure, and composition of diagenetic fluids using 

petrographic, fluid inclusion, and illite geothermometric methods on samples from the 

Rumpel Lake drill core, and to compare the results with other barren areas in the 

Athabasca Basin. The Rumpel Lake drill core contains five formations from within the 

Athabasca Group (from oldest to youngest): the Read, Manitou Falls, Lazenby Lake, 

Wolverine Point, and Locker Lake formations. The Read, Manitou Falls, Lazenby Lake, 

and Locker Lake formations are mainly comprised of sandstone (quartz arenite to quartz 

wacke), whereas the Wolverine Point Formation is comprised of fine-grained sandstone 

in addition to several layers of siltstone and shale. Fluid inclusion homogenisation 

temperatures obtained from syntaxial quartz overgrowths range from 51°C to 253°C, 

with no discernable trend of temperatures with depth. Illite formation temperatures are 

also consistent throughout the stratigraphy of the Rumpel Lake drill core, and range 

mainly from 220°C to 230°C, with one outlying temperature at 251°C. Three types of 

fluids are recorded within the Rumpel Lake drill core: (1) a low to moderate salinity (3.4 

– 13.6 wt. % NaCl) NaCl-dominated fluid that is present in minor quantities; (2) a high 

salinity (21.1 – 24.4 wt. % NaCl) NaCl-dominated fluid that is abundant throughout the 
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Rumpel Lake drill core and (3) a high salinity (24.9 – 31.0 wt. % NaCl + CaCl2) CaCl2-

dominated fluid that is abundant throughout the Rumpel Lake drill core. The consistency 

of temperatures, as well as salinities, throughout the Rumpel Lake drill core indicates 

that fluid convection was the dominant fluid flow regime during part of the diagenetic 

history of the Athabasca Group sandstones. It is suggested that convection cells within 

the Athabasca Basin were dynamic during diagenesis, and may have moved laterally 

through the Athabasca Group or grown in size during prolonged sedimentation. The low 

salinity fluids are interpreted to represent different mixing ratios between freshwater 

(deposited with the fluvial units in the Athabasca Group) and evaporated seawater (the 

high salinity NaCl-dominated fluid, deposited with the marine units in the Athabasca 

Group), which implies that fluid convection was likely in place before the evaporated 

seawater percolated down into the large sandstone aquifer below the Wolverine Point 

Formation. The acquisition of calcium by the original Na-rich evaporated seawater may 

have come from a number of sources (e.g. the alteration of detrital plagioclase, alteration 

of the Wolverine Point Formation, or the basement rocks below the unconformity). It is 

suggested that one discrete source of calcium is not necessary to explain the formation of 

the CaCl2-dominated fluids, as convection serves as a giant linkage between the 

Athabasca Group and the basement rocks below the unconformity, which may acquire 

calcium from various sources. The results of this study also imply that, like the source of 

calcium, the source of uranium need not come from one discrete source, as there is 

evidence to suggest that the diagenetic fluids generated within the Athabasca Group have 

interacted with both basement lithologies and the Athabasca Group, and mixed during 

prolonged fluid convection within the Athabasca Group sandstones. 
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Chapter 1: Introduction 

The Athabasca Basin in northern Saskatchewan hosts several high-grade 

unconformity-related uranium deposits, and is Canada’s sole producer of uranium ore 

(Jefferson et al., 2007; Kyser and Cuney, 2008a). Genetic models to explain the 

formation of such high-grade deposits have been continually refined over several 

decades since the initial genetic model for unconformity-related uranium mineralisation 

was proposed by Hoeve and Sibbald (1978) for the Rabbit Lake deposit. A successful 

genetic model for any economic ore deposit must offer critical factors (i.e. geochemical 

or structural factors) that are associated with the formation of the ore deposit, as well as 

predictability in the location of the ore deposit (Kyser and Cuney, 2008b). Over the years 

of research and exploration in the Athabasca Basin, several important factors that control 

uranium mineralisation and remobilisation have been recognized and well documented in 

the literature (a summary of which can be found in Jefferson et al., 2007) and applied to 

exploration with variable degrees of success. The majority of genetic models that have 

been proposed for unconformity-related uranium mineralisation are variations on a single 

theme: hot, oxidizing diagenetic basinal brines carrying uranium are transported towards 

the unconformity, where they encounter a reducing agent (either a fluid or lithology) and 

precipitate primary uranium ore. One of the key components of this model is the ability 

of oxidizing diagenetic basinal brines to dissolve and transport uranium (in the form of 

U
6+

).  

Research into the pressure-temperature-composition (P-T-X) conditions of 

diagenetic basinal brines have been conducted within uranium deposits by many authors 

(e.g. Kotzer and Kyser, 1995; Mercadier et al., 2010; Richard et al., 2010), however, 
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very few studies actually attempt to study diagenetic basinal brines away from known 

uranium mineralisation (e.g. Pagel, 1975; Hoeve and Quirt, 1984; Chu et al., 2015). 

Although research of diagenetic basinal fluids within uranium-mineralised areas is 

critical for understanding their role in the genesis of unconformity-related uranium 

deposits, it does not provide details of their P-T-X evolution during the evolution of the 

Athabasca Basin and subsequent deposition of the Athabasca Group. Predictability in the 

location of uranium mineralisation is also strongly dependant on knowing the fluid flow 

regime within the Athabasca Basin, as large amounts of uranium-bearing fluid passing 

through the mineralisation site is required to form such high-grade uranium deposits. 

Although many different fluid flow regimes have been proposed, or implied, by several 

authors to explain uranium mineralisation in the Athabasca Basin (e.g. Hoeve and Quirt, 

1984; Hoeve and Sibbald, 1978; Derome et al. 2005; Boiron et al., 2010; Alexandre and 

Kyser, 2012; Cui et al., 2012), few studies attempt to discern fluid flow patterns within 

the Athabasca Group sandstones themselves (e.g. Raffensperger and Garven, 1995a; 

Hiatt and Kyser, 2007; Chi et al., 2013, 2014). A summary of P-T-X work done within 

the Athabasca Group, as well as various proposed fluid flow models, is presented below. 

 

1.1 Previous Work  

1.1.1 Temperature and Pressure Regime within the Athabasca Group 

An initial assessment of the P-T-X conditions within the Athabasca Group came 

from Pagel (1975), who performed fluid inclusion analysis on four samples from the 

Rumpel Lake drill core and one sample from the Cluff Lake deposit (the deepest sample 

used, located in the Carswell impact structure), targeting early syntaxial quartz 
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overgrowths on quartz clasts. The results of heating experiments conducted during fluid 

inclusion microthermometry indicated that the mean homogenisation temperature within 

each sample studied increased steadily from 65°C to 107°C (pressure corrected 

homogenisation temperatures range from 130°C to 220°C) towards the base of the 

Athabasca Basin. Using halite dissolution temperatures from triphase fluid inclusions 

(L+V+halite), Pagel (1975) found that the salinity also increased from 29 wt. % NaCl to 

33 wt. % NaCl towards the base of the Athabasca Basin. Pagel (1975) noted that triphase 

fluid inclusions commonly decrepitated before full halite dissolution took place. Using 

an isochore for a 30 wt. % NaCl solution, and assuming that the halite dissolution 

temperature is equal to the trapping temperature, pressures of 900 bars to 1500 bars were 

estimated from triphase fluid inclusions. The compilation of all fluid inclusion data 

obtained from Pagel (1975) led to three major conclusions about the Athabasca Basin: 

(1) the geothermal gradient that was present during diagenesis was 35°C/km, which is 

normal for an intracratonic basin; (2) assuming an initial temperature of 25°C at the 

surface of the Athabasca Basin, the Athabasca Group reached a total thickness of 4.8 km; 

(3) the fluids within the Athabasca Basin were subjected to a lithostatic pressure regime 

during diagenesis. The increase of temperature, or diagenetic grade, towards the base of 

the Athabasca Basin was also reflected in the work of Hoeve and Quirt (1984), who 

found that the Kübler index (based on the half width of the 001 peak of illite in an x-ray 

diffraction analysis) changed from 6-7 at the top of the Athabasca Basin to 4-5 at the 

base of the Athabasca Basin. This change of Kübler index indicates that sandstones at 

the base of the Athabasca Group have experienced higher-grade diagenesis when 

compared to sandstones at the top of the Athabasca Basin. In light of this analysis, 
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Hoeve and Quirt (1984) agreed that the burial estimates of 4-5 km within the Athabasca 

Basin were reasonable. After the initial analysis by Pagel (1975), several authors invoke 

a total sedimentary thickness ranging from 5 to 7 km within the Athabasca Basin, using 

further fluid inclusion research by Pagel et al. (1980) on the Rabbit Lake and Cluff Lake 

D deposits (i.e. Kotzer and Kyser, 1995; assuming a geothermal gradient of 30°C/km). 

Since the initial assessment of the temperature and pressure regime within the 

Athabasca Basin by Pagel (1975) and Pagel et al. (1980), more recent pressure estimates 

within the Athabasca Basin by Chi et al. (2013) have illustrated some of the problems 

with the conclusions reached by Pagel (1975). Modeling of the fluid pressure regime 

within the Athabasca Group during sedimentation by Chi et al. (2013) revealed that the 

fluid pressures stayed at near-hydrostatic conditions throughout the entire sedimentary 

history of the Athabasca Group, with the minor development of a fluid overpressure 

within the middle of the basin. The results by Chi et al. (2013) are contrary to the 

pressure estimates obtained by Pagel (1975), and have a significant impact on the 

construction of the geothermal gradient in the Athabasca Basin. If the maximum pressure 

obtained from the base of the Athabasca Basin (i.e. the sample collected from the bottom 

of the Rumpel Lake drill core) by Pagel (1975) is assumed to be correct, the total amount 

of erosion would be 11 km, which would produce a geothermal gradient of 12°C/km 

(Chi et al. 2015). Further geothermometric analysis by Wilson et al. (2007), using 

vitrinite reflectance of organic matter within the Douglas Formation, yielded 

temperatures of 160°C – 200°C, which also does not conform to the geothermal gradient 

presented by Pagel (1975). To date, no research exists to attempt to explain the 

discrepancies between the work by Pagel (1975) and more recent research. 
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1.1.2 Fluid Composition and Evolution in the Athabasca Group 

The earliest estimates of fluid composition within the Athabasca Group 

sandstones also came from the work by Pagel (1975), who first noted that the fluids 

contained within the Athabasca Group were highly saline fluids. No precise 

compositional studies were presented by Pagel (1975), who only used triphase fluid 

inclusions (L+V+halite) to estimate the fluid salinities. Pagel et al. (1980) indicated that 

the fluids within the Rumpel Lake drill core contained divalent cations, determined by 

the large depression of ice-melting temperatures during fluid inclusion 

microthermometry (although no ice-melting temperatures were presented). After the 

initial assessment of fluid salinity on the Rumpel Lake drill core, information regarding 

fluid composition was obtained from within uranium deposits. Fluid inclusion 

microthermometry performed on samples from the McArthur River and Eagle Point 

deposits by Kotzer and Kyser (1995) obtained homogenisation temperatures, as well as 

fluid salinities, for primary fluid inclusions located in the dustline associated with 

diagenetic quartz overgrowths. Salinities ranging from 5 to 28 wt. % NaCl were obtained 

for early diagenetic fluids, with homogenisation temperatures ranging from 80°C – 

160°C. The large range of salinities and homogenisation temperatures were explained by 

the heterogeneous nature of diagenetic fluids during the initial stages of basin diagenesis. 

After the initial detailed work by Kotzer and Kyster (1995), Derome et al. (2005) 

performed a detailed fluid inclusion analysis (fluid inclusion microthermometry and 

laser-induced breakdown spectroscopy study) within several different phases of quartz in 

the McArthur River deposit. Three types of fluid inclusions were encountered in 
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diagenetic quartz overgrowths: (1) primary biphase fluid inclusions in which ice is the 

last phase to melt (L+V; denoted Lw1); (2) secondary biphase fluid inclusions (L+V; 

denoted Lw’); and (3) secondary triphase fluid inclusions (L+V+halite; denoted Lwh’). 

Lw1 fluid inclusions produced homogenisation temperatures ranging from 93.8°C to 

200°C, and ice-melting temperatures ranging from -25°C to -19°C. Lw’ fluid inclusions 

produced homogenisation temperatures ranging from 54°C to 110°C, and average ice-

melting temperatures of -35°C (several fluid inclusions failed to freeze). Lwh’ fluid 

inclusions have halite dissolution temperatures of 147°C to 230°C, and homogenisation 

temperatures ranging from 70°C to 148°C. Laser-induced breakdown spectroscopy 

(LIBS) could not be performed on these fluid inclusions, and thus their bulk chlorinities 

and Na/Ca ratios could not be measured. Using the ice-melting temperatures, two 

dominant fluid types were discerned within diagenetic quartz overgrowths: a Na-rich 

fluid and a Ca-rich fluid. It was proposed that the Na-rich fluid was expelled from 

evaporitic layers, such as those that may be associated with the Douglas and Carswell 

formations. The Ca-rich fluid was explained by mixing of the NaCl-rich fluid with a 

CaCl2-rich fluid that was derived from water-rock interactions within the basement 

rocks, where large amounts of plagioclase, Ca-pyroxene, and Ca-amphibole exist. 

Following the extensive study by Derome et al. (2005), the results of which was the first 

to detect the presence of two distinct fluid types within diagenetic quartz overgrowths, a 

series of studies by Mercadier et al. (2010), Richard et al. (2010, 2011, 2014) 

significantly increased the understanding of the composition and evolution of basinal 

brines within the Athabasca Basin. Mercadier et al. (2010) demonstrated that basinal 

brines have penetrated into the basement rocks below the unconformity using a series of 



 7 

microfracture networks in the P-Patch deposit. Richard et al. (2010) further constrained 

the composition of the two endmember fluids (i.e. the Na-rich brine and Ca-rich brine) 

using laser ablation – inductively coupled plasma – mass spectrometry (LA-ICP-MS). 

The low Cl/Br ratios that were obtained from analysis, which was also obtained through 

crush-leachate analysis by Derome et al. (2005), indicate that the brines were derived 

from evaporated seawater that passed halite saturation. Furthermore, increased Sr and Ba 

concentrations within Ca-rich fluid indicate that albitisation of plagioclase within 

basement rocks was a major contributor of calcium to the Ca-rich fluids. The proposed 

evaporated seawater origin (beyond halite saturation) of the Na- and Ca-rich fluids was 

later confirmed by Richard et al. (2011), who used crush-leachate techniques to analyse 

elemental compositions and δ
37

Cl values in fluid inclusions contained within quartz-

carbonate veins from five different uranium deposits (McArthur River, Rabbit Lake, 

Eagle Point, P-Patch, and Millennium). Further constrains on the origin of the Na- and 

Ca-rich fluids within the Athabasca Basin was presented by Richard et al. (2014) using 

noble gas (Ar, Kr, Xe) and halogen (Cl, Br, I) concentrations and isotopes in samples 

collected from McArthur River, Rabbit Lake, and Eagle Point. The analyses showed that 

evaporated seawater underwent subaerial evaporation and further interactions with 

sedimentary rocks to acquire their noble gas signatures, and that mixing with a 

basement-derived fluid did not contribute to their overall noble gas and halogen 

compositions.  

The wealth of data that is presented in the literature for brine composition and 

evolution in the Athabascsa Basin comes from within uranium-mineralised areas. The 

interpretation that Na-rich fluids come exclusively from the Athabasca Group, and the 
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Ca-rich fluids come from water-rock interactions from within the basement has not been 

tested using fluid inclusion analysis on samples collected distally from known uranium 

mineralization. Currently, it is unknown whether or not Ca-rich fluids are present within 

the Athabasca Group, whose presence may indicate that Ca-leaching could potentially 

also occur within the Athabasca Group itself. 

 

1.1.3 Proposed Fluid Flow Regimes within the Athabasca Basin 

Several fluid flow mechanisms have been proposed to explain uranium 

mineralisation within the Athabasca Basin, while only a few of them attempt to discern 

fluid flow throughout the entirety of the Athabasca Group. Fluid flow mechanisms that 

have been proposed to explain uranium mineralisation are: large-scale fluid convection 

(Hoeve and Sibbald, 1978; Raffensperger and Garven, 1995a; Boiron et al., 2010), 

deposit-scale convection related to a thermal anomaly produced by the high heat 

conductivity of graphite (Hoeve and Quirt, 1984), gravity-driven flow (Derome et al., 

2005; Alexandre and Kyser, 2012), compaction-driven flow (Hiatt and Kyser, 2007), and 

deformation-induced flow (Cui et al., 2012). Fluid flow mechanisms (from the above 

list) that attempt to explain the fluid flow regime within the Athabasca Group are 

compaction-driven flow, large-scale fluid convection, and gravity-driven flow. 

Compaction-driven flow, the flow of fluids due to the overlying pressure experienced by 

continued sedimentation into a sedimentary basin, was proposed by Hiatt and Kyser 

(2007) after detailed core logging of the Manitou Falls Formation. It was proposed that 

compaction-driven flow was the most likely fluid flow regime, as fine-grained sand 

layers within the Manitou Falls Formation would inhibit vertical fluid flow, and only 



 9 

promote lateral flow throughout the aquifer. Chi et al. (2013) modeled compaction-

driven flow to assess the evolution of temperature and pressure within the Athabasca 

Basin, the results of which illustrated that the basin remained at near hydrostatic 

conditions throughout the entirety of its sedimentary history, and that no significant 

thermal anomaly would be present with the uranium deposits in the Athabasca Basin. 

Gravity-driven (or topography-driven) flow was proposed by Alexandre and Kyser 

(2012) as a result of fluid flow modeling using a derivation of Darcy’s Law. Assuming 

that the source of uranium was strictly from the Athabasca Group, the authors were able 

to show that gravity-driven flow could account for the formation of uranium deposits if 

the Athabasca Basin had a slope of 150 m from the west side of the basin to the east side 

of the basin. Large-scale fluid convection was proposed as a fluid mechanism within the 

Athabasca Basin by Hoeve and Sibbald (1978) and Boiron et al. (2010), but the actual 

modeling of large-scale fluid convection was completed by Raffensperger and Garven 

(1995a). Modeling of fluid convection indicated that the initiation of free convection 

within the Athabasca Basin requires at least 3 km of sediment on top of porous and 

permeable strata if a normal geothermal gradient is assumed (Raffensperger and Garven, 

1995a), and that fluid convection was able to explain the high-grade uranium 

mineralisation, as well as alteration mineralogy within the Athabasca Basin 

(Raffensperger and Garven, 1995b). All fluid flow mechanisms within the Athabasca 

Basin have been theoretically modeled, however, the amount of physical evidence to 

validate these models currently does not exist.  

 

 



 10 

 

1.2 Study Purpose and Objectives 

The purpose of this study is to provide a detailed petrographic description of the 

Athabasca Group, as well as provide a detailed set of P-T-X data for diagenetic fluids 

contained within the Athabasca Basin using samples collected from the Rumpel Lake 

drill core, which is located distally from any known uranium mineralisation. There are 

eight main objectives in this study: 

(1) To complete a high-resolution sampling of the Rumpel Lake drill core, as well as 

completely log the entirety of the Athabasca Group within the Rumpel Lake drill core. 

(2) To provide a detailed petrographic analysis of all samples collected from the Rumpel 

Lake drill core, and to use the petrographic analyses to construct a diagenetic sequence 

for the Athabasca Group.  

(3) To compare the diagenetic sequence obtained in this study with other diagenetic 

sequences from within barren and other non-mineralised areas in the Athabasca Basin. 

(4) To perform a detailed fluid inclusion analysis (fluid inclusion petrography and 

microthermometry) using sandstones collected from the Rumpel Lake drill core. Fluid 

inclusion analysis will target fluid inclusions within syntaxial quartz overgrowths.  

(5) To use other analytical fluid inclusion techniques (cryogenic Raman spectroscopy 

and scanning electron microscopy – energy dispersive spectrometry analysis of fluid 

inclusion decrepitates) to confirm the salinities obtained through fluid inclusion 

microthermometry. 

(6) To ascertain the thermal conditions within the Athabasca Group during diagenesis 

using illite geothermometry. 
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(7) To use the temperature data obtained from fluid inclusion microthermometry and 

illite geothermometry to discriminate between the different proposed fluid flow 

mechanisms, as well as use the salinity data obtained from fluid inclusion 

microthermometry to validate or disprove the previously proposed mechanisms of 

salinity evolution in the Athabasca Basin. 

(8) To compare the results of this study with other barren and non-mineralised areas 

within the Athabasca Basin.  

 



 12 

Chapter 2: Geological Setting 

The Athabasca Basin is an intracratonic basin bounded by the 1.9 Ga Taltson 

magmatic zone and the Thelon tectonic zone in the west and the 1.8 Ga Trans-Hudson 

orogen in the east, and is floored by strongly deformed Archean to Paleoproterozoic 

metamorphic rocks of the Rae and Hearne Provinces (Jefferson et al., 2007). The basin is 

comprised of three NE-SW oriented sub-basins: the Jackfish sub-basin in the west, the 

Mirror sub-basin in the center, and the Cree sub-basin in the east (Ramaekers, 1980). 

The Jackfish and Mirror sub-basins are separated by the Patterson paleohigh in the west, 

while the Mirror and Cree sub-basins are separated by the Dufferin paleohigh towards 

the east (Ramaekers, 1980). The three sub-basins within the Athabasca Basin have been 

filled by four major, relatively flat lying, Paleoproterozoic to Mesoproterozoic 

depositional sequences termed the Athabasca Group (Ramaekers et al., 2007). The 

unconformity between the sedimentary fill and basement rocks is marked by a distinct 

paleoweathering surface, which extends downwards a few centimeters to up to 220 

meters below the unconformity (Macdonald, 1980). Uranium mineralisation is associated 

with the regional unconformity, however mineralisation is typically confined to either 

the sandstones above the unconformity and/or the basement rocks below the 

unconformity (Hoeve and Sibbald, 1978). A description of the basement rocks, 

Athabasca Group, uranium mineralisation, and Rumpel Lake drill core is given below. 

 

2.1 Basement Rocks of the Athabasca Basin 

The basement rocks underlying the Athabasca Basin are sub-divided into three 

major lithotectonic zones: the Taltson magmatic zone (a southern extension of the 
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Figure 2.1: Map of Canada (left; modified from Chi et al. 2013) illustrating the position of the Athabasca Basin within Saskatchewan and Alberta 

and geological map showing the position of the Athabasca Basin within the lithotectonic framework of northern Saskatchewan (right; modified from 

Card, 2012). YT – Yukon, NT – Northwest Territories, NU – Nunavut, BC – British Columbia, AB – Alberta, SK – Saskatchewan, MB – Manitoba, 

ON – Ontario, QC – Quebec, NL – Newfoundland and Labrador, NB – New Brunswick, PE – Prince Edward Island, NS – Nova Scotia. 
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Thelon tectonic zone; Hoffman, 1988), the Rae Province, and the Hearne Province 

(Figure 2.1, Card et al., 2007). The Taltson magmatic zone is characterised by a ca. 3.2 

to 2.14 Ga basement complex composed of amphibolite to granitic gneiss (McNicoll et 

al., 2000) and two magmatic suites: (1) a ca. 1.99 to 1.995 Ga I-type quartz diorite and 

granodiorite; and (2) a ca. 1.95 – 1.92 Ga S-type peraluminous granite (Bostock et al., 

1987; McDonough et al., 2000).  

The Rae Province lies to the east of the Taltson magmatic zone, and is composed 

of several lithotectonic domains that potentially extend underneath the Athabasca Basin 

(i.e. the Zemlak, Beaverlodge, Tantato, and Lloyd domains; Figure 2.1, Card et al., 

2007). The Beaverlodge domain is composed of a ca. 3.05 – 3.0 Ga granitic basement, 

which is unconformably overlain by a Paleoproterozoic supracrustal succession termed 

the Murmac Bay Group, which is also present as outliers within the Zemlak Domain 

(Card et al., 2007). The Martin Group, a Paleoproterozoic succession of weakly 

deformed and unmetamorphosed redbed-volcanic rocks, is also present within the 

Beaverlodge Domain but is restricted to the eastern side (Card et al., 2007). The 

Beaverlodge Domain also plays host to vein-type uranium deposits, which occur within 

the basement and the overlying Martin Group (Card et al., 2007). The Zemlak Domain, 

which lies to the west of the Beaverlodge Domain, is dominated by migmatitic gneiss 

that may contain components of granite suites and the Murmac Bay Group extended 

from the Beaverlodge Domain (Card et al., 2007). The Thluicho Lake Group, located in 

the central Zemlak Domain, is a succession of greenschist-facies metasedimentary rocks 

that is distinguished from the unconformably overlying Martin Group by its highly 

deformed state and higher metamorphic grade (Scott, 1978). The Tantato Domain is 
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composed of > 2.6 Ga migmatitic to diatexitic psammopelite and pelite in the south, and 

dominated by the ca. 3.4 – 3.1 Ga Chipman tonalite batholith in the east (Card et al., 

2007). The Lloyd Domain is largely characterised by a dominantly granodioritic 

orthogneiss (Lewry and Sibbald, 1977; Card, 2002), but is also comprised of the 

supracrustal Careen Lake Group, and the < 2.0 Ga Clearwater anorthosite complex (Card 

et al., 2007).   

The Hearne Province, which is separated from the Rae Province by the Snowbird 

tectonic zone, is composed of four lithotectonic domains (Virgin River, Mudjatik, 

Wollaston, and Peter Lake domains), three of which underlie the Athabasca Basin 

(Virgin River, Mudjatik, and Wollaston domains; Figure 2.1; Card et al., 2007). The 

Virgin River Domain is distinguished from the Mudjatik Domain on the basis of 

different structural styles, although the gneiss units within the two domains are similar 

(Wallis, 1970; Lewry and Sibbald, 1977). The Virgin River and Mudjatik domains are 

comprised of granitoid gneiss, which have been dated at ca. 2.9 – 2.8 Ga (Orrell et al., 

1999) and at ca. 2.64 – 2.58 Ga (Annesley et al., 1997; Annesley et al., 1999) near the 

Mudjatik-Wollaston domain boundary. Supracrustal rocks of the Mudjatik Domain 

consist of pelitic to psammitic gneiss and mafic granulite rocks interlayered with the 

dominant orthogneiss (Card et al., 2007). The Hurwitz Group, a package of iron-

sulphide-bearing pelite and other metasedimentary rocks, is dated at ca. 2.45 – 2.1 Ga 

and is in part coeval with the Wollaston Supergroup in the Wollaston Domain (Card et 

al., 2007). The Wollaston Domain is comprised of a ca. 2.59 – 2.56 Ga granitoid gneiss 

(Annesley et al., 1999), which is unconformably overlain by three dominantly 

sedimentary supracrustal successions known collectively as the Wollaston Supergroup 
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(Yeo and Delaney, 2007). The minimum age of the Wollaston Supergroup is constrained 

by the 1.865 – 1.850 Ga Wathaman Batholith (Ray and Wanless, 1980; Van Schmus et 

al., 1987). 

 

2.2 The Athabasca Group  

The Athabasca Group is mainly composed of flat-lying, fluviatile, quartz-rich 

sediments with minor amounts of interspersed marine strata that are separated into four 

depositional sequences bounded by unconformities (Ramaekers et al., 2007). The four 

depositional sequences have differentially filled the three sub-basins within the 

Athabasca Basin, the details of which can be found in several cross-sections constructed 

by Ramaekers et al. (2007). There are ten formations that comprise the Athabasca Group 

(from oldest to youngest): the Fair Point, Read, Smart (possibly a distal equivalent of the 

Read Formation), Manitou Falls, Lazenby Lake, Wolverine Point, Locker Lake, 

Otherside, Douglas, and Carswell formations (Figure 2.2; Ramaekers et al., 2007). The 

following description of each formation is summarised from Ramaekers et al. (2007), 

unless otherwise stated.  

Sequence 1 is comprised of the Fair Point Formation, which is sub-divided into 

the Beartooth and Lobstick members. The Fair Point Formation is a fining-upwards 

sequence of coarse quartz arenite to conglomerate with disseminated pebbles and 

cobbles, as well as minor interbeds of mudstone and conglomerate.  

Sequence 2 is comprised of the Read, Smart, and Manitou Falls formations. The 

Read Formation is a spatially heterogeneous succession of cross-bedded quartz arenite, 

quartz-pebble conglomerate, and red silty mudstone. The Smart Formation is a fine- to  
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Figure 2.2: Geological Map of the Athabasca Basin, illustrating the various formations of the Athabasca Group, the location 

of major known uranium deposits (denoted with stars), and the location of the Rumpel Lake drill core (modified from 

Jefferson et al., 2007 and Bosman et al., 2012). FP – Fair Point Formation, RD – Read Formation, S – Smart Formation, S/M 

– undifferentiated Smart and/or Manitou Falls Formation, MF – Manitou Falls Formation (members: b – Bird, r – Raibl, w 

– Warnes, c – Collins, d – Dunlop), LZ - Lazenby Lake Formation, W – Wolverine Point Formation, LL – Locker Lake 

Formation, O – Otherside Formation, D – Douglas Formation, C – Carswell Formation, F-O – undivided Fair Point to 

Otherside formations, CB – crystalline basement. 
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coarse-grained quartz arenite with sparse isolated pebbles that increase towards the base 

of the formation, and local pebbly mudstone. The Manitou Falls Formation, which is 

sub-divided into the Dunlop, Collins, Warnes, Raibl, and Bird members, is an upward 

fining succession of interbedded quartz arenite and quartz-pebble conglomerate, with 

thin well-laminated fine-grained sand to mudstone. Intraclast content increases upwards 

through the formation, which coincides with an increase of ripple cross-stratification and 

a decrease in maximum transported grain size.  

Sequence 3 contains both the Lazenby Lake Formation (sub-divided into the 

Dowler, Larter, Shiels, Clampitt, and Hodge members) and Wolverine Point Formation 

(sub-divided into the Claussen and Brule members). The Lazenby Lake Formation is a 

pebbly quartz arenite (with thin conglomerate lenses higher in the formation) that 

terminates in a thin basal conglomerate. The Wolverine Point Formation is a succession 

of thick (>50 cm) pale red and green mudstone, with subordinate thin interbeds of fine-

grained quartz arenite and siltstone.  

Sequence 4 contains the remaining formations in the Athabasca Group. The 

Locker Lake Formation, which is sub-divided into the Marsin, Brudell, and Snare 

members, is a pebbly quartz arenite with minor quartz-pebble conglomerate and minor 

mudstone beds (< 50 cm thick). The Otherside Formation, which is sub-divided into the 

Birbeck and Archibald members, is a pebbly to non-pebbly coarse- to fine-grained quartz 

arenite. The Douglas Formation is comprised of carbonaceous mudstone and quartzose 

siltstone, with medium- and fine-grained quartz arenite interbeds, and the Carswell 

Formation is comprised of a variety of carbonate rocks (i.e. dolomitic mudstone and 

stromatolites, oolitic grainstones) with intercalated quartz arenite and mudstone. The 



 19 

Douglas and Carswell formations are only preserved within the Carswell impact 

structure.  

Provenance studies and sedimentary structures indicate that detritus was mainly 

sourced from the east and south, except for the deposition of sequence 3 in which the 

detritus was sourced from the south. Sedimentation in the Athabasca Basin is interpreted 

to have started at ca. 1750 Ma based on titanite ages (1752 Ma; Annesley et al., 1997), 

rutile ages (~1750 Ma; Orrell et al., 1999), and Ar-Ar ages of the rapid uplift of the 

Trans-Hudson orogeny (ca. 1730 to 1750 Ma; Kyser et al., 2000; Alexandre et al. 2009). 

Attempts to date sedimentation in the Athabasca Group have yielded two ages: a 1644 ± 

13 Ma U-Pb age from zircons within tuffaceous units in the Wolverine Point Formation 

(Rainbird et al., 2007), and a 1541 ± 13 Ma Re-Os isochron age from carbonaceous 

shales in the Douglas Formation (Creaser and Stasiuk, 2007). The most recent events to 

affect the Athabasca Group was the intrusion of the Mackenzie dike swarm at 1267 Ma ± 

2 Ma (LeCheminant and Heaman, 1989), and the formation of the Carswell meteorite 

impact structure at ca. 480 Ma (Bell, 1985). 

 

2.3 Unconformity-Related Uranium Deposits 

Uranium mineralisation in the Athabasca Basin is a result of uraniferous 

oxidizing basinal brines interacting with a reducing fluid or lithology (generally thought 

to exist within the basement), which precipitates primary uranium ore (Jefferson et al., 

2007; Kyser and Cuney, 2008a). The location of uranium deposits within the Athabasca 

Basin are commonly (but not exclusively) associated with graphitic metasedimentary 

rocks of the Rae and Hearne provinces, which are intersected by re-activated basement 
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faults that displace the unconformity (Jefferson et al., 2007; Kyser and Cuney, 2008a). 

Uranium deposits are classified into two broad categories based on the location of 

uranium ore: (1) basement-hosted uranium deposits, which contain a relatively simple 

ore assemblage of uraninite and traces of other metals (e.g. McArthur River; Thomas et 

al., 2000); and (2) sandstone-hosted uranium deposits, which contains a polymetallic 

assemblage of ore minerals in addition to uranium ore (e.g. Cigar Lake; Andrade, 2002). 

Large alteration haloes composed of illite, sudoite, dravite, and chlorite surrounding 

unconformity-related uranium deposits are present within the overlying Athabasca 

Group or within the basement, and have also been classified into two categories: (1) 

egress-style alteration zones, which occur as large diffuse alteration haloes in the 

Athabasca Group; and (2) ingress-style alteration, which occur as constricted alteration 

zones within the basement rocks (Hoeve and Quirt, 1984; Sibbald, 1985; Fayek and 

Kyser, 1997; Quirt, 2003). Egress-style alteration is typically associated with sandstone-

hosted uranium deposits and ingress-style alteration is typically associated with 

basement-hosted uranium deposits, although some exceptions to these generalisations 

exist (i.e. the Roughrider deposit; Boulanger, 2012). Primary uranium ore mineralisation 

is interpreted to have been started at ca. 1590 Ma, based on U-Pb age dating of uraninite 

and Ar-Ar age dating of syn-ore illite (Alexandre et al., 2009), with multiple uranium ore 

remobilisation events including those at ca. 1176, 900 and 300 Ma (Hoeve and Quirt, 

1984; Cumming and Krstic, 1992; Kyser et al., 2000; Fayek et al., 2000). The source of 

uranium within the Athabasca Basin is still highly debated, with some authors invoking 

the basement rocks below the unconformity as the source of uranium (i.e. Annesley and 

Madore, 1999; Hecht and Cuney, 2000; Cuney et al., 2003; Mercadier et al., 2012) and 
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others invoking the Athabasca Group as the source of the uranium (i.e. Hoeve and 

Sibbald, 1987; Kotzer and Kyser, 1995). 

 

2.4 The Rumpel Lake Drill Core 

The Rumpel Lake drill core is currently the longest continuous drill core of the 

Athabasca Group in the Athabasca Basin (~1500 m long), and was drilled by Gulf 

Minerals in 1968 as a stratigraphic drill hole (Lerand, 1970). The stratigraphic 

nomenclature used by Lerand (1970) only subdivided the Rumpel Lake drill core into the 

Upper and Lower Athabasca Groups, which has since been updated (Bosman et al., 

2012) to the stratigraphic definitions proposed by Ramaekers et al. (2007). The Rumpel 

Lake drill core was drilled in the Cree sub-basin, and contains five formations (from 

oldest to youngest): the Read Formation, Manitou Falls Formation (Douglas, Collins, 

Warnes, and Bird members), Lazenby Lake Formation (Dowler member), Wolverine 

Point Formation (Claussen and Brule members), and Locker Lake Formation (Brudell 

and Snare members). The Manitou Falls Formation represents the majority of the 

stratigraphy in the Rumpel Lake drill core, with the other four formations being 

relatively thin. The Smart Formation, which stratigraphically overlies the Read 

Formation, is absent from the Rumpel Lake drill core as it pinches out towards the east, 

and is only present in the southern and western Athabasca Basin (Ramaekers et al., 

2007). The unconformity, which occurs at the base of the Read Formation, occurs at 

1457.5 m depth, and is underlain by red paleoweathered basement rocks. 
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Chapter 3: Study Methods 

The methods that were employed during the course of this project are focused on 

three main objectives: (1) to petrographically determine the mineral paragenesis during 

diagenesis in the Athabasca Group; (2) to characterise the temperature, pressure, and 

salinity of fluid inclusions contained within syntaxial quartz overgrowths and to verify 

the results with supplementary techniques; and (3) to ascertain the temperature of illite 

cementation during diagenesis. The techniques used to complete these objectives 

include: (1) core logging and sampling of the Rumpel Lake drill core (2) routine 

petrographic (point counting, mineral paragenesis, feldspar staining, carbonate staining) 

as well as advanced petrographic analysis of thin sections using scanning electron 

microscopy – energy dispersive spectrometry (SEM-EDS); (3) petrographic analysis of 

fluid inclusion thin sections for fluid inclusion assemblage identification and fluid 

inclusion timing; (4) fluid inclusion microthermometry for temperature, pressure, and 

salinity determination; (5) Raman spectroscopy of frozen fluid inclusions for NaCl molar 

fraction (XNaCl) verification; (6) SEM-EDS analysis of fluid inclusion decrepitates for 

relative cation abundance determination; (7) illite geothermometry for temperature 

determination of diagenetically grown illite. 

 

3.1 Sample Selection 

A total of 113 samples of varying lithologies (i.e. mudstone, siltstone, sandstone, 

conglomerate, and paleoweathered granite) were extracted from all five formations of the 

Rumpel Lake drill core at the Saskatchewan Geological Subsurface Laboratory. 

Sampling for this project occurred in two stages. The first set of samples (01GC301 to 
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01GC372) was collected in September 2010 at a sampling interval of approximately 20 

meters starting at the top of the core, and finishing slightly below the unconformity in the 

paleoweathered section of basement rock. This sampling interval was kept consistent 

throughout the sampling process, regardless of what lithology was encountered (i.e. 

unbiased sample collection). The second set of samples (11GC001 to 11GC041) was 

collected in June 2011 and did not use a consistent sampling interval. Samples were 

collected to fill gaps in the thermal profile that had been constructed at that time due to 

lithology controlled fluid inclusion scarcity (e.g. poorly cemented fine grained 

sandstones, muddy sandstones, etc.); target samples were coarse-grained quartz-

cemented sandstones.  

 

3.2 Core Logging 

Core logging was conducted over four days at the Saskatchewan Geological 

Subsurface Laboratory in May 2014. The purpose of core logging was not to perform a 

high-resolution study of the core, but rather to note major lithological changes (i.e. grain 

size), sedimentary structures (i.e. laminations, cross-bedding), and diagenetic features 

(i.e. amount of cementation, stylolites, percentage of bleaching) over the entire length of 

the core. Pictures of the entire core were taken (3-4 boxes per picture), as well as pictures 

of each sample (core counterpart) that was collected for this project. Core logs were first 

recorded on paper and then a digital core log was created from the original core logging 

sheets.  
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3.3 Petrographic Analysis  

A total of 113 polished thin sections were prepared at the China University of 

Geosciences, Beijing, China for routine petrographic examination. It was found that the 

thin sections were prepared thicker than usual, such that the interference colours of 

certain minerals were higher than expected. Optical examination of thin sections was 

performed on an Olympus BX51 petrographic microscope (fitted with both transmitted 

and reflected light attachments) as well as a Nikon Eclipse E600 petrographic 

microscope (fitted with a transmitted light attachment) in plane polarised light (PPL) and 

cross polarised light (XPL) to determine the mineralogy and diagenetic sequence of the 

Athabasca Group. Petrographic images were taken using a Q-Imaging Go-3 camera 

attached to the Olympus BX51 petrographic microscope, as well as a Nikon DS-Fi1 

camera attached to the Nikon Eclipse E600 petrographic microscope. Several techniques 

were employed to examine the mineralogy of the thin sections, and are described in 

detail below. 

 

3.3.1 Feldspar/Carbonate Staining 

All 113 thin sections were stained for feldspar identification using the method 

first described by Bailey and Stevens (1960). One half of each thin section was placed 

over top of a cup containing ~5 mL of 50% hydrofluoric acid (HF) in order to partially 

dissolve the silicate minerals present on the thin section. The half of the thin section that 

was HF treated was then dipped into: (1) a 1.4 wt. % solution (1.4g in 100 mL deionized 

water) of amaranth; (2) a 5.2 wt. % solution (5.5g in 100 mL deionized water) of barium 

chloride; (3) a 37.5 wt. % solution (60g in 100 mL deionized water) of sodium 
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hexanitritocobaltate (III). Between each staining solution, the thin section was dipped 

into a cup of clean deionized water, which was replaced after each rinse. Care was taken 

to slowly dip the thin section into each solution to ensure the stained surface remained 

intact. 

Selected thin sections were also stained using the method described by Dickson 

(1965) to aid in carbonate identification. Half of the thin section was immersed in a 

mixture of two solutions: (1) 1g of potassium ferricynaur in 200 mL deionized water and 

1 mL of 37% hydrochloric acid (HCl); (2) 0.135g of alizarin red S in 133 mL deionized 

water and 0.71 mL 37% HCl. The thin section was then washed with deionized water 

and left to dry before petrographic examination. 

 

3.3.2 Point Counting 

One hundred samples were point counted to precisely constrain the percentage of 

each mineral in thin section. Samples that were extremely fine-grained (i.e. mudstones, 

siltstones, claystones, and paleoweathered granites) had their mineral proportions 

estimated visually. All point counting was completed on a BX51 Olympus petrographic 

microscope. A total of 250 points were counted for each thin section. Mineral phases 

were grouped into 4 categories: framework grains (monocrystalline quartz, 

polycrystalline quartz, feldspar, lithic fragments, biotite, zircon, tourmaline), fine-

grained interstitial material (FGIM), cement (quartz, kaolinite/dickite, illite, hematite), 

and porosity (primary and secondary). Minerals that were replaced or recrystallized were 

counted as the original minerals, while noting the replacement and recrystallisation 

features. After the point counting was completed, the detrital components (including 
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those that were replaced) were normalized to 100%, which were then used to name the 

rocks with the quartz-feldspar-lithic fragment (QFL) naming scheme (Williams et al., 

1982). 

 

3.3.3 Scanning Electron Microscopy – Energy Dispersive Spectrometry (SEM-EDS) 

In cases where mineral identity was in question, SEM-EDS was employed as a 

mineral identification tool. Minerals to be identified were circled using a black marker 

on the thin section. Thin sections were carbon coated using a quorum technology splutter 

coater for approximately 10 seconds each. Carbon coated thin sections were then placed 

into a JEOL JSM6360 scanning electron microscope under vacuum at a working distance 

of approximately 15 mm. Images were acquired in both secondary electron (SE) mode 

and backscattered electron (BSE) mode. The electron beam accelerating voltage was set 

to 15 kV. A Noran System 7 energy dispersive system was set to acquire point-and-shoot 

data over thirty seconds, while element mapping was set to acquire over four minutes. 

 

3.4 Fluid Inclusion Analysis and Microthermometry 

3.4.1 Fluid Inclusion Petrography 

Doubly polished sections about 100 microns thick were prepared by Vancouver 

Petrographic and at the China University of Geosciences in Beijing, China. The 01GC- 

series were sent to Vancouver Petrographic, while the 11GC- series was sent to the 

China University of Geosciences. An Olympus BX51 petrographic microscope was used 

to examine the occurrences and relative timing of fluid inclusions, using the fluid 
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inclusion assemblage (FIA) approach (Goldstein, 2001, 2003). Pictures were taken using 

a Q-imaging Go-3 camera at several different magnifications (10X, 20X, 50X).  

 

3.4.2 Fluid Inclusion Microthermometry 

Once fluid inclusions had been identified, small chips were broken off from the 

main thin section for fluid inclusion microthermometry. All data was acquired using a 

Linkam THMS-600 heating and freezing apparatus, attached to an Olympus BX51 

petrographic microscope that is equipped with a PixeLink megapixel firewire camera for 

monitoring fluid inclusion behaviour, and an ultraviolet light attachment to check for 

hydrocarbon bearing inclusions. The THMS-600 heating and freezing stage was 

calibrated using two synthetic standards: pure H2O (homogenisation at 0°C, critical 

temperature at 374°C) and CO2 (melting at -56.6°C) from Syn Flinc. Temperatures that 

were measured from fluid inclusions were freezing temperature (Tfz), first melting 

temperature (Tfm), final ice melting temperature (Tm-ice), homogenisation temperature (to 

the liquid phase, Th), and total dissolution of halite (Tm-NaCl). Homogenisation 

temperatures and halite dissolution temperatures have errors of ± 1°C, and ice melting 

temperatures have errors of ± 0.1°C. Fluid compositions obtained from fluid inclusion 

microthermometry were approximated using the H2O-NaCl-CaCl2 system, given that 

previous literature identifies the highly saline brines within the Athabasca Basin to be 

NaCl- and CaCl2-dominated (i.e. Derome et al., 2005; Mercadier et al., 2010; Richard et 

al., 2010). Salinity weight percent (NaCl + CaCl2 wt. %), as well as molar fraction of 

NaCl (XNaCl), was determined using the program designed by Chi and Ni (2007) when 
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Tm-ice was measureable. Triphase fluid inclusions that contained halite had their salinities 

(NaCl wt. %) estimated using the equations by Sterner et al. (1988). 

Post-entrapment modification was checked for in all fluid inclusions. As a first 

order approximation of this phenomenon, fluid inclusions that had vapour percentages 

greater than 15% were singled out for further scrutiny, as suggested by Goldstein (2001). 

These fluid inclusions were immediately discarded for further analysis, or analysed to 

check their homogenisation temperatures against other fluid inclusions from within the 

same sample. Where several fluid inclusions existed within the same quartz overgrowth, 

consistency of homogenisation temperature was checked to see if any of the fluid 

inclusions were stretched or necked down. If any fluid inclusion were found to have a 

homogenisation temperature abnormally higher than the others, it was discarded from the 

data set.  

Pressure correction for homogenisation temperatures was employed to correct for 

an estimated maximum thickness of 5 km of sediment that was thought to exist prior to 

significant erosion to present day thickness in the Athabasca basin (i.e. Kotzer and 

Kyser, 1995) using the package of programs FLUIDS by Bakker (2003). Core depths 

were corrected by adding 5000 m to the sample depths. Pressures were calculated (in 

bars) assuming the basinal fluids were subjected to pressures under a hydrostatic regime 

(ρfluid = 1), which is the most likely fluid pressure regime for the Athabasca Group 

sandstones (Chi et al. 2013). Fluid inclusion data was entered into the program BULK. 

The fluid system was approximated as an H2O-NaCl-CaCl2 system. A purely empirical 

model was used to calculate the properties of the aqueous solution using the equations of 

state by Oakes et al. (1990) and Zhang and Frantz (1987). The salinity of the fluid 



 29 

inclusions was input as mass percent for each dissolved species, which was obtained by 

multiplying the molar fraction NaCl (XNaCl) by the weight percent obtained from the 

program by Chi and Ni (2007). The mass percentage of CaCl2 was obtained by 

multiplying 1-XNaCl by the weight percent obtained from the program by Chi and Ni 

(2007). The resulting output was then entered into ISOC to calculate the isochore for a 

particular inclusion. The mass percentages (relative to H2O) were entered using the same 

calculation mentioned above. The bulk fluid density was entered from the results of the 

BULK calculation (in cc/mol). Using the equations of state by Bodnar and Vityk (1994) 

and Knight and Bodnar (1989), the isochore for the fluid inclusion was calculated. The 

lower temperature limit was defined as the homogenisation temperature, and the upper 

limit was set to 400°C using 15 steps for the data output. The resulting data was then 

plotted in Microsoft Excel, the calculated pressure for that sample input into the equation 

obtained from the isochore, and the pressure corrected homogenisation temperature (TPC) 

obtained. In the situation where a fluid inclusion did not yield an ice melting 

temperature, an average of the ice melting temperatures from the samples above and 

below that sample in the stratigraphy were used as an estimation of the salinity of that 

fluid inclusion. If a sample had fluid inclusions that did and did not yield ice melting 

temperatures, the ice melting data from the fluid inclusions that did freeze were averaged 

(if more than one temperature existed) and used for the fluid inclusions that did not 

freeze. 
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3.5 Cryogenic Raman Spectroscopy 

Analysis of frozen salt hydrates using Raman spectroscopy was employed as a 

method to separately determine the XNaCl of previously frozen fluid inclusions and to 

check the validity of the ice melting temperatures obtained using fluid inclusion 

microthermometry. Spectra were collected on a Renishaw RM2000 laser Raman 

spectrometer using an excitation laser wavelength of 514 nm, a grating of 1800, and a 

50X long working distance lens. The Raman spectrometer was calibrated using a silicon 

standard (520.7 cm
-1

). Fluid inclusion chips were placed in a THMS-600 

heating/freezing stage attached to a Lecia DMLM petrographic microscope with both 

transmitted light and reflected light attachments and a SPC 900NC PC camera 

attachment. Fluid inclusions were frozen to -185°C, heated to a temperature between -70 

and -50°C, and then cooled to -185°C. Once completely frozen, a spectrum was acquired 

in the 3000 cm
-1

 to 3800 cm
-1

 range by accumulating ten spectra at thirty to sixty seconds 

analysis time per spectra. Each spectrum contains 5 peaks related to ice, hydrohalite 

(NaCl
.
2H2O), and antarcticite (CaCl2

.
6H2O): 3090 cm

-1
 (ice), 3403 cm

-1
 (hydrohalite + 

antarcticite), 3432 cm
-1

 (hydrohalite), 3435 cm
-1

 (hydrohalite + antarcticite), 3536 cm
-1

 

(hydrohalite). The spectra were then treated quantitatively using the method described by 

Chi et al. (2014), and also treated qualitatively using the spectra presented by Samson 

and Walker (2000) and Chi et al. (2014). 

 

3.6 SEM-EDS Analysis of Fluid Inclusion Decrepitates 

Fluid inclusion decrepitate analysis was performed on select fluid inclusions that 

yielded ice melting temperatures during fluid inclusion microthermometry. Chips were 
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placed in a Thermocline oven at temperatures ranging from 400-600°C for varying 

amounts of time (30 seconds to 120 seconds). Inclusions were checked for decrepitation 

after being heated using an Olympus BX51 petrographic microscope. If decrepitation 

was successful, fluid inclusion chips were then glued to a glass slide, carbon coated, and 

placed in the SEM-EDS for analysis. Depending on the salt mound, a combination of 

point and shoot as well as area scanning was used for analysis. The resulting elemental 

analysis was used to confirm microthermometry results, as well as obtain information 

about other cations (i.e. potassium and magnesium) that was not obtainable through fluid 

inclusion microthermometry. 

 

3.7 Illite Geothermometry 

Eleven samples (01GC303, 01GC321, 01GC327, 01GC334, 01GC340, 

01GC345, 01GC346, 01GC355, 01GC363, 11GC005) were chosen for illite 

geothermometry. Analysis of diagenetically grown illite needles was completed on a 

CAMECA SX100 electron microprobe with Princeton Gamma Tech Energy Dispersive 

Spectrometer (PGT EDS) and five wavelength dispersive X-ray spectrometers (WDS) by 

Dr. Guoxiang Chi and Dr. Ravinder Sidhu at the University of Manitoba. Element 

analyses were conducted using a 15 kV beam and a 20nA beam current. Elements 

analysed and their standards are: sodium (albite standard), potassium (orthoclase 

standard), calcium (diopside standard), magnesium (olivine standard), iron (fayalite 

standard), aluminum (andalusite standard), silicon (diopside standard), manganese 

(spessartine standard), titanium (titanite standard), fluorine (F-riebeckite standard), and 

chlorine (tugtuphite standard). Element oxide values were converted into structural 
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formulas of illite based on twenty-two oxygens. Potassium, sodium, and calcium were all 

assigned to the interlayer. Silicon was assigned to the tetrahedral layer. Aluminum was 

added to the tetrahedral layer until the sum of silicon and aluminum was 8. Iron, 

magnesium, and the remainder of the aluminum was assigned to the octahedral layer. 

Treatment of the data followed the method described by Cathelineau (1987) and 

Cathelineau (1988). In order to determine the molar fraction amounts of the six clay 

mineral substitutions, the following equation of matrices: 

[
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𝑆𝑖(𝐼𝑉)
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𝑋𝑀𝑔−𝐶𝑒𝑙
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is converted into a series of algebraic equations: 

𝐾 = 𝑋𝑀𝑢𝑠𝑐 + 𝑋𝐹𝑒−𝐶𝑒𝑙 + 𝑋𝑀𝑔−𝐶𝑒𝑙 

𝑁𝑎 = 𝑋𝑃𝑎𝑟𝑎𝑔 

𝐶𝑎 =  
1

2
𝑋𝐶𝑎−𝑃𝑎𝑟 

𝑆𝑖(𝐼𝑉) = 3𝑋𝑀𝑢𝑠𝑐 + 3𝑋𝑃𝑎𝑟𝑎𝑔 + 3𝑋𝐶𝑎−𝑃𝑎𝑟 + 4𝑋𝐹𝑒−𝐶𝑒𝑙 + 4𝑋𝑀𝑔−𝐶𝑒𝑙 + 4𝑋𝑃𝑦𝑟𝑜𝑝ℎ 

𝐴𝑙(𝑉𝐼) = 2𝑋𝑀𝑢𝑠𝑐 + 2𝑋𝑃𝑎𝑟𝑎𝑔 + 2𝑋𝐶𝑎−𝑃𝑎𝑟 + 𝑋𝐹𝑒−𝐶𝑒𝑙 + 2𝑋𝑀𝑔−𝐶𝑒𝑙 + 2𝑋𝑃𝑦𝑟𝑜𝑝ℎ 

𝐹𝑒 + 𝑀𝑛 =  𝑋𝐹𝑒−𝐶𝑒𝑙 

𝑀𝑔 = 𝑋𝑀𝑔−𝐶𝑒𝑙 

where K, Na, Ca, Si(IV), Al(VI), Fe + Mn, and Mg are taken from the structural formula 

of illite, and XMusc, XParag, XCa-Par, XFe-Cel, XMg-Cel, and XPyroph are the molar fractions of 
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muscovite, paragonite, Ca-paragonite, Fe-Celadonite, Mg-Celadonite, and pyrophyllite 

respectively. The resultant XPyroph is substituted into: 

𝑋𝑃𝑦𝑟𝑜𝑝ℎ = −0.0025(𝑇°𝐶) + 0.7928 

to calculate the temperature of formation for illite (with resulting errors of ~25°C). 

Resulting temperatures were then checked to ensure they were in the range of 190°C and 

350°C, which is the calibration range of this geothermometer (Cathelineau, 1988). 

Temperatures that occurred outside of this range were rejected from the data set. Finally, 

a Grubb’s test for outliers was performed to detect any anomalies within the 

temperatures for a given sample at a confidence interval of 95%.  

Another method of calculating temperatures from illite analyses was published by 

Battaglia (2004), and was also performed on the available EMP data. The 

geothermometer proposed by Battaglia (2004) suggests that the only chemical variation 

sensitive to temperature during progressive heating in illite is potassium. Firstly, a 

correction to the potassium value is done using the following equation: 

𝑥 = 𝐾 + |𝐹𝑒 − 𝑀𝑔| 

The value of x is then inserted into the linear equation: 

𝑇(°𝐶) = 267.95𝑥 + 31.50 

to obtain the temperature of formation of illite (with resulting errors of ~22°C). This 

calculation was performed on all illite analyses, and subjected to the same scrutiny (i.e. 

calibration range, Grubb’s test for outliers) as the temperatures calculated using the 

method of Cathelineau (1988). 
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Chapter 4: Results 

4.1 Core Logging 

Figure 4.1 illustrates the core log constructed for the Rumpel Lake drill core. 

Sampling densities within each formation and member are indicated on the core log. A 

complete sample list is located in Appendix A, Table A1, and the original core logging 

sheets are also located in Appendix A. Core descriptions have been broken down into 

each formation below. 

 

4.1.1 Locker Lake Formation 

The Locker Lake Formation contains massive medium-grained quartz arenite, 

with fine-grained sand layers and very minor coarse-grained sand layers. Pebbly layers 

appear infrequently, and range in thickness from 0.5 cm to 4.4 cm. Pebbly layers are 

typically horizontal or angled. Silty/shaley layers appear infrequently in the middle of 

the formation and increase in frequency towards the bottom of the formation. The 

sandstone is well-cemented at the top of the formation, but becomes moderately to 

poorly cemented towards the bottom of the formation. The sandstone at the top of the 

formation is typically white (well bleached), with minor red iron oxide (hematite) 

spotting in random intervals (Figure 4.2A). Further down in the core the amount of 

bleaching decreases, and the sandstone becomes much more purple and pink with 

irregular (convolute) or horizontal hematisation patterns (Figure 4.2B). Fracture 

controlled bleaching is present in the more hematised parts of the core (Figure 4.2C). 

Stylolites are also present throughout the formation, although they are difficult to tell 

apart from simple clay lamina.  
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Figure 4.1: Core log of the Rumpel Lake drill core. Formation and member depths were taken from 

Bosman et al. (2012). Unconformity interpretations (Manitou Falls – Read unconformity, Lazenby 

Lake – Manitou Falls unconformity, Locker Lake – Wolverine Point unconformity) were taken from 

Ramaekers et al. (2007). 
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Figure 4.2: Photographs of core features from the Rumpel drill core. A) Interval of intensely 

red spotted sandstone within massively bleached sandstone in the Locker Lake Formation. B) 

Horizontal and angular hematisation patterns in the Locker Lake Formation. C) Fracture 

controlled bleaching of purple massive sandstone in the Locker Lake Formation. D) Transition 

from the Locker Lake Formation (LL) to the Wolverine Point Formation (W) is marked by an 

increase in siltstone and shale layers. E) Reduction spots (white spots) in an iron rich mudstone 

in the Wolverine Point Formation. F) Variable bleaching amounts within a small thickness of 

core in the Wolverine Point Formation. 
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Figure 4.2 Cont’d: G) Convolute hematisation patterns in a massive sandstone from the 

Wolverine Point Formation. H) Typical massive fine-grained sandstone of Lazenby Lake 

Formation, which has been variably bleached and hematised. I) Coarse sand layers in a fine-

grained sandstone from the Lazenby Lake Formation. J) Green clay laminations within a fine-

grained sandstone from the Lazenby Lake Formation. K) Horizontal (H) and irregular (I) 

hematisation patterns from the Lazeny Lake Formation. L) Clay clots within a medium-

grained sandstone from the Manitou Falls Formation. 
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Figure 4.2 Cont’d: M) Coarse sand layers within a medium-grained sandstone from the 

Manitou Falls Formation. N) Pebble-sized clasts within a coarse sand layer from the Manitou 

Falls Formation. O) Green clay laminations within a medium-grained sandstone from the 

Maintou Falls Formation. P) Mainly horizontal hematisation patterns in of the Manitou Falls 

Formation. Q) Increased coarse sand and pebble content within the typical medium-grained 

sandstone of the Read Formation. R) Large coarse-grained sand to pebbly layer from the Read 

Formation. 
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Figure 4.2 Cont’d: S) Heavy mineral layer within a coarse-grained sandstone from the Read 

Formation. T) Hematised conglomerate located at the base of the Read Formation. U) 

Horizontal hematisation patterns in the Read Formation. 
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4.1.2 Wolverine Point Formation 

The transition from the Locker Lake Formation to the Wolverine Point Formation 

is marked by a sudden increase in the amount of siltstone and shale layers at the top of 

the Formation (0.5 – 1.5 m thick, Figure 4.2D), and a decrease in the grain size from 

medium-grained sand to fine-grained sand. The Wolverine Point Formation contains a 

mixture of shale and siltstone layers interbedded with fine-grained to medium-grained 

quartz arenite. Shale layers are typically purple/pink/maroon (due to various degrees of 

iron oxide content) or green in colour (due to chlorite), and sometimes show reduction 

spots (Figure 4.2E). The shale and siltstone layers decrease in abundance towards the 

middle of the formation, but then reappear towards the bottom of the formation. 

Sandstone layers are typically massive, poorly to moderately cemented (with some rare 

cases of well cemented sandstone layers), and typically have a higher clay content when 

compared to the other formations present in the core. Pebbly layers and coarse sand 

interlayers are present in the sandstone layers of the Wolverine Point Formation. The 

amount of bleaching in the Wolverine Point Formation is highly erratic, with shale and 

siltstone layers showing no bleaching, and sandstone layers having variable bleaching 

percentages (Figure 4.2F). Purple hematisation patterns range from irregular (convolute) 

to horizontal (Figure 4.2G). 

 

4.1.3 Lazenby Lake Formation 

The transition from the Wolverine Point Formation to the Lazenby Lake 

Formation is marked by the absence of shale and siltstone layers and a decrease in grain 

size from medium-grained sand to fine-grained sand. The Lazenby Lake Formation is 
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composed of massive very fine- to fine-grained quartz arenite (Figure 4.2H), which 

gradually becomes medium-grained towards the bottom of the formation. Horizontal 

coarse sand layers (almost pebbly) are present throughout the formation (Figure 4.2I), as 

well as green clay laminations (Figure 4.2J) that may have been hematised to a 

purple/red colour. Hematisation patterns are irregular (convolute) or horizontal, but 

mainly horizontal in the Lazenby Lake Formation (Figure 4.2K). Bleaching of the 

sandstone in the Lazenby Lake Formation is erratic, but appears to increase with the 

increase in grain size towards the bottom of the formation.  

 

4.1.4 Manitou Falls Formation 

The transition from the Lazenby Lake Formation to the Manitou Falls Formation 

is not pronounced. The only significant change observed in the core at the formation 

boundary was a change from a medium (lower) grain size to a medium (upper) grain 

size, and the appearance of “clay clots” (Figure 4.2L). The Manitou Falls Formation 

contains massive/laminated medium-grained quartz arenite, which grades into a coarse-

grained sandstone towards the bottom of the formation. Horizontal and angled coarse-

grained sand layers are present in the top half of the core (Figure 4.2M), while pebbly 

layers (2-6 cm thick) are present more so in the bottom half of the core and are 

accompanied by an increase in the pebble input into the sandstone (Figure 4.2N). Clay 

laminations are present throughout the core (Figure 4.2O), and have been variably 

stained red from hematisation. The Manitou Falls Formation is moderately to well 

cemented throughout the entire formation. Hematisation patterns are irregular 

(convolute) or horizontal, but are mainly horizontal in this formation (Figure 4.2P). 
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Fracture bleaching is a common phenomenon in the Manitou Falls Formation, as is 

simple horizontal bleaching patterns. 

 

4.1.5 Read Formation 

The transition from the Manitou Falls Formation to the Read Formation is 

marked by a layer of coarse-grained sand at the formation boundary. The Read 

Formation contains massive/laminated medium-grained to coarse-grained quartz arenite. 

The Read Formation has a higher pebble content when compared to the other formations 

in the stratigraphy (Figure 4.2Q). Pebbly layers (0.5 cm to 6 cm) are common, and are 

horizontally or angularly disposed (Figure 4.2R). The Read Formation also has an 

increase in the frequency of heavy mineral layers as compared to the other formations in 

the core (Figure 4.2S). The Read Formation gradually transitions to a conglomerate 

towards the base of the core (Figure 4.2T) and is heavily hematised. The entire Read 

Formation is moderately to well cemented, and is variably bleached. Hematisation 

patterns are irregular (convolute) or horizontal, with horizontal being the most common 

(Figure 4.2U).  

 

4.2 Petrographic Analysis 

4.2.1 Point Counting 

Point counting data is tabulated in Appendix A, Table A2. Sandstones in the 

Rumpel Lake drill core range from quartz arenite (34 of 100 samples point counted) to 

quartz wacke (64 of 100 samples counted), assuming that all FGIM in the sandstones 

represents matrix material. Framework grain mineralogy is quite consistent throughout 
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the stratigraphy, with the only major clast type being quartz. Monocrystalline quartz is 

the dominant type of quartz in the Rumpel Lake drill core, with polycrystalline quartz 

being a minor constituent (Figure 4.3A). At approximately 750 meters depth, 

polycrystalline quartz increases in abundance. Plagioclase and potassium feldspar are 

absent in all thin sections that were point counted. Lithic fragments, biotite, zircon, and 

tourmaline are relatively rare in the sandstones studied, and occur infrequently 

throughout the stratigraphy. 

FGIM is present in varying quantities throughout the stratigraphy (Figure 4.3B). 

There is a noticeable decrease in the amount of FGIM present within the Manitou Falls 

Formation which begins just above the Lazenby Lake – Manitou Falls Formation 

contact. The Locker Lake, Wolverine Point, and Lazenby Lake Formations all contain a 

relatively larger amount of FGIM when compared to the Manitou Falls and Read 

Formations, with a few outliers at 722.7 m, 919.6 m, and 1315.8 to 1337.8 m depth. 

Syntaxial quartz overgrowth is the most abundant type of cement in the 

Athabasca Group sandstones. Three trends are observed in the percentage of quartz 

cement with depth (Figure 4.3C). Firstly, the Locker Lake Formation contains very small 

amounts of quartz cement. At the Locker Lake – Wolverine Point Formation boundary, 

the amount of quartz cement increases and sporadically increases and decreases 

throughout the Wolverine Point and Lazenby Lake Formations. After the Lazenby Lake 

– Manitou Falls Formation contact, the percentage of quartz cement gradually decreases 

to approximately zero towards the unconformity at the base of the Read Formation. In 

terms of the other three cements (kaolinite/dickite, illite, and hematite), the same trends 

are not observed. Kaolinite/dickite cement sporadically increases and decreases 
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Figure 4.3: Mineral abundances plotted against depth for the Rumpel Lake drill core. Formation 

abbreviations are the same as those presented in Figure 4.1. A) Monocrystalline Quartz (MCQ) and 

polycrystalline quartz (PCQ) abundance versus depth. B) FGIM abundance versus depth. C) 

Quartz cement abundance (syntaxial quartz overgrowth) versus depth. D) Authigenic 

kaolinite/dickite abundance versus depth. 
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Figure 4.3 Cont’d: E) Authigenic illite abundance versus depth. F) Authigenic hematite abundance 

versus depth. G) Primary porosity abundance versus depth. H) Secondary porosity abundance 

versus depth. 
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throughout the stratigraphy, but markedly increases in the Read Formation relative to the 

four overlying formations (Figure 4.3D). Illite cement also sporadically increases and 

decreases throughout the stratigraphy, but maintains a relatively constant maximum 

percentage at approximately 2.5-2.8% (Figure 4.3E). Illite is less abundant in the 

Wolverine Point Formation and Read Formation when compared to the other three 

Formations. Hematite cement sporadically increases and decreases throughout the 

stratigraphy, with no discernable trends with depth or within different formations (Figure 

4.3F). 

Secondary porosity accounts for the majority of the pore space in the Athabasca 

Group sandstones, whereas primary porosity is only present in minor amounts. Primary 

porosity is more abundant in the Locker Lake, Wolverine Point, and Lazenby Lake 

Formations. Approximately 200 m below the Lazenby Lake – Manitou Falls Formation 

Boundary, the amount of primary porosity decreases to zero towards the unconformity at 

the base of the Read Formation (Figure 4.3G). Secondary porosity sporadically increases 

and decreases in the Locker Lake and Wolverine Point Formations. At approximately 

400 m, the amount of secondary porosity becomes more consistent at 3-4%, with minor 

fluctuations to higher percentages (6.4% at 784.8 m depth, 8.8% at 1388.2 m depth; 

Figure 4.3H). 

 

4.2.2 Petrography of Detrital and Diagenetic Components 

The following descriptions are based on individual petrographic descriptions that 

are located in Appendix A. 
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4.2.2.1 Framework Grains 

Quartz 

Two sub-types of quartz clasts were encountered during petrographic analysis: 

monocrystalline quartz and polycrystalline quartz (Figure 4.4A). Quartz grains are 

typically sub-rounded to rounded, with angular clasts being relatively uncommon. Many 

quartz grains exhibit undulose extinction. Contacts between quartz grains range from no 

contact (due to high amounts of cementation and FGIM), point contact (uncommon), 

long contact (most common), to concavo-convex contact (somewhat common, increases 

towards the bottom of the Manitou Falls Formation). There are several instances of 

quartz grains having small to large embayments on their grain boundaries, which have 

been attributed to quartz dissolution (Figure 4.4B). Quartz grains have red hematite 

crystals growing on their boundaries, which is caught between the quartz grain and 

cement (Figure 4.4C). Quartz grains encapsulate minerals such as zircon and plagioclase 

feldspar (Figure 4.4D, 4.4E). In several cases, it appears that the quartz grains contained 

a mineral that has since been altered to FGIM (Figure 4.4F). 

Feldspar (Microcline and Plagioclase) 

There is a notable absence of any type of feldspar in the Athabasca Group 

sandstones. In the rare cases where feldspar was positively identified, the grain is 

protected from alteration. Trace amounts of microcline was positively identified in 

sample 01GC308, which is a mudstone belonging to the Wolverine Point Formation 

(Figure 4.4G). A plagioclase clast, which was positively identified through staining in 

sample 01GC370 (the conglomerate before the unconformity), is armoured by rutile 

(Figure 4.4H).  



 48 

   

Figure 4.4: Photomicrographs of various framework grain features in the Athabasca Group. A) A 

grain of monocrystalline quartz  (MCQ) and polycrystalline quartz (PCQ), XPL. Sample 11GC041, 

1417m depth. B) Large embayment in the side of a quartz grain, PPL. Sample 01GC367, 1381.4, 

depth. C) Hematite (Hem) caught in the dustline between the monocrystalline quartz grain and 

syntaxial quartz overgrowth, XPL. Sample 11GC032, 1137.1m depth. D) Zircon included within a 

monocrystalline quartz grain. The path to the zircon seems to have been dissolved/altered leaving 

FGIM behind. Sample 01GC333, 634.6m depth, XPL. E) Monocrystalline quartz grain 

encapsulating a round piece of plagioclase. Sample 11GC019, 748.6m depth, XPL. F) FGIM 

encapsulated within a monocrystalline quartz grain, XPL. Sample 01GC355, 1124.1m depth. 
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Figure 4.4 (Cont’d): G) Microcline within a reduction spot, which is outlined in red, XPL. Sample 

01GC308, 144.6m depth. H) Grain of plagioclase (stained red, Plag) which has been armoured by 

rutile, PPL. Sample 01GC370, 1454.2m depth. I) Metamorphic lithic fragment which has been 

altered to clay minerals, PPL. Sample 01GC310, 175.3m depth. J) Lithic fragment that has been 

altered (unstable mineralogy) leaving quartz (Qtz) behind, XPL. Sample 11GC029, 1027.7m depth. 

K) Several different clay clasts (C C) found within the Wolverine Point Formation, XPL. Sample 

01GC316, 276.8m depth. L) Biotite clast (Bio) squeezed in between several quartz grains, PPL. 

Sample 01GC310, 175.3m depth.  
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Figure 4.4 (Cont’d): M) Band of biotite (Bio) which has mostly been altered (A. Bio) to chlorite and 

other clay minerals, PPL. Sample 01GC317, 299m depth. N) Muscovite grain being bent between 

quartz grains and being slightly altered (Minor Alt.) to clay minerals on its edges, XPL. Sample 

01GC355, 1124.1m depth. O) Muscovite that has been heavily altered to brown clay minerals, XPL. 

Sample 11GC030, 1103.4m depth. P) Rounded grain of muscovite in the Wolverine Point Formation, 

XPL. Sample 11GC002, 162.5m depth. Q) Detrital zircon in between several quartz grains, XPL. 

Sample 01GC363, 1293.9m depth. R) Several angular zircon grains inside a primary+secondary 

pore space, PPL. Sample 11GC027, 987.5m depth. 



 51 

   

Figure 4.4 (Cont’d): S) Heavy mineral band that contains rutile (Rut) and zircon (Zrc), PPL. Sample 

01GC317, 299m depth. T) Recrystallised heavy mineral band with hematite (Hem) and detrital 

zircons (Zrc), PPL. Sample 01GC340, 788.5m depth. U) Tourmaline grain (Tour) with and 

overgrowth on the one side of the grain, XPL. Sample 11GC015, 658.7m depth. 
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Lithic Fragments 

Lithic fragments in the Athabasca Group sandstones appear to be metamorphic in 

origin, as they contain micaceous minerals such as muscovite and biotite (Figure 4.4I). 

However, a definitive origin could not be obtained for all lithic fragments. Lithic 

fragments are sub-angular to sub-rounded, and share the same gradation of contacts as 

quartz grains. Lithic fragments typically have their unstable mineralogy altered to FGIM 

during diagenesis, leaving only quartz behind (Figure 4.4J). In some cases, the FGIM is 

further recrystallised into illite or kaolinite/dickite, or a mixture of both. 

Clay Clasts 

Clay clasts were only encountered in the Wolverine Point Formation during 

petrographic analysis. Clay clasts are typically rounded, and are composed of low 

interference fibrous clay minerals (Figure 4.4K). 

Biotite 

Biotite was only encountered in the Wolverine Point Formation. Biotite occurs by 

itself (Figure 4.4L), or in bands within the rock (Figure 4.4M). Biotite typically alters to 

chlorite and iron oxides. 

Muscovite 

Muscovite is the more common mica mineral within the Athabasca Group 

sandstones, however it is typically only present in minute quantities (< 0.5%) within the 

sandstones studied in this project. Muscovite occurs by itself in between quartz grains as 

very thin, elongate grains that have been bent due to compaction (Figure 4.4N). 

Muscovite typically remains intact throughout the stratigraphy. In some instances, 

muscovite appears to alter to FGIM or other clay minerals (Figure 4.4O). In the 
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Wolverine Point Formation muscovite does not occur as lath shaped minerals, but rather 

rounded clast-type grains (Figure 4.4P).  

Zircon 

Zircon occurs as two different forms in the Athabasca Group sandstones. Zircon 

occurs as well-rounded clasts interstitially between other framework grains (Figure 

4.4Q). Zircon also occurs as angular, generally small, fragments that are typically found 

in primary and secondary pore spaces (Figure 4.4R). Zircons are also present in heavy 

mineral lamina (along with rutile in sample 01GC317, Figure 4.4S), as well as in heavily 

hematite-cemented bands (recrystallised heavy lamina, Figure 4.4T). 

Tourmaline 

Tourmaline occurs as well-rounded grains that occur interstitially between other 

framework grains. Tourmaline is quite rare in all samples, and accounts for a minor 

amount of the sandstone mineralogy (< 0.5%). Tourmaline exhibits an overgrowth 

texture that does not enclose the entire grain and does not share the grains pleochroism 

(Figure 4.4U). 

 

4.2.2.2 Fine-grained Interstitial Material (FGIM) 

FGIM is matrix-sized material that appears brownish in colour in PPL. FGIM in-

fills primary porosity, secondary pore spaces, and embayments within minerals (Figure 

4.5A, 4.5B). The reason FGIM is not labelled as matrix is because it may not have only 

been deposited with framework grains, but could also have been generated during 

diagenesis (Figures 4.5C, 4.5D).  
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Figure 4.5: Photomicrographs of different occurrences of FGIM in the Athabasca Group. A) FGIM 

in-filling primary pore spaces between quartz grains, PPL. Sample 01GC365, 1337.8m depth. B) 

FGIM in-filling embayments inside a quartz grain, XPL. Sample 11GC019, 344.7m depth. C) 

Alteration of previous grains to FGIM (altered grains are outlined in red, PPL. Sample 01GC322, 

390.1m depth. D) FGIM in between the quartz grain and syntaxial quartz overgrowths, XPL. 

Sample 11GC009, 333.85m depth.  
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4.2.2.3 Cements 

Syntaxial Quartz Overgrowth 

Syntaxial quartz overgrowths occur on quartz grains and are perfectly euhedral 

when growing unimpeded into open space (i.e. growing into a large primary pore space). 

Quartz overgrowths may contain flakes or hexagonal plates of orange hematite towards 

the dustline, but typically do not extend further into the cement (Figure 4.6A). Quartz 

overgrowths (as well as part of the quartz grain in some cases) have been partially 

dissolved in the Athabasca Group sandstones (Figure 4.6B). 

Illite 

Illite cement occurs as well-formed needles that grow in primary and secondary 

pore spaces (Figure 4.6C). Illite cement is typically associated with kaolinite/dickite 

cement either through replacement (illite replacing kaolinite/dickite; Figure 4.6D) or the 

two cements being intergrown (Figure 4.6E). 

Kaolinite/Dickite 

The majority of clay cement that resembles kaolinite or dickite is believed to be 

dickite in the Athabasca Group sandstones. Dickite cement appears crystalline, has a 

“book” texture, and is typically large and blocky (Figure 4.6F). However, differentiating 

between kaolinite and dickite in thin section proved to be difficult, thus the label 

kaolinite/dickite was given in the petrographic descriptions. Kaolinite/dickite grow in 

open primary and secondary pore spaces, and may be replaced by illite or intergrown 

with illite.  
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Figure 4.6: Photomicrographs of different types and occurrences of cement in the Athabasca Group. 

A) Hematite (Hem) growing into the quartz overgrowth (QOG) from the dustline, XPL. Sample 

11GC033, 1209.6m depth. B) Partial dissolution of quartz overgrowths (arrows) as well as minor 

quartz grain dissolution, XPL. Sample 01GC365, 1337.8m depth. C) Well formed illite cement in a 

primary pore space, XPL. Sample 01GC303, 54.4m depth. D) Illite replacing kaolinite/dickite 

cement, XPL. Sample 01GC361, 1249.9m depth. E) Illite cement intergrown with kaolinite/dickite 

cement in a primary+secondary pore space, XPL. Sample 01GC336, 700.7m depth. F) Dickite 

cement in a primary+secondary pore space, XPL. Sample 01GC366, 1359.7m depth.  
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Figure 4.6 (Cont’d): G) Orange and specular hematite (Hem) cement growing in a primary pore 

space with angular zircons (Zrc), PPL. Sample 11GC022, 828.1m depth. H) Formless (Formless 

Hem) and lath shaped (Lath Hem) specular hematite cement in a primary+secondary pore space. 

Sample 01GC367, 1381.4m depth. (I) Siderite cement that is intergrown with kaolinite/dickite (K/D) 

cement, XPL. Quartz overgrowths (QOG) appear to be dissolved prior to siderite cementation. 

Red/brown oxidation is present on the edges of the siderite cement. Sample 11GC018, 741.4m depth. 

(J) Relict siderite cement (left over from a dissolution event) in a secondary pore space, XPL. Sample 

01GC331, 591.6m depth. (K) Large pieces of anatase(?) cement intergrown with kaolinite/dickite 

and specular hematite cement, PPL. Sample 01GC370, 1454.2m depth. 
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Hematite 

Two types of hematite cement exist in the Athabasca Group: orange hematite and 

specular hematite. Both types of hematite cement occur in primary or secondary pore 

spaces. Orange hematite is typically formless when found as cement in pore spaces but 

can also show hexagonal form in rare cases (Figure 4.6G). Specular hematite either 

forms lath shaped crystals, or occurs as formless cement between quartz grains (Figure 

4.6H). Hematite cement occurs with kaolinite/dickite cement (particularly in the Read 

Formation) and FGIM (hematite recrystallizes from FGIM). 

Siderite 

Siderite cement is rare in the Athabasca Group sandstones and only occurs in a 

few samples. Siderite occurs as pore-filling cement that forms directly after quartz 

cement (Figure 4.6I). Siderite typically has red oxidation products on the edge of the 

cement. Small pieces of relict siderite cement are still present in open secondary pore 

spaces (Figure 4.6J). 

Anatase(?) 

Large pieces of anatase(?) cement are only found in the Read Formation, 

particularly in the conglomerate that is in contact with the unconformity surface. SEM-

EDS analysis of this cement returned a composition of TiO2, which indicates that this 

mineral is either rutile or one of TiO2’s polymorphs. It is suspected that this mineral is 

likely anatase, as it is the lower temperature polymorph of rutile. Anatase(?) cement 

forms large euhedral crystals in primary and secondary pore spaces (Figure 4.6K). 

Anatase(?) cement is associated with illite, kaolinite/dickite, and hematite cement.  
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4.2.2.4 Porosity 

Primary porosity is uncommon in the Athabasca Group. The original interparticle 

porosity is typically filled with FGIM prior to any significant cementation (Figure 4.7A) 

and is a common feature in the Wolverine Point Formation. The original interparticle 

porosity is cemented shut by quartz, illite, kaolinite/dickite, and siderite cement before 

any significant dissolution. Primary porosity was interpreted to still exist at the center of 

secondary pore spaces during point counting, creating a primary plus secondary (P+S) 

pore space (Figure 4.7B). Secondary porosity forms from the partial dissolution of 

FGIM, quartz grains, quartz cement, and siderite cement (Figure 4.7C, 4.7D, 4.7E). 

Cementation by clay cements (illite, kaolinite/dickite) as well as hematite has since 

closed much of the secondary porosity, as well as P+S porosity, that existed in the 

Athabasca Group. 

 

4.2.2.5 Recrystallisation and Replacement 

FGIM is commonly recrystallized into a mixture of illite, kaolinite/dickite, and 

hematite (Figure 4.8A, 4.8B, 4.8C). Typically this recrystallisation is not complete and 

FGIM is still present in the pore space. Grain replacement by clay minerals is an 

uncommon feature in the Athabasca Group. Some illite (Figure 4.8D) and dickite (Figure 

4.8E) aggregates are suspected to be products of replacement of precursor feldspar 

grains.  
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Figure 4.7: Photomicrographs of different occurrences of porosity and porosity-related phenomenon 

in the Athabasca Group. A) Original interparticle porosity filled with FGIM (red circles indicate 

grains that have been altered to FGIM) with a large clay lens in the middle of the photomicrograph, 

PPL. Sample 01GC310, 175.3m depth. B) A primary (Фp) plus secondary (Фs) pore space, PPL. 

Sample 01GC331, 591.6m depth. C) Secondary porosity (Фs) that resulted from the dissolution of 

FGIM, XPL. Sample 11GC022, 828.1m depth. D) Dissolution of quartz grains (A) and quartz 

cement (B) leading to the formation of secondary porosity, XPL. Sample 01GC341, 809.8m depth. E) 

Dissolution of heavily oxidized siderite leading to the formation of secondary porosity, XPL. Sample 

01GC331, 591.6m depth. 
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Figure 4.8: Photomicrographs of recrystallisation and replacement textures in the Athabasca Group. 

A) Thick illite needles recrystallising from FGIM, XPL. Sample 01GC301, 5.54m depth. B) 

Kaolinite/dickite (K/D) recrystallising from FGIM, XPL. Sample 01GC358, 1183.5m depth. C) 

Hematite recrystallising from FGIM in a secondary pore space that also contains quartz (Qtz), PPL. 

01GC331, 591.6m depth. D) Illite replacing a feldspar grain (outlined in red), XPL. Sample 

01GC301, 5.54m depth. E) Dickite replacing a feldspar grain (outlined in red) with later cementation 

by a mixture of kaolinite/dickite (K/D) and illite, XPL. Sample 01GC343 853.4m depth. 
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4.2.2.6 Stylolites 

Stylolites present in the sandstones are characterized with highly sutured contacts 

between quartz grains, originally contain FGIM which has since been recrystallized to 

high crystallinity illite (i.e. illite with 3
rd

 to 4
th

 order interference colours), and contain 

relict zircons in between the quartz grains (Figure 4.9A). Some stylolite-like features are 

relatively wide and have undergone little compaction (Figure 4.9B); they are different 

from thin stylolites with little to no material inside of them (Figure 4.9C). 

 

4.3 Fluid Inclusion Analysis 

4.3.1 Fluid Inclusion Size, Shape, Vapour Percentage, and Location in Quartz 

Overgrowths 

Fluid inclusions were described by a set of physical parameters: their size 

(longest axis, measured in micrometers), shape, and vapour percentage. Fluid inclusions 

encountered during this study range in size from 3 µm to 44 µm, with 7.5 µm being the 

average size. Fluid inclusion shapes ranged from negative crystal shapes to rounded, 

with elongate and rectangular fluid inclusion shapes being the most common. Vapour 

percentages ranged from 3% to as high as 30%. The physical parameters for each 

individual fluid inclusion are tabulated in Appendix B, Table B1. 

Fluid inclusions were also assigned a relative distance value (R.D) in an attempt 

to reveal if the homogenisation temperature was generally increasing or decreasing with 

ongoing diagenesis (i.e. lower temperatures near the dustline, higher temperatures near 

the outer edge of the quartz overgrowth). The R.D is a number between 0 and 1, with 0 

being assigned to dustline inclusions and increasingly higher values being assigned to   
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Figure 4.9: Photomicrographs of stylolites present within the Athabasca Group. A) Highly sutured 

stylolite that contains zircon (Zrc), rutile, and high crystallinity illite (HCI), XPL. Sample 01GC366, 

1359.7m depth. B) Thick stylolite that contains needles of illite, FGIM, and the dissolved remnants of 

quartz (Qtz), XPL. Sample 01GC329, 548.3m depth. C) Stylolite that does not contain any 

recrystallized or dissolution-resistant material, XPL. Sample 11GC030, 1103.4m depth. 



 64 

fluid inclusions farther away from the dustline. The equation to calculate the R.D is as 

follows: 

𝑅.𝐷 =
𝐷𝐹𝐼

𝐷𝑂𝐺
  

where DFI is the distance from the dustline to the farthest edge of the fluid inclusion, and 

DOG is the distance from the dustline to the edge of the quartz overgrowth. Plotting 

homogenisation temperature versus R.D revealed no observable trends (Figure 4.10A). 

In an attempt to correct for higher temperatures at the base of the core with the same R.D 

value as those with lower temperatures higher in the core, a plot of homogenisation 

temperature divided by the sample depth versus R.D was also constructed, and similarly 

shows no trend (Figure 4.10B). Plots of homogenisation temperature versus depth 

(Figure 4.10C), as well as depth-corrected homogenisation temperatures versus depth 

(Figure 4.10D) were constructed for fluid inclusions that were located in the dustline 

(R.D = 0) in an attempt to discern whether or not quartz cementation occurred 

simultaneously throughout the Athabasca Group sandstones, or at different times. Figure 

4.10C shows no obvious trends, while Figure 4.10D shows a concave up parabolic trend 

with depth. 

 

4.3.2 Fluid Inclusion Petrography 

Several fluid inclusion types were documented within detrital quartz grains, the 

dustline, and syntaxial quartz overgrowths (Figure 4.11). The majority of the fluid 

inclusions encountered in the quartz overgrowths occur as isolated fluid inclusions, and 

therefore the FIA method cannot be strictly applied. Detrital quartz grains commonly 

contained isolated or linear trails of biphase (liquid+vapour; L+V) and triphase 
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Figure 4.10: Plots of relative distance versus Th. A) Th versus relative distance. B) Th/depth versus relative distance. C) Th versus 

depth. Only fluid inclusions whose relative distance was 0 are used in this plot. D) Th/depth versus depth. Only fluid inclusions whose 

relative distance was 0 are used in this plot.  
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Figure 4.11: Fluid inclusion petrography of quartz grains and their cement. A) Fluid inclusions that belong to the quartz grain (shaded grey).  

Biphase (L+V) and triphase  (L+V+halite, L+V+CO2) are abundant either as isolated fluid inclusions, or in aligned trails. B) Fluid inclusions that 

belong to the dustline between the quartz grain and quartz overgrowth. Fluid inclusions are either monophase (L, unidentifiable phase) or 

biphase (L+V). C) Fluid inclusions that belong to the quartz overgrowth. (a) Isolated monophase (L) fluid inclusion. (b) Isolated biphase (L+V) 

fluid inclusion. (c) Isolated triphase fluid inclusion (L+V+halite). (d) Isolated triphase fluid inclusion (L+V+hematite). (e) Cluster of biphase 

(L+V) fluid inclusions, as well as a trail of biphase (L+V) fluid inclusions. (f) Trail of small biphase fluid inclusions (L+V). 
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(L+V+halite, L+V+CO2) fluid inclusions that were irregularly shaped or have negative 

crystal shapes (Figure 4.11, illustration A); these fluid inclusions were not considered in 

this study. Fluid inclusions present in the dustline between the detrital quartz grain and 

quartz overgrowth (Figure 4.11, illustration B) ranged from monophase (L) to biphase 

(L+V) inclusions. Biphase fluid inclusions within the dustline typically had highly 

variable vapour percentages; in such cases, the fluid inclusions were not selected for 

microthermometry. Several modes of occurrences of fluid inclusions in syntaxial quartz 

overgrowths were identified during petrographic analysis (Figure 4.11, illustration C). 

Isolated monophase fluid inclusions (L; Figure 4.12A) were relatively rare, and only 

constituted a minor proportion of fluid inclusions encountered within the quartz 

overgrowth. Biphase fluid inclusions (L+V; Figure 4.12B) occur as either isolated 

inclusions (Figure 4.13A), clusters of fluid inclusions (Figure 4.13B), or trails of fluid 

inclusions (Figure 4.13C). Trails of fluid inclusions that were consistent in shape, size, 

and vapour percentage were observed in sample 01GC370 (Figure 4.13D), but were too 

small to visualize optically during microthermometry. Two types of triphase fluid 

inclusions were observed in quartz overgrowths: (1) L+V+halite fluid inclusions that are 

isolated within the quartz overgrowth (Figure 4.12C); and (2) L+V+hematite fluid 

inclusions that are isolated within the quartz overgrowth (Figure 4.12D).  

 

4.3.3 Fluid Inclusion Microthermometry 

The results of fluid inclusion microthermometry are tabulated in Appendix B, 

Table B1, which includes additional data collected by Haixia Chu. Homogenisation   
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Figure 4.12: Fluid inclusion types found within syntaxial quartz overgrowths. A) Monophase (L) 

fluid inclusion. Sample 01GC329, 548.3m depth. B) Biphase (L+V) fluid inclusion. Sample 01GC323, 

412.4m depth. C) Triphase (L+V+halite) fluid inclusion. Sample 01GC323, 412.4m depth. D) 

Triphase (L+V+hematite) fluid inclusion. Sample 01GC365, 1337.8m depth. 
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Figure 4.13: Fluid inclusion occurrences within syntaxial quartz overgrowths. A) An isolated 

biphase fluid inclusion. Sample 01GC325, 462.1m depth. B) Cluster of biphase fluid inclusions. 

Several fluid inclusions that belong to the cluster are out of focus. Sample 01GC338, 744.3m depth. 

C) Trail of biphase fluid inclusions. Several of the fluid inclusions that belong to the trail are out of 

focus. Sample 01GC344, 875.7m depth. D) Trail of biphase fluid inclusions, all of which have the 

same L/V proportions. The fluid inclusions in this trail were too small to accurately measure. 

Sample 01GC370, 1454.2m depth. 
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temperatures range from 51°C to 253°C, and show no trends with depth (Figure 4.14A). 

Rather, there is a consistency of low to high temperatures throughout the stratigraphy of 

the Rumpel Lake drill core. Pressure correction of homogenisation temperatures show 

the same consistent pattern throughout the stratigraphy, with temperatures ranging from 

68°C to 284°C (Figure 4.14B). Ice melting temperatures are consistently low within the 

Rumpel Lake drill core, and typically occur below the H2O-NaCl eutectic point (Figure 

4.15). More than half of the fluid inclusions studied are dominated by CaCl2 (28 of 50 

inclusions; Figure 4.15, Figure 4.16), while the other inclusions are dominated by NaCl 

(22 of 50 inclusions; Figure 4.15, Figure 4.16). Two fluid types have been identified 

from fluid inclusions within the Rumpel Lake drill core: (1) a low salinity (3.4 to 13.6 

wt. % NaCl), low to high temperature (78°C to 187°C) fluid that is not abundant 

throughout the stratigraphy (Figure 4.17, field B); and (2) a high salinity (21.1 to 31.0 

wt. % NaCl + CaCl2), low to high temperature (62°C to 253°C) fluid that is abundant 

throughout the stratigraphy (Figure 4.17, field A). Fluid inclusions could not be assigned 

to a specific area in the H2O-NaCl-CaCl2 ternary diagram, as more sophisticated 

compositional studies were not conducted and hydrohalite melting temperatures were not 

obtained during microthermometry (Figure 4.18B). Using only the XNaCl data, the fluid 

compositions obtained in this study span almost the entire ice field in H2O-NaCl-CaCl2 

ternary space (Figure 4.18A).  
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Figure 4.14: Fluid inclusion microthermometry results for the Rumpel Lake drill core. Formation abbreviations are the same as those 

presented in Figure 4.1. A) Depth versus homogenisation temperature. B) Depth versus pressure corrected homogenisation 

temperature.  
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Figure 4.15: Depth versus ice melting temperature. Formation abbreviations are 

the same as those presented in Figure 4.1. The red dashed line at (-21.2°C) 

represents the eutectic temperature for the H2O – NaCl system. The blue dashed 

line (-26.6°C) represents the minimum ice-melting temperature necessary to 

produce a fluid composition of 50:50 NaCl:CaCl2 in the H2O-NaCl-CaCl2 system. 

Temperatures hotter than -26.6°C will produce fluid compositions in which NaCl 

is the dominant salt. Temperatures lower than -26.6°C will produce compositions 

in which CaCl2 is the dominant salt. 
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Figure 4.16: Histogram of XNaCl values for fluid inclusions obtained from the Rumpel Lake 

drill core. XNaCl were sorted into the 10 bins in the following manner: 1 (XNaCl values of 1), 

0.9 (XNaCl values ranging from 0.99 to 0.9), 0.8 (XNaCl values ranging from 0.89 to 0.8), 0.7 

(XNaCl values ranging from 0.79 to 0.7), 0.6 (XNaCl values ranging from 0.69 to 0.6), 0.5 

(XNaCl values ranging from 0.59 to 0.5), 0.4 (XNaCl values ranging from 0.49 to 0.4), 0.3 

(XNaCl values ranging from 0.39 to 0.3), 0.2 (XNaCl values ranging from 0.29 to 0.2), 0.1 

(XNaCl values ranging from 0.19 to 0). 
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Figure 4.17: Salinity versus homogenisation temperature. Two fluid groups can be 

distinguished from this plot: field A) A highly saline NaCl/CaCl2-dominated brine, and field B) 

A low salinity NaCl-dominated brine. 



 75 

  

Figure 4.18: Fluid compositions plotted on the H2O-NaCl-CaCl2 

ternary diagram. A) Delineation of the fluid composition in 

H2O-NaCl-CaCl2 space from fluid inclusion analysis of the 

Rumpel Lake drill core. Individual points represent a single 

fluid inclusion composition. The points were plotted by 

projecting a line through the H2O apex to the correct XNaCl 

value, and plotting the point on the intersection of this line with 

the ice-hydrohalite curve. B) Exact fluid compositions cannot be 

delineated in H2O-NaCl-CaCl2 space, as the hydrohalite melting 

temperature is not known, and more sophisticated analytical 

techniques were not used during this study. Therefore, all data 

points that lie on the ice-hydrohalite curve theoretically could 

exist higher in the ice field. 
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4.3.4 Cryogenic Raman Spectroscopy 

Figure 4.19 shows the four Raman spectra collected for samples 01GC319(a), 

01GC330(a), 01GC349(e), and 01GC369(e), along with the peak assignments for each 

peak in the spectrum and the quantitative and qualitative assessment for each spectrum. 

It was difficult to collect spectra for all fluid inclusions that yielded ice melting 

temperatures, mainly due to their small size (i.e. the inability to target the ice and salt-

hydrates with the laser), as well as the inability for the fluid inclusions to nucleate salt-

hydrates (i.e. only nucleating ice and a residual hypersaline liquid or metastable saline 

glass). Quantitative analysis of the Raman spectra is presented in Appendix B, Table B2, 

which shows the calculated estimations of XNaCl versus the values obtained using fluid 

inclusion microthermometry, as well as the calculated parameters necessary for the 

calculation of XNaCl. Large discrepancies between XNaCl values calculated using ice-

melting temperatures and XNaCl values calculated using Raman spectroscopy exist for 

samples 01GC330(a), 01GC349(e), and 01GC396(a), whereas all methods are in 

agreement for sample 01GC319(a).  

 

4.3.5 SEM-EDS Analysis of Fluid Inclusion Decrepitates 

The only fluid inclusion that successfully produced a decrepitate, and can 

accurately be traced to the actual fluid inclusion, is 01GC302(b). Figure 4.20 shows the 

decrepitate mound, the analysis spot, and analysis results of the fluid inclusion 

decrepitate. Several other attempts were made to decrepitate other fluid inclusions, but 

had limited to no success. On several occasions, fluid inclusions failed to produce 

decrepitates at temperatures of 600°C. Other fluid inclusions may have decrepitated, but   
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Figure 4.19: Raman spectra for frozen fluid inclusions located in samples 01GC319 (344.7m 

depth), 01GC330 (570.7m depth), 01GC349 (986m depth), and 01GC369 (1416.7m depth). 

Spectra were retraced from the originals. 
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Figure 4.20: SEM-EDS decrepitation results for a fluid inclusion located in sample 01GC302 (27.9m 

depth). Ta that was detected in the spectrum was removed before quantifying the results. 
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did not produce any visible salt to analyse. The results of the decrepitate analysis 

indicates that sample 01GC302(b) contains a NaCl - KCl dominated fluid, with no 

indication of calcium in the fluid inclusion. However, microthermometry indicates that 

the fluid inclusion should contain significant amounts of calcium (XNaCl = 0.59; 

Appendix B, Table B1). 

 

4.4 Illite Geothermometry 

The electron microprobe data for all thin sections analysed is presented in 

Appendix B, Table B3, while the final illite geothermometry results are tabulated in 

Appendix B, Table B4. Due to the nature of analysing individual illite needles, oxide 

totals are typically low. Analyses that returned oxide totals lower than 70% were 

removed from consideration (in addition to the criteria for using this geothermometer, as 

described in Chapter 3), which removed a large portion of analyses from the final data 

set. Figure 4.21 illustrates the illite formation temperature variations with depth, and is 

also plotted against the range of homogenisation temperatures as well as the pressure 

corrected homogenisation temperatures. Errors associated with the average illite 

temperature are expressed as the standard deviation of all individual analyses. Illite 

formation temperatures mainly range from 220°C to 231°C throughout the stratigraphy, 

with an outlier at 251°C (sample 01GC340; Appendix B, Table B4). The average illite 

formation temperature for the Rumpel Lake drill core is 228°C, which is denoted by the 

blue dashed line in Figure 4.21. The maximum homogenisation temperatures obtained 

from the Rumpel Lake drill core (highest temperature of 253°C) are hotter than the illite 

formation temperatures obtained, including the outlier at 251°C (3°C higher than the  
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Figure 4.21: Results of illite geothermometry (dark gray dots with error bars) for the Rumpel Lake drill core in comparison 

with fluid inclusion homogenisation temperatures (light gray dots). The dashed blue line indicates an average illite formation 

temperature of 228°C. Formation abbreviations are the same as those presented in Figure 4.1. A) Depth versus illite 

formation temperature, plotted with the range of homogenisation temperatures obtained in this study. B) Depth versus illite 

formation temperature, plotted with the range of pressure corrected homogenisation temperatures obtained in this study. 
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hottest illite temperature; Figure 4.21A). The maximum pressure corrected 

homogenisation temperatures (highest temperature of 284°C) are even hotter than the 

illite formation temperatures obtained (33°C higher than the hottest illite temperature; 

Figure 4.21B). 
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Chapter 5: Discussion 

5.1 Petrographic Relationships in the Athabasca Group and Comparison with other 

Barren and Non-Mineralised Areas 

As previously discussed in Chapter 3, and also shown in the point counting data 

in Appendix A (Table A2), quartz is the dominant clast type in the Athabasca Group, 

with very minor amounts of feldspar, lithic fragments, muscovite, tourmaline, zircon, 

and rutile (Figure 5.1). Biotite and clay clasts are also extremely minor phases 

throughout the majority of the stratigraphy, but are higher in abundance within the 

Wolverine Point Formation. Their heightened abundance may indicate a lower degree of 

water-rock interaction within the Wolverine Point Formation, as a higher degree of 

water-rock interactions may have completely altered or removed these phases from the 

framework mineralogy. Furthermore, the low degree of recrystallisation within the 

Wolverine Point Formation and the fine-grained nature of the recrystallised clays all 

indicate a lower degree of water-rock interactions within the Wolverine Point Formation. 

The rare presence of fresh feldspar minerals (plagioclase and microcline) within the 

Athabasca Group is attributed to other mineral phases protecting them from alteration. 

Apart from this phenomenon, no fresh feldspar was detected within the Athabasca Group 

sandstones, having been altered to FGIM or replaced by illite or dickite. Even if all 

instances of altered and replaced grains were totalled within the stratigraphy, and all 

were presumed to have originally been feldspar, the overall abundance of feldspar before 

diagenetic alteration is still quite low. The only formation that is interpreted to have been 

arkosic to subarkosic before significant diagenetic alteration is the Wolverine Point 

Formation (Ramaekers et al., 2007), with the other four 
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Figure 5.1: Diagenetic sequence of the Athabasca Group within the Rumpel Lake drill core. 
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formations being dominantly quartzose. The point counting data, as well as petrographic 

analysis, confirm these observations. FGIM (labelled F.G Clay and alteration to FGIM, 

Figure 5.1) was too fine-grained to determine its exact composition. Although no 

sophisticated geochemical techniques (i.e. x-ray diffraction) were performed on the clay-

sized fractions in the Athabasca Group, their composition is most likely illite, kaolinite, 

and chlorite (Hoeve and Quirt, 1984), as well fine-grained iron oxides (inferred from 

recrystallisation within the matrix). 

The earliest recognizable diagenetic event is expressed as the growth of orange 

hematite flakes and hexagons on the rims of quartz clasts, which continues during the 

precipitation of syntaxial quartz overgrowths on quartz clasts (Figure 5.1). Syntaxial 

quartz overgrowths continue to grow for an extended period of time, which was 

ascertained by examining the spread of homogenisation temperatures obtained from fluid 

inclusion microthermometry. Furthermore, plots of homogenisation temperature versus 

R.D as well as plotting the homogenisation temperatures of fluid inclusions whose R.D’s 

are 0 versus depth (Figure 4.10) indicate that different quartz overgrowths within the 

same sample must have grown at different times, as evidenced by a large spread in 

homogenisation temperatures for the same R.D as well as a large spread in 

homogenisation temperatures from within the same depth in the dustline. This prolonged 

period of quartz precipitation is eventually disrupted by local quartz dissolution and the 

precipitation of siderite cement. The siderite cement is subsequently oxidized before a 

large-scale dissolution event dissolves quartz grains, quartz overgrowths, siderite 

cement, and FGIM. This large-scale dissolution event affects the entirety of the 

Athabasca Group, except for some of the fine-grained sandstones within the Wolverine 
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Point Formation, which is again interpreted as being related to the decreased 

permeability within the formation. Following the period of dissolution, the peak 

diagenetic assemblage of hematite (orange and specular), kaolinite (which is 

subsequently polymorphed to dickite), and illite is precipitated in the resulting secondary 

pore spaces throughout the stratigraphy. Anatase(?) is also part of the peak diagenetic 

assemblage, but is restricted to the Read Formation. The peak diagenetic assemblage is 

also recrystallised from FGIM during this period. Grain replacement by illite and dickite 

are also interpreted to have occurred during the precipitation of this mineral assemblage, 

although it is possible the previous grains were altered to FGIM first, or replaced by 

lower-grade minerals first (i.e. plagioclase was replaced by kaolinite, which was 

subsequently polymorphed to dickite during the final stages of diagenesis). Illite 

continues to replace kaolinite/dickite, although the amount of replacement is typically 

low. 

The diagenetic sequence obtained in this study shows several similarities with 

other diagenetic sequences obtained from barren and non-mineralised areas. Alexandre 

et al. (2009) and Cloutier et al. (2010) studied “barren” zones within the Athabasca Basin 

(i.e. areas that show the typical alteration of an unconformity-related uranium deposit, 

but does not contain an economic uranium deposit). Alexandre et al. (2009) studied the 

Spring Point area, which is proximal to the subeconomic Maurice Bay area, while 

Cloutier et al. (2010) studied the Wheeler River area, which is proximal to the 

Millennium deposit. Both studies documented a detrital assemblage of quartz, 

muscovite, zircon, and tourmaline, all of which have been documented in this study as 

well. Alexandre et al. (2009) also noted a small amount of detrital plagioclase in the Fair 
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Point Formation, while Cloutier et al. (2010) noted ilmenite and apatite as detrital phases 

in the Manitou Falls Formation. Apatite and ilmenite were not identified during the 

course of this study, although Cloutier et al. (2010) noted that these minerals were in 

minor abundance. Biotite and clay clasts, which are exclusive to the Wolverine Point 

Formation in this study, were not positively identified in either of the two studies, which 

may indicate that their basin-wide abundance is restricted to the Wolverine Point 

Formation. Diagenetic sequences presented in both studies show that early diagenesis is 

marked by the coeval growth of quartz overgrowths and hematite. Alexandre et al. 

(2009) found fine-grained kaolinite was also present with early hematite. Following the 

early quartz overgrowths, Cloutier et al. (2010) noted a diagenetic assemblage of 

siderite, rutile, and hematite precipitates in original primary pore spaces (the timing of 

these phases could not be ascertained). The precipitation of this assemblage was then 

followed by the precipitation of dickite in the remaining open pore space, which is 

finally followed by the precipitation of Sr-Ca-rich aluminum phosphate sulphate (APS) 

minerals and fine-grained muscovite (analogous to illite elsewhere in the Athabasca 

Basin, although it’s composition is more closely related to muscovite than illite), both of 

which continue to precipitate during the hydrothermal alteration stage. Alexandre et al. 

(2009) recorded a much simpler sequence of diagenetic events in the Spring Point area: 

coarse-grained kaolinite was precipitated after quartz overgrowths, which was then 

followed by a large dissolution event. Finally, illitisation of kaolinite followed the large 

dissolution event. Both studies share some similarities with the results of this study in 

term of the identification of diagenetic phases. Cloutier et al. (2010) identified metallic 

needles/laths of rutile that occurred with the diagenetic assemblage of siderite and 
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hematite. Although TiO2 was positively identified in this study, its occurrence does not 

match what is described by Cloutier et al. (2010), which likely stems from the 

misidentification of opaque rutile for metallic hematite. The initial appearance of APS 

minerals and fine-grained muscovite by Cloutier et al. (2010) was related to the late 

stages of diagenesis, and continues during hydrothermal alteration. APS minerals were 

not identified in this study, which may indicate that these minerals are strictly related to 

hydrothermal processes. Matrix-sized material was not discussed, or not encountered, in 

the studies by Alexandre et al. (2009) and Cloutier et al. (2010), indicating that intensive 

recrystallisation of this material occurs near the unconformity of the Athabasca Basin, 

which is apparent in sample 01GC370 (the basal conglomerate before the unconformity 

in the Rumpel Lake drill core). The level of detail as to the timing of the diagenetic 

phases, as well as the differentiation of different occurrences of minerals (such as 

hematite) are lacking from both studies. The low level of detail most likely points to the 

small amount of samples collected from the sandstones within these barren areas, as well 

as the degree of alteration/recrystallisation within these areas which may have destroyed 

several of the phases that were noted in this study.  

A recent study by Chu et al. (2015) studied a drill core (DV10-001) that is distal 

to known uranium mineralisation to ascertain the effect of bleaching on the geochemistry 

on the Athabasca Group sandstones. The petrographic study was completed using 80 

sandstones collected from the Wolverine Point, Lazenby Lake, and Manitou Falls 

Formation. Detrital components from DV10-001 closely match those found within the 

Rumpel Lake drill core; quartz, muscovite, zircon, and tourmaline are all present, with 

quartz being the dominant clast type and the others being relatively minor. APS minerals 
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were also identified, and are associated with illite. APS minerals were not identified in 

this study, likely due to their extremely small size (10μm). The study by Chu et al. 

(2015) did not identify biotite, clay clasts, or rutile as detrital components, possibly due 

to not sampling the very fine-grained and altered lithologies from the Wolverine Point 

Formation that contain biotite and clay clasts, as well as not encountering heavy mineral 

bands within the selected sandstones. The diagenetic sequence presented in Chu et al. 

(2015) shows several similarities with the diagenetic sequence presented in this study. 

The identification of 3 iron oxide phases (labelled IOH – iron oxide and hydroxides; Chu 

et al., 2015) matches the identification of 3 different iron oxide phases in this study. Two 

IOH dissolution events are described by Chu et al. (2015): the first dissolution event 

occurred before significant compaction, whereas the second dissolution even occurred 

after significant compaction and cementation. Quartz cementation was interpreted to 

have been a prolonged diagenetic event by Chu et al. (2015), and occurs in two phases 

which are separated by a quartz dissolution event. No explanation or petrographic 

evidence is presented to validate two quartz cementation events, and appears to be 

interpretive. Only one prolonged quartz cementation phase was observed during this 

study, and is followed by a large scale dissolution event, which is most likely associated 

with the quartz dissolution event described by Chu et al. (2015). Kaolinite spans almost 

the entire diagenetic sequence constructed by Chu et al. (2015), due to the deposition of 

kaolinite with the framework grains, as well as the precipitation/recrystallisation of 

kaolinite during later diagenesis. This is very similar to the kaolinite/dickite found within 

the Rumpel Lake drill core; kaolinite was likely deposited along with the FGIM, which 

was later precipitated/recrystallised during later diagenesis. Illitisation of kaolinite was 
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the major control on illite abundance in DV10-001, whereas the replacement of kaolinite 

by illite is a minor process observed within the Rumpel Lake drill core. Furthermore, 

illite abundances within DV10-001 appear to be ~1% higher than illite abundances 

within the Rumpel Lake drill core. Regardless of the process that produced illite in both 

DV10-001 and the Rumpel Lake drill core, illite always postdates kaolinite/dickite. 

Overall, the only marked differences observed between the two diagenetic sequences are 

the occurrence of anatase(?) and siderite as a diagenetic phase in the Rumpel Lake drill 

core and not DV10-001, and the differences in the occurrence of illite. Siderite is a minor 

phase in the Rumpel Lake drill core, and anatase(?) only occurrs within the Read 

Formation. Therefore, it is highly likely that these phases were not observed by Chu et 

al. (2015) due to the low abundance of siderite as well as DV10-001 not containing the 

Read Formation. The major control on the abundance of illite within DV10-001 versus 

the Rumpel Lake drill core is likely the availability of potassium within the fluid. The 

differences in illite abundance between DV10-001 and the Rumpel Lake drill core may 

suggest that potassium is heterogeneously distributed within basinal fluids throughout 

the Athabasca Basin.  

 

5.2 Temperature and Pressure Regime of Basinal Fluids during Diagenesis in the 

Athabasca Group 

The majority of the fluid inclusions encountered during this study occurred as 

isolated fluid inclusions within quartz overgrowths. Isolated fluid inclusions can be 

slightly ambiguous when it comes to attempting to discern their origin, as all three 

methods of entrapping a fluid (primary, pseudosecondary, and secondary entrapment) 
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within a mineral can explain the presence of an isolated fluid inclusion (Goldstein, 

2003). Isolated fluid inclusions can be initially classified as secondary, until a 

pseudosecondary or primary origin can be conclusively proven (Roedder, 1984). 

However, in the case of fluid inclusions entrapped within quartz overgrowths in the 

Athabasca Group, it is most likely that the majority of isolated fluid inclusions are 

primary in origin. Apart from a possible pseudosecondary/secondary fluid inclusion trail 

encountered in sample 01GC370 (Figure 4.13D), fracturing and/or any deformational 

structures were not observed petrographically during the entirety of this study. 

Furthermore, the Athabasca Group is regarded as flat lying and relatively undeformed. 

Due to the Athabasca Group not having been subjected to any intensive stress regimes, it 

is unlikely that the quartz overgrowths were fractured after or during their precipitation. 

Pagel (1975) encountered fractures that cut the quartz overgrowth, as well as fractures 

that cut both the quartz overgrowth and the quartz clast. No such fractures were observed 

during petrographic examination in this study. To ensure that quartz overgrowths did not 

contain any annealed fractures, select samples were subjected to cathodoluminescence 

attached to a scanning electron microscope (SEM-CL). SEM-CL revealed that the quartz 

clasts contained several annealed fractures, however, the syntaxial quartz overgrowths 

showed no luminescence, which may indicate that no U-bearing fluids were present 

during their formation (Botis et al., 2005). Therefore, although no direct proof exists to 

conclusively prove that isolated fluid inclusions observed in syntaxial quartz 

overgrowths are primary, it is interpreted that the most logical origin for isolated fluid 

inclusions is a primary origin.  
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The temperature profile that was obtained by Pagel (1975) does not conform to 

the fluid inclusion results obtained in this study. Rather than observing a step-wise 

increase in homogenisation temperature with depth, the entire stratigraphy of the Rumpel 

Lake drill core appears to have experienced a range in temperatures from 51°C to 253°C, 

with pressure corrected homogenisation temperatures producing a temperature range 

from 70°C to 284°C. Very few homogenisation temperatures were obtained from the 

Wolverine Point Formation, as it contains very fine-grained sandstones which yielded no 

workable fluid inclusions. Quartz cementation within the Athabasca Group was a 

prolonged diagenetic event, as evidenced by the large range of homogenisation 

temperatures obtained from fluid inclusions within quartz overgrowths. Furthermore, it is 

very likely that quartz cementation did not occur throughout the stratigraphy at one time. 

This is apparent by the large range of homogenisation temperatures obtained for the 

same R.D value within quartz overgrowths. It is likely that quartz overgrowths within the 

same sample grew on different grains at different times. Furthermore, given the complex 

burial history of the Athabasca Group, it is likely that different formations within the 

Athabasca Group experienced quartz cementation at different times (i.e. diagenesis 

began in sequence 3 before sequence 2). For these reasons, one can easily envision why 

the Rumpel Lake drill core experienced relatively low temperatures (<50°C, from 

monophase fluid inclusions) and also extremely high temperatures (maximum 

homogenisation temperatures of 253°C). The presence of a wide range of 

homogenization temperatures within a given sample in the Rumpel Lake drill core 

precludes the definition of a geothermal gradient in this study, although one must have 

certainly existed in the Athabasca Basin. 
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Although homogenisation temperatures throughout the Rumpel Lake drill core 

appear to show a distributional pattern of being hottest in the middle of the core (~250°C 

the Manitou Falls Formation) and coolest towards the top and bottom of the core 

(~175°C), it is unclear whether or not temperatures of 250°C are present throughout the 

entirety of the core. Wilson et al. (2007) obtained temperatures of 160°C to 200°C 

through vitrinite reflectance of organic matter contained within the Douglas Formation, 

which are more in line with the cooler temperatures of ~175°C. If more samples were to 

be studied for fluid inclusion microthermometry, the same high temperatures may be 

found within other formations of the Rumpel Lake drill core. However, given the fact 

that the majority of fluid inclusions that yielded these high temperatures were isolated, it 

is difficult to ascertain whether or not these fluid inclusions were stretched. Stretching 

may have produced the high temperatures observed in the Manitou Falls Formation, as 

there are relatively few fluid inclusions that produce such high temperatures. 

Furthermore, these fluid inclusions do not plot in the same data cluster as the majority of 

fluid inclusions within field A of the salinity versus homogenisation temperature 

diagram (Figure 4.17). Fluid inclusions that produced these high temperatures do not 

show any physical characteristics of being stretched, although this alone cannot disprove 

or prove the stretching phenomenon. Therefore, the high homogenisation temperatures 

found within the Manitou Falls Formation will be regarded as not being subjected to 

post-entrapment modifications, and represent the actual homogenisation temperature.  

The results of illite geothermometry show a narrow range of temperatures from 

220°C to 230°C, with one outlying temperature at 251°C. Rather than seeing an increase 

in illite formation temperatures with depth, the illite formation temperatures show a 
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consistently high temperature throughout the stratigraphy of the Rumpel Lake drill core. 

The linearity of illite formation temperatures does not match the distribution pattern of 

homogenisation temperatures. This may indicate that the Rumpel Lake drill core did in 

fact experience consistently high temperatures during quartz cementation, with those 

fluid inclusions yielding high homogenisation temperatures not being encountered 

during this study. Conversely, it may also indicate that fluid temperatures did not 

become homogeneous throughout the stratigraphy until quartz cementation had ceased. 

Illite formation temperatures are hotter than most of the homogenisation temperatures 

obtained from fluid inclusion microthermometry, except for the high homogenisation 

temperatures from within the Manitou Falls Formation, which overlap with the illite 

formation temperatures. The hottest illite formation temperature matches the hottest fluid 

inclusion microthermometry temperature within the Manitou Falls Formation, which 

may also support the idea that the high homogenisation temperatures have not undergone 

any post-entrapment modification. Pressure corrected homogenisation temperatures are 

typically hotter than the illite formation temperatures. The relationship between pressure 

corrected homogenisation temperatures and illite formation temperatures is difficult to 

explain plausibly, as the Athabasca Basin would have started undergoing erosion during 

illite precipitation in order to produce cooler illite formation temperatures than 

homogenisation temperatures. In this sense, the correction of homogenisation 

temperatures using 5 km of eroded sediment may be an overestimate, which is plausible 

given the amount of error involved in calculating the amount of erosion off the top of the 

Athabasca Basin from Pagel (1975). Therefore, only the homogenisation temperatures 

(Figure 4.21A) will be used as a comparison with illite formation temperatures. 
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The diagenetic sequence constructed for the Athabasca Group in the Rumpel 

Lake drill core indicates that illite precipitation is paragenetically later than quartz 

cementation, each phase being separated by two phases of dissolution and one phase of 

siderite cementation (Figure 5.1). Illite cementation is part of the peak diagenetic 

assemblage in the Athabasca Group sandstones, which is interpreted to have precipitated 

when the Athabasca Basin reached its maximum sedimentary thickness (Kyser et al., 

2000). If diagenetic fluids reached their highest temperature during quartz cementation, 

and those temperatures persisted until illite cementation, then the Athabasca Basin may 

have reached its maximum thickness towards the end of quartz cementation rather than 

during illite cementation. The high temperature of ~250°C must have also persisted 

through dissolution and siderite precipitation. These diagenetic events may have been 

relatively short lived in order for the diagenetic fluids to maintain their high temperatures 

until illite cementation. Another explanation of the closely related homogenisation and 

illite formation temperatures is that the fluid inclusions that yield the highest 

temperatures in the Manitou Falls Formation are secondary in origin, and those high 

temperatures were actually present during illite cementation rather than quartz 

cementation. However, this hypothesis cannot be proven within the scope of this study 

(see discussion above), and therefore will not be considered further.  

Pressure estimates of 2360 and 2547 bars (Appendix B, Table B1) from within 

the Manitou Falls Formation are much higher than the estimated pressures calculated 

using a hydrostatic pressure regime. Furthermore, the pressure estimates obtained from 

these fluid inclusions are ~1000 bars higher than the highest pressure estimates from 

Pagel (1975). The pressures obtained from triphase fluid inclusions within the Rumpel 
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Lake drill core would imply that a lithostatic pressure regime was in place during 

diagenesis. However, even after recalculating the pressures for the entire Rumpel Lake 

drill core assuming a lithostatic pressure regime, the pressures obtained from fluid 

inclusion analysis represent a significant overpressure (passed lithostatic) of 

approximately 1100 – 1200 bars. Such a large overpressure is highly improbable within 

the Athabasca Group, given that a lithostatic pressure regime is already highly unlikely. 

Rather, the discrepancies in the pressures obtained from triphase fluid inclusions can be 

explained by heterogeneous trapping of halite cubes during fluid inclusion entrapment 

(i.e. halite is an accidental solid). Three of the five triphase fluid inclusions encountered 

during this study decrepitated before total halite dissolution took place. The inability to 

dissolve halite could be explained by the solid not being halite at all. However, this 

phenomenon can also be explained by the accidental trapping of a halite cube into a fluid 

inclusion. If a cube of halite is entrapped accidentally into a fluid inclusion, then the 

halite cube may dissolve slightly on its edges until the fluid reaches the point of over 

saturation (i.e. the solution is unable to dissolve halite into solution), which may be 

undetectable if the fluid inclusion is quite small in size. In the situation where a halite 

cube does in fact dissolve into solution, but that halite cube is an accidental solid, the 

halite dissolution temperature may range from extremely low to extremely high, 

depending on the salinity of the fluid that is entrapped along with the halite cube as well 

as the original size of the accidentally entrapped halite cube. Assessing heterogeneous 

trapping within triphase fluid inclusions can be strengthened with the use of the FIA 

concept, as differing halite cube volumes within fluid inclusions typically indicate 

heterogeneous trapping (Becker et al., 2008). However, no such assessments can be 
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made for the triphase fluid inclusions encountered in this study, as all triphase fluid 

inclusions were isolated within the quartz overgrowths. Even though heterogeneous 

trapping cannot be conclusively proven in this study, it appears to be the most logical 

conclusion to explain the extremely high pressures obtained within this study as well as 

the inability for all halite-bearing triphase fluid inclusions to dissolve halite. Therefore, 

pressure estimates obtained from triphase fluid inclusions in this study are considered to 

be invalid, and a hydrostatic pressure regime will be considered to be the most accurate 

pressure regime for the diagenetic fluids in the Athabasca Basin. 

 

5.3 Fluid Composition and Evolution of Basinal Fluids in the Athabasca Group  

Attempts to confirm the composition of fluid inclusions within this study using 

cryogenic Raman spectroscopy and SEM-EDS decrepitation methods were largely 

unsuccessful. The four Raman spectra obtained (Figure 4.19) all indicate that the fluid 

inclusions should contain an NaCl-dominated fluid. This is true for one of the fluid 

inclusions measured (sample 01GC319(a)), however the other fluid inclusions should 

produce Raman spectra that contain peaks related to CaCl2-hydrates, and they do not. 

The inability to freeze CaCl2-hydrates was noted by Chi et al. (2014), who demonstrated 

that CaCl2-dominated fluids are unable to freeze using the thermal limits of the Linkam 

THMS-600 heating and freezing stage after cycling the freezing temperatures. In this 

study, fluid inclusions may have only nucleated NaCl-hydrates and left a residual 

hypersaline CaCl2 liquid behind. Although the water bumps within each spectra are not 

large, which may indicate that total freezing did take place, the small size of each fluid 

inclusion measured may only produce a very small water bump in each Raman spectra, 



 97 

which would falsely imply that the entire fluid inclusion is frozen. Another possibility to 

explain the lack of CaCl2-hydrate peaks is that the fluid inclusion did not freeze 

homogeneously, which produced NaCl-hydrates on the top of the fluid inclusion, and 

CaCl2-hydrates on the bottom. Since the laser was focused solely on the top of the fluid 

inclusion, it would not have hit the CaCl2-hydrates below the NaCl-hydrates. SEM-EDS 

decrepitation techniques also failed to produce results for most fluid inclusions 

encountered in this study. The inability for the fluid inclusions to decrepitate was the 

main failing of this technique. Quartz is a relatively stable mineral, which limited 

decrepitation attempts to fluid inclusions that were close to the surface of the quartz 

overgrowth. Even still, these fluid inclusions remained intact after subjecting them to 

temperatures of 600°C for several minutes, although the increase in vapour percentage 

afterwards indicates that they were stretched during this process. This may indicate that 

the internal fluid pressures within the fluid inclusions were relatively low, which gives 

further validity the hypothesis that the pressure estimates obtained from triphase fluid 

inclusions are gross overestimates.  

Depression of ice-melting temperatures indicates the presence of divalent cations 

in the fluid, which in sedimentary brines could be due to the presence of either Ca
2+

 or 

Mg
2+

. If the fluid was dominated by MgCl2, MgCl2-hydrate melting should occur 

between -40°C to -30°C and final ice melting would occur between -32°C to -22°C 

(assuming stable MgCl2-hydrate melting behaviour; David et al., 1990). However, the 

lack of hydrates observed in fluid inclusions within this study (possibly due to the small 

size of the fluid inclusions studied), and the very low final ice melting temperatures (e.g. 

-50°C), it is more like that the fluids are dominated by CaCl2, and not MgCl2 (David et 
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al., 1990). Enrichment in Ca
2+

 is common, as sedimentary brines are typically enriched 

in Ca
2+

 and Mg
2+

, but the amount of Mg
2+

 is less than Ca
2+

 (Hanor, 1994). Due to the 

inability to further constrain the composition of fluid inclusions in this study, and given 

the melting behaviour of the fluid inclusions studied during this project, they will only be 

regarded as containing NaCl and CaCl2 as salt species, although they likely contain KCl 

(from fluid inclusion decrepitate analysis of 01GC302(b)), and MgCl2 (Richard et al., 

2010). 

The results of fluid inclusion microthermometry indicate that there were three 

fluid types present during quartz cementation: (1) a NaCl-dominated fluid that has low to 

moderate salinity (3.4 – 13.6 wt. % NaCl) and moderate to high temperatures (78°C - 

187°C); (2) a NaCl-dominated fluid that has a high salinity (21.1 – 24.4 wt. % NaCl) and 

moderate to high temperatures (62°C - 253°C); and (3) a CaCl2-dominated fluid that has 

a high salinity (24.9 – 31.0 wt. % NaCl + CaCl2) and moderate to high temperatures 

(76°C - 241°C). The salinity versus homogenisation temperature diagram (Figure 4.17) 

separates these three fluid types into two fields. Field A (Figure 4.17) represents both the 

NaCl-dominated and CaCl2-dominated highly saline brine, while field B (Figure 4.17) 

represents the NaCl-dominated low salinity fluid. 

The low salinity, NaCl-dominated fluid has salinity values that may have 

originated from one of two types of fluids: fresh or meteoric water (salinity = 0 wt. %; 

Goldstein, 2001) or marine water (salinity = 3.5 wt. %; Goldstein, 2001). Marine units 

within the Athabasca Group consist of the Douglas and Carswell formations, which are 

vastly out numbered by the amount of fluvial units within the Athabasca Group 

(Ramaekers et al., 2007). Furthermore, the salinity range of these fluids is highly 



 99 

variable which may indicate that their composition is being modified through 

interactions with other fluids or lithologies. Due to the high number of fluvial units in the 

Athabasca Basin (which are deposited with freshwater), as well as the fact that the low 

salinity fluids appear to being undergoing compositional modification, it is interpreted 

that these fluids originated from freshwater, and have had their composition modified 

through a series of interactions during diagenesis. Since freshwater water has an initial 

salinity of 0, water-rock interactions to produce the higher salinities within freshwater is 

highly unlikely. Rather, mixing with a NaCl-dominated saline fluid is the most likely 

source for these fluids. The highly saline NaCl-dominated fluids that were encountered 

during fluid inclusion microthermometry are the most likely source of the brine that 

modified the composition of the freshwater. Mixing between these two fluids must have 

been extensive throughout the Athabasca Basin to produce the dominant high salinity 

brine throughout the stratigraphy of the Rumpel Lake drill core, leaving the modified 

freshwater in low abundance. Their presence within fluid inclusions can be explained by 

early cementation during this mixing, or cementation of small pockets of this low salinity 

fluid that were relatively immobile during mixing.  

The highly saline NaCl-dominated and CaCl2-dominated fluids documented in 

this study have been frequently encountered within uranium deposits (Kotzer and Kyser, 

1995; Derome et al., 2005; Mercadier et al., 2010), and originate from evaporated 

seawater that has undergone subaerial evaporation beyond halite saturation (Richard et 

al., 2011; Richard et al, 2014). The fluid compositions that were obtained from this study 

match the continuum of NaCl-dominated to CaCl2-dominated fluids that have been 

documented elsewhere in the Athabasca Basin, and therefore are assumed to have the 
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same origin. The two endmembers of evaporated seawater (i.e. NaCl and CaCl2 

endmembers) that are present within the Athabasca Basin originate from two differing 

processes. Evaporated seawater is enriched in sodium and not calcium (Hanor, 1994), 

which can easily explain the NaCl-dominated fluid that is present within the Athabasca 

Basin. The NaCl-dominated fluids have a tightly constrained salinity of 21.1 to 24.4 wt. 

% NaCl, which may be lower than the original evaporated seawater (possible seawater 

salinity ranging from 3.5 to > 35 wt. %; Goldstein, 2001). The dilution of evaporated 

seawater may have been achieved by mixing with the freshwater that was deposited with 

the fluvial units of the Athabasca Group. A summary of fluid inclusion work by Richard 

et al. (2011) indicates that NaCl-dominated fluid inclusions within uranium deposits 

show a maximum salinity of 32.6 wt. % NaCl, with triphase inclusions containing halite 

cubes having maximum salinities of 42.7 wt. % NaCl. These higher salinities may 

represent relatively undiluted evaporated seawater before fluid mixing with freshwater 

occurred within the Athabasca Basin, although these salinities were obtained from fluid 

inclusions near uranium deposits and may not directly correlate to fluid inclusions 

measured in this study, 

The CaCl2-dominated fluids are also derived from evaporated seawater (Richard 

et al., 2011), however, their composition represents modification to NaCl-dominated 

fluid. Calcium cannot be initially enriched in evaporated seawater, and therefore must 

acquire calcium either by mixing with a calcic fluid or undergoing water-rock 

interactions with calcium bearing lithologies. Since no other calcium-enriched fluids are 

known in the Athabasca Basin, the only source of calcium to modify the evaporated 

seawater is from calcium-bearing lithologies within the Athabasca Basin. An attractive 
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source for calcium-bearing lithologies in the Athabasca Basin is the basement rocks 

below the unconformity, and has been invoked as a calcium source by several authors 

(i.e. Derome et al., 2005; Mercadier et al., 2010; Richard et al., 2011, etc.). The 

dissolution of plagioclase, Ca-pyroxenes, and Ca-amphiboles (Jefferson et al., 2007) that 

are abundant within the basement rocks of the Athabasca Basin could provide significant 

amounts of calcium to convert the NaCl-dominated fluid to a CaCl2-dominated fluid. 

The basement-derived calcium hypothesis implies that large amounts of fluid are able to 

enter the relatively impermeable basement. This can be easily achieved by fluid entering 

a series of fracture networks that penetrate deep into the basement. Large re-activated 

faults and fracture networks are common within the Athabasca Basin (i.e. Jefferson et 

al., 2007; Mercadier et al., 2010), which could channel basinal fluids into the basement 

rocks for calcium uptake. However, the process of leaching calcium from the basement 

rocks should produce a large alteration zone within the Athabasca Basin, particularly if 

the CaCl2-dominated fluid is present throughout the entire basin. No such alteration zone 

has been located in the Athabasca Basin, except for within uranium deposits themselves 

(Jefferson et al., 2007). Another calcium source could be within the Athabasca Group 

itself, in the form of detrital plagioclase and other Ca-bearing minerals. However, as 

previously mentioned, the total amount of feldspar minerals that existed within the 

Athabasca Group prior to diagenesis is low, which would supply an insufficient amount 

of calcium to account for the salinities that were obtained during this study. The 

Wolverine Point Formation, which was an arkosic to subarkosic unit before diagenetic 

alteration, could serve as a reservoir of calcium. However, this would produce fluids that 

were also extremely enriched in potassium, possibly more so that calcium depending on 
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the amount of potassium feldspar versus plagioclase. The exact composition of the 

CaCl2-dominated fluids is not known in this study, as only one fluid inclusion 

successfully produced a decrepitate to analyze. SEM-EDS decrepitate analysis of sample 

01GC302(b) indicates that there is a significant proportion of potassium within the fluid 

inclusion, however, it did not detect any calcium within the fluid inclusion (which was 

detected via fluid inclusion microthermometry). Therefore, assessing whether the 

Wolverine Point Formation contributed a significant amount of calcium, as well as 

potassium, to the NaCl-dominated brine to produce the CaCl2-dominated brine is not 

possible in this study.  

From the above discussion, mixing trends between the fluids are proposed in 

Figure 5.2. The earliest fluids within the Athabasca Basin are interpreted to be the fluids 

defined in field B of Figure 4.17. The increased temperatures within the fluids imply that 

they were subjected to high temperatures before any significant mixing occurred. The 

lowest salinity fluids within field B imply mixing in ratios that are high freshwater/low 

evaporated seawater, which allowed them to retain their relatively high temperatures. 

Conversely, the highest salinity fluids within field B imply mixing in ratios that are low 

freshwater/high evaporated seawater, which produces the higher salinity content and 

lower temperatures. As extensive mixing between these two fluids occurred, which may 

have diluted the original concentration of NaCl within the evaporated seawater, the 

highly saline fluids are subjected to the same thermal regime that affected the freshwater 

fluids before. During this continued heating, Ca-leaching occurs and modifies the 

original composition of the diluted evaporated seawater. However, it also is apparent that 

the low temperature evaporated seawater underwent Ca-leaching relatively early before 
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Figure 5.2: Interpreted mixing trends between freshwater and evaporated seawater in the 

Athabasca Basin. 1) Hot freshwater mixes with relatively colder evaporated seawater in high 

freshwater/low evaporated seawater ratios to produce an overall low salinity fluid that has 

relatively high temperatures. Upon further mixing, hot freshwater mixes with relatively colder 

evaporated seawater in low freshwater/high evaporated seawater ratios to produce an higher 

salinity fluid that has relatively cooler temperatures. (2) Evaporated seawater, which may have 

been diluted by freshwater, thermally re-equilibrates to higher temperatures while leaching 

calcium from several different sources. 3) Evaporated seawater, which may have been diluted 

by freshwater, leaches calcium from several different sources while undergoing minor amounts 

of thermal re-equilibration. 
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equilibrating with higher temperatures. No direct evidence exists to conclusively prove 

these mixing trends, particularly the trend delineating the mixing between freshwater and 

evaporated seawater (arrow 1, Figure 5.2). Therefore, the interpreted mixing trends are 

purely speculative and require further research to prove or disprove their validity. 

 

5.4 Fluid Migration of Basinal Brines within the Athabasca Group 

The initial fluid inclusion analysis in the Rumpel Lake drill core (as well as 

samples from the Cluff Lake deposit) showed that fluid temperatures (as well as 

salinities) increased with depth towards the base of the Athabasca Basin. Such a 

temperature gradient within a sedimentary basin can be explained by several types of 

fluid flow regimes (Figure 5.3). Compaction-driven flow is the upward (and lateral) flow 

of fluids due to the overlying weight of sediment that is deposited into a basin, which 

will produce flat-lying isotherm patterns throughout the sedimentary basin if 

sedimentation rates are equal in all parts of the basin (Figure 5.3A). Topography-driven 

flow will produce relatively flat-lying isotherms (Figure 5.3B), but the overall patterns of 

isotherms will be raised in the areas of lower elevation (i.e. discharge areas, where the 

hydraulic head is the smallest; Ingebritsen et al., 2006), and depressed in the areas of 

higher elevation (i.e. recharge areas, where the hydraulic head is the highest; Ingebritsen 

et al., 2006). Fluid flow related to thermal anomalies will also produce relatively flat-

lying isotherms, except in the areas that are proximal to the thermal anomaly (i.e. an 

igneous intrusion emplaced below the sedimentary basin; Figure 5.3C). However, the 

results of fluid inclusion microthermometry and illite geothermometry do not show a 

step-wise increase of temperatures with depth in the Rumpel Lake drill core (Figure 
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Figure 5.3: Isotherm patterns of four different fluid flow regimes within a sedimentary basin. Basin outlines recreated from Raffensperger and 

Garven (1995a). A) Isotherm pattern related to compaction-drive fluid flow. B) Isotherm pattern related to topography-driven flow. Isotherms 

recreated from Raffensperger and Garven (1995a). C) Isotherm pattern related to fluid flow due to a thermal anomaly. D) Isotherm pattern 

related to fluid convection. Isotherms recreated from Raffensperger and Garven (1995a). 
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4.14, Figure 4.21). The appearance of consistently high temperatures throughout the 

Rumpel Lake drill core, coupled with the consistency of Ca-bearing high-salinity fluids 

throughout the Rumpel Lake drill core, most likely points to a fluid system that is 

undergoing convection. Fluid convection was proposed, and first modeled, by 

Raffensperger and Garven (1995a, 1995b) as a means to explain uranium mineralisation 

in the Athabasca Basin. In a convective fluid flow regime, isotherms are distributed 

sinuously throughout the sedimentary basin (Figure 5.3D). The overall pattern of 

isotherms corresponds to areas of upwelling (i.e. isotherms are concave downwards) and 

downwelling (i.e. isotherms are concave upwards). Fluid flow is directed upwards in the 

areas of upwelling due to the buoyant forces of the fluid overcoming the viscous forces 

of the overlying fluids, with the reverse being true in areas of downwelling (Ingebritsen 

et al., 2006). 

The consistency of high temperatures throughout the Rumpel Lake drill core are 

enigmatic upon examination of the isotherm patterns for convective fluid flow (Figure 

5.3D). Although the isotherm patterns differ greatly between compaction-driven flow, 

topography-driven flow, and fluid flow related to thermal anomalies, there is still a step-

wise increase/decrease in temperature regardless of where the Rumpel Lake drill core is 

located in the sedimentary basin. The consistency of high temperatures implies that the 

thermal regime during fluid flow must have shifted during diagenesis in such a way that 

higher temperature regions overprint relatively lower temperature regions. Such a 

process is possible if the basement below the Athabasca Basin experiences faulting, or 

fault reactivation, during convective fluid flow. The presence of fault pairs within the 

basin will constrain the position of the upwelling and downwelling direction of a 
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convection cell, which in turn can affect the position of the convection cell (Simms and 

Garven, 2004). If the faults are spaced far enough away from each other, it may localize 

the location of two convection cells, whereas two closely spaced faults may only 

constrain the location of one convection cell (Simms and Garven, 2004). If the Rumpel 

Lake drill core were originally positioned in a zone of downwelling, and reactivation of 

faults repositioned the convection cell in such a way that the Rumpel Lake drill core now 

was in a position of upwelling, then the resulting fluid inclusions would record much 

higher temperatures as well as the previously cooler temperatures it experienced (Figure 

5.4A, 5.4B). The consistency of high temperatures within the Rumpel Lake drill core can 

also be explained by an increase in the size (particularly height) of the convection cell. In 

order to increase the size of a convection cell, more porous/permeable strata must be 

added on top of the sedimentary basin, otherwise the maximum height of the convection 

cell is constrained by the amount of available porous/permeable strata. The growth of a 

convection cell by adding to the sedimentary pile would increase the temperature at the 

base of the sedimentary basin, which in turn would shift isotherms upwards throughout 

the sedimentary pile (Figure 5.4A, 5.4C). A combination of fault reactivation and 

prolonged sedimentation, which are plausible in the Athabasca Basin, may average the 

temperatures throughout the entirety of the Rumpel Lake drill core and produce the 

temperature patterns that are observed in the distribution of fluid inclusion 

homogenisation temperatures and illite formation temperatures.  

Fluid convection can only occur in sediments that are highly porous and 

permeable, and requires (within the Athabasca Basin) that there be 3 km of sediment  
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Figure 5.4: Effects of fault reactivation and continued sedimentation on the thermal profile of the 

Rumpel Lake drill core (RL). A) Position of the Rumpel Lake drill core within a set of isotherms 

that represent fluid convection. B) Effects of fault reactivation on the thermal profile of the Rumpel 

Lake drill core. Fault reactivation may move the isotherms to the left, which will overprint the 

previously cooler temperatures (outlined in black) experienced by the Rumpel Lake drill core with 

new temperatures, which are higher than the previous ones. C) Effects of continued sedimentation 

on the thermal profile of the Rumpel Lake drill core. Continual addition of porous and permeable 

layers on top of the sedimentary pile will cause convection cells to grow in height, as well as increase 

the temperatures experienced at the base of the Athabasca Basin. The hotter temperatures will 

overprint the previously cooler temperatures (outlined in black). 



 109 

within the basin to initiate convection (i.e. to reach the critical Raleigh number; 

Raffensperger and Garven, 1995a). A sedimentary basin is the most porous and 

permeable before significant compaction takes place, after which diagenetic processes 

may either enhance (i.e. dissolution) or reduce (i.e. cementation and pressure solution) 

the porosity and permeability (Ingebritsen et al., 2006). The Athabasca Group was 

subjected to compaction, cementation, and pressure solution, which would significantly 

reduce porosity and permeability and thus retard any further fluid convection that may 

have taken place. A major dissolution event that occurred throughout the stratigraphy 

may have enhanced porosity enough to restart convective fluid flow, before another 

major cementation event (i.e. the peak diagenetic assemblage) shut the secondary 

porosity gained through dissolution. It is conceivable that convective fluid flow could 

have been re-initiated during the large-scale dissolution event, which would explain the 

consistency of illite formation temperatures throughout the stratigraphy. However, the 

entirety of the Athabasca Group is not equally porous and permeable. Hiatt and Kyser 

(2007) noted that within the Manitou Falls Formation, several fine-grained layers of sand 

should inhibit fluid flow, which lead them to conclude that fluid flow would only occur 

laterally and not in the vertical direction. Furthermore, the Wolverine Point Formation 

serves as a laterally extensive aquitard within the Athabasca Basin, as the majority of the 

formation contains fine-grained sandstones, siltstones, and shaley interlayers (Figure 

4.1). The presence of fine-grained sand layers does not prohibit the possibility that fluid 

convection can develop within the Athabasca Basin, but rather the fluid velocities within 

those layers may be quite low compared to fluids moving through a coarse-grained sand. 

The Wolverine Point Formation, however, serves as a large barrier to fluid convection. 
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In such a case, convection cells may develop underneath and above the Wolverine Point 

Formation. The quartz cement trend (Figure 4.3C) may indicate such a process is 

occurring. Since the hottest temperatures within a convection cell should occur along the 

base, it theoretically should be able to dissolve more silica than its cooler counterpart. 

Quartz cement is almost absent from the base of the Rumpel Lake drill core, but reaches 

its highest abundances within the Wolverine Point Formation. Hot, silica-rich fluids may 

have penetrated into the Wolverine Point Formation (carrying silica from the Read 

Formation), wherein the drop in temperature would promote silica precipitation rather 

than dissolution. This cold, silica-poor fluid (whose pH is now more basic than the hot 

fluid) sinks to the base of the basin, wherein it may repeat the same process. The fact that 

the Locker Lake Formation contains very minor amounts of quartz cement may reflect 

that a convection cell was in place prior to the deposition of sequence 4 (i.e. the sequence 

3-4 boundary represents a major erosional boundary), or that the silica-charged fluids did 

not penetrate into the Lazenby Lake Formation. A convection cell may have also 

developed above the Wolverine Point Formation, given that the temperatures within the 

formation are quite high in addition to the high temperatures obtained from the Douglas 

Formation (Wilson et al., 2007), although with the lack of data from sequence 1 this 

hypothesis cannot be proven. 

The above discussion implies that the initiation of convection occurs due mainly 

to thermally-driven density contrasts within the Athabasca Basin; the large amount of 

heat experienced at the bottom of the Athabasca Basin decreases the density of the fluids 

located there due to the thermal expansion of water (Ingebritsen et al., 2006). These 

fluids will begin to flow upwards and are displaced by cooler, higher density fluids 
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located at the top of the Athabasca Basin. However, convection may also be initiated 

without extreme temperature gradients; rather, density gradients can develop within 

fluids based on solute concentrations. This scenario can also be easily envisioned for the 

Athabasca Basin, as the density contrast between freshwater (ρ≈1) and evaporated 

seawater (ρ>1) is quite pronounced. The introduction of evaporated seawater could have 

only occurred with the deposition of the Douglas and Carswell formations, which 

occurred well after the deposition of the Wolverine Point Formation (Ramaekers et al., 

2007). As previously discussed, it is likely that a convection cell existed below the 

Wolverine Point Formation, and was possibly initiated before the deposition of the 

Locker Lake Formation. If this scenario is true, then the initial convection could not have 

been related to solute concentrations within the diagenetic fluids, as evaporated seawater 

would not have entered the system until after convection below the Wolverine Point 

Formation was initiated. Despite the Wolverine Point Formation acting as an aquitard, 

the presence of the highly saline NaCl- and CaCl2-dominated brines within the Lazenby 

Lake, Manitou Falls, and Read formations imply that they have been able to penetrate 

the Wolverine Point Formation and join the convecting system. Furthermore, the 

presence of the low salinity fluid within the Wolverine Point Formation may indicate 

that fluids from below or above the formation have been able to penetrate into the 

relatively impermeable Wolverine Point Formation. It is not necessary that fluids migrate 

through the Wolverine Point Formation at highly reduced fluid velocities; rather, the 

Wolverine Point Formation may contain some fractures or places of enhanced 

permeability (i.e. thin to no shale layers), or evaporated seawater may have migrated 

downwards through a gap in the stratigraphy where the Wolverine Point Formation 
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pinched out. The generation of heat to initiate convection may have come from several 

sources, or a combination of sources. Within a sedimentary basin, the most likely source 

of heat is related to the geothermal gradient, which is directly related to the amount and 

type of sediments within the sedimentary pile. However, as previously discussed in 

Chapter 1, the amount of sediment that has been interpreted to have existed on top of the 

Athabasca Basin is controversial. Therefore, it is unclear whether or not temperatures of 

250°C were generated during maximum burial in the Athabasca Basin. Furthermore, 

fluid inclusion analysis by Wang et al. (2015) and Rabiei et al. (2014) for the Phoenix 

uranium deposit and MAW REE Zone indicate that the fluids were boiling during the 

formation of drusy quartz, a condition that requires low-pressure environments. Wang et 

al. (2015) suggested that the low pressures required for boiling could have been attained 

by faulting, or the low pressures were attained due to a small sedimentary cover on top 

of the Athabasca Basin. If the thickness of the Athabasca Basin was relatively small, 

then temperatures of 250°C must have been achieved by heat conduction through the 

basement rocks. Heat conduction through the basement rocks require the intrusion of 

igneous bodies, as well as high heat conductivities within the basement rocks to 

sufficiently heat the base of the Athabasca Basin to 250°C. A large-scale igneous event 

that has affected the Athabasca Basin and surrounding areas is the Mackenzie Dyke 

swarm (1267 ± 2 Ma; LeCheminant and Heaman, 1989). The age for the Mackenzie 

Dyke swarm is very young, and would not have initiated convection underneath the 

Wolverine Point Formation, however this does not preclude its role in increasing the 

maximum temperatures experienced within the Athabasca Group.  
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5.5 Comparison of P-T-X Data with Barren and Non-Mineralised Areas in the 

Athabasca Basin 

 Alexandre et al. (2009) and Cloutier et al. (2010) both studied the composition 

and formation temperature of illite associated with the Spring Point/Maurice Bay and 

Wheeler River areas within the Athabasca Basin respectively. Illite geothermometry 

results obtained within the Maurice Bay area yielded temperatures of 220C, whereas the 

Spring Point area yielded temperatures of 230C (Alexandre et al., 2009). These 

temperatures fit within the range of illite formation temperatures obtained during the 

course of this study (~220C to 230C). Cloutier et al. (2010) obtained illite formation 

temperatures of 240C from illite within Zone K (the alteration halo associated with the 

Wheeler River area) and outside Zone K. This temperature is slightly higher than the 

main range of temperatures obtained in this study, but it does fall within the entire range 

of 220C to 251C. Temperatures obtained from this study correlate well to the 

temperatures obtained from barren and subeconomic deposits elsewhere within the 

Athabasca Basin, suggesting that the high fluid temperatures of ~220C to 230C are 

present throughout the entire eastern Athabasca Basin, which was most likely achieved 

through large-scale fluid convection as previously mentioned.  

Illite compositions presented by Alexandre et al. (2009) and Cloutier et al. (2010) 

were also compared to the illite compositions obtained in this study (Figure 5.5A, 5.5B). 

It should be noted that the position of individual illite analyses in Figure 5.5A and Figure 

5.5B are likely affected by the low totals obtained during EMPA analysis, which may 

result in poor overlap between different illite compositions. Illite from the Rumpel Lake 

drill core appears to be chemically different than illite from within the Spring 
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Figure 5.5: Comparison of illite compositions between this study and those from other barren and 

non-mineralized areas in the Athabasca Basin. A) Comparison of illite composition from the Rumpel 

Lake drill core with illite from the Spring Point and Maurice Bay areas (Alexandre et al., 2009). SP 

– Spring Point, MB – Maurice Bay, SHD – sandstone hosted deposits. B) Comparision of illite 

composition from the Rumpel Lake drill core with illite from the Wheeler River area (Cloutier et al., 

2010). OZK – outside zone K, IZK – inside zone K, UDM – uranium deposit muscovite. C) 

Comparison of illite composition from several non-mineralized drill cores and the Rumpel Lake drill 

core using the plotting technique of Alexandre et al. (2009). D) Comparison of illite composition 

from several non-mineralized drill cores and the Rumpel Lake drill core using the plotting technique 

of Cloutier et al. (2010). 
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Point/Maurice Bay area (Figure 5.5A). Apart from minor overlap with illite 

compositions from the Maurice Bay area, illite from the Rumpel Lake drill core appears 

to be significantly deficient in iron and magnesium (manganese was not included in the 

plot due to it essentially being 0 in all Rumpel Lake drill core illites as well as samples 

from Spring Point and Maurice Bay) when compared to illite from Maurice Bay (Figure 

5.5A, MB), and even more so when compared to illite from the Spring Point area (Figure 

5.5A, SP). Alexandre et al. (2009) noted that chlorite is present in both the Spring Point 

and Maurice Bay areas, whereas chlorite is mostly absent within the Rumpel Lake drill 

core. The lack of chlorite within the Rumpel Lake drill core may suggest that the 

diagenetic fluids that formed the illite were deficient in iron and magnesium, the iron 

having already been removed from the fluid in the form of hematite. Illites from 

sandstone-hosted uranium deposits (Figure 5.5A, SHD) appear to match the range of 

silicon values of illite from the Rumpel Lake drill core, but have slightly higher iron and 

magnesium contents than illite from the Rumpel Lake drill core. It appears that illites 

from sandstone hosted deposits, as well as the Spring Point/Maurice Bay, all contain 

elevated iron and magnesium levels, which likely points to the addition of these elements 

through interactions with basement lithologies at the site of large alteration zones or 

uranium deposits. Comparing illite from the Rumpel Lake drill core with the data 

presented by Cloutier et al. (2010) shows an overlap in composition with the muscovite 

located within the main alteration zone (Figure 5.5B, IZK) at Wheeler River, as well as 

muscovite located outside of the main alteration zone (Figure 5.5B, OZK). Muscovite 

from within and outside the main alteration zone appear similar (i.e. have a large amount 

of overlap in Figure 5.5B), and yield the same illite formation temperatures. The 
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composition of muscovite from uranium deposits in the Athabasca Basin largely 

encompasses these two fields as well (Figure 5.5B, UDM). However, a large amount of 

illite from the Rumpel Lake drill core lies outside the compositions delineated in Figure 

5.5B. This discrepancy is related to the fact that illite differs from muscovite 

compositionally by having increased silicon, magnesium, and iron, and decreased 

tetrahedral aluminum and potassium. In this sense, illite within the Rumpel Lake drill 

core is most likely compositionally related to illite rather than muscovite, and direct 

comparisons with the data by Cloutier et al. (2010) is fruitless. 

Fluid inclusion microthermometry and illite geothermometry results from three 

non-mineralized cores (WC-79-1, BL-08-01, DV10-001) bear a strong resemblance to 

the results obtained in this study (Haixia Chu, Pers. Comm., 2016). Both sets of 

geothermometry data (i.e. fluid inclusion and illite) also show a very consistent 

temperature throughout the entirety of the core. However, the average illite formation 

temperature for each core is higher than the average illite formation temperature for the 

Rumpel Lake drill core: average temperatures of 241C (221C - 261C), 254C (221C-

262C), and 263C (233C - 289C) were obtained from cores WC-79-1, BL-08-01, and 

DV10-001 respectively. These higher temperatures indicate that the outlying temperature 

of 251C is most likely a valid temperature. It is unclear why drill cores located towards 

the western part of the Athabasca Basin yielded higher illite formation temperatures. It is 

possible that local heat anomalies existed to increase the overall temperature of the 

basinal fluids in these areas, or that the fluid flow regime in the entire Athabasca Basin 

was such that higher temperatures were produced in the west and cooler temperatures 

were produced in the east. Comparing the composition of illite from WC-97-1, BL-08-
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01, and DV10-001 with illite from the Rumpel Lake drill core (Figure 5.5C, 5.5D) shows 

that they are more compositionally similar than with illite from barren areas in the 

Athabasca Basin. Using the same axes as Alexandre et al. (2009), illite compositions 

obtained by Haixia Chu appear to be more enriched in iron and magnesium than illite 

from the Rumpel Lake drill core (Figure 5.5C), which in turn makes it more similar to 

illite obtained from the Spring Point area. However, illite from BL-08-01 and DV10-001 

also appears to be more depleted in iron and magnesium than illite from the Rumpel 

Lake drill core. The large variation in compositions possibly reflects variations in locally 

derived iron and magnesium, whether that be through interactions with detritus deposited 

into the Athabasca Basin, or interactions with basement deposits as previously 

hypothesized. Using the same axes as Cloutier et al. (2010), illite compositions obtained 

by Haixia Chu are constrained to the same range as the illite within the Rumpel Lake 

drill core, which also implies that illite from within the Athabasca Group is better 

described as illite and not muscovite.  

 Fluid inclusion analysis by Haixia Chu also confirms the fluid inclusion data 

obtained in this study. All drill cores studied show a consistent maximum at 200C 

throughout the entire drill core, and also show a range of temperatures of 50C - 60C to 

200C throughout the entire drill core. One drill core, BL-08-01, shows a slight increase 

in homogenization temperature in the middle of the Manitou Falls Formation, however it 

is not as dramatic as the increase in homogenization temperature in the Rumpel Lake 

drill core. Compositionally, the fluids within the three drill cores studied by Haixia Chu 

correspond to the NaCl/CaCl2-dominated high salinity fluid, and do not contain 

significant amounts of low salinity fluids (each core contains 1 or two fluid inclusions 
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that produce salinities of 10 – 15 wt.%). The combination of high fluid temperatures 

throughout the entire Athabasca Basin, as well as the presence of highly saline fluid 

throughout the entire Athabasca Basin, may indicate that fluid convection was the 

dominant fluid flow regime throughout the entire Athabasca Basin, and was not 

constrained to the eastern side. 

 

5.6 Implications of Fluid Convection on the Genesis of Unconformity-Related Uranium 

Deposits 

The formation of high-grade unconformity-related uranium deposits are 

associated with highly saline CaCl2-dominated brines, which are believed to have been 

derived solely from water-rock interactions within the basement rocks below the 

unconformity (Derome et al., 2005; Mercadier et al., 2010; Richard et al., 2010). 

Uranium and other base metal concentrations (i.e. Mn, Zn, Cu, Pb, and Fe) are elevated 

by one order of magnitude within the CaCl2-dominated brines versus the NaCl-

dominated brines (Richard et al., 2015). It has been suggested that the CaCl2-dominated 

brine and NaCl-dominated brines do not share the same reactive pathways within the 

Athabasca Basin and basement rocks (Richard et al., 2015). Since uranium and other 

base metal concentrations are increased within the CaCl2-dominated brine, it may 

suggest that significant calcium enrichment is associated with metal charging into the 

basinal brines. As discussed in Chapter 2, the source of uranium within the Athabasca 

Basin is still highly debated. If the source of uranium is the Athabasca Group, then it 

may be plausible that the calcium uptake also took place within the Athabasca Group. 

The same can be said for the basement rocks below the unconformity; if the source of 
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uranium is located in the basement rocks, then calcium uptake may also have taken place 

in the basement rocks. However, the results of this study cannot discern these two 

processes. Rather, the presence of the low salinity fluid and highly saline NaCl- and 

CaCl2-dominated fluids within the stratigraphy of the Rumpel Lake drill core as well as 

within uranium deposits in the Athabasca Basin implies that these fluids have 

collectively undergone water-rock interactions with both the Athabasca Group 

sandstones and the basement rocks below the unconformity. Therefore, it is not 

necessary that uranium come from one discrete source within the Athabasca Basin; 

rather, several sources may have contributed uranium to the basinal brines before 

uranium mineralisation occurred. 

The proposed mechanism by which the fluids have evolved within the Athabasca 

Basin is illustrated in Figure 5.6 using the stratigraphy from the Rumpel Lake drill core. 

The initial deposition of the Read and Manitou Falls formations also represents the 

deposition of large amounts of freshwater into the Athabasca Basin (Figure 5.6A). After 

the deposition of sequence 2, an initial convection system that exists below the 

Wolverine Point Formation forms either via a temperature gradient related to a larger 

sedimentary package above the Wolverine Point Formation, or via heat conduction 

through basement rocks (Figure 5.6B). After this convection system is initiated, 

sequence 1 is unconformably deposited on top of the Wolverine Point Formation, which 

contains the Douglas and Carswell formations (Figure 5.6C). The fluids deposited with 

the Douglas and Carswell formations undergo subaerial evaporation before they 

eventually begin to sink through the stratigraphy due to the density contrast between 

evaporated seawater and freshwater. Eventually the evaporated seawater reaches the 
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Figure 5.6: Evolution of fluid flow and composition of the diagenetic fluids within the Athabasca Basin.  See text for full description of each 

panel. Black arrows indicate uncertainty in total sedimentary thickness pre-erosion. Circles with blue and red arrows indicate fluid convection 

with upwelling directions (high temperature fluids, red arrows) and downwelling directions (low temperature fluids, blue arrows). Red arrows 

indicate possible heat conduction through the basement rocks. Blue arrows indicate fluid flow of evaporated seawater. Black dashed lines in the 

Wolverine Point Formation indicate microfracture networks. Formation abbreviations are the same as those presented in Figure 4.1. U/C – 

unconformity. 
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Figure 5.6 (Cont’d): See text for full description of each panel. 



 122 

Wolverine Point Formation, and is likely only able to penetrate it in places where 

fracture networks exist, or the formation is quite thin (Figure 5.6D). The evaporated 

seawater then mixes with the large reservoir of freshwater below the Wolverine Point 

Formation, which is already undergoing fluid convection. The initial mixing between 

these two fluids is documented in the NaCl-dominated low salinity fluid inclusions. As 

the evaporated seawater begins to circulate below the Wolverine Point Formation, a 

series of water-rock interactions within the Wolverine Point Formation (which may have 

happened while the evaporated seawater was percolating through the Wolverine Point 

Formation; Figure 5.6E1), the Athabasca Group sandstones (Figure 5.6E2), and the 

basement rocks below the unconformity (Figure 5.6E3) begin to liberate calcium into the 

basinal fluids (the uptake of uranium and other metals during the leaching of calcium 

may have happened concurrently). Eventually, it appears that the convection cells are 

able to bypass the Wolverine Point Formation, likely by creating extra porosity and 

permeability through alteration of the originally arkosic to subarkosic unit (Figure 5.6F). 

This large convection cell normalizes the fluid temperatures throughout the majority of 

the basin, which is expressed in the temperatures obtained through illite 

geothermometry. It is unclear when the position of convection cells were affected by 

reactivated faults or cell size growth via additional sedimentation in Figure 5.6, and 

could have occurred during any time a convection cell was active. The NaCl- and CaCl2-

dominated fluids continue to undergo fluid convection until they intersect a favourable 

structural trap (i.e. a normal or reverse fault), which focuses the fluids and promotes 

mixing with a reducing agent to create an initial uranium deposit (or a remobilisation 

event).  
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One flaw of the proposed mechanism for fluid evolution and uranium 

mineralisation is the depositional age of the Wolverine Point and Douglas formations in 

relation to the oldest uranium mineralisation ages. Alexandre et al. (2009) proposed that 

the oldest uranium mineralisation in the Athabasca Basin occurred at 1590 Ma, whereas 

the Wolverine Point and Douglas Formations were deposited at 1644 Ma (Rainbird et al., 

2007) and 1541 Ma (Creaser and Stasiuk, 2007) respectively. The oldest uranium 

mineralisation age occurs 54 million years after the initial deposition of the Wolverine 

Point Formation, which could potentially be sufficient time to generate large fluid 

movements within the underlying formations. However, the introduction of evaporated 

seawater could not have taken place until the deposition of the Douglas Formation, 

which occurs 49 million years after the oldest uranium mineralisation event, which 

means the highly saline NaCl- and CaCl2-dominated brines could not have played a role 

in the oldest uranium mineralisation. However, this does not preclude the role of these 

fluids in the later remobilisations of uranium ore, or the later formation of other 

unconformity-related uranium deposits.  
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Chapter 6: Conclusions 

The purpose of this research project was to characterise the P-T-X conditions of 

diagenetic fluids within the Athabasca Group using samples collected from the Rumpel 

Lake drill core, as well as petrographically characterise all the samples. Using basic and 

advanced petrographic techniques, fluid inclusion microthermometry, and illite 

geothermometry, the following conclusions have been reached: 

(1) The Athabasca Group is dominated by quartz clasts, with minor input of other clast 

types. Any feldspar that may have been deposited along with the predominantly 

quartzose framework mineralogy has since been altered or replaced.  

(2) Diagenesis within the Athabasca Group is comprised of several phases of 

cementation (quartz, local siderite, hematite, illite, kaolinite/dickite, local anatase(?)), 

two phases of dissolution, replacement and recrystallisation of feldspar clasts and FGIM 

respectively, and stylolitisation.  

(3) Quartz cementation was a prolonged event, given the large spread of fluid inclusion 

homogenisation temperatures recorded within syntaxial quartz overgrowths. It is likely 

that quartz cementation occurred at different times in different formations, as well as 

grew very slowly on different quartz clasts at different times within the same samples.  

(4) Several different types of fluid inclusions were encountered in syntaxial quartz 

overgrowths: monophase (L), biphase (L+V), and tri-phase (L+V+halite, L+V+hematite) 

inclusions. These inclusions typically occurred as isolated fluid inclusions in the dustline 

between the quartz grain and quartz overgrowth, as well as within the syntaxial quartz 

overgrowth. Biphase fluid inclusions also occurred as trails or clusters within the 

syntaxial quartz overgrowth. 
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(5) Homogenisation temperatures obtained from fluid inclusions within syntaxial quartz 

overgrowths show a wide range in individual samples, as well as throughout the 

stratigraphy of the Rumpel Lake drill core. Temperatures range from <50°C (interpreted 

from monophase fluid inclusions) to 253°C (obtained from biphase fluid inclusions). The 

maximum temperature of 253°C occurs within the Manitou Falls Formation, whereas the 

Locker Lake and Read formations show relatively cooler temperatures of ~175°C. It is 

unclear whether the maximum temperature of 253°C was experienced throughout the 

Rumpel Lake drill core and was not encountered during fluid inclusion 

microthermometry, or if it is a phenomenon exclusive to the Manitou Falls Formation. 

(6) Illite formation temperatures are relatively consistent throughout the Rumpel Lake 

drill core, and range from 220°C to 230°C, with one temperature of 251°C. The majority 

of the illite geothermometry temperatures are hotter than the homogenisation 

temperatures, with the exception of the high homogenisation temperatures within the 

Manitou Falls Formation. Comparing illite formation temperatures and pressure 

corrected homogenisation temperatures shows that an estimate of 5 km of erosion off the 

top of the Athabasca Basin is likely an over estimate, as the basin would have had to cool 

off in order to obtain lower illite formation temperatures than homogenisation 

temperatures. 

(7) Illite compositions obtained from the Rumpel Lake drill core appear to be deficient in 

iron and magnesium when compared to illite in barren and subeconomic areas, which 

may be related to the reduced amount of interactions with basement lithologies which 

would produce more iron and magnesium in the fluids, ultimately leading to the 

precipitation of chlorite.  
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(8) Three types of fluid were present within the sandstones of the Rumpel Lake drill 

core: (1) a low salinity, NaCl-dominated fluid that is sourced from a wide range of 

mixing ratios between freshwater and evaporated seawater; (2) a high salinity, NaCl-

dominated fluid that is sourced from evaporated seawater that may have been diluted by 

freshwater; and (3) a high salinity, CaCl2-dominated fluid that represents evaporated 

seawater that has leached calcium from either the Wolverine Point Formation, 

plagioclase within the Athabasca Group sandstones, or from the basement rocks below 

the unconformity. 

(9) The consistency of high temperatures throughout the Rumpel Lake drill core, coupled 

with the presence of highly saline CaCl2-dominated fluids throughout the Rumpel Lake 

drill core, indicates a convective fluid flow regime was in place for the majority of the 

diagenetic history of the Athabasca Group sandstones. 

(10) Although convective fluid flow should produce an overall thermal profile that 

shows a step-wise increase in temperatures towards the base of the sedimentary basin, 

the Rumpel Lake drill core shows a equalisation of temperatures from both fluid 

inclusion microthermometry and illite geothermometry. This phenomenon may be 

explained by a combination of fault reactivation and continued sedimentation on top of 

the Athabasca Basin. 

(11) The Wolverine Point Formation may have initially served as an impermeable barrier 

to a convection cell that developed early underneath the formation. Eventually, likely 

through alteration of the Wolverine Point Formation, a convection cell developed that 

encompassed the entire stratigraphy of the Rumpel Lake drill core. 
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(12) Fluid convection serves as a giant linkage between fluid flow in the sandstones and 

fluid flow within the basement rocks. Therefore, it is not necessary that all calcium 

leaching occurs within the basement rocks below the unconformity, rather, several 

sources can contribute calcium into the evaporated seawater. 

(13) The initiation of convection below the Wolverine Point Formation could be related 

to the formation of the earliest uranium deposits, however, the high salinity fluids 

associated with uranium mineralisation could not have entered the Athabasca Basin until 

after the oldest uranium mineralisation took place. The reason for this discrepancy is 

unclear, and requires further investigation. 
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Table A1: Sample list for rock samples collected from the Rumpel Lake drill core. 

Sample 

Number 
Depth (m) Description Member Formation 

01GC301 5.54 Light Pink Sandstone 
LLb 

Locker 

Lake 

01GC302 27.9 Light Pink Sandstone 

01GC303 54.4 Spotted Pink White Sandstone 

LLs 
01GC304 76.8 Dark Gray Siltstone 

01GC305 78.1 Light Pink Sandstone 

01GC306 103 Light Pink Sandstone 

01GC307 123.7 Mottled Sandstone 

Wc/Wb 
Wolverine 

Point 

11GC001 131 White sandstone with yellow alteration 

01GC308 144.6 Red Mottled Sandstone 

01GC309 151.2 White Pebble Sandstone 

11GC002 162.5 
White/beige sandstone with thin white 

laminae 

11GC003 172.1 White sandstone with thin white laminae 

01GC310 175.3 White Sandstone 

01GC311 176.9 Red Laminated Siltstone 

11GC004 193.2 White sandstone with C.G pink bands 

01GC312 199.9 White Sandstone 

01GC313 225.6 Purple Sandstone+Light Gray Sandstone 

11GC005 229.8 White sandstone 

01GC314 253 Light Brown Sandstone 

11GC006 254.6 White sandstone 

01GC315 258.7 Red Mudstone 

01GC316 276.8 Interbedded Red-White Sandstone 

11GC007 283.7 Clay-rich beige sandstone 

01GC317 299 Purple-Brown Sandstone 

11GC008 310.4 
White sandstone with pink band, C.G at 

bottom 

01GC318 322.2 Coarse Purple Sandstone 

11GC009 333.8 Clay-rich beige sandstone with purple band 

LZd 
Lazenby 

Lake 

01GC319 344.7 Coarse Light Purple Sandstone 

01GC320 347.5 Purple Mudstone+Green Spots 

11GC010 359.3 Clay-rich beige sandstone 

01GC321 368.2 Pebble White Sandstone 

01GC322 390.1 Mottled Purple Sandstone 

11GC011 402.3 
White/pink sandstone with little yellow 

material 

01GC323 412.4 Light Purple Sandstone 

11GC012 423.1 
Beige sandstone with purple band at the 

bottom 

01GC324 433.7 Pink/green sandstone 

11GC013 440.4 Beige sandstone with little clay material 

01GC325 462.1 White Sandstone 
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Table A1 Cont’d. 

Sample 

Number 
Depth (m) Description Member Formation 

01GC326 482.5 White Sandstone 

MFd 

Manitou 

Falls 

11GC014 482.7 Beige sandstone (two pieces) 

01GC327 507.7 White Sandstone 

01GC328 526.7 White Sandstone 

01GC329 548.3 White Sandstone 

01GC330 570.7 Purple/red sandstone 

01GC331 591.6 Purple/red sandstone 

01GC332 612.9 Purple Sandstone 

01GC333 634.6 Pink/purple sandstone 

01GC334 656.8 Pink/purple sandstone 

11GC015 658.7 Dark purple sandstone 

01GC335 678.5 Pink Sandstone 

11GC016 693.6 Pink sandstone with purple spot 

01GC336 700.7 Purple Sandstone 

11GC017 717.6 Pink sandstone with purple band 

01GC337 722.7 Pink Sandstone 

11GC018 741.4 Pink sandstone with thin curvy quartz band 

01GC338 744.3 Purple Sandstone 

11GC019 748.6 
Purple sandstone with red-purple and pink 

bands 

01GC339 766.9 Light Grey Sandstone 

11GC020 784.8 Pebbly purple sandstone with pink band 

MFc 

01GC340 788.5 Pink/Purple Sandstone 

11GC021 803.3 Purple sandstone with F.G. Bands 

01GC341 809.8 Pink/Purple Sandstone 

11GC022 828.1 Purple sandstone with dark purple lamina 

01GC342 832.1 Purple/Pink Sandstone 

11GC023 850.4 Purple sandstone with C.G. Bands 

MFw-up 

01GC343 853.4 Purple/Pink Sandstone 

11GC024 863.5 Purple sandstone with pink band 

11GC025 873.6 Purple sandstone with pink band 

01GC344 875.7 Purple Pebbly Sandstone 

11GC026 892.9 Purple sandstone with dark purple bands 

01GC345 897.3 Purple/Pink Pebbly Sandstone 

01GC346 919.6 Pink/Purple Sandstone 

01GC347 941.8 Purple/Pink Sandstone 
MFw-cr 

01GC348 963.8 Purple Pebbly Sandstone 

01GC349 986 Purple/Pink Sandstone 
MFw-s 

11GC027 987.5 Purple Sandstone with pink band 

01GC350 1008.4 Purple/Pink Sandstone MFw-lp 
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Table A1 Cont’d. 

Sample 

Number 
Depth (m) Description Member Formation 

11GC028 1020.6 Pink pebbly sandstone with beige bands 

MFw-lp 

Manitou 

Falls  

11GC029 1027.7 Beige-pink sandstone with cross-beds 

01GC351 1029.9 Light Pink/Purple Sandstone 

01GC352 1052.5 Pink Pebbly Sandstone 

01GC353 1073.8 Purple Sandstone 

01GC354 1095.8 Pink/Purple Sandstone 

11GC030 1103.4 Pink sandstone with pebbly beds 

11GC031 1110.3 Pink-beige sandstone with pebbly layer 

01GC355 1124.1 Pink/Purple Sandstone 

11GC032 1137.1 Purple sandstone with dark purple bands 

01GC356 1139.6 Purple/Pink Sandstone 

01GC357 1161.6 Grey Sandstone 

01GC358 1183.5 Purple/Pink Sandstone 

01GC359 1205.2 Pink/White Sandsstone 

MFb-l 

11GC033 1209.6 
CG pebbly purple SS with red hematite 

staining 

01GC360 1227.4 White/Pink Sandstone 

01GC361 1249.9 Pink Pebbly Sandstone 

11GC034 1264.3 Pink-beige sandstone 

01GC362 1272.5 White/Purple Sandstone 

11GC035 1275.7 Pink pebbly sandstone with purple bands 

01GC363 1293.9 Pink Sandstone 

Read Read 

11GC036 1303.1 
Pink-beige sandstone with dark pink C.G. 

Bands 

01GC364 1315.8 Light Pink Sandstone 

01GC365 1337.8 Light Pink Sandstone 

11GC037 1340.3 Pink-beige sandstone with purple band 

01GC366 1359.7 Light Pink Sandstone 

11GC038 1368.8 Beige sandstone with pink band 

01GC367 1381.4 Light Gray Sandstone 

11GC039 1388.2 Dark pink sandstone with pebbly layers 

01GC368 1403.6 Grey Sandstone 

11GC040 1408.5 Pink/beige sandstone (dipping layers) 

01GC369 1416.7 Grey/Light Pink Sandstone 

11GC041 1417 Pink/beige sandstone with pebbly layer 

01GC370 1454.2 Pink Conglomerate and Pebbly Sandstone 

01GC371 1455.7 Pink Basement Rock 
Basement 

01GC372 1478.9 Pink/White Basement Rock 
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Core Logging Sheets 

(Note: All core logging sheets can be found on the CD attached to this thesis) 



 147 

Table A2: Summary of point counting data (expressed as % of total sample) for sandstones collected from the Rumpel Lake drill core.  

Sample Information Clast Types 

FGIM 

Authigenic Phases Porosity 

Sample 
Depth 

(m) 
Formation MCQ PCQ L.F. Bio. Zirc. Tour. Quartz Illite K/D Hematite Primary Secondary 

01GC301 5.54 

Locker 

Lake 

82.8 0.8 0.0 0.0 0.0 0.0 5.2 1.2 1.6 0.4 0.0 0.8 7.2 

01GC302 27.9 84.4 0.8 0.0 0.0 0.0 0.0 2.0 2.0 2.0 1.2 0.0 2.0 5.6 

01GC303 54.4 80.8 4.4 0.0 0.0 0.0 0.0 3.6 1.6 3.4 1.8 0.0 0.8 3.6 

01GC304 76.8 68.8 0.8 4.0 0.0 0.0 0.0 20.4 2.4 0.0 2.4 3.2 0.0 0.0 

01GC305 78.1 83.6 2.8 0.0 0.0 0.0 0.0 8.8 0.4 0.8 1.2 0.0 0.0 2.4 

01GC306 103 80.4 2.0 0.0 0.0 0.0 0.0 3.6 1.2 2.8 1.2 0.0 0.4 5.2 

01GC307 123.7 

Wolverine 

Point 

52.8 4.4 0.4 0.0 0.0 0.0 16.6 0.0 15.4 5.8 4.6 0.0 0.0 

11GC001 131.0 68.4 1.2 0.0 0.0 0.0 0.0 8.8 13.2 4.6 1.0 0.0 0.0 2.8 

01GC309 151.2 60.8 2.8 0.4 0.0 0.0 0.0 12.8 8.4 2.4 1.0 0.2 0.4 10.8 

11GC002 162.5 68.0 0.4 0.0 0.0 0.0 0.0 7.6 22.0 0.2 0.4 0.2 0.0 1.2 

11GC003 172.1 68.4 1.2 0.0 0.0 0.0 0.0 10.0 18.4 0.4 0.4 0.0 0.0 1.2 

01GC310 175.3 58.0 17.6 0.0 0.0 0.0 0.0 20.8 0.8 1.8 0.6 0.4 0.0 0.0 

11GC004 193.2 76.4 4.0 0.0 0.0 0.0 0.0 5.6 12.4 0.0 0.0 0.0 0.0 1.6 

01GC312 199.9 71.6 5.2 0.0 0.0 0.0 0.0 16.6 0.8 1.9 1.9 0.0 0.0 2.0 

01GC313 225.6 70.8 4.4 0.4 0.0 0.0 0.0 19.4 0.8 1.8 1.2 0.0 0.0 1.2 

11GC005 229.8 74.4 8.0 0.0 0.0 0.4 0.0 10.4 1.6 0.4 0.4 0.0 0.0 4.4 

01GC314 253.0 71.2 0.4 0.0 0.0 0.0 0.0 13.6 3.2 0.2 1.0 0.4 2.0 8.0 

11GC006 254.6 83.6 3.2 0.0 0.0 0.0 0.0 4.8 6.8 0.0 0.0 0.0 0.0 1.6 

01GC316 276.8 48.0 3.6 0.0 3.2 0.0 0.0 14.0 0.0 9.7 18.7 2.8 0.0 0.0 

01GC317 299.0 45.2 4.0 0.4 0.4 0.0 0.0 22.4 0.0 8.8 16.4 2.4 0.0 0.0 

11GC008 310.4 66.4 0.4 0.0 0.0 0.0 0.0 4.8 26.8 0.0 0.0 0.0 0.0 1.6 

01GC318 322.2 60.8 0.8 0.0 0.0 0.4 0.0 15.6 0.0 1.0 3.0 2.4 0.0 16.0 

01GC319 344.7 
Lazenby 

Lake 
70.4 1.2 0.0 0.0 0.8 0.0 3.6 20.8 0.0 0.8 0.4 0.4 1.6 
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Table A2 Cont’d. 

Sample Information Clast Types 

FGIM 

Authigenic Phases Porosity 

Sample 
Depth 

(m) 
Formation MPQ PCQ L.F. Bio. Zirc. Tour. Quartz Illite K/D Hematite Primary Secondary 

01GC321 368.2 

Lazenby 

Lake 

67.6 5.2 0.8 0.0 0.0 0.0 17.2 0.0 0.6 2.2 0.0 0.0 6.4 

01GC322 390.1 49.2 3.2 0.4 0.0 0.0 0.0 42.6 0.0 2.0 2.6 0.0 0.0 0.0 

11GC011 402.3 76.8 3.2 0.0 0.0 0.0 0.0 9.6 7.2 1.2 0.4 0.0 0.0 1.6 

01GC323 412.4 78.8 2.4 0.0 0.0 0.0 0.0 4.8 9.2 0.0 3.2 0.0 0.0 1.6 

11GC012 423.1 73.2 4.4 0.0 0.0 0.0 0.0 3.2 15.6 1.2 2.0 0.0 0.0 0.4 

01GC324 433.7 68.8 2.0 0.0 0.0 0.0 0.0 20.8 2.4 1.6 4.0 0.0 0.0 0.4 

11GC013 440.4 74.4 2.4 0.0 0.0 0.0 0.0 3.6 18.8 0.0 0.0 0.4 0.0 0.4 

01GC325 462.1 74.4 1.2 0.0 0.0 0.0 0.0 4.0 18.4 0.2 0.2 0.0 0.0 1.6 

11GC014 482.7 

Manitou 

Falls 

71.6 3.2 0.0 0.0 0.0 0.0 6.4 15.2 0.0 0.0 0.0 0.4 3.2 

01GC327 507.7 78.8 2.0 0.0 0.0 0.0 0.0 5.6 7.6 0.4 0.8 0.0 1.2 3.6 

01GC329 548.3 80.0 3.2 0.0 0.0 0.0 0.0 3.6 8.8 1.2 0.0 0.0 0.4 2.8 

01GC330 570.7 77.2 4.0 0.0 0.0 0.0 0.0 3.6 10.0 1.2 1.8 0.2 0.0 2.0 

01GC331 591.6 82.8 0.0 0.0 0.0 0.4 0.0 6.4 6.8 1.0 0.2 0.4 0.8 1.2 

01GC332 612.9 82.8 0.8 0.0 0.0 0.4 0.0 3.6 8.8 2.0 0.0 0.4 0.0 1.2 

01GC333 634.6 78.8 2.0 0.0 0.0 0.0 0.4 7.6 9.6 0.4 0.4 0.4 0.0 0.4 

01GC334 656.8 75.6 4.4 0.0 0.0 0.0 0.0 4.4 5.2 2.4 2.8 2.0 0.4 2.8 

11GC015 658.7 83.2 3.2 0.0 0.0 0.0 0.0 4.8 7.2 0.2 0.0 0.6 0.0 0.8 

01GC335 678.5 79.2 2.8 0.0 0.0 0.0 0.0 7.2 8.4 2.0 0.0 0.0 0.0 0.4 

11GC016 693.6 80.8 5.2 0.0 0.0 0.4 0.0 0.0 3.2 0.0 0.8 0.0 0.0 3.6 

01GC336 700.7 69.6 4.8 0.0 0.0 0.0 0.0 5.6 10.8 0.8 6.4 1.2 0.4 0.4 

11GC017 717.6 82.8 5.2 0.0 0.0 0.0 0.0 3.2 5.6 0.8 0.4 0.0 0.0 2.0 

01GC337 722.7 76.0 2.8 0.0 0.0 0.0 0.0 14.8 3.2 1.2 0.8 0.0 0.0 1.2 

11GC018 741.4 76.0 5.2 0.0 0.0 0.0 0.0 4.4 6.4 1.2 4.0 0.0 0.0 2.8 
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Table A2 Cont’d. 

Sample Information Clast Types 

FGIM 

Authigenic Phases Porosity 

Sample 
Depth 

(m) 
Formation MCQ PCQ L.F. Bio. Zirc. Tour. Quartz Illite K/D Hematite Primary Secondary 

01GC338 744.3 

Manitou 

Falls 

78.4 2.4 0.0 0.0 0.0 0.0 9.2 4.8 0.4 4.8 0.0 0.0 0.0 

11GC019 748.6 72.0 11.2 0.0 0.0 0.8 0.0 5.6 4.8 0.0 0.4 1.6 0.0 3.6 

01GC339 766.9 76.0 4.0 0.0 0.0 0.0 0.0 3.2 13.6 0.0 0.8 2.0 0.0 0.4 

11GC020 784.8 58.4 25.2 0.0 0.0 0.0 0.0 4.4 4.4 0.0 0.4 0.4 0.0 6.8 

01GC340 788.5 76.4 12.4 0.0 0.0 0.4 0.0 3.2 2.4 2.0 2.0 1.2 0.0 0.0 

11GC021 803.3 74.8 12.8 0.0 0.0 0.0 0.0 4.0 3.2 0.0 0.0 0.4 0.0 4.8 

01GC341 809.8 78.0 4.4 0.0 0.0 0.0 0.0 8.8 5.6 0.0 0.0 0.4 0.0 2.8 

11GC022 828.1 74.4 9.6 0.0 0.0 0.0 0.0 4.4 6.4 0.6 0.0 0.2 0.0 4.4 

01GC342 832.1 79.2 3.2 0.0 0.0 0.0 0.0 7.6 5.6 0.0 0.4 0.4 0.0 3.6 

11GC023 850.4 76.8 13.6 0.0 0.0 0.0 0.0 6.4 1.2 0.0 0.0 0.0 0.0 2.0 

01GC343 853.4 83.6 4.0 0.0 0.0 0.0 0.0 8.8 1.6 0.2 1.4 0.0 0.0 0.4 

11GC024 863.5 70.4 17.6 0.0 0.0 0.0 0.0 2.0 5.6 0.0 0.0 0.4 0.0 4.0 

11GC025 873.6 64.4 20.4 0.4 0.0 0.0 0.0 4.4 7.6 0.0 0.0 0.4 0.0 2.4 

01GC344 875.7 70.4 11.6 0.0 0.0 0.0 0.0 5.6 7.2 0.0 0.4 2.8 0.0 2.0 

11GC026 892.9 72.8 16.8 0.0 0.0 0.0 0.0 1.2 5.6 0.4 0.0 1.2 0.4 1.6 

01GC345 897.3 74.4 8.4 0.0 0.0 0.0 0.0 7.6 2.4 1.2 2.0 3.6 0.0 0.4 

01GC346 919.6 71.6 1.2 0.0 1.2 0.0 0.0 21.2 2.0 1.2 1.6 0.0 0.0 0.0 

01GC347 941.8 74.4 5.6 0.0 0.0 0.0 0.0 4.8 11.6 1.2 2.4 0.0 0.0 0.0 

01GC348 963.8 69.6 9.2 0.0 0.0 0.4 0.0 8.0 8.4 0.4 1.6 2.4 0.0 0.0 

01GC349 986.0 73.2 9.2 0.0 0.0 0.0 0.0 8.4 7.2 0.4 0.0 0.8 0.0 0.8 

11GC027 987.5 57.2 28.4 0.0 0.0 0.4 0.0 6.0 4.4 0.0 0.0 0.4 0.4 2.8 

01GC350 1008.4 76.4 4.0 0.0 0.0 0.0 0.0 12.0 4.4 1.6 0.8 0.8 0.0 0.0 

11GC028 1020.6 47.6 36.4 0.0 0.0 0.0 0.0 4.0 5.2 0.4 0.8 0.0 0.0 5.6 
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Table A2 Cont’d. 

Sample Information Clast Types 

FGIM 

Authigenic Phases Porosity 

Sample 
Depth 

(m) 
Formation MCQ PCQ L.F. Bio. Zirc. Tour. Quartz Illite K/D Hematite Primary Secondary 

11GC029 1027.7 

Manitou 

Falls 

64.8 19.6 0.0 0.0 0.0 0.0 5.6 7.2 0.0 0.4 0.0 0.0 2.4 

01GC351 1029.9 77.2 4.4 0.0 0.0 0.0 0.0 9.2 0.4 5.2 3.6 0.0 0.0 0.0 

01GC352 1052.5 82.0 8.8 0.0 0.0 0.4 0.0 5.6 1.2 1.2 0.0 0.0 0.0 0.8 

01GC353 1073.8 76.4 7.6 0.0 0.0 0.0 0.0 11.2 2.4 0.4 1.0 1.0 0.0 0.0 

01GC354 1095.8 74.0 13.6 0.0 0.0 0.0 0.0 8.8 0.0 1.0 1.4 0.0 0.0 1.2 

11GC030 1103.4 61.6 24.4 0.0 0.0 0.0 0.0 4.4 3.6 0.2 1.0 0.4 0.0 4.4 

11GC031 1110.3 71.6 15.6 0.0 0.0 0.4 0.0 7.6 0.0 0.4 12.0 0.8 0.0 2.4 

01GC355 1124.1 64.4 18.0 0.0 0.0 0.0 0.0 6.0 0.4 1.6 2.4 5.2 0.0 2.0 

11GC032 1137.1 62.0 19.2 0.0 0.0 0.0 0.0 5.6 8.0 0.0 0.8 1.2 0.0 3.2 

01GC356 1139.6 75.6 8.8 0.0 0.0 0.0 0.0 8.8 4.4 0.0 0.4 0.8 0.0 1.2 

01GC357 1161.6 70.4 16.4 0.0 0.0 0.0 0.0 8.0 1.2 0.4 0.8 2.4 0.0 0.0 

01GC358 1183.5 67.6 14.0 0.0 0.0 0.0 0.0 9.2 4.8 0.8 1.6 0.8 0.0 1.2 

01GC359 1205.2 72.4 16.0 0.0 0.0 0.0 0.0 6.8 1.2 3.6 0.0 0.0 0.0 0.0 

11GC033 1209.6 42.8 44.0 0.0 0.0 0.0 0.0 4.0 5.2 0.0 1.2 0.0 0.0 2.8 

01GC360 1227.4 71.6 12.4 0.0 0.0 0.0 0.0 12.8 0.0 0.4 0.8 0.0 0.0 2.0 

01GC361 1249.9 67.6 17.6 0.0 0.0 0.0 0.0 8.8 1.6 0.6 3.0 0.0 0.0 0.8 

11GC034 1264.3 74.0 16.0 0.0 0.0 0.0 0.0 4.0 1.6 0.2 2.6 0.0 0.0 1.6 

01GC362 1272.5 77.6 8.8 0.0 0.0 0.0 0.0 6.8 5.6 0.8 0.4 0.0 0.0 0.0 

11GC035 1275.5 70.0 13.6 0.0 0.0 0.0 0.0 7.2 2.4 0.0 4.0 0.8 0.0 2.0 

01GC363 1293.9 

Read 

76.8 6.8 0.0 0.0 0.0 0.0 10.8 0.4 1.0 4.2 0.0 0.0 0.0 

11GC036 1303.1 69.2 14.4 0.0 0.0 0.0 0.0 4.8 7.2 0.0 3.2 0.0 0.0 1.2 

01GC364 1315.8 73.2 8.0 0.0 0.0 0.0 0.0 12.8 2.0 0.0 2.4 0.0 0.0 1.6 

01GC365 1337.8 72.4 5.6 0.0 0.0 0.4 0.0 16.4 2.0 1.2 1.2 0.0 0.0 0.8 
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Table A2 Cont’d. 

Sample Information Clast Types 

FGIM 

Authigenic Phases Porosity 

Sample 
Depth 

(m) 
Formation MCQ PCQ L.F. Bio. Zirc. Tour. Quartz Illite K/D Hematite Primary Secondary 

11GC037 1340.3 

Read 

69.2 16.8 0.0 0.0 0.0 0.0 7.2 0.4 0.8 1.2 0.0 0.0 4.4 

01GC366 1359.7 72.0 11.6 0.0 0.0 0.0 0.0 7.2 0.4 0.8 4.0 0.0 0.0 4.0 

11GC038 1368.8 72.8 16.0 0.0 0.0 0.0 0.0 0.8 0.0 0.4 7.6 0.8 0.0 1.6 

01GC367 1381.4 70.0 16.8 0.0 0.0 0.0 0.0 8.8 0.0 0.4 0.4 1.2 0.0 2.4 

11GC039 1388.2 57.6 24.0 0.0 0.0 0.0 0.0 8.0 0.0 0.4 0.4 0.8 0.0 8.8 

01GC368 1403.6 59.6 27.2 0.0 0.0 0.0 0.0 5.2 0.4 0.8 1.6 2.8 0.8 1.6 

11GC040 1408.5 72.8 16.4 0.0 0.0 0.0 0.0 1.2 0.8 0.0 6.8 1.6 0.0 0.4 

01GC369 1416.7 64.4 21.2 0.0 0.0 0.4 0.0 5.2 0.4 0.8 5.2 1.6 0.0 0.8 

11GC041 1417.0 58.8 32.8 0.0 0.0 0.0 0.0 0.4 0.0 0.4 6.0 0.0 0.0 1.6 

-Abbreviations used in the above table are as follows: Monocrystalline quartz (MPQ), polycrystalline quartz (PCQ), lithic fragments (L.F.), biotite (Bio.), zircon 

(Zirc.), tourmaline (Tour.), fine-grained interstitial material (FGIM), kaolinite/dickite (K/D). 

-Authigenic phases include all minerals resulting from precipitation, recrystallization, and replacement processes. 
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Petrographic Descriptions 
Sample: 01GC301 Depth: 5.54 Name: Quartz Wacke 

 

-The top half of the thin section has been stained 

for feldspars, the bottom half is unstained. 

-No grains were stained, matrix was slightly 

stained. 

   
General picture of the sandstone 

showing grains with long contacts 

grading towards concavo-convex 

contacts. Matrix material lines pore 

spaces and quartz grains, as well as 

replaces grains (black grain on the 

right). X10, PPL. 

Matrix in this picture mimics relict 

grain shapes before significant 

compaction occurred, indicating 

that matrix may have originated 

from the breakdown of previous 

minerals. 10X, PPL. 

A secondary pore space resulting 

from the dissolution of an unstable 

clast (relict quartz still present). 

Left over zircons are present inside 

this pore and have been coated or 

altered to a dark fine-grained 

material. 20X, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

82.8 0.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.2 1.2 1.6 0.4 0.0 0.8 7.2 

 
Petrographic Characteristics 

Quartz – Quartz ranges in size from 250µm to 885µm. Clasts are sub-angular to sub-rounded, with sub-

angular being the most common grain shape. Quartz has been variably dissolved in this thin section, with 

matrix material filling in the residual space.  

FGIM – FGIM commonly lines pore spaces where grain dissolution has occurred, outlining the shape of 

the previous clasts. FGIM in-fills partially dissolved clasts. FGIM also shows the outlines of previous 

clasts in between quartz clasts. Minor amounts of oxides are associated with FGIM, and have been 

interpreted as Fe- and Ti-oxides. 

Cements - Syntaxial quartz cement is the most common cement, and occurs on quartz grains. Illite cement 

occurs as thin needles growing in secondary pore spaces. Kaolinite/dickite cement occurs as blocky sheafs 

growing in secondary pore spaces. 

Porosity- The main type of porosity in this thin section is secondary porosity, which is formed via the 

complete dissolution of previous framework grains, the partial dissolution of quartz grains, and the partial 

dissolution of matrix. Minor amounts of small zircons are left inside secondary pore spaces. 

Replacement/Recrystallisation – FGIM has been recrystallized into illite in this thin section. Some 

framework grains have been completely replaced by illite. 

Compaction – Contacts range from long (most common) to concavo-convex (less common), which 

indicates medium to high compaction. 

Structures – There are no sedimentary structures in this thin section. 

 
Additional Comments 

Zircons are being included inside quartz grains, and there was one grain which contained a yellow stained 

bleb (k-spar?). 
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Sample: 01GC302 Depth: 27.9 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. Matrix was stained slightly 

pink. 

  

 

Illite cement (top right) has almost 

completely filled in secondary pore 

space. X10, XPL. 

Open secondary pore that is lined 

with FGIM. Within the FGIM, 

small zircons are present with a 

much larger one at the bottom of 

the pore space.  X20, PPL. 

Extreme quartz dissolution 

occurring on quartz grains and 

cement. Resultant pore spaces are 

in-filled with illite needles. X10, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

84.4 0.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

2.0 2.0 2.0 1.2 0.0 2.0 5.6 

 

Petrographic Characteristics 

Quartz –Quartz size ranges from 114µm to 1060µm. Quartz clasts are sub-angular to sub-rounded, with 

sub-angular being the most common grain shape. Quartz clasts have undergone variable dissolution, which 

is generally in-filled with illite cement and minor amounts of FGIM. Quartz clasts contain small inclusions 

of zircon, biotite (?), and K-feldspar (?). 

FGIM – FGIM in-fills the pore spaces left between clasts, as well as in-fills the secondary pores that have 

been formed from the dissolution of quartz and quartz overgrowths. FGIM is partially associated with illite 

and kaolinite/dickite. FGIM contains tiny zircons within it, as well as Fe-O and Ti-O phases. 

Cement – Syntaxial quartz overgrowth is the most common cement in this thin section and occurs on 

quartz clasts. Quartz overgrowths have been variably dissolved. Illite occurs as well formed needles in 

secondary pore spaces. Kaolinite/dickite occurs as blocky sheafs in secondary pore spaces, and is 

intergrown with illite in some cases. Illite and kaolinite/dickite are associated with FGIM. 

Porosity – Secondary porosity is the most common type of porosity in this sample, and has been formed 

by partial grain dissolution and matrix dissolution. Some of the porosity has been partially or entirely in-

filled by either FGIM or illite cement or kaolinite/dickite cement. 

Replacement/Recrystallization – FGIM has been variably recrystallized into illite, and to a lesser extend 

kaolinite/dickite. Previous non-quartz clasts have been replaced by a mixture of illite and kaolinite/dickite.  

Compaction – The main type of grain contact is long contact (most common) to concavo-convex contact 

(less common). This indicates medium to high amounts of compaction. 

Sedimentary Structures – Small stylolites are present in this thin section, with high crystallinity illite in 

between the sutured contacts. 

 

Additional Comments 

Illite again seems to be underestimated in the point counting percentages, as it should not be equal to the 

amount of kaolinite in the slide. 
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Sample: 01GC303 Depth: 54.4 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Illite cement intergrown with 

matrix material (center). Complete 

grain replacement by illite is 

shown on the bottom left. Illite also 

grows into open pore spaces (top 

left). X10, XPL. 

Stylolite that contains high 

interference colour illite. Highly 

embayed quartz grains (right) are 

typically always present with the 

stylolites. X10, XPL. 

Tiny zircons(?) coated by a dark 

brown fine-grained material inside 

a P+S pore space. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

80.8 4.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.6 1.6 3.4 1.8 0.0 0.8 3.6 

 

Petrographic Characteristics 
Quartz – Quartz is both polycrystalline and monocrystalline in this sample, with the larger clasts being polycrystalline 

and the smaller clasts being monocrystalline. Grain size is extremely variable in this sample, ranging from 205µm to 

2223µm. Quartz clasts have been variably dissolved on their boundaries. Some quartz grains have red hematite rims on 

them. In some cases the hematite is right on the edge of the clast, in other cases it lies in the dustline between the clast 

and the overgrowth. 

FGIM – FGIM in this sample occur as small pockets of brown material that surrounds tiny zircons. FGIM is 

occasionally associated with illite. 

Cements – Illite cement is the most common cement in this sample, which occurs as well formed needles in the pore 

spaces between quartz grains. Kaolinite/dickite occurs intergrown with illite as well as on its own in the pore spaces in 

between quartz grains. Syntaxial quartz overgrowths occur as small narrow growths on quartz clasts (which may or 

may not be separated by red hematite). Quartz cements have been variably dissolved in most cases in the thin section. 

Porosity – The majority of the porosity in this thin section is secondary porosity which was formed via partial 

dissolution of clasts.  

Replacement/Recrystallisation – Rare grain replacement by kaolinite/dickite (?) is present in this thin section. FGIM 

has partially recrystallized to illite in this thin section. Whole grain replacement by illite is also present in this thin 

section. 

Compaction – Grain contacts range from long (majority) to concavo-convex (minor). This indicates a medium to high 

amount of compaction. 

Sedimentary Structures – This thin section has a pebbly thin bed (according to Boggs) in the middle of the thin 

section. There are several stylolites developed in this thin section, and are filled with a high crystallinity illite. 

 

Additional Comments 

This thin section contains abundant illite, which makes it an excellent candidate for illite geothermometry.  

There are rare grains of muscovite in this thin section. 
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Sample: 01GC304 Depth: 76.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. The FGIM was stained 

pink. 

   
General nature of the sandstone, 

showing both metallic and red 

hematization within the matrix 

material and a large amount of 

FGIM between the quartz clasts. 

X10, PPL. 

Large replaced grain by a 

combination of clay minerals and 

dusty FGIM. Metallic hematite 

cement has been recrystallized 

from the FGIM. X20, PPL. 

Large sheaf of kaolinite surrounded 

by quartz grains and hematite 

cement. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

68.8 0.4 0.0 4 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

20.4 2.4 0.0 2.4 3.2 0.0 0.0 

 

Petrographic Characteristics 
Quartz – Quartz ranges in size from 285µm to 763µm (with the smaller grain sizes being much more dominant). Quartz is sub-
angular to sub-rounded, with sub-rounded being the more abundant clast shape. In general, quartz clasts are not heavily dissolved and 

remain intact.  

Lithic Grains – Lithic grains in this thin section are heavily altered to clay minerals and extremely dusty. Lithic grains range in size 
from 250.8µm to 307.8µm. In most cases lithic grains are severely altered to the point where grain boundaries become 

unrecognizable. Lithic grains are metamorphic in origin, with several mica minerals being observed (altered to clays in most cases). 

Some grains that are severely altered were interpreted as lithic grains, but their origin is obscured by the alteration. 
FGIM – FGIM in this thin section separates the majority of the quartz grains from having contact with each other. The majority of 

FGIM in this sample is likely detrital in origin. 

Cement – The most abundant cement in this sample is hematite, which occurs as lamina in this sample. Hematite occurs as both red 
and purple hematite, with purple hematite occurring as either larger blocks of cement or speckled throughout the matrix. Red hematite 

is also present as well formed crystals. Kaolinite/dickite in this thin section forms blocky kaolinite/dickite books and occurs in 

between quartz grains. Syntaxial quartz overgrowth is quite rare in this thin section but is observed on quartz clasts. 
Porosity – There is no observable porosity in this thin section. 

Replacement/Recrystallisation – Although never encountered during point counting, recrystallization from FGIM into clay minerals 

has occurred, but is rare. Also, no cross-cutting relationships exist to show that kaolinite/dickite cements were a result of 
recrystallization from FGIM. Kaolinite/dickite replaces some clasts in this sample, however it is difficult to tell the difference 

between this phenomenon  and detrital kaolinite. 

Compaction –Grain contacts range from point contact (majority) to long contact (minor). This indicates a low amount of 
compaction, although this is skewed by the large amount of matrix holding the grains apart from each other. 

Sedimentary Structures – There are possibly relict heavy mineral bands in this thin section, which have been recrystallized into 

hematite cement. 

 

Additional Comments 

Rare zircon, muscovite, and tourmaline grains are present in this sample. 
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Sample: 01GC305 Depth: 78.1 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. FGIM 

was stained pink. 

   
Secondary pore space that contains 

relict FGIM, relict pieces of quartz, 

and two zircons. X20, PPL. 

Quartz grain that has been 

dissolved into two pieces and in-

filled with FGIM and small 

zircons. Dissolution on other 

quartz grains have also occurred. 

X20, XPL. 

One grain (left) that has been 

replaced by illite. A large pore 

space (right) that is filled with 

illite. The pore space may have 

been a grain initially. X10, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

83.6 2.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 0.4 0.8 1.2 0.0 0.0 2.4 

 

Petrographic Characteristics 

Quartz – Quartz ranges from 228µm to 1539µm in size, and is sub-angular to sub-rounded (most 

common) in this sample. Quartz has been heavily dissolved in this sample. The dissolution occurs both 

outside the quartz clast as well as inside the quartz clast. 

FGIM – FGIM in-fills secondary pore spaces that are left behind from quartz dissolution, as well as in-

fills primary porosity. FGIM is occasionally associated with illite and zircon in this sample. FGIM lines 

the outside edges of secondary pores that were formed via whole grain dissolution.  

Cement – Syntaxial quartz overgrowths are present in this section and occur on quartz clasts. Illite cement 

occurs as thin needles in secondary pore spaces and is associated with FGIM. Rare blockly 

kaolinite/dickite is present in secondary pore spaces as well. 

Porosity – All porosity in this sample is secondary. Porosity has developed due to  partial grain 

dissolution, and FGIM dissolution. Primary pores are mainly in-filled with FGIM. 

Replacement/Recrystallisation – Recrystallisation of illite and kaolinite/dickite from FGIM is common 

in this sample, and can be seen in the secondary pores of the sample. Some mineral grains have been 

replaced by an illite/other clay mixture.  

Compaction – Grain contacts range from long contact (majority) to concavo-convex contacts (minor). 

This indicates medium to high amounts of compaction. 

Sedimentary Structures – There are stylolites in this thin section. 

 

Additional Comments 

I believe there are stylolites in this thin section, as I have seen several grains that have a sutured dissolved 

grain boundary and a large amount of FGIM beside it. However, they do not appear like the stylolites I 

have seen previously, so I am not sure. There are a few detrital zircon grains in this sample as well as 

tourmaline. 
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Sample: 01GC306 Depth: 103 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Zircons in-filling a secondary pore 

space that was created via quartz 

overgrowth dissolution. X20, PPL. 

Quartz dissolution which has been 

subsequently in-filled by illite 

cement. X20, XPL. 

Quartz dissolution which has been 

subsequently in-filled by FGIM. 

X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

80.4 2.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.6 1.2 2.8 1.2 0.0 0.4 5.2 

 

Petrographic Characteristics 

Quartz – Quartz size ranges from 114µm to 832µm, with the larger grain size dominating this sample. 

Quartz clasts are variably dissolved on their grain boundaries, but it is not as extreme as previous samples.  

FGIM – FGIM occurs as fine grained brown coloured material in the primary pore spaces between quartz 

grains. FGIM in this sample is partially associated with zircon, in which case the majority of the FGIM has 

been dissolved and the rest outlines a secondary pore with the zircon still intact. FGIM is occasionally 

associated with illite and kaolinite/dickite. 

Cement – Syntaxial quartz overgrowths are the most common type of cement and occurs on quartz clasts. 

The quartz overgrowths have been variably dissolved leaving behind secondary porosity. Illite cement 

occurs as well formed needles in secondary pore spaces and is intergrown with kaolinite/dickite cement. 

Kaolinite/dickite cement is associated with illite cement and forms long fibres that surround illite needles. 

Porosity – Secondary porosity is the most common porosity type in this thin section, and is formed via the 

the partial dissolution of grains, the partial dissolution of quartz overgrowths, and the dissolution of matrix 

material.  

Recrystallisation/Replacement – Minor recrystallization of FGIM to illite has occurred in this thin 

section, but due to the very small size of the illite needles it is not shown in the point counting percentages. 

Whole grain replacement by illite is also present in this sample. 

Compaction – Grain contacts range from long (majority) to concavo-convex (minor). This indicates a 

medium amount of compaction beginning to grade towards higher amounts of compaction. 

Sedimentary Structures – Stylolites are present in this thin section. 

 

Additional Comments 

There are needles of a high interference colour mineral in this thin section, which I would interpret to be 

illite. The needles are thick and have second order yellow-pink colours. 
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Sample: 01GC307 Depth: 123.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
General features of this sample, 

showing hematite replacement of 

previous grains, and a large 

abundance of FGIM. Quartz grains 

are dissolved on their grain 

boundaries. X20, PPL. 

Grain replacement by an unknown 

clay mineral, with relict quartz still 

inside the grain. FGIM has been 

recrystallized into kaolinite and 

minor illite. X20, XPL. 

Hematite cement in between quartz 

clasts, which is in association with 

FGIM. Hematite also in-fills 

dissolution vugs that have formed 

on the quartz grains. X20, PPL 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

52.8 4.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

16.6 0.0 15.4 5.8 4.6 0.0 0.0 

 

Petrographic Characteristics 
Quartz – Grain size ranges from 114µm to 467µm with a semi-even distribution of different grain sizes. Quartz grains 

are sub-angular to sub-rounded with the majority being sub-rounded. Quartz grains have been slightly dissolved on 

their grain boundaries, but not as severely as previous samples. On rare occasions large embayments are present in the 

quartz grains from dissolution. 

Lithic Grains – Rare lithic grains are present in this thin section and have been almost completely altered to clays 

such as illite. Grain size is ~182µm for the few lithic grains found.  

FGIM – FGIM in this sample is sometimes difficult to discern from other clay minerals due to extensive 

recrystallization of previous grains. FGIM in this section is muddy interstitial material that can still be seen between 

relict grain boundaries. FGIM is mainly associated with illite in this thin section via recrystallization.  

Cement – Illite and kaolinite/dickite cements are formed via the complete recrystallization of FGIM. Illite in this 

sample forms thick needles that are intergrown with kaolinite/dickite. Kaolinite/dickite forms coarse books that are 

intergrown with the illite. There are rare quartz overgrowths in this thin section that are quite small in size. 

Recrystallization/Replacement – The most common replacement in this thin section is feldspars and lithic fragments 

being replaced by illite and fine grained illite and kaolinite/dickite. Relict grain shapes can be seen with the replaced 

grains. FGIM has also been recrystallized into a mixture of kaolinite/dickite and illite. Hematite replaces grains in this 

thin section and is also present in the matrix as mixture of red and purple hematite (with purple being much less 

common). 

Compaction – Grain contacts in this sample range from point contact (majority) to long contact (minor). The contacts 

observed are between quartz grains, and may be skewed with the large amount of clays that are in between the quartz 

grains. 

Sedimentary Structures – No sedimentary structures are observed in this thin section. 

 

Additional Comments 

The mica grains in this thin section are likely biotite (altered to chlorite), as they are mildly pleochroic and 

have a green-brownish colouration to them.  
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Sample: 01GC308 Depth: 144.6 Name: Mudstone 

 

-This thin section was not stained for feldspars. 

   
Grain of microcline inside a 

reduction spot in this sample. X10, 

XPL. 

(From right to left) a zone of 

recrystallized coarse hematite to 

regular mudstone that contains 

hematite stained clay and clasts 

with minor hematite lenses. X10, 

PPL. 

(From right to left) a zone of 

recrystallized clay and hematite 

stringers to a reduction spot that is 

earlier than the recrystallization to 

regular mudstone. X10, XPL. 

 

Point counting not completed due to the fine-grained nature of the mudstone 

 

Petrographic Characteristics 

Quartz (4%) – Quartz in this sample is quite small, ranging in size from 14.3 µm to 114µm and is angular 

(most common) to sub-angular in shape. Most of the quartz is monocrystalline, with few clasts being 

polycrystalline. 

Muscovite (1%) – Muscovite occurs as small (14.3µm to 285µm in length) laths. These laths tend to be 

unbroken and remain relatively intact with little to no alteration observed. 

Microcline (<1%) – Occurs as small angular clasts approximately 75 to 150 µm in size. 

Clay (91%) – The mud that comprises the majority of this sample is made up of fine grained clays that are 

intergrown with each other. Hematization of the sample has masked the majority of the clays with a red 

staining, whereas the white reduction spots shows the clays unstained. Clays are bedded along a bedding 

plane. 

Hematite (4%) – Hematite staining on the clays occurs in the majority of this sample accept where there 

reduction spots are. Hematite, in general, is red hematite.  

Porosity (1%) – Porosity in this sample is secondary and occurs mainly in the reduced spots in this 

sample. Porosity results from the dissolution of clays in this sample. 

Sedimentary Structures – There are no sedimentary structures in this sample. 

 

Additional Comments 
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Sample: 01GC309 Depth: 151.2 Name: Quartz Wacke 

 

-The top half of the thin section has been stained 

for feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Fine grained kaolinite and illite 

matrix and minor FGIM, which is 

representative of the majority of 

the sandstone. X10, XPL. 

Coarse grained kaolinite cement 

recrystallized from fine grained 

kaolinite that is interstitial between 

clasts. X20, XPL.  

Grain replacement by FGIM and 

fine grained hematite. The outer 

rim is composed of coarse grained 

FGIM and v. small quartz grains, 

and the inside is composed of 

FGIM. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

60.8 2.8 0.0 0.4 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

12.8 8.4 2.4 1.0 0.2 0.4 10.8 

 

Petrographic Characteristics 
Quartz – Quartz in this thin section ranges in size from 114µm to 1225.5µm. Grains are sub-rounded to rounded, with sub-rounded 
being the most abundant grain shape. Dissolution of quartz grain boundaries has occurred in this sample, however it is not extreme. 

Quartz is both polycrystalline and monocrystalline, with monocrystalline being the most common. Hematite staining occurs on 

random quartz grains, most commonly polycrystalline quartz. Thin clay rims line the outer edges of some quartz grains in this thin 
section as well. 

Lithic Grains – Lithic grains in this sample are metamorphic in origin and are composed of micaceous minerals (most likely 

muscovite). Lithic grains ranges in size from 250.8µm to 364.8µm.  
FGIM – FGIM in this sample occurs as muddy patches in the secondary pore spaces in the sample. FGIM is also produced via the 

breakdown of unstable grains. FGIM also outlines secondary pores where grains used to be before dissolution. 

Cement – Syntaxial quartz overgrowths is the most common type of cement, and occur on quartz grains. Quartz overgrowths are less 
abundant when the quartz is next to FGIM or clay replacement. Illite cement forms a very minor proportion of total cement, and 

forms well-formed needles in association with matrix. 

Porosity – Secondary pores are extremely large in this sample and were formed via the dissolution of several components such as 
grains and FGIM. In some cases, floating grains are seen inside the secondary pore. Smaller secondary pores are the result of partial 

grain dissolution as well as the partial dissolution of recrystallized grains (“clay grains”).  

Recrystallisation/Replacement – Whole grain replacement of grains is present in this sample, as they retain their original rounded 
grain shape and size but are composed of mainly illite. FGIM has also been, in most cases, completely recrystallized into fine grained 

illite and kaolinite.  

Compaction – Grain contacts range from point contact (minor) to long contact (majority) to local concavo-convex contacts (minor). 
This indicates a medium amount of compaction, grading towards higher degrees of compaction. The assessment of grain contacts 

may be skewed due to the large amount of matrix material present. 

Sedimentary Structures - There are no sedimentary structures present in this sample. 

 

Additional Comments 

Zircon grains were spotted in this thin section. 
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Sample: 01GC310 Depth: 175.3 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
General picture of the sandstone, 

showing high amounts of FGIM 

almost separating quartz clasts 

from contact. Hematite is minor 

within the FGIM. X10, PPL. 

Mid-stage alteration of a 

micaceous mineral (likely biotite) 

in which the form of the mineral is 

semi-preserved but it has been 

entirely replaced by clay minerals. 

X10, PPL. 

Biotite grain that has been slightly 

squished due to compaction. Minor 

alteration along cleavage plains has 

occurred. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

58.0 17.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

20.8 0.8 1.8 0.6 0.4 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Ranges in size from 102.6µm to 661.2µm. Quartz is both polycrystalline and monocrystalline. 

Grain shape is sub-angular to sub-rounded to rounded, with sub-rounded being the most common. 

Dissolution has occurred on quartz grain boundaries. 

FGIM – FGIM is composed of muddy fine grained material that separates quartz grains from contact. 

Matrix commonly overprints or is a result of alteration of previous grains. 

Cement – Small syntaxial quartz overgrowths occur on quartz grains where grains are tightly packed 

together with little FGIM material surrounding them. Hematite cement is also present in minor quantities 

within the FGIM. 

Recrystallisation/Replacement – Grains (lithic fragments and others) have been replaced by a mixture of 

illite and FGIM. 

Compaction – Grains in this thin section are generally not in contact with each other due to the high 

amount of FGIM in between them. When grain contact is observed it is point (minor) to long (majority), 

indicating a low to medium amount of compaction. 

Sedimentary Structures - No sedimentary structures are present in this sample. 

 

Additional Comments 

Biotite is being altered to a fine grained clay mineral which I cannot identify. Some clasts are being altered 

to an unidentifiable fine grained clay. 
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Sample: 01GC311 Depth: 176.9 Name: Mudstone 

 

-This thin section was not stained for feldspars. 

   
Clay rich, relatively un-hematized 

part of the mudstone, with quartz 

and muscovite clasts inside a fg 

clay matrix and hematite lenses 

parallel to bedding. X10, PPL. 

Dirtier part of the mudstone. 

Hematite staining on the clay 

matrix is more common. Clast 

composition is mainly quartz with 

minor muscovite. X10, PPL. 

Dirtiest part of the mudstone. Very 

large red hematite lenses dominate 

the layer with minor clay matrix 

and very minor clastic material 

(may have been overprinted by the 

hematite). X10, PPL. 

 

Point counting not completed due to the fine-grained nature of the mudstone 

 

Petrographic Characteristics 

Quartz (5%) – Occurs as small, ~114µm sized grains in a clay/mud matrix. Quartz is sub-angular to sub-

rounded, with sub-angular being the most common grain shape. 

Clay (92%) – Occurs between the quartz clasts, is extremely fine grained, and has been variably 

hematized. A darker brown mud also lines fractures. 

Hematite (3%) – Hematized bands that outline the primary bedding occur frequently in this sample and 

give the mud its reddish colour.  

Sedimentary Structures – There are no sedimentary structures present in this sample. 

 

Additional Comments 
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Sample: 01GC312 Depth: 199.9 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
General shot of the thin section, 

showing the clay rich nature of the 

sample. Grain replacement by 

clays is shown in the top left part 

of the photo. X20, PPL. 

Micaceous mineral replaced by 

illite(?) and kaolinite, which is 

being altered to FGIM. The 

mineral has been skewed due to 

compaction. X20, XPL. 

Micaceous mineral that has been 

completely replaced by 

kaolinite/dickite. Mineral 

replacement by clays is a common 

feature in this thin section.X10, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

71.6 5.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

16.6 0.8 1.9 1.9 0.0 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 79.8µm to 535.8µm. Quartz is sub-rounded to rounded in this thin 

section, with sub-rounded being the most common grain shape. Quartz grain boundaries are dissolved in 

this thin section and generally in-filled with matrix or clay minerals. 

FGIM – FGIM is composed of fine grained muddy material that separates the majority of quartz grains 

from contact, and is also an alteration phase for some of the grains in the thin section. 

Cement – The most common cement in this thin section is kaolinite/dickite, which forms blocky crystals 

that infill the space between grains. Kaolinite/dickite cement is occasionally associated with FGIM. Illite 

cement and syntaxial quartz overgrowths are relatively rare. Illite occurs as well formed needles pointing 

towards the center of secondary pores. Quartz overgrowths occur in rare instances on grains that are not in 

contact. 

Porosity – All porosity in this thin section is secondary, and occurs via dissolution of FGIM and previous 

framework grains. 

Recrystallisation/Replacement – Previous grains have been completely replaced by illite and 

kaolinite/dickite. Lithic grains that contain muscovite have been partially to completely replaced by illite 

and kaolinite/dickite. 

Sedimentary Structures – There are no sedimentary structures present in this thin section. 

 

Additional Comments 

Several altered muscovite grains are observed in this thin section which have mainly been replaced by illite 

or altered to FGIM. It is unclear why some grains are replaced by illite while others are altered to matrix 

material. Rare zircon and tourmaline clasts are present in this thin section. There are a large amount of clay 

replaced grains in this thin section. The micaceous minerals in this thin section are more likely to be biotite 

as they are retaining a green to clear pleochroism. 
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Sample: 01GC313 Depth: 225.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
General shot of the sandstone. 

Dark FGIM occurs interstitially 

between grains. Grain replacement 

(middle) is observed in this thin 

section and is replaced by FGIM 

and clay minerals. Replaced 

micaceous minerals are also 

common. X10, PPL. 

Micaceous mineral that has been 

altered to fine grained clays and 

stained by hematite. The grain 

retains some of its previous shape, 

and has been affected by 

compaction. X20, XPL. 

Muscovite grain that has been 

heavily bent due to compaction 

between quartz grains. This 

muscovite is unaltered. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.8 4.4 0.0 0.4 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

19.4 0.8 1.8 1.2 0.0 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 57µm to 752.4µm. Quartz is sub-rounded to rounded in this thin 

section, with sub-rounded being the most common grain shape. Quartz grains are variably dissolved on 

their boundaries. These embayments are consequently in-filled by FGIM. 

Lithic – Lithic grains are approximately 399µm in size, and are metamorphic in origin. Moderately green 

pleochroic biotite is the main mineral in these clasts. 

FGIM – FGIM in this sample is a very fine grained mud material that separates most quartz grains from 

contact. FGIM in-fills secondary pore spaces that are a result of partial grain dissolution. 

Cement – Kaolinite/dickite is the most common cement in this thin section and occurs as small blocky 

aggregates in between quartz grains. Syntaxial quartz overgrowths are less common and have been 

variably dissolved in most cases. Illite cement occurs as fine grained fibrous aggregates in between quartz 

grains and is associated with FGIM. 

Porosity – All porosity in this thin section is secondary porosity due to partial grain dissolution, as well as 

FGIM dissolution. 

Recrystallisation/Replacement – Grains have been replaced by FGIM in this sample. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

The dissolution phenomenon is quite rare in this thin section to the point where I am not sure if it is 

dissolution or if it is just damage due to grain erosion. Rare tourmaline and zircon grains are present in this 

thin section. There appears to be a quartz grain with a piece of plagioclase included within it (stained 

pink). 
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Sample: 01GC314 Depth: 253 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Large amounts of porosity (black) 

in between quartz clasts in this 

sample. Much of this porosity is 

primary, which has been further 

augmented by secondary porosity 

forming processes. X20, XPL. 

Muscovite grain that has been 

slightly bent due to compaction 

and altered to FGIM along its 

cleavage. X20, PPL. 

Small cluster of zircons in between 

quartz clasts that have been coated 

with FGIM. X40, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

71.2 0.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

13.6 3.2 0.2 1.0 0.4 2.0 8.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 102.6µm to 843.6µm. Quartz grains are sub-rounded to rounded, with 

rounded being the most common grain shape. Quartz grain boundaries have been slightly dissolved, which 

has been either in-filled by matrix or clay minerals. 

FGIM – FGIM is composed of fine-grained muddy material which occurs in the pore spaces between 

grains or outlining relict grain boundaries. Small zircons are seen in the FGIM, and hematite is associated 

with FGIM in this sample. 

Cement – Syntaxial quartz overgrowths is the most common cement in this thin section, and has been 

variably dissolved. Hematite rarely occurs as cement in this thin section. 

Porosity – The majority of the porosity in this sample is secondary porosity, and is formed via partial 

grain dissolution as well as dissolution of FGIM.  

Recrystallisation/Replacement – Relict grains have been completely replaced by illite. FGIM has been 

recrystallized into kaolinite/dickite. 

Compaction – Grain contacts range from point contact (minor) to long contact (majority). This indicates a 

low to moderate amount of compaction. 

Sedimentary Structures – This thin section is very thinly bedded (according to Boggs) with a pebbly 

layer. 

 

Additional Comments 

This thin section contains more hematite than the point counts let on, but is small and contained in the 

FGIM.  There is siderite cement in this thin section. Rare tourmaline and muscovite grains are present in 

this thin section. 
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Sample: 01GC315 Depth: 258.7 Name: Mudstone 

 

-This thin section was not stained for feldspars. 

   
Clean part of the mudstone with 

lots of clay matrix (mainly 

composed of illite) and quartz 

clasts. Hematite lenses occur 

parallel to bedding. X10, PPL. 

Dirtier part of the mudstone with 

reduction spots. Hematite occurs as 

blocky chunks instead of lenses in 

the dirtier part. X10, PPL. 

Zone of recrystallization/de-

hematization. Clay matrix has been 

recrystallized into fine-grained 

illite. X10, XPL. 

 

Point counting not completed due to the fine-grained nature of the mudstone 

 

Petrographic Characteristics 

Quartz (10%) – Quartz forms very small, ~114µm framework grains in this thin section. Quartz grains 

that have a long axis are oriented parallel to bedding. Quartz is sub-angular to sub-rounded, with sub-

angular being the most common grain shape. 

Muscovite (1%) – Muscovite forms small, ~102.6µm framework grains in this thin section. In general, 

muscovite grains long axis is oriented with bedding. Muscovite grains are lath shaped in this thin section. 

Muscovite grains have been altered to muddy material in this thin section. 

Clay (84%) - Muddy material in this thin section is light beige and extremely fine grained. Clay minerals 

are present as possible recrystallization products from this mud. Clays are bedded in this thin section along 

a bedding plane. 

Hematite (5%) – Thin discontinuous hematite laminations are present in this thin section as well as 

hematized sections of clay. Hematite laminations follow primary bedding. Hematite spots in this thin 

section show hematite replacement of quartz grains and hematite staining of clay minerals. 

Sedimentary Structures – There are no sedimentary structures present in this sample. 

 

Additional Comments 
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Sample: 01GC316 Depth: 276.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Clay cementation patterns in this 

sample. Illite cement seems to 

outline relict quartz grain 

boundaries pre-dissolution. Within 

the confines of the illite cement, 

FG kaolinite and porosity occurs 

likely as a recrystallization of 

matrix material. X20, XPL. 

Partial replacement of a grain by 

clays, hematite, and FGIM with 

relict quartz still remaining.. X20, 

PPL. 

Replacement of grains by a 

mixture of clays (illite and 

kaolinite/dickite?). It is unclear 

whether these clasts were replaced 

during diagenesis or were 

deposited as clay clasts. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

48.0 3.6 0.0 0.0 3.2 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

14.0 0.0 9.7 18.7 2.8 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 91.2µm to 524.4µm. Quartz is sub-angular to sub-rounded to 

rounded, with sub-rounded being the most common grain shape.  

Biotite – Biotite occurs as wavy laths approximately 558.6µm to 820.8µm in length. Biotite is weakly to 

moderately pleochroic (beige to dark green). Biotite laths have been distorted by compaction of quartz 

grains. Biotite undergoes replacement by clay minerals in this thin section. 

FGIM – FGIM is in between the clasts and generally occurs between rims of illite on the quartz grain. 

Hematite is also present in FGIM in certain spots of the thin section. 

Cement – Illite and kaolinite/dickite cements are generally quite rare, although do occur intergrown with 

FGIM. Illite occurs as fibrous formed needles and kaolinite/dickite occurs as small fibrous clusters 

intergrown with illite. Hematite cement occurs as large amorphous pieces of cement. 

Recrystallisation/Replacement – Large amounts of kaolinite/dickite and illite have replaced previous 

FGIM and framework grains in this thin section. Hematite also replaces grains in this sample. 

Compaction – Quartz grain contacts display point contact (majority) to long contact (minor), indicating 

low amounts of compaction grading towards medium amounts of compaction. Grain contacts may be 

skewed by the large amount of clay in the sample. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are rare tourmaline grains in this thin section. This sample has the most biotite that I have seen out 

of any thin section. At first I thought there was dissolution on quartz grains, but after looking at other 

samples, I think the embayments in this sample are due to erosion. 
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Sample: 01GC317 Depth: 299 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Heavy mineral band in the top part 

of the thin section (b). The band is 

composed of rutile and zircons, 

with FGIM separating the grains 

from contact. X20, PPL. 

Band of micaceous minerals and 

quartz. Micaceous minerals have 

been completely replaced by clays 

in most cases (some relict biotite 

still exists as pleochroic green 

laths). Partial hematization of the 

mica minerals has taken place. 

X10, PPL. 

Clay cementation pattern in the 

sandstone. Fibrous illite lines the 

grain boundaries of quartz grains, 

and kaolinite in-fills the interstitial 

pore space (likely through 

recrystallization). X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

45.2 4.0 0.0 04 0.4 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

22.4 0.0 8.8 16.4 2.4 0.0 0.0 

 

Petrographic Characteristics 
Quartz – Quartz ranges in size from 57µm to 581.4µm. Quartz is sub-rounded to rounded, with the most common 

grain shape being sub-rounded.  

Lithic Grains – Lithic grains are metamorphic in origin and contain muscovite. Lithic grains are ~228µm in size and 

are beginning to alter to a fine grained mud material. 

Zircon – Zircons are present in bands as well as individual framework grains in this thin section, and have been 

variably altered/replaced by a dark fine-grained mud material. Zircons range in size from 79.8µm to 228µm.  

Biotite – Occurs as in bands as distorted laths 136.8µm to 250.8µm in length. Biotite has been altered in most cases to 

clay minerals.  

FGIM – Occurs as fine-grained low interference colour clays in between quartz grains. FGIM is generally outlined by 

a rim of another clay (mainly illite). 

Cement – Kaolinite/dickite and illite cements are common in this thin section and occur between clasts as fine-grained 

intergrowths. Hematite cement occurs discontinuously in between clasts as large chunks of red hematite.  

Recrystallization/Replacement – Clasts are being replaced by hematite in this thin section. Some clasts are being 

replaced by fine-grained illite and kaolinite/dickite, as well as FGIM. 

Compaction – Grain contacts range from point contact (majority) to long contact (minor), indicating low amounts of 

compaction grading to moderate amounts of compaction. The amount of FGIM might be skewing grains contacts. 

Sedimentary Structures – This thin section contains heavy mineral lamina. 

 

Additional Comments 

This thin section contains several heavy mineral bands. The thin section is somewhat similar to the last one 

with the clay cementation patterns, but does not contain as much biotite. 
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Sample: 01GC318 Depth: 322.2 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Nature of the clay cement in this 

sample. Unlike previous samples, 

this does not contain fibrous illite 

lining quartz grains. Two 

secondary pores (grain dissolution) 

occur at the top of this picture. 

X20, XPL. 

Quarts overgrowth that has been 

inhibited by hematite cement. X20, 

XPL. 

Muscovite grain that has been 

completely replaced by clay. 

Pressure solution on the right side 

of the grain has occurred due to 

increasing amounts of compaction. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

60.8 0.8 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

15.6 0.0 1.0 3.0 2.4 0.0 16.0 

 

Petrographic Characteristics 
Quartz – Quartz ranges in size from 199.5µm to 2793µm. Quartz is sub-rounded to rounded in this thin section, with 

rounded being the most common grain shape. Dissolution of quartz grain boundaries has occurred, but is slight. 

Resulting secondary pores are in-filled with clay minerals. 

Zircon – Rare zircons are present in this thin section and are approximately 148.2µm in size. Zircon appears to be 

relatively unaltered.  

FGIM – FGIM material in this thin section is extremely fine-grained, low interference colour (grey) clays that are 

flecked with red hematite. FGIM appears to be the result of heavy alteration of previous minerals, as they occupy large 

volumes of space between grains. 

Cement – Hematite cement occurs as small pockets of red hematite between quartz grains. Hematite cement seems to 

be a result of replacement or recrystallization in localized areas of the sample. 

Porosity – Secondary pore spaces result from the partial dissolution of quartz grains and the dissolution of FGIM. 

Some secondary porosity may have been induced during sample preparation.  

Recrystallization/Replacement – Previous grains of biotite/muscovite have been partially to completely replaced by 

clay minerals. FGIM recrystallization into coarse grained kaolinite/dickite is a common feature in this thin section. 

Recrystallization of red hematite into metallic hematite is also present in this thin section. 

Compaction – Grain contacts range from point contact (very minor) to long contact (majority) to local concavo-

convex grain contacts, which indicates a medium amount of compaction grading towards higher amounts of 

compaction. 

Sedimentary Structures – This thin section is very thinly angularily bedded (according to Boggs). 

 

Additional Comments 
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Sample: 01GC319 Depth: 344.7 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Highly cemented nature of the 

sandstone, showing both mono-

crystalline and poly-crystalline 

types of quartz. X10, XPL.  

Micaceous mineral that has been 

replaced by kaolinite/dickite (?) 

and fine grained iron oxides along 

its cleavage. Due to the iron 

oxides, it is likely that this grain 

used to be biotite. 

Quartz cementation, which has 

been inhibited by FGIM and 

hematite in the blacker areas. X10, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.4 1.2 0.0 0.0 0.0 0.8 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.6 20.8 0.0 0.8 0.4 0.4 1.6 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 91.2µm to 1903.8µm in size. Quartz grains are sub-angular to sub-

rounded, with sub-rounded being the more common grain shape.  

Zircon – Zircons are approximately 68.4µm in size and are associated with FGIM in secondary pore 

spaces. In certain cases, zircons are found in secondary pore spaces that were the result of grain 

dissolution, indicating they were included in the grain before diagenesis. 

FGIM –FGIM is composed of a fine-grained muddy material that is associated with zircons.  

Cement – Syntaxial quartz overgrowths are the most common type of cement in this thin section. Quartz 

overgrowths have been variably dissolved in this thin section and have been in-filled by FGIM and clay. 

Porosity – Secondary porosity is the most common type of porosity, and was formed via the partial 

dissolution of quartz grains, and the dissolution of FGIM.  

Recrystallisation/Replacement – Hematite replacement of grains occurs in this thin section, as well as the 

recrystallization of FGIM into kaolinite/dickite and illite. 

Compaction – Grain contacts in this sample range from long (majority) to concavo-convex (minor), 

indicating a medium amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are lithic fragments in this sample, however they appear to have been replaced by clay minerals. 

They were mica minerals before alteration. There are a few clay clasts in this sample as well. 
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Sample: 01GC320 Depth: 347.5 Name: Mudstone 

 

-This thin section was not stained for feldspars. 

 

General shot of the mudstone showing the difference between reduction spots and previously unaltered 

mudstone. This sample is quite homogeneous, contains a very fine-grained matrix of clay, and is composed 

of quartz clasts. Hematite occurs as lenses or large blocks within the clay matrix. X10, PPL. 

 

Point counting not completed due to the fine-grained nature of the mudstone 

 

Petrographic Characteristics 

Mud/Clay (91%) – This mudstone contains no visible mineral grains and is entirely composed of mud and 

clays. Clays seem to follow a bedding plane.  

Hematite (5%) – Hematization of clay minerals has occurred throughout most of the sample, except for 

reduction spots. Discontinuous hematite lamina occur parallel to bedding in this thin section. 

Quartz (4%) – Quartz occurs as clasts within the mudstone, are ~10-20µm in size, and are rounded. 

Sedimentary Structures – Primary sedimentary bedding can be observed at the microscopic scale in this 

thin section and is defined by discontinuous wavy hematite lamina. 

 

Additional Comments 

There is very little clastic input into this mudstone, which is at odds with the other mudstones examined 

from the Wolverine Point Formation. 
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Sample: 01GC321 Depth: 368.2 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Porous nature of this sandstone is 

shown by the white colour in 

between the quartz grains that have 

brown discolouration on their grain 

boundaries. X20, PPL. 

Micaceous mineral that has been 

completely replaced by kaolinite. 

X20, XPL. 

Complete grain replacement by 

hematite (center) and coating of 

zircons by FGIM interstitially 

between quartz clasts. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

67.6 5.2 0.0 0.8 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

17.2 0.0 0.6 2.2 0.0 0.0 6.4 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 102.6µm to 2280µm. Quartz is sub-rounded to rounded, with rounded 

being the most common grain shape.  

Lithic Fragments – Lithic grains are metamorphic in origin and are ~285µm in size. Partial replacement 

of these grains by clays and FGIM has occurred. 

FGIM – FGIM occurs as fine-grained brown material that occurs as discrete blebs in this thin section, 

indicating that they were previously grains.  

Porosity – Secondary porosity is formed via FGIM dissolution and minor quartz dissolution. The amount 

of porosity in this thin section may be over-estimated, as some of it may have been induced during sample 

preparation. 

Recrystallisation/Replacement – FGIM has been recrystallized into a mixture of kaolinite/dickite and 

illite, with kaolinite/dickite being much more common. 

Compaction – Grain contacts range from point contact (majority) to long contact (minor) to local 

concavo-convex contacts. This indicates a low amount of compaction, grading towards medium amounts 

of compaction. This analysis may be skewed based on the fact that a lot of interstitial material used to exist 

in between the grains. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are rare muscovite and biotite grains in this sample. The amount of porosity is likely due to the clay 

washing away during sample preparation. 
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Sample: 01GC322 Depth: 390.1 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
General picture of the sample 

showing extensive grain 

replacement by FGIM that contains 

large amounts of FeO. Partial grain 

replacement where the quartz grain 

is still visible is also present. X20. 

PPL. 

Clay clast sitting in FGIM. It is 

unclear whether this clay clast was 

deposited this way or replaced 

during diagenesis. X20, XPL. 

Large secondary pore space that 

has been in-filled by a mixture of 

clay and FGIM. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

49.2 3.2 0.0 0.4 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

42.6 0.0 2.0 2.6 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 57.5µm to 513µm. Quartz grains are sub-angular to sub-

rounded, with sub-angular being the most common grain shape. Grain boundary dissolution has occurred, 

although it is not severe. 

Lithic – Lithic grains are metamorphic in origin and contain micaceous minerals that have been partially 

altered to clay minerals. Grains are ~262.2µm in size. 

FGIM – FGIM in this thin section is composed of fine-grained brown material that separates quartz grains 

from contact. FGIM appears to be an alteration product of unstable clasts. 

Recrystallisation/Replacement – Matrix has been variably recrystallized into illite and kaolinite/dickite 

in this thin section. 

Compaction – Grain contacts range from point contact (majority) to long contact (minor). This indicates a 

low amount of compaction grading towards medium amounts of compaction. This analysis may be skewed 

from the large amounts of FGIM in this thin section. 

Sedimentary Structures – This thin section is angularily laminated. 

 

Additional Comments 

There are rare tourmaline grains in this sample. 
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Sample: 01GC323 Depth: 412.4 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Quartz grain that has been 

dissolved from the inside creating 

secondary porosity. This pore has 

since been in-filled with FGIM. 

Other features include hematite 

cement, quartz cement, dissolved 

grain boundaries, and 

kaolinite/dickite cement. X20, 

PPL. 

Large sheafs of kaolinite/dickite 

cement inside P+S pore spaces. 

Quartz cement (top) has been 

dissolved since its precipitation. 

Dissolution of quartz grain 

boundaries has also occurred. X20, 

XPL. 

Stylolite running top to bottom in 

the picture, with highly crystalline 

illite in between the quartz grains. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

78.8 2.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.8 9.2 0.0 3.2 0.0 0.0 1.6 

 

Petrographic Characteristics 
Quartz – Quartz ranges in size from 199.5µm to 2308.5µm in size. Quartz grains are sub-angular to sub-rounded, with 

sub-angular being the most common grain shape. Quartz grains have been variably dissolved, from minor dissolution 

on their grain boundaries to partial grain dissolution. 

FGIM – Fine-grained interstitial material occurs in between clasts as well as in secondary pore spaces. FGIM is 

occasionally associated with kaolinite/dickite. 

Cement – Syntaxial quartz overgrowth is the most common type of cement in this thin section and occurs on quartz 

grains. Quartz ovegrowths have been variably dissolved. Kaolinite/dickite cement is also present and in-fills secondary 

pore spaces in the thin section. Kaolinite/dickite grain shape is fibrous to semi-blocky in this thin section. 

Porosity – All porosity in this thin section is secondary, and was formed via the whole/partial dissolution of 

framework grains as well as the partial dissolution of FGIM. 

Replacement/Recrystallization – Illite and kaolinite/dickite have recrystallized from FGIM. 

Compaction – Grain contacts range from long contact (majority) to concavo-convex contact (minor). This indicates a 

medium to high amount of compaction. 

Sedimentary Structures – There are stylolites in this thin section which contain high crystallinity illite and zircons in 

between the sutured quartz grains. 

 

Additional Comments 

This thin section marks the first appearance of large blocky kaolinite/dickite in thin section. There are well 

formed laths of hematite cement in this thin section as well, but they were not point counted. This is also 

the first time that large laths of hematite are encountered in the stratigraphy. Relict lithic grains are present 

(biotite) but they seem to have been altered. 
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Sample: 01GC324 Depth: 433.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. Matrix 

was stained pink. 

   
Quartz overgrowths that have been 

dissolved from. X20, XPL. 

Grain replacement by a mixture of 

clay minerals and FGIM. X20, 

PPL. (Note: large black circle is a 

marker dot). 

Stylolitization which has produced 

high crystallinity illite in between 

quartz grains. X10, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

68.8 2.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

20.8 2.4 1.6 4.0 0.0 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 60µm to 700µm. Quartz grains are sub-angular to sub-rounded to 

rounded, with sub-rounded being the most common grain shape. Quartz has been mildly dissolved in this 

thin section, which has been in-filled by FGIM and clay cements. 

FGIM – FGIM occurs in between quartz grains and is composed of very fine grained clay minerals and 

muddy material.  

Cement – The most common cement is kaolinite/dickite cement in this thin section, and occurs as fibrous 

sheafs to blocky growths in between quartz grains as well as in-filling secondary pore spaces. 

Porosity – Secondary porosity is the only type of porosity in this thin section and forms via the dissolution 

of matrix and clay cement. 

Compaction – Grain contacts range from point contact (minor ) to long contact (majority) to concavo-

convex contact (minor). Long/concavo-convex contacts are the most common in this thin section, 

indicating a medium to high amount of compaction.  

Sedimentary Structures – There are several stylolites in this thin section. 

 

Additional Comments 

The majority of this thin section shows several different stylolites. Rare zircon grains are present in this 

sample. 
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Sample: 01GC325 Depth: 462.1 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

- No grains were stained. FGIM was stained pink. 

One altered grain stained yellow. 

   
Quartz grain (upper right) that 

shows variable dissolution of the 

grain and quartz cement. . X20, 

XPL. 

Large blocky kaolinite/dickite 

cement with minor illite cement 

partially in-filling a secondary pore 

space. Cementation and subsequent 

dissolution took place before the 

clay cement. X20, XPL. 

Large lithic fragment (mainly 

consisting of poly-crystalline 

quartz) that has been coated or 

altered to FeO and FGIM. X20, 

PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.4 1.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.0 18.4 0.2 0.2 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 150µm to 1200µm. Quartz grains are sub-angular to sub-rounded to 

rounded, with rounded being the most common grain shape. Quartz grains as well as their constituent 

cement show moderate dissolution, with the resulting vugs being in-filled by FGIM or left as secondary 

pores. 

FGIM – FGIM occurs as discrete blebs in this thin section, which is likely the result of grain alteration. 

FGIM is present inside quartz grains as well as lining secondary pore spaces and secondary dissolution 

vugs. FGIM contains microscopic grains of hematite within it, as it reflects in reflected light. 

Cement – Syntaxial quartz overgrowths occur on quartz grains in this thin section. Quartz overgrowths 

have ben moderately dissolved.  

Porosity – All porosity in this thin section is secondary and has formed via the dissolution of quartz grains 

and cement as well as the dissolution of FGIM. 

Recrystallisation/Replacement – Recrystallization of matrix into illite and kaolinite/dickite occurs in this 

thin section, although it is infrequent.  

Compaction – Grain contacts in this thin section range from long contact (majority) to concavo-convex 

(minor). This indicates a medium to high amount of compaction.  

Sedimentary Structures – There are stylolites in this thin section. 

 

Additional Comments 

There is a titanite clast, as well as zircon, in this sample. Minor kaolinite/dickite cement occurs in this thin 

section, however, it was not point counted. 
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Sample: 01GC327 Depth: 507.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. Rare altered grains were 

mildly stained pink. 

   
Illite and kaolinite/dickite cements 

growing inside a secondary pore 

space. Quartz cementation and 

subsequent dissolution occurs 

before clay cementation. X20, 

XPL. 

Tight packing of grains pre-

cementation. Quartz clast appears 

to contain needles of rutile (?). 

X20, XPL. 

Hematite cementation after quartz 

cementation (middle and left). 

X20,PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

78.8 2.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 7.6 0.4 0.8 0.0 1.2 3.6 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 90µm to 1640µm. Quartz is sub-angular to sub-rounded to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been mildly to severely 

dissolved, with the resulting vugs being in-filled by clay cement and FGIM. 

FGIM – FGIM in this thin section appears opaque in PPL but does not reflect in reflected light. FGIM in-

fills the spaces between grains as well as outlines secondary pores. 

Cement – Syntaxial quartz overgrowths are present on quartz clasts in this thin section and are the 

majority of the cement in this thin section. Quartz overgrowths are mildly dissolved in this thin section. 

Kaolinite/dickite cement occurs as blocky sheafs that in-fill secondary pore spaces. Illite occurs as well 

formed needles that are intergrown with kaolinite/dickite cement. 

Porosity – Secondary porosity is the most common type of porosity in this section and is formed via the 

whole/partial dissolution of quartz grains and dissolution of quartz cement.  

Recrystallization/Replacement – Kaolinite/dickite recrystallizes from FGIM in this thin section, although 

the recrystallization is minor.  

Compaction – Grain contacts range from long contact (majority) to cocavo-convex contact (minor), which 

indicates a medium to high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Rare zircons are also present in this thin section. There are a few spots with highly sutured contacts, which 

normally I would interpret as a stylolite. In this case, however, I am not sure what is causing them. 
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Sample: 01GC329 Depth: 548.3 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. Some FGIM was stained 

pink. 

   
Stylolite running left to right 

producing highly sutured contacts. 

X20, XPL. 

Stylolite that hasn’t completely 

compacted like most stylolites. The 

FGIM in the stylolite has 

recrystallized to illite. X10, XPL. 

Another incomplete stylolite that 

shows minor recrystallization to 

illite, but is largely filled in with 

FGIM. X10, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

80.0 3.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.6 8.8 1.2 0.0 0.0 0.4 2.8 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 100µm to 1030µm. Quartz is sub-rounded to rounded in this thin 

section, with rounded being the most abundant grain shape.  Quartz grains and their cement are mildly to 

moderately dissolved, with the resulting vugs being in-filled by FGIM. 

FGIM – FGIM occurs in between quartz clasts, lining secondary pore spaces, as well as in stylolites. 

FGIM that occurs interstitially between grains usually in-fills dissolution vugs of quartz grains and quartz 

cement.  

Cement – Syntaxial quartz overgrowths grow on quartz grains in this thin section and is the most common 

type of cement. Quartz overgrowths have been mildly to moderately dissolved, with the resulting vugs 

being in-filled by FGIM. Illite cement occurs as well formed needles and is present within the clay lenses. 

Porosity – The majority of the porosity in this thin section is secondary porosity, and is formed via the 

partial dissolution of quartz grains and quartz cement.  

Compaction – Grain contacts range from long contact (majority) to concavo-convex contact (minor). 

Grain contacts indicate a medium to high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

There is dickite cement in this sample that occurs near the incomplete stylolites, but was not point counted 

(in this case I am confident it is dickite). There are zircons stuck inside the stylolites. 
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Sample: 01GC330 Depth: 570.7 Name: Quartz Arenite 

 

-The top half of the thin section has been stained 

for feldspars, the bottom half is unstained. 

-FGIM was stained pink in this thin section.  

   
Two different timings of hematite. 

Hematite occurs in the dustline 

between grain and cement as well 

as after cementation/before 

compaction. X20, PPL. 

Secondary pore space that occurred 

after quartz cementation. This pore 

space is in-filled by FGIM and 

hematite, although the relationship 

between them is unclear. X20, 

PPL. 

Illite and kaolinite/dickite cement 

in-filling a secondary pore space 

after cementation and dissolution. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

77.2 4.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.6 10.0 1.2 1.8 0.2 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 160µm to 840µm. Quartz grains range from sub-angular to rounded, 

with rounded being the most abundant grain shape. Hematite rims occur on the quartz grains before 

cementation. In some cases quartz has been dissolved on its grain boundaries, although this dissolution is 

minor. 

FGIM – FGIM occurs mainly in secondary pore spaces as well as an alteration phase of unstable clasts. 

FGIM occasionally is associated with illite and kaolinite/dickite cement.  

Cement – Syntaxial quartz overgrowths, which is the most common type of cement, occurs on quartz 

grains after hemtatization of the quartz grain boundaries. Quartz overgrowths have been slightly dissolved.  

Kaolinite/dickite cement occurs in secondary pore spaces as well formed blocks of kaolinite/dickite. Illite 

occurs as small needles inside secondary pore spaces and is often intergrown with kaolinite/dickite. 

Porosity – Secondary porosity is the only type of porosity in this thin section, and comes from the 

dissolution of FGIM as well as minor dissolution of quartz grain boundaries and quartz overgrowths.  

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallized from FGIM, as well as 

minor amounts of hematite. 

Compaction – Grain contacts range from long (majority) to concavo-convex contact. This indicates a 

medium to high amount of compaction. 

Sedimentary Structures – There are several stylolites in this sample. 

 

Additional Comments 

There are a few grains that have been altered to FGIM, which has subsequently recrystallized to illite. 

There is relict siderite cement still in the pore spaces where illite and kaolinite/dickite are growing. 

Stylolites contain zircons within them. There are rare tourmaline grains in this sample. 
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Sample: 01GC331 Depth: 591.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-FGIM was stained pink. Grains were not stained. 

   
Late hematite cementation after 

quartz cementation and 

compaction. X10, PPL. 

FGIM occurring inside a 

dissolution pore inside a quartz 

grain. X20, PPL. 

Zircon inside a pore space that 

appears to be primary. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

82.8 0.0 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

6.4 6.8 1.0 0.2 0.4 0.8 1.2 

 

Petrographic Characteristics 

Quartz – Quartz in this thin section ranges from 90µm to 910µm. Quartz grains are sub-angular to 

rounded, with rounded being the most common grain shape. Quartz grains have been slightly hematized on 

their grain boundaries, but not all quartz grains show this feature. Quartz grains, along with their cement, 

have been variably dissolved in this thin section. 

Zircon – Zircons are ~65µm in size (generally smaller) and occur interstitially between quartz grains and 

quartz overgrowths (i.e. zircons are not associated with quartz cement).  Zircons are coated with FGIM in 

some cases, although generally they are not coated. 

FGIM – FGIM occurs interstitially between quartz grains. FGIM also occurs in secondary pore spaces that 

have results from the partial dissolution of quartz and quartz overgrowths. FGIM also lines secondary pore 

spaces that are the result of whole grain dissolution. FGIM also occurs in partially altered grains. 

Cement – Syntaxial quartz overgrowths is the main type of cement found in this thin section. Quartz 

overgrowths have been partially dissolved after precipitation creating secondary pore spaces. 

Porosity – The main type of porosity in this thin section is secondary porosity, which is formed by the 

partial dissolution of quartz overgrowths, quartz grains, and FGIM. Primary porosity is rarely present in 

between quartz overgrowths.  

Recrystallization/Replacement – Illite is a common recrystallization product from FGIM. 

Kaolinite/dickite and hematite are minor recrystallization products from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amounts of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Hematite is under-represented in the point count, as it is quite abundant and even forms a cement in one 

small patch in the thin section. There is some illite cement, which is a recrystallization product from FGIM 

in this thin section. There is some minor kaolinite/dickite cement in this thin section as well. 
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Sample: 01GC332 Depth: 612.9 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-FGIM was stained pink. Grains were not stained. 

 

   
FGIM, hematite laths, and orange 

hematite infilling a secondary pore 

space. X20, PPL. 

Needles of illite cement in-filling a 

P+S pore space after quartz 

overgrowth dissolution. X20, XPL. 

Quartz grains showing long to 

curvy contacts, with cementation 

after said compaction. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

82.8 0.8 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.6 8.8 2.0 0.0 0.4 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 970µm. Quartz grains are sub-angular to rounded, with 

rounded being the most common grain shape. Quartz grains and their cement have been partially dissolved 

in this thin section which in rare cases leads to large embayments in the grain. 

Zircon – Zircons are ~35µm in size, although they are generally smaller when associated with FGIM. 

Zircons are associated with FGIM in the interstitial space between quartz grains and cement, and the large 

zircons are present inside quartz grains. 

FGIM – FGIM is present in secondary pore spaces, primary pore spaces, and altered grains. FGIM has 

been further dissolved in some cases, creating more secondary pore space. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and have 

been variably dissolved. Illite cement occurs as well formed needles that grow into secondary pore spaces. 

Hematite cement occurs as well formed laths or blocky crystals between quartz grains, and occurs after 

compaction and dissolution took place. 

Porosity – The majority of the porosity in this thin section is secondary porosity (although very minor 

amounts of primary porosity exist). Secondary porosity is formed via the dissolution of quartz grains, 

quartz cement, and FGIM.  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amounts of compaction. 

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

Although primary porosity exists in this thin section, it was not counted during point counting. Hematite 

cement may be under-represented in the point counts. There is relict siderite cement in this thin section. 
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Sample: 01GC333 Depth: 634.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-FGIM was stained pink. Grains were not stained. 

   
Late kaolinite/dickite and hematite 

cement intergrown in a P+S pore 

space. X20, PPL. 

Quartz grain that has been partially 

dissolved and in-filled by FGIM. 

X20, XPL. 

Zircon crystal inside a quartz grain. 

The quartz grain has been 

dissolved clearing a path to the 

zircon. Cementation and 

consequent dissolution has 

occurred as well. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

78.8 2.0 0.0 0.0 0.0 0.0 0.4 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.6 9.6 0.4 0.4 0.4 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 120µm to 530µm. Quartz grains are sub-rounded to rounded, 

with rounded being the most abundant grain shape. Quartz grains and their cements have been partially 

dissolved in this thin section, however, this dissolution is minor. 

Tourmaline – One grain of tourmaline is present in this thin section, and is 360µm in length. Tourmaline 

is well-rounded and strongly pleochroic dark green-straw brown.  

FGIM – FGIM occurs in secondary pore spaces as well as inside altered and partially dissolved grains.  

Cement – Syntaxial quartz overgrowths is the most common type of cement in this sample. Quartz 

overgrowths have been partially dissolved after precipitation creating secondary pore spaces. 

Kaolinite/dickite cement is relatively uncommon and occurs in secondary pore spaces. Hematite cement is 

also present and occurs as late stage cement. 

Porosity – The only type of porosity in this thin section is secondary porosity. Porosity is minor in this 

thin section and is created by the partial dissolution of quartz grains, quartz cement, and FGIM.  

Recrystallization/Replacement – FGIM is recrystallized into illite in this thin section quite frequently. 

Hematite is recrystallized from FGIM as well. 

Compaction – Grain contacts range from long contact to concavo-convex contacts, indicating a medium 

to high amounts of compaction. 

Sedimentary Structures – This thin section is very thinly bedded (according to Boggs). 

 

Additional Comments 

Hematite has been under-represented in this thin section and is more common than what is shown in the 

point counting. 
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Sample: 01GC334 Depth: 656.8 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Coarse grained kaolinite/dickite 

sheafs, illite needles, and hematite 

laths all intergrown in a P+S pore 

space. X20, XPL. 

Lithic grain that has been partially 

altered to FGIM. X40, XPL. 

Hematized band in the thin section 

giving the sample a red colour. 

X10, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

75.6 4.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.4 5.2 2.4 2.8 2.0 0.4 2.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 70µm to 1180µm. Quartz grains are sub-angular to rounded, 

with rounded being the most common grain shape. Quartz grains in general have not undergone extensive 

dissolution on their grain boundaries. 

FGIM – FGIM occurs mainly in secondary pores as well as interstitially between quart grains and their 

cement. FGIM is usually associated with hematite cement or red hematite. FGIM also seems to be 

associated with zircon in this thin section. 

Cement – Syntaxial quartz overgrowths occur on quartz grains and have been partially dissolved creating 

secondary porosity, which has been in-filled by a kaolinite/dickite and illite cement and FGIM. 

Kaolinite/dickite cement occurs in secondary pores as large blocky sheafs that are intergrown with illite 

cement. Hematite cement occurs as late lath-shaped to formless cement that in-fills remaining secondary 

pores after significant compaction in this thin section. 

Porosity – Secondary porosity is the main type of porosity in this thin section and is formed via the partial 

dissolution of quartz cement and FGIM.  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are rare tourmaline grains in this thin section. 
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Sample: 01GC335 Depth: 678.5 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Grain contacts between quartz 

grains showing pressure solution 

that dissolves quartz overgrowths 

as well as part of the grain, likely 

due to stylolitization. X10, XPL. 

Grain replacement by a mixture of 

clay (illite) and FGIM. X10, PPL. 

Illite cement in-filling a secondary 

pore space. Quartz overgrowths 

have been partially dissolved in 

this photo. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

79.2 2.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.2 8.4 2.0 0.0 0.0 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 80µm to 1050µm.  Quartz grains are sub-rounded to rounded, with 

rounded being the most common grain shape. Quartz grains and their cement have been partially dissolved 

producing small sized embayments in the quartz grains. 

FGIM – FGIM occurs interstitially between quartz grains. In several cases, FGIM is associated with clays 

via recrystallization. FGIM also in-fills secondary pores. FGIM also occurs as an alteration phase for 

unstable grains. 

Cement – Syntaxial quartz overgrowths occurs on quartz grains and has been variably dissolved creating 

secondary porosity. Illite cement occurs as small needles in-filling secondary pore spaces.  

Porosity – This thin section contains little porosity. Secondary porosity is the only type of porosity present 

and is formed via the partial dissolution of quartz grains and quartz cement. Secondary pores are generally 

in-filled with a mixture of FGIM and clay. 

Recrystallization/Replacement – Illite, as well as kaolinite/dickite, are recrystallization products from 

FGIM. Illite and kaolinite/dickite also replace unstable grains. 

Compaction – Grain contacts range from long contact to concavo-convex (more abundant). This indicates 

a medium to high amount of compaction. 

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

Although kaolinite/dickite cement was not counted in the point counts, it is present in this thin section. The 

same goes for hematite cement. There are rare tourmaline grains in this thin section. 
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Sample: 01GC336 Depth: 700.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Kaolinite/dickite and illite cement 

intergrown in a secondary pore 

space that resulted from dissolution 

of quartz overgrowths. X20, XPL. 

Kaolinite/dickite cement (top of 

picture) and a large hematite lath 

intergrown in a secondary pore 

space which resulted from the 

dissolution of quartz grains and 

quartz overgrowths. X20, PPL. 

Lithic clast that has been partially 

(to almost completely) replaced by 

illite cement. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

69.6 4.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 10.8 0.8 6.4 1.2 0.4 0.4 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 120µm to 720µm. Quartz grains are rounded in shape in this thin 

section. Quartz grains and their cement has been partially dissolved producing small embayments. 

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also in-fills secondary 

pore spaces that are created via the partial dissolution of quartz and quartz cement. 

Cement – Syntaxial quartz overgrowths is the most common type of cement. Quartz overgrowths have 

been dissolved and either in-filled with kaolinite/dickite cement or left as an open secondary pore. 

Kaolinite/dickite cement occurs as blocky sheafs inside secondary porosity. Kaolinite/dickite either occurs 

alone in secondary pore spaces or is intergrown with illite. Illite cement occurs as small needles that infill 

secondary pore spaces, and is commonly associated with kaolinite/dickite. Hematite cement occurs either 

as formless cement or large laths that in-fill secondary pore spaces, and is occasionally associated with 

kaolinite/dickite and illite. 

Porosity – Little porosity exists in this thin section due to the high amounts of compaction and high 

amounts of cementation. Secondary porosity is generated via the dissolution of quartz grains and cement.  

Recrystallization/Replacement – Illite and hematite are recrystallization products from FGIM. 

Compaction – Grain contacts are long to concavo-convex, indicating a medium to high amount of 

compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Hematite cement is under-represented in the point counting. There are rare zircon grains in this thin 

section. 
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Sample: 01GC337 Depth: 722.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained pink. 

   
Kaolinite/dickite cement and 

hematite cement intergrown in a 

secondary pore space with minor 

FGIM. Secondary porosity was 

generated through quartz grain and 

quartz cement dissolution. X20, 

PPL. 

Stylolite running left to right with 

high crystallinity illite 

recrystallizing from the FGIM. 

X10, XPL. 

High amounts of compaction 

leading to pressure solution of 

quartz grains and the formation of 

concavo-convex contacts. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.0 2.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

14.8 3.2 1.2 0.8 0.0 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 820µm. Quartz grains are sub-angular to rounded, with 

rounded being the most abundant grain shape. Quartz grains and their cements have been variably 

dissolved, producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz clasts. FGIM also in-fills secondary pore spaces. FGIM 

is also an alteration phase for unstable grains. 

Cement – Syntaxial quartz overgrowths occurs on quartz grains in this sample. Quartz overgrowths have 

been partially dissolved before further clay cementation. Kaolinite/dickite cement occurs as coarse grained 

sheafs that grow in secondary pore spaces. Illite cement occurs as small needles that grow in secondary 

pore spaces, and is commonly associated with kaolinite/dickite. 

Porosity - The main type of porosity in this thin section is secondary porosity, which results from the 

dissolution of quartz grains, quartz cement, and FGIM. Previous secondary porosity has been generally in-

filled by cement or FGIM. 

Recrystallization/Replacement – Illite (as well as kaolinite/dickite) has been recrystallized from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

The amount of recrystallized kaolinite/dickite is under-represented in this thin section. There are rare 

zircons clasts in this thin section. 
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Sample: 01GC338 Depth: 744.3 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Stylolite that has not completely 

closed, which contains a mixture of 

FGIM and high crystallinity illite. 

X10, PPL. 

Secondary pore space in-filled by a 

mixture of kaolinite/dickite and 

illite cement. Secondary porosity 

resulted from the dissolution of 

quartz and quartz cement. X20, 

XPL. 

Cluster of grains showing high 

amounts of compaction (up to 

concavo-convex, left side of 

picture). X10, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

78.4 2.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

9.2 4.8 0.4 4.8 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 80µm to 1750µm. Quartz grains are sub-angular to rounded, with 

rounded being the most common grain shape.  Quartz and its cement are variably dissolved, leaving small 

to large embayments. 

FGIM – FGIM occurs within secondary pores that were the result of quartz and quartz overgrowth 

dissolution. FGIM is also an alteration phase for unstable grains. 

Cement – Syntaxial quartz overgrowths occurs on quartz clasts after hematite rims on the quartz grains. 

Quartz overgrowths have been dissolved after their initial precipitation. Kaolinite/dickite cement occurs as 

coarse grained sheafs in-filling secondary pore spaces. Kaolinite/dickite is sometimes intergrown with 

illite. Illite cement occurs as needles in secondary pore spaces and is associated with kaolinite/dickite. 

Hematite cement (although not counted during point counting) occurs as formless cement or large laths 

inside secondary pore spaces. 

Compaction – Grain contacts range from long contact to concavo-convex contact. This indicates a 

medium to high amount of compaction.  

Sedimentary Structures – The top part of this thin section is coarse grained and the bottom is fine grained 

with a sharp contact in the middle. There are stylolites present in this thin section. 

 

Additional Comments 

Hematite cement and some recrystallization products were not counted in the point counts. There are small 

zircons coated in FGIM present in the stylolites. There are rare tourmaline grains present in this thin 

section. Zircons are also present as rare clasts in this sample. 
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Sample: 01GC339 Depth: 766.9 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Hematite cementation between 

quartz clasts. Hematite is formless 

(center) or lath shaped (top right). 

X20, PPL. 

High amount of cementation, some 

of which has been destroyed by 

compaction but not destroyed by 

dissolution. This is coincident with 

low amounts of porosity. X20, 

XPL. 

Long contacts between grains pre-

cementation. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.0 4.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.2 13.6 0.0 0.8 2.0 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 60µm to 1850µm.  Quartz grains are sub-angular to rounded, with 

rounded being the most common grain shape. Quartz grains and their cement have been dissolved leaving 

small embayments. 

FGIM – Occurs interstitially between quartz grains and their cement. FGIM also occurs in small amounts 

in secondary pores. 

Cement – Syntaxial quartz overgrowths occur on quartz grains. Quartz overgrowths have been partially 

dissolved. Minor kaolinite/dickite cement is present as fine grained fibrous growths inside secondary pore 

spaces. Hematite cement is present in secondary pore spaces mainly as large laths, but also as formless 

cement. 

Porosity – Minor secondary porosity occurs interstitially between quartz grains and via the partial 

dissolution of quartz grains and quartz cement. The majority of secondary and primary porosity was in-

filled by hematite cement. 

Compaction – Grain contacts range from long contact to concavo-convex contact indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There is illite cement in this thin section, but was not point counted. Rare tourmaline grains are present in 

this sample. Zircon grains are semi-common in this sample. There are possibly stylolites present in this 

thin section, as there are several instances of highly sutured contacts between quartz grains. However, 

there is no illite within the sutures, which is typically seen. 
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Sample: 01GC340 Depth: 788.5 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Stylolite, running left to right, with 

highly sutured grain contact. X4, 

XPL. 

Cluster of zircons associated with 

hematized zone in the thin section. 

Zircons exist outside of this zone, 

but not in large abundance. X10, 

PPL. 

Coarse grained kaolinite/dickite 

cement with minor illite cement in 

a secondary pore space. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.4 12.4 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.2 2.4 2.0 2.0 1.2 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 11µm to 2790µm. Quartz grains are sub-angular to rounded , with 

sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries, producing minor embayments. In general, larger grains tend to be poly-crystalline while 

smaller grains are mono-crystalline. 

Zircon – Zircons range in size from 70µm to 150µm in size. Zircons commonly occur interstitially 

between quartz grains, as well as inside quartz grains. Zircons are associated with hematite-cemented 

sections of the thin section, but occur in the non-hematized sections as well. 

FGIM – FGIM occurs interstitially between quartz grains and their cement, as well as in-filling secondary 

pore spaces. FGIM is associated with illite via recrystallization. 

Cement – Quartz overgrowths occur on quartz grains and have been variably dissolved. Kaolinite/dickite 

cement occurs as coarse grained sheafs that infill secondary pore spaces. Kaolinite/dickite cement is 

associated with illite cement. Illite cement occurs as small needles that in-fill secondary pore spaces. 

Hematite cement occurs discontinuously in discrete parts of the thin section as formless or lath shaped 

growths interstitially between quartz and zircon grains.  

Recrystallization/Replacement – Illite needles are commonly recrystallized from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact. This indicates a 

medium to high amount of compaction. 

Sedimentary Structures – There are several stylolites present in this thin section. 

 

Additional Comments 

There are rare muscovite grains in this thin section, although they appear to be altered. The stylolites 

contain high crystallinity illite in between the sutured contacts. 
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Sample: 01GC341 Depth: 809.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Quartz overgrowths being 

destroyed by dissolution. X20, 

XPL. 

Hematite cement (both formless 

cement and lath shaped crystals) 

in-filling a secondary pore space 

between quartz grains. X20, PPL. 

Kaolinite/dickite and illite cement 

intergrown in a secondary pore 

space. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

78.0 4.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 5.6 0.0 0.0 0.4 0.0 2.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 1010µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quart grains have been dissolved on their grain 

boundaries producing small-medium sized embayments.  

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also in-fills secondary 

porosity formed via the partial dissolution of quartz grains and quartz cement. 

Cement –Syntaxial quartz overgrowths occur on quartz grains and  have been partially dissolved. 

Hematite cement occurs interstitially between quartz grains and their cement as either formless cement or 

lath shaped crystals. 

Porosity – Secondary porosity is the main type of porosity in this thin section, and is formed via the partial 

dissolution of quartz grains, quartz cement, and FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact which indicates a 

medium to high amount of compaction. 

Sedimentary Structures – There are very thin beds (according to Boggs) of finer-grained quartz in this 

thin section. 

 

Additional Comments 

There is illite cement and recrystallized illite in this thin section that was not counted in the point counts. 

Grain replacement by fine-grained illite and kaolinite is present in this thin section. 
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Sample: 01GC342 Depth: 832.1 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

- No grains were stained in this thin section. 

   
Illite, hematite (both orange and 

purple) intergrown in a secondary 

pore space. X20, XPL. 

Illite cement infilling a secondary 

pore space that resulted from the 

dissolution of quartz overgrowth 

and a bit of the quartz grain. X20, 

XPL. 

Stylolite running left to right 

resulting in sutured contacts 

between clasts. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

79.2 3.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.6 5.6 0.0 0.4 0.4 0.0 3.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 1200µm in size. Quartz grains are sub-angular to sub-

rounded in shape, with sub-rounded being the most common grain shape. Quartz grains and their cement 

have been dissolved leaving small to medium sized embayments. 

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also occurs as an 

alteration phase for previous grains, as well as in-fills secondary pores. 

Cement – Syntaxial quartz overgrowths occur on quartz grains have been partially dissolved. 

Kaolinite/dickite cement occurs in secondary pores as coarse grained blocky sheafs. Hematite cement 

occurs interstitially between quartz grains and their cement either as formless cement or lath shaped 

crystals. 

Porosity – Secondary porosity is the main type of porosity in this thin section and forms via the partial 

dissolution of quartz grains, quartz cement, and FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There is a thin bed of coarse grained quartz in this thin section. There are 

stylolites present in this thin section. 

 

Additional Comments 

Recrystallized kaolinite/dickite is present in this thin section but was not point counted. Kaolinite/dickite 

cement is intergrown with illite cement in some cases. There are zircon grains in this thin section (detrital). 
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Sample: 01GC343 Depth: 853.4 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Small zircons that are coated with 

FGIM inside a secondary pore 

space. X20, PPL. 

Grain replacement by coarse 

grained dickite, followed by 

cementation of fine grained illite 

and kaolinite/dickite. X20, XPL. 

Kaolinite/dickite and illite cement 

inside a P+S pore space. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

83.6 4.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 1.6 0.2 1.4 0.0 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 60µm to 1550µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small to medium embayments. 

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also in-fills secondary 

pores and is an alteration phase for unstable grains. FGIM is occasionally associated with illite and 

kaolinite/dickite through recrystallization. 

Cement – Syntaxial quartz overgrowths is the main cement in this thin section, and occurs on quartz 

grains. Quartz overgrowths have been partially dissolved to form secondary porosity. Kaolinite/dickite 

cement occurs as blocky sheafs that infill secondary pores. Kaolinite/dickite cement is occasionally 

associated with illite.  

Porosity – Secondary porosity is the most common type of cement in this thin section and is formed via 

the dissolution of quartz grains and quartz cement. The majority of secondary porosity has been cemented 

shut. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products from FGIM. 

Grains have been replaced by coarse grained dickite. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – The top of this thin section contains coarse grained quartz and the bottom 

contains fine-grained quartz with a sharp contact in between. There are several stylolites present in this 

thin section. 

 

Additional Comments 

Illite is present as cement in this thin section, but was not point counted. Hematite cement in present in this 

thin section. Lithic fragments are partially altered to what looks like sericite. There are relict muscovite 

grains in this sample. I think FGIM has ben grossly overestimated in this thin section. 
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Sample: 01GC344 Depth: 875.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Replacement of a grain by a 

mixture of FGIM and iron oxides. 

X20, PPL. 

Grain replacement by illite after 

compaction has compressed the 

grain. X20, XPL. 

Hematite cement (both formless 

and lath shaped) in-filling 

secondary porosity. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.4 11.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 7.2 0.0 0.4 2.8 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 110µm to 1630µm. Quartz grains range from sub-angular to 

rounded, with rounded being the most common grain shape. Quartz grains have been partially dissolved on 

their grain boundaries to produce secondary porosity. 

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also occurs as a 

alteration phase for some unstable clasts. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and has 

been partially dissolved to create secondary porosity. Hematite cement occurs interstitially between quartz 

grains and their overgrowths either as formless cement or lath shaped crystals. Kaolinite/dickite cement 

occurs as blocky sheafs and in-fill secondary pore spaces.  

Porosity – Secondary porosity is the main type of porosity in this thin section and is formed via the 

dissolution of quartz grains and quartz overgrowths. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

FGIM has been over estimated in this thin section somehow. The stylolites contain iron oxides in between 

the sutured grain contacts. There is grain replacement by illite and kaolinite/dickite in this thin section. 

There are detrital zircons present in this thin section. 
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Sample: 01GC345 Depth: 897.3 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Grain replacement by illite and 

hematite. X20, XPL. 

Muscovite grain being bent due to 

large amounts of compaction. X20, 

XPL. 

Stylolite running from left to right. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.4 8.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.6 2.4 1.2 2.0 3.6 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 90µm to 1480µm. Quartz grains range from sub-angular to 

rounded, with sub-rounded being the most common grain shape. Quartz grains have been partially 

dissolved leaving small to large embayments. 

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also in-fills secondary 

pores in the thin section, as well as coats zircon grains. FGIM is occasionally associated with illite and 

kaolinite/dickite through recrystallization. 

Cement – Hematite cement is the most common type of cement and occurs as formless or lath shaped 

crystals that in-fill secondary pores. Kaolinite/dickite cement occurs as coarse grained blocks or sheafs that 

in-fill secondary pore spaces. Kaolinite/dickite cement is occasionally associated with illite cement. 

Syntaxial quartz overgrowths occur on quartz grains and have been partially dissolved. Illite cement occurs 

as thin needles in secondary pore spaces and is occasionally associated with kaolinite/dickite. 

Porosity – Little porosity exists in this thin section due to the high amounts of cement. Secondary porosity 

is the main type of porosity in this sample and is formed via the dissolution of quartz grains and quartz 

overgrowths. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of pressure.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

FGIM may be overestimated in this thin section. There are rare tourmaline grains in this sample. There are 

rare muscovite grains present in this thin section. Detrital zircons are present in this thin section. Zircons 

are also present within stylolites. 
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Sample: 01GC346 Depth: 919.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Large amounts of illite cement 

inside P+S pore spaces. X20, XPL. 

Thick illite cement in between 

quartz grains. X20, XPL. 

Kaolinite and illite cement 

intergrown in a secondary pore 

space. X40, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

71.6 1.6 0.0 0.0 1.2 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

21.2 2.0 1.2 1.6 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range from 50µm to 1430µm, with the majority of the grains being on the smaller 

size (1430µm represents pebbles in the sandstone).  Quartz grains are sub-angular to rounded, with sub-

rounded being the most common grain shape. Quartz grains have been partially dissolved on their grain 

boundaries, producing small to large embayments. 

Muscovite – Muscovite grains occur as thin grains that are variable in length depending on the amount of 

alteration. Muscovite generally occurs in between quartz grains that have undergone significant 

compaction which has variably bent the grains.  

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also in-fills secondary 

pore spaces in the thin section. FGIM is occasionally associated with illite and kaolinite/dickite via 

recrystallization. 

Cement – Syntaxial quartz overgrowths is the most common cement in this thin section, and occurs on the 

quartz grains. Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs as coarse 

grained sheafs that in-fill secondary pore spaces. 

Recrystallization/Replacement – Illite is present as both a recrystallization product from FGIM as well as 

a replacement phase. Kaolinite/dickite is present as a recrystallization product from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – This sample is very thinly angularly bedded (according to Boggs). There are 

stylolites present in this sample. 

 

Additional Comments 
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Sample: 01GC347 Depth: 941.8 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Quartz cement dissolution between 

two clasts which creates secondary 

porosity. X20, XPL. 

Lithic clast that has been replaced 

by kaolinite/dickite. X20, XPL. 

Grain replacement by coarse 

grained dickite, followed by 

cementation 

illite+kaolinite/dickite. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.4 5.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.8 11.6 1.2 2.4 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 1060µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small to large embayments. 

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also in-fills secondary 

pore spaces. FGIM is occasionally associated with illite and kaolinite/dickite through recrystallization. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs as 

coarse grained sheafs or blocky sheafs inside secondary pore spaces, and is occasionally associated with 

illite. Illite cement occurs as well formed needles in-filling secondary pore spaces, and is occasionally 

associated with kaolinite/dickite. 

Recrystallization/Replacement – Kaolinite/dickite is a recrystallization product from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – Angular thin beds are truncated by massive bedding in this thin section. There 

are stylolites present in this sample. 

 

Additional Comments 

The majority of kaolinite/dickite cement in this sample is coarse grained and looks like dickite. There are 

relict muscovite grains in this sample. There are rare tourmaline grains in this thin section. 
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Sample: 01GC348 Depth: 963.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Altered grains that has been coated 

with FGIM and cemented by 

hematite. Relict quartz is still 

present within the grain. X10, PPL. 

Coarse grained sheafs of 

kaolinite/dickite cement infilling a 

secondary pore space. X10, XPL. 

Hematite cement (red, metallic-

formless, metallic-laths) inside a 

secondary pore space. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

69.6 9.2 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.0 8.4 0.4 1.6 2.4 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 60µm to 188µm. Quartz grains are sub-angular to rounded, with 

rounded being the most common grain shape. Quartz grains have been partially dissolved on their grain 

boundaries producing small to large embayments. 

Zircon – Zircons are approximately 160µm in size and occur in primary/secondary pore spaces or 

interstitially between quartz grains and their cement. 

FGIM – Occurs in between quartz grains and their cement, as well as in secondary pore spaces. FGIM is 

also an alteration product for unstable grains. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz overgrowths have been partially dissolved. Hematite cement occurs as formless or 

lath shaped crystals inside secondary pore spaces. Kaolinite/dickite cement occurs as fibrous sheafs in-

filling secondary pore spaces. Illite cement occurs as small well-formed needles inside secondary pore 

spaces, and is associated with kaolinite/dickite. 

Recrystallization/Replacement – Kaolinite/dickite and hematite are both recrystallization products from 

FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

There is detrital muscovite present in this thin section. There is a small bleb of k-spar inside a quartz clast. 
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Sample: 01GC349 Depth: 986 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
FGIM and lath-shaped hematite 

infilling a secondary pore. X20, 

PPL. 

Formless hematite cement in-

filling secondary pores during 

compaction or before compaction. 

X20, PPL. 

Quartz overgrowth dissolution 

leading to secondary porosity 

formation as well as pressure 

solution destroying quartz 

overgrowths. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

73.2 9.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.4 7.2 0.4 0.0 0.8 0.0 0.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 110µm to 1780µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries which has produced small to large embayments. 

FGIM – FGIM occurs interstitially between quartz grains and their cement. FGIM also in-fills secondary 

pore spaces. 

Cement – Syntaxial quartz overgrowths is the main type of cement in this thin section, and occurs on 

quartz grains. Quartz overgrowths have been partially dissolved. Hematite cement occurs as either 

formless cement or lath shaped crystals interstitially between quartz grains and their cement post 

compaction. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and is formed via 

partial grain dissolution, quartz overgrowth dissolution, and FGIM dissolution. 

Recrystallization/Replacement – Illite is a recrystallization product from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

Stylolites are filled with high crystallinity illite. 
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Sample: 01GC350 Depth: 1008.4 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. FGIM 

was stained pink. 

   
Kaolinite/dickite and illite cement 

in-filling a secondary pore space 

that resulted from the dissolution 

of quartz overgrowths. X20, XPL.

  

Quartz dissolution that has been in-

filled by FGIM. Concavo-convex 

and long contact between quartz 

grains is also shown. X20, XPL. 

Grain alteration to FGIM, with 

relict grain boundaries still in 

place, as well as pieces of quartz. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.4 4.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

12.0 4.4 1.6 0.8 0.8 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 90µm to 2960µm. Quartz grains are sub-angular to rounded, with 

sub-rounded being the most common grain shape. Quartz has been partially dissolved on its grain 

boundaries producing minor to large embayments. Smaller grains tend to be mono-crystalline quartz while 

larger grains tend to be poly-crystalline quartz. 

FGIM – FGIM occurs as interstitial material between quartz grains. FGIM also in-fills secondary pore 

spaces as well as an alteration product from muscovite. FGIM is occasionally associated with illite and 

kaolinite/dickite as recrystallization products. 

Cement – Syntaxial quartz overgrowths are the most common type of cement in this thin section, and 

occur on quartz grains. Quartz cement has been partially dissolved.  Kaolinite/dickite cement occurs as 

blocky sheafs that are commonly associated with FGIM. Hematite cement occurs as thin lamina in this thin 

section as red interstitial formless cement. Illite cement occurs as small needles infilling secondary pore 

spaces. 

Recrystallization/Replacement – Illite is a recrystallization product of FGIM. Kaolinite/dickite is also a 

recrystallization product of FGIM, but was not counted in the point counting. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Recrystallized kaolinite/dickite was not point counted in this thin section, but is present. 
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Sample: 01GC351 Depth: 1029.9 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Kaolinite/dickite, illite, and minor 

hematite cement intergrown in a 

secondary pore space. X20, XPL. 

Stylolite running left to right, filled 

with high crystallinity illite and 

zircons (and possibly rutile). X20, 

XPL. 

Thinner stylolite with high 

crystallinity illite and dissolved 

grains (bottom right). X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

77.2 4.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

9.2 0.4 5.2 3.6 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 70µm to 1310µm in size. Quartz grains are sub-angular to 

rounded, with sub-rounded being the most common grain shape. Quartz grains have been partially 

dissolved on their grain boundaries, producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains. FGIM also in-fills secondary pore spaces 

caused by quartz grain and quartz cement dissolution. 

Cement – Illite cement is the most common type of cement, and occurs as tiny needles. Kaolinite/dickite 

cement occurs as blocky growths in secondary pore spaces, and is occasionally associated with FGIM.  

Syntaxial quartz overgrowths are present on quartz grains, and have been variably dissolved. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products from FGIM. 

Compaction – Grain contacts range from point contact to long contact to concavo-convex contact. This 

indicates a medium to high amount of compaction,  

Sedimentary Structures – There are several stylolites present in this sample. 

 

Additional Comments 

The amount of quartz cement is very under-estimated. There are relict muscovite and tourmaline grains 

present in this sample. Illite should not be higher than kaolinite/dickite cement. 
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Sample: 01GC352 Depth: 1052.5 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Kaolinite/dickite and minor illite 

recrystallized from FGIM. X20, 

XPL. 

Stylolite, running left to right, with 

illite in between the sutured 

contacts. X20, XPL. 

FGIM in-filling secondary pore 

spaces caused by quartz 

dissolution. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

82.0 8.8 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 1.2 1.2 0.0 0.0 0.0 0.8 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 70µm to 1420µm. Quartz grains are sub-rounded to rounded, with 

sub-rounded being the most common grain shape. Quartz grains have been partially dissolved leaving 

small to large embayments. 

Zircon – Zircons are ~80µm in size and occur interstitially between quartz grains, and are occasionally 

associated with the matrix.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces, and 

also occurs within quartz grains as an alteration product. FGIM is occasionally associated with illite and 

kaolinite/dickite. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz cement has been partially dissolved. Illite cement occurs as well formed 

needles that infill secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section and occurs via the 

dissolution of FGIM. 

Replacement/Recrystallization – Illite is a recrystallization product of FGIM. Kaolinite/dickite is also a 

recrystallization product of FGIM, but was not counted during point counting. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are several stylolites present in this sample. 

 

Additional Comments 

Kaolinite/dickite again was not point counted although it is present in this thin section. 
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Sample: 01GC353 Depth: 1073.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
FGIM in-filling secondary pores 

formed via quartz dissolution. X20, 

PPL. 

Kaolinite/dickite cement 

recrystallizing from FGIM in a 

P+S pore space. X20, XPL. 

Long to concavo-convex contacts 

between quartz grains. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.4 7.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

11.2 2.4 0.4 1.0 1.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 50µm to 3200µm. Quartz grains are sub-angular to rounded, 

with rounded being the most common grain shape. Quartz grains have been partially dissolved, producing 

small to large embayments in the grain.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is associated with illite and kaolinite/dickite. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been partially dissolved and destroyed via dissolution. 

Hematite cement is minor in this thin section, and occurs as formless and lath shaped crystals interstitially 

between quartz grains. 

Recrystallization/Replacement – Illite and kaolinite/dickite are both recrystallization products of FGIM.  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a high 

amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

Much more accurate point count then the last few point counts. There are muscovite grains present in this 

sample. 
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Sample: 01GC354 Depth: 1095.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink and 

yellow. 

   
Kaolinite/dickite cement in-filling 

a secondary pore space after quartz 

dissolution. X20, XPL. 

Kaolinite/dickite recrystallizing 

from FGIM in a secondary pore 

space. X20, XPL. 

Zircon grain inside a secondary 

pore space with FGIM. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.0 13.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 0.0 1.0 1.4 0.0 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 40µm to 2490µm. Quartz grains are sub-angular to rounded, with 

sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small to large embayments in the grain.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

also appears to be an alteration phase (blebs inside quartz as well as previous grains). 

Cement – Kaolinite/dickite is the most common cement in this thin section, and occurs as blocky sheafs 

inside secondary pore spaces. 

Porosity – Secondary porosity is the only type of porosity in this thin section, and occurs via the partial 

dissolution of quartz grains, quartz cement, and FGIM. 

Recrystallization/Replacement – Illite and kaolinite/dickite are both recrystallization products of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contacts, indicating a medium 

to high amount of compaction.  

Sedimentary Structures – This thin section has an angular thin bed of pebble-sized clasts in the middle of 

it. There are stylolites present in this thin section. 

 

Additional Comments 

There are muscovite grains present in this thin section. There are several detrital zircons present in this 

sample. 
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Sample: 01GC355 Depth: 1124.1 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Two different forms of hematite 

cement: lath shaped and formless. 

X10, PPL. 

Kaolinite/dickite sheaf being 

replaced by illite. X20, XPL. 

Kaolinite/dickite cement in-filling 

a secondary pore space. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

64.4 18.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

6.0 0.4 1.6 2.4 5.2 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 80µm to 1890µm. Quartz grains are sub-angular to rounded, with 

sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small to medium sized embayments. 

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces. 

Cement – Hematite cement is the most common cement in this thin section, and occurs as formless or lath 

shaped crystals interstitial between quartz grains after dissolution. Kaolinite/dickite occurs as blocky 

sheafs in secondary pore spaces. Illite occurs as needles that in-fill secondary pore spaces and commonly 

occurs with kaolinite/dickite. Syntaxial quartz overgrowths are present in this sample, and have been 

partially dissolved. 

Porosity – Secondary porosity is the most common type of porosity in this sample and is formed via 

partial grain dissolution and cement dissolution. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products of FGIM. 

Grains also seem to have been replaced by hematite. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are stylolites present in this sample, filled with high crystallinity illite 

and zircons. 

 

Additional Comments 

The amount of FGIM has been grossly overestimated!  There are muscovite grains present in this sample. 
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Sample: 01GC356 Depth: 1139.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Two types of hematite. Orange 

hematite is associated with quartz 

overgrowths. Metallic hematite is 

associated with secondary pore 

spaces. X20, PPL. 

Long to concavo-convex contacts 

between quartz grains. X20, XPL. 

FGIM in-filling a secondary pore 

space with kaolinite/dickite 

recrystallizing from FGIM. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

75.6 8.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 4.4 0.0 0.4 0.8 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 160µm to 2080µm in size. Quartz grains are sub-rounded to rounded, 

with sub-rounded being the most common grain shape. Quartz grains are partially dissolved on their 

boundaries producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths is the most common type of cement and occurs on quartz grains. 

Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs as blocky sheafs and in-

fills secondary pore spaces. Hematite cement occurs as either formless or lath shaped crystals interstitially 

between quartz grains.  Orange hematite seems to be associated with the quartz grains and cement, while 

the metallic hematite is associated with secondary pore spaces. 

Porosity – Secondary porosity is the main type of porosity in this thin section and occurs via the 

dissolution of FGIM and partial dissolution of quartz grains and quartz cement. 

Compaction – Grain contacts range from long contact to concavo-convex contacts, which indicates a 

medium to high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 
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Sample: 01GC357 Depth: 1161.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Quartz dissolution and consequent 

in-filling by hematite and clays. 

X10, PPL. 

Kaolinite/dickite recrystallizing 

from FGIM which is in-filling a 

secondary pore space resulting 

from quartz dissolution. X20, XPL. 

Stylolite, running top to bottom, 

between quartz grains. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.4 16.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.0 1.2 0.4 0.8 2.4 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 120µm to 2000µm. Quartz grains are sub-angular to rounded, with 

sub-rounded being the most common grain shape. Quartz grains have been dissolved on their boundaries 

creating small to medium embayments in the grains.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Hematite cement is the most common cement in this sample and occurs as formless or lath 

shaped crystals in between quartz grains. Syntaxial quartz overgrowths occur on quartz grains and have 

been partially dissolved in this sample. Kaolinite/dickite cement occurs as blocky sheafs in-filling 

secondary pore spaces. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products from FGIM.  

Compaction – Grain contacts range from long contact to concavo-convex contact, which indicates a 

medium to high amount of compaction.  

Sedimentary Structures – There are two angular thin beds of pebbly quartz in this thin section. There are 

stylolites present in this thin section. 

 

Additional Comments 

The stylolites are a subtle in this thin section, as they aren’t filled with anything. I interpret their presence 

by the sutured contacts seen between quartz grains. 
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Sample: 01GC358 Depth: 1183.5 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Dissolved quartz grain with some 

of the relict grain still present, with 

the rest of the secondary pore space 

being in-filled by FGIM. X10, 

XPL. 

Long contact between two quartz 

grains pre-cementation.. X20, 

XPL. 

Kaolinite/dickite and hematite 

recrystallizing from FGIM that is 

in-filling a secondary pore space. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

67.6 14.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

9.2 4.8 0.8 1.6 0.8 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 100µm to 2880µm. Quartz grains are sub-angular to rounded, with 

sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

boundaries, producing small to large embayments in the grains.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is occasionally associated with illite and kaolinite/dickite. FGIM is also an alteration phase for previous 

grains. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this sample, and has been 

partially dissolved.  Kaolinite/dickite occurs as blocky sheafs and in-fills secondary pore spaces.  

Porosity – Secondary porosity is the most common type of porosity in this thin section and is formed via 

the dissolution of FGIM (main) and quartz overgrowth dissolution (minor). 

Recrystallization/Replacement – Illite, kaolinite/dickite, and hematite all are recrystallization products of 

FGIM.  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are muscovite grains present in this thin section. 
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Sample: 01GC359 Depth: 1205.2 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
FGIM in-filling secondary pore 

spaces as well as the interstitial 

space between quartz grains. X10, 

PPL. 

Stylolite, running bottom left 

corner to top right corner, filled 

with high crystallinity illite. X20, 

XPL. 

Kaolinite/dickite and illite cement 

in-filling secondary porosity. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

72.4 16.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

6.8 1.2 3.6 0.0 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 50µm to 2500µm. Quartz grains range from sub-angular to 

rounded, with sub-rounded being the most common grains shape. Quartz grains have been dissolved on 

their grain boundaries producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces. FGIM 

is occasionally associated with illite. 

Cement – Illite cement is the most common type of cement in this thin section, and occurs as needles in-

filling a secondary pore space. Syntaxial quartz overgrowths occur on quartz grains and have been variably 

dissolved. 

Recrystallization/Replacement – Illite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are several stylolites in this sample which are filled with high 

crystallinity illite and zircons coated with FGIM. 

 

Additional Comments 

There are grains of muscovite in this thin section. 
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Sample: 01GC360  Depth: 1227.4 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this sample. 

   
Micaceous mineral replaced by 

kaolinite/dickite (?) and FGIM. 

X20, XPL. 

Kaolinite/dickite recrystallizing 

from FGIM in a secondary pore 

space. X20, XPL. 

Kaolinite/dickite and illite cement 

in-filling a secondary pore space. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

71.6 12.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

12.8 0.0 0.4 0.8 0.0 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 50µm to 2720µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries, producing small to large embayments.   

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore space, and also 

occurs within quartz grains as an alteration product. FGIM is occasionally associated with illite and 

kaolinite/dickite. 

Cement – Kaolinite/dickite cement is the most common type of cement, and occurs as blocky sheafs in 

secondary pore spaces. Kaolinite/dickite is occasionally associated with FGIM. 

Porosity – Secondary porosity is the main type of porosity in this thin section, and is formed via the 

dissolution of matrix, quartz grains (partial) and quartz cement. 

Recrystallization/Replacement – Illite and kaolinite/dickite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

There are relict little pieces of siderite cement present in secondary pore spaces. Detrital pieces of zircon 

are present in this sample. 
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Sample: 01GC361 Depth: 1249.9 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   

Concavo-convex contact between 

quartz grains. X20, XPL. 

Coarse grained illite and 

kaolinite/dickite cement infilling a 

P+S pore space. X20, XPL. 

Lithic fragment replaced by 

kaolinite/dickite (?) and FGIM. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

67.6 17.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 1.6 0.6 3.0 0.0 0.0 0.8 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 80µm to 3100µm. Quartz grains are sub-rounded to rounded, with 

sub-rounded being the most common grain shape. Quartz grains are dissolved on their grain boundaries, 

producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is also an alteration phase of unstable clasts. 

Cement – Kaolinite/dickite cement is the most common type of cement and occurs as blocky sheafs in-

filling secondary pore spaces. Kaolinite/dickite is occasionally associated with FGIM. Syntaxial quartz 

overgrowths occur on quartz grains. Quartz overgrowths have been variably dissolved. 

Porosity – Secondary porosity is the main type of porosity and occurs via the dissolution of FGIM, the 

partial dissolution of quartz grains and quartz cement. 

Recrystallization and Replacement – Illite and kaolinite/dickite are all recrystallization products of 

FGIM. Previous micaceous minerals appear to be altered to FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There is a coarse-grained layer in the middle of the thin section. There are 

stylolites present in this thin section. 

 

Additional Comments 

There are several muscovite grains present in this sample. 
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Sample: 01GC362 Depth: 1227.5 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
FGIM in-filling a secondary pore 

space between two quartz grains. 

X10, PPL. 

Hematite cement in-filling space 

between two quartz grains. X20 

PPL. 

Kaolinite/dickite cement in-filling 

a secondary pore space resultant 

from quartz overgrowth and quartz 

grain dissolution. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

77.6 8.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

6.8 5.6 0.8 0.4 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 70µm to 3580µm. Quartz grains are sub-rounded to rounded, 

with sub-rounded being the most common grain shape. Quartz grains are dissolved on their grain 

boundaries producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz overgrowths have been variably dissolved. Kaolinite/dickite occurs as blocky 

sheafs inside secondary pore spaces and is occasionally associated with FGIM. 

Recrystallization/Replacement – Illite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section, filled with high crystallinity 

illite, FGIM, and zircons. 

 

Additional Comments 

Hematite cement and recrystallized kaolinite/dickite are present in this thin section but were not point 

counted. 
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Sample: 01GC363 Depth: 1293.1 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. Some FGIM was stained 

pink and yellow. 

   
Stylolite, running left to right, with 

high crystallinity illite in-filling the 

sutured contact. X20, XPL. 

FGIM that likely resulted from 

grain alteration. X20, XPL. 

Grain replacement by 

kaolinite/dickite (top right) and 

subsequent cementation by 

kaolinite/dickite (middle). X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.8 6.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

10.8 0.4 1.0 4.2 0.0 0.0 0.0 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 80µm to 1450µm. Quartz grains are sub-rounded to rounded, with 

sub-rounded being the most common grain shape. Quartz grains have been dissolved on their boundaries 

producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Kaolinite/dickite cement is the most common type of cement and occurs as blocky sheafs in-

filling secondary pore spaces. Kaolinite/dickite also occurs as fibrous sheafs inside secondary pore spaces. 

Kaolinite/dickite is occasionally associated with FGIM. Syntaxial quartz overgrowths occur on quartz 

grains and have been variably dissolved. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contacts, indicating a medium 

to high amount of compaction.  

Sedimentary Structures – There are several stylolites present in this sample. 

 

Additional Comments 

There are relict zircon grains present in this sample. 
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Sample: 01GC364 Depth: 1315.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. Some FGIM was stained 

pink. 

   
FGIM in-filling secondary pore 

spaces and interstitial space 

between quartz grains. Some 

recrystallization into 

kaolinite/dickite has occurred. 

X10, PPL. 

Long to concavo-convex contact 

between quartz grains. X20, XPL. 

FGIM dissolution, or grain 

dissolution, resulting in secondary 

porosity formation. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

73.2 8.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

12.8 2.0 0.0 2.4 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 50µm to 174µm. Quartz grains range from sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their 

boundaries producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces.  

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and has 

been partially dissolved solution. Kaolinite/dickite cement occurs as small blocky sheafs in-filling 

secondary pore spaces. Kaolinite/dickite is often associated with FGIM. 

Porosity – Secondary porosity is the most common type of porosity in this thin section and is formed via 

the dissolution of quartz grains and cement (partial) as well as dissolution of FGIM. 

Recrystallization/Replacement – Kaolinite/dickite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. There is also a weird bed of finer-

grained sand at the top of this thin section. 

 

Additional Comments 

There are relict muscovite grains present in this sample. 
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Sample: 01GC365 Depth: 1337.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Stylolite, running from top to 

bottom, filled with high 

crystallinity illite in between the 

sutured contacts. X10, XPL. 

FGIM in-filling secondary pore 

spaces that are the result of quartz 

dissolution (right hand corner). 

X10, PPL. 

Quartz cement and quartz grain 

dissolution with consequent in-

filling by FGIM. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

72.4 5.6 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

16.4 2.0 1.2 1.2 0.0 0.0 0.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 70µm to 2880µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small to large embayments.  

Zircon – Zircons range in size from 70µm to 120µm, and are associated with iron oxide staining. 

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths are the most common type of cement and occur on quartz grains. 

Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs as blocky sheafs that 

in-fill secondary pore spaces. Illite cement occurs as small needles in-filling secondary pore spaces. 

Porosity – Secondary porosity is the main type of porosity in this thin section and is formed via the 

dissolution of FGIM. 

Recrystallization/Replacement – Illite is a recrystallization product of FGIM. Kaolinite/dickite is also a 

recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex, which indicates a medium to 

high amount of compaction. 

Sedimentary Structures – There are several stylolites present in this sample filled with high crystallinity 

illite and iron oxides and zircons. 

 

Additional Comments 

Kaolinite was counted as cement but most likely should have been put in the recrystallization section. 

There are k-feldspar blebs that have been stained yellow inside quartz grains. 
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Sample: 01GC366 Depth: 1359.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Coarse grained illite cement 

intergrown with minor 

kaolinite/dickite cement in a 

secondary pore space. X20, XPL. 

Coarse grained kaolinite/dickite 

cement (likely dickite) that is 

exclusively grown after fine 

grained kaolinite/dickite and illite. 

X20, XPL. 

Stylolite, running top to bottom, 

filled with high crystallinity illite 

and zircons. X10, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

72.0 11.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.2 0.4 0.8 4.0 0.0 0.0 4.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range from 40µm to 3220µm. Quartz grains are sub-rounded to rounded, with sub-

rounded being the most common grain shape. Quartz grains have been partially dissolved on their grain 

boundaries, producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore space. 

Cement – Kaolinite/dickite cement is the most common type of cement, and occurs as blocky sheafs that 

in-fill secondary pore spaces. Illite cement occurs as well formed needles that in-fills secondary pore 

spaces. Syntaxial quartz overgrowths occur on quartz grains, and have been partially dissolved. 

Porosity – Secondary porosity is the main type of porosity in this thin section, and is formed via the 

dissolution of FGIM and quartz overgrowths/quartz grains. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products from FGIM, 

although they were not point counted. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating medium to 

high amounts of compaction. 

Sedimentary Structures – There are several stylolites present in this thin section. 

 

Additional Comments 
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Sample: 01GC367 Depth: 1381.4 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Lath shaped hematite cement and 

formless hematite cement. X10, 

PPL. 

Kaolinite/dickite and illite being 

recrystallized from FGIM. X20, 

XPL. 

A small embayment (top) and large 

embayment (bottom) from 

dissolution of quartz. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.0 16.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 0.0 0.4 0.4 1.2 0.0 2.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 2620µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Hematite cement is the most common cement in this thin section, and occurs as formless or lath 

shaped crystals in-filling secondary pore spaces. Kaolinite/dickite cement is also present as blocky sheafs 

in secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity and is formed via the dissolution of 

FGIM and quartz grains (partial). 

Recrystallization/Replacement – Illite and kaolinite/dickite are both recrystallization products of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There is a thin angular bed of pebbles in this thin section. 

 

Additional Comments 

The amount of illite and kaolinite/dickite cement should be much higher in the point counting. There are 

relict muscovite grains in this sample. There are tourmaline grains in this sample. 
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Sample: 01GC368 Depth: 1403.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Kaolinite/dickite cement in-filling 

a secondary pore space. X10, XPL. 

Concavo-convex grain contact 

between two mono-crystalline 

pieces of quartz. X10, XPL. 

Hematite staining of clay minerals, 

hematite cementation, and 

kaolinite/dickite cementation into 

an open secondary pore space. 

X10, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

59.6 27.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.2 0.4 0.8 1.6 2.8 0.8 1.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range from 80µm to 2980µm in size. Quartz grains are sub-rounded to rounded, 

with rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces.  

Cement – Hematite cement is the most common type of cement and occurs as lath shaped crystals or as 

formless cement in secondary pore spaces. Kaolinite/dickite cement occurs as blocky sheafs in-filling 

secondary pore spaces. Syntaxial quartz overgrowths occur on quartz grains and have been variably 

dissolved. 

Porosity – Secondary porosity is the most common type of porosity and is formed via the dissolution of 

matrix material. Primary porosity is interstitial between large quartz grains. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are grains of tourmaline present in this sample. Some quartz grains have instances of hematite rims 

on them, but it is metallic hematite not orange hematite. The metallic hematite cement appears to 

previously been a heavy layer. 
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Sample: 01GC369 Depth: 1416.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Illite, kaolinite/dickite and hematite 

cement in-filling a secondary pore 

space. X20, XPL. 

Kaolinite/dickite and illite 

recrystallizing from FGIM. X20, 

XPL. 

Large piece of anatase with 

hematite cement. It appears that the 

mineral is over top of a quartz 

grain. X10, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

64.4 21.2 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.2 0.4 0.8 5.2 1.6 0.0 0.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 70µm to 3160µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most abundant grain shape. Quartz grains have been partially dissolved on 

their grain boundaries producing small to large embayments.  

Zircon – Zircons range from 40µm to 120µm in size and occur in association with FGIM or are found 

interstitially between quartz grains. 

FGIM – FGIM occurs interstitially between quartz grains and also in-fills secondary pore spaces. FGIM is 

associated with kaolinite/dickite and occasionally with illite. 

Cement – Kaolinite/dickite cement is the most common type of cement and occurs as blocky sheafs that 

in-fill secondary pore spaces. Hematite cement occurs as either formless or lath shaped crystals in 

secondary pore spaces. Syntaxial quartz overgrowths occur on quartz grains and have been partially 

dissolved.  

Porosity – Secondary porosity is the most common type of porosity and is formed via FGIM dissolution. 

Recrystalliation/Replacement – Illite and kaolinite/dickite are recrystallization products of FGIM.  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

Muscovite is present in this sample. Tourmaline is present in this sample. 
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Sample: 01GC370 Depth: 1454.2 Name: Conglomerate 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Grains being replaced or altered to 

FGIM. X10, XPL. 

Orange hematite intergrown with 

kaolinite/dickite in a secondary 

pore space, contrary to other 

samples just above it. X10, XPL. 

Plagioclase clast enclosed within 

rutile. Plagioclase has been stained 

red. X10, XPL. 

 

Point counting not completed due to the coarse-grained nature of the conglomerate 

 

Petrographic Characteristics 

Quartz (82%) – Quartz grains range in size from 60µm to 1.1cm (pebble clasts). Quartz grains are sub-

angular to rounded, with sub-rounded being the most common grain shape. Quartz grains have been 

partially dissolved on their boundaries producing small to large embayments (large crystal in the middle).  

Zircon (0.4%) – Zircons are ~120µm in size (are bigger elsewhere) and occur interstitially between quartz 

grains.  

FGIM (2%) – FGIM occurs as a local replacement phenomena either coating heavy minerals (i.e. zircons) 

or replacing previous grains.  

Cement (10%) – Kaolinite/dickite cement (3%) occurs as blocky sheafs or fibrous sheafs in secondary 

pore spaces, and is intergrown with either needle-form illite (3%). Syntaxial quartz overgrowths occur on 

quartz grains and have been partially dissolved in this thin section (1%). Hematite cement (3%) occurs as 

lath shaped crystals or formless cement in between quartz grains, and has a red hematite overgrowth on 

them. 

Porosity – There is effectively 0% porosity in this thin section, due to the high amount of cement. 

Recrystallization/Replacement – Kaolinite/dickite replaces micaceous minerals in this thin section. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

This thin section seems quite different than the rest of the sandstones. There is anatase cement in this thin 

section. There is possibly an instance of muscovite but it is very fibrous, possibly still detrital. 
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Sample: 01GC371 Depth: 1455.7 Name: Paleoweathered Granite 

  

   

Coarse grained kaolinite with thin 

bands of illite. Hematite is also on 

the left. X10, XPL. 

Fracture quartz that has been in-

filled with fine-grained clays. X10, 

XPL. 

Hematite mimicking muscovite or 

illite form. X20, XPL. 

 

Point counting not completed due to the nature of the paleoweathered granite 

 

Petrographic Characteristics 

Quartz (30%) – Quartz is the only relict mineral in the paleoweathered granite, although it seems that 

quartz may have been dissolved or fractured and in-filled with fine-grained kaolinite. 

Kaolinite (60%) – Kaolinite is the main alteration product of what is assumed to be feldspars and 

accounts for the majority of this sample. 

Illite (3%) – Illite is a minor alteration product in the paleoweathered granite and forms stringers within 

the kaolinite. 

Hematite (7%) – Hematite forms red stringers in the paleoweathered granite, and is interpreted to be 

replacement of micaceous minerals. Hematite also seems to outline relict grain boundaries, indicating it is 

a replacement of minerals. 

 

Additional Comments 
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Sample: 01GC372 Depth: 1478.5 Name: Paleoweathered Granite 

  

   

Recrystallized kaolinite/illite 

beside dirty alteration clay 

assemblage. Hematite occurs as the 

same time as this recrystallization. 

X10, XPL. 

Hematite replacing muscovite/illite 

but keeping its fibrous habit/form. 

X10, XPL. 

Potassium feldspar (likely 

orthoclase due to no twinning) that 

was stained yellow during feldspar 

staining. X10, XPL. 

 

Point counting not completed due to the nature of the paleoweathered granite 

 

Petrographic Characteristics 

Quartz (50%) – Quartz is the main mineral in this thin section. Quartz has been fractured with the 

fractures being in-filled with kaolinite.  

Clay (48%) – Clays are very fine-grained, dark in PPL as well as XPL, and are very small. Illite has been 

identified as fibrous or acicular growths within the clay. Recrystallization fractures recrystallizes the clay 

into kaolinite (although this might be a primary feature). 

Muscovite (<1%) – Occurs as fibrous clusters in this thin section and have mainly been replaced by illite 

as well as hematite. 

Hematite (1%) – Occurs as a replacement phase of muscovite. 

 

Additional Comments 

 



 222 

 

Sample: 11GC001 Depth: 131 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Highly cemented nature of the 

sandstone, with FGIM in the 

dustline. X10, XPL. 

Alteration to FGIM and subsequent 

dissolution to form secondary 

porosity. X20, XPL. 

Lithic grain that has been altered to 

kaolinite. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

68.4 1.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.8 13.2 4.6 1.0 0.0 0.0 2.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range from 220µm to 540µm.  Quartz grains are sub-angular to rounded, with sub-

rounded being the most common grain shape.  Some quartz grains have been variably dissolved on their 

grain boundaries, producing small to medium sized embayments.  

FGIM – FGIM occurs interstitially between quartz grains, or as an alteration product of unstable grains. 

FGIM is occasionally associated with illite and kaolinite/dickite. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz cement has been variably dissolved in this thin section leading to secondary 

porosity.  

Porosity – Secondary porosity is the most common type of porosity in this thin section and comes from 

the alteration and dissolution of unstable grains. Heavy minerals (zircon) have been left inside some pore 

spaces after dissolution has taken place. 

Recrystallization/Replacement –Illite and kaolinite/dickite are both being recrystallized from FGIM. 

Grains are being replaced by a mixture of illite and kaolinite/dickite in this thin section. 

Compaction – Grain contacts range from point contact to long contact with large amounts of cement 

generally separating the quartz grains. This indicates a low to medium amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Kaolinite/dickite and illite may have been cements but not counted correctly during point counting. There 

are several lithic fragments in this thin section which were not counted during point counted (lots of 

musc/bio in the clast). 
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Sample: 11GC002 Depth: 162.5 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained in this thin section. 

   
Grain alteration to clays, then 

dissolved to create secondary 

porosity. X20, XPL. 

Lithic fragment composed of 

muscovite (or biotite), which 

appears to have been altered to 

clays (?). X20, XPL. 

Zircon grain inside a secondary 

pore space that was due to grain 

dissolution and alteration, 

indicating it was inside the grain. 

X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

68.0 0.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.6 22.0 0.2 0.4 0.2 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 100µm to 500µm. Quartz grains are sub-rounded to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries before cementation and in-filled with FGIM.  

FGIM – FGIM occurs most commonly as an alteration product of unstable grains. FGIM also occurs 

interstitially between quartz grains as well as between the quartz grain and quartz cement. 

Cement – Syntaxial quartz overgrowth is the most common type of cement and occurs on quartz grains. 

Quartz cement has been minorly dissolved producing secondary porosity. 

Porosity – Secondary porosity is the most common type of porosity and occurs via the dissolution (partial 

and complete) of unstable minerals. 

Recrystallization – Illite, kaolinite/dickite, and hematite are all recrystallization products from FGIM. 

Compaction – Grain contacts range from point contact to long contact when quartz cement is not 

separating the quartz grains from contact. This indicates a low to medium amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

FGIM may have been over-estimated in the point counting. There are minor amounts of hematite cement 

in this thin section that was not point counted, due to the sparseness of illite/(kaolinite/dickite)/hematite 

cements. 
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Sample: 11GC003 Depth: 172.1 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Alteration to FGIM and clay 

minerals, and subsequent 

dissolution to form secondary 

porosity. X20, PPL. 

Muscovite grain that has been 

altered to clay minerals. X20, XPL. 

FGIM that is stuck in between the 

quartz grains and the quartz 

overgrowth. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

68.4 1.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

10.0 18.4 0.4 0.4 0.0 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 120µm to 540µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries producing small embayments before cementation.  

FGIM – FGIM occurs interstitially between quartz grains as well as a replacement phase for unstable 

minerals. FGIM also occurs in the dustline between quartz grain and quartz cement. 

Cement – Syntaxial quartz overgrowths are the most common type of cement in this thin section, and 

occur on quartz grains.  

Porosity – Secondary porosity is the most common type of porosity and occurs via the partial dissolution 

of unstable minerals. 

Recrystallization/Replacement – Minor amounts of FGIM are being recrystallized to kaolinite/dickite 

and illite. 

Compaction – Grain contacts from point contact to long contact when not being separated by quartz 

cement, indicating a low to medium amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are rare tourmaline grains in this sample. 
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Sample: 11GC004 Depth: 193.2 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Grain that has been replaced by 

illite (?) and FGIM, then 

consequently dissolved producing 

secondary porosity. X20, XPL. 

Muscovite being altered to illite 

and FGIM in between quartz 

grains. X20, XPL. 

Lithic grain that has been altered to 

FGIM and kept its grain shape. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.4 4.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 12.4 0.0 0.0 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 100µm to 1090µm. Quartz grains are sub-angular to sub-

rounded, with sub-angular being the most abundant grain shape. Quartz grains have been dissolved on 

their grain boundaries producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is present in the dustline of the quartz grains, and also occurs within quartz overgrowths. FGIM is also an 

alteration product of unstable grains. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. 

Porosity – Secondary porosity is the most common type of porosity in this thin section and occurs via the 

partial dissolution of unstable grains. 

Compaction – Grain contacts range from point contact to long contact to concavo-convex contact, 

indicating a medium to high amount of compaction.   

Sedimentary Structures – There is an angular very thin bed of pebbly quartz in this thin section. Several 

stylolites are present in this sample. 

 

Additional Comments 
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Sample: 11GC005 Depth: 229.8 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Altered lithic grain to FGIM, with 

stylolites occurring around the 

grain. X20, XPL. 

Syntaxial quartz overgrowths. X20, 

XPL. 

Stylolitization producing sutured 

grain contacts. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.4 8.0 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

10.4 1.6 0.4 0.4 0.0 0.0 4.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 70µm to 1890µm. Quartz grains are sub-rounded to rounded, 

with rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is an alteration product of previously unstable clasts. 

Cement – Syntaxial quartz overgrowths is the most common type of cement and occurs on quartz grains. 

Kaolinite/dickite cement occurs in secondary pore spaces as fibrous sheafs. 

Porosity - Secondary porosity is the most common type of porosity and occurs via the partial dissolution 

of quartz grains and quartz cement. 

Replacement/Recrystallization – Illite and kaolinite/dickite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures –Several stylolites are present in this thin section. 

 

Additional Comments 
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Sample: 11GC006 Depth: 254.6 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained, FGIM was stained pink. 

   
Stylolite running from top to 

bottom. X20, XPL. 

FGIM interstitially between quartz 

grains. X20, PPL. 

Grain that has been altered to fine 

grained clays and FGIM. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

83.6 3.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.8 6.8 0.0 0.0 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 90µm to 860µm. Quartz grains are sub-angular to rounded, with sub-

rounded being the most common grain shape. Quartz grains have been dissolved on their grain boundaries, 

producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

occurs in the dustline of quartz grains, as well as within quartz cement. 

Cement – Syntaxial quartz overgrowths is the most common type of cement and occurs on quartz grains.  

Porosity – Secondary porosity is the most common type of porosity in this thin section and occurs via the 

partial dissolution of quartz grains and the dissolution of matrix. 

Compaction – Grain contacts range from point contact to long contact to concavo-convex contact (minor), 

indicating a medium amount of compaction grading to high amount of compaction.  

Sedimentary Structures – Stylolites are present in this thin section. 

 

Additional Comments 

The stylolites in this thin section seem to be accompanied by a grain size reduction of the clasts. Rare 

zircons are present in this sample. 
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Sample: 11GC007 Depth: 283.7 Name: Claystone 

 

-This thin section was not stained for feldspars. 

   
Recrystallized FGIM into illite. 

X10, XPL. 

Muscovite grain that has been 

altered and dissolved into illite and 

FGIM. X20, XPL. 

Illite cement outlining grain 

boundaries of the clasts. Clast was 

likely plucked during preparation. 

X20, XPL. 

 

Point counting not completed due to the nature of the claystone 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 150µm to 1360µm. Quartz grains are sub-rounded to rounded, 

with rounded being the most common grain shape.  

FGIM – FGIM occurs on quartz grains and in between quartz grains. It is the most abundant phase. 

Cement – Syntaxial quartz overgrowths are present on quartz grains. Fibrous kaolinite/dickite cement 

outlines quartz grain boundaries even when the grain has been dissolved.  

Porosity – Secondary porosity is the most common type of porosity and is a result of quartz grain 

dissolution and FGIM dissolution. Secondary porosity may have been generated while cutting the sample. 

Recrystallization/Replacement – Illite is a recrystallization product from FGIM. 

Compaction – The majority of quartz grains are not in contact, so compaction cannot be commented on. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Specific %’s were not given as most of this thin section has been dissolved away, likely when cutting the 

sample. 
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Sample: 11GC008 Depth: 310.4 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Nature of FGIM in this thin 

section, showing it being trapped in 

the dustline as well as in secondary 

pore spaces. X20, PPL. 

Zircon, FGIM, and quartz inside a 

secondary pore space that is a 

result of grain dissolution. X20, 

PPL. 

Well cemented nature of this thin 

section with minimal dissolution. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

66.4 0.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.8 26.8 0.0 0.0 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 120µm to 740µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is also trapped between quartz grains and quartz cement. FGIM is also an alteration product of unstable 

grains. 

Cement – Syntaxial quartz overgrowths is the most common type of cement and occurs on quartz grains.  

Porosity – Secondary porosity is the main type of porosity in this thin section and occurs via the partial 

dissolution or quartz grains. 

Compaction – Grain contacts range from point contact to long contact to concavo-convex contact, 

indicating low to medium/high amounts of compaction.  

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

The stylolites in this sample are associated with grain size reduction of the quartz grains. Rare zircons are 

present in this sample, typically in secondary pore spaces. There seem to be a few lithic fragments in this 

thin section that was not counted during point counting. 
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Sample: 11GC009 Depth: 333.8 Name: Quartz Wacke 

 

- This thin section was not stained for feldspars. 

   
Lithic fragment that has been 

altered to FGIM internally and on 

its edges. X10, XPL. 

Muscovite grain that has been 

compacted between quartz grains 

and altered to FGIM. X10, XPL. 

Secondary pore space that is 

rimmed by FGIM. X20, XPL. 

 

Point counting not completed due to the nature of the sample 

 

Petrographic Characteristics 

Quartz (83%) – Quartz grains range in size from 260µm to 710µm. Quartz grains are sub-rounded to 

rounded, with rounded being the most common grain shape. Quartz grains have been dissolved on their 

grain boundaries producing small to large embayments. 

FGIM (35%) – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

FGIM appears inside quartz grains that have been affected by dissolution, as well as outlines previous 

grain boundaries. FGIM occurs as thick coatings on the quartz grains, which in some cases prevents the 

quartz cement from being syntaxial to the grain. 

Cement (2%) – Syntaxial quartz overgrowths is the most common cement in this thin section and occurs 

on quartz grains. Quartz cement has been variably dissolved. 

Porosity (?) – Porosity is difficult to judge, as some of it may have been induced during thin section 

preparation. 

Recrystallization/Replacement – Illite is a recrystallization product from FGIM. 

Compaction – Grains are generally not in contact with each other, so compaction cannot be judged. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 
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Sample: 11GC010 Depth: 359.3 Name: Quartzose Claystone 

 

-This thin section was not stained for feldspars. 

   
General shot of the sandstone, 

showing large amounts of FGIM 

that seem to outline previous clasts. 

X10, XPL. 

Fresh muscovite grain in between 

two quartz grains. X20, XPL. 

Recrystallization of a previous 

grain that was altered to FGIM into 

illite and kaolinite. X20, XPL. 

 

Point counting not completed due to the nature of the sample 

 

Petrographic Characteristics 

Quartz (90%) – Quartz grains range from 70µm to 600µm. Quartz grains are sub-rounded to rounded, 

with rounded being the most common grain shape. Quartz grains have been variably dissolved on their 

grain boundaries, producing small embayments. 

FGIM (9%) – FGIM occurs interstitially between quartz grains, as well as outlines secondary pore spaces 

(where grains used to be). FGIM is occasionally associated with illite. 

Cement (1%) -Illite cement occurs as small needles in-filling secondary pore spaces. 

Porosity (?) – The majority of the porosity in this thin section is secondary porosity, but this may have 

been artificially introduced when preparing the sample. 

Recrystallization/Replacement – Illite is a recrystallization product of FGIM. 

Compaction – Grains are not in contact indicating low amounts of compaction, however this is skewed 

from the large amounts of FGIM. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 
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Sample: 11GC011 Depth: 402.3 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Coarse grained kaolinite/dickite. 

This kaolinite/dickite is likely the 

result of grain replacement. X20, 

XPL. 

Quartz grain and quartz 

overgrowth dissolution and 

subsequent in-filling by FGIM. 

X20, XPL. 

Quartz overgrowth (left) that has 

been variably dissolved. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.8 3.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

9.6 7.2 1.2 0.4 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 90µm to 1090µm.  Quartz grains are sub-angular to sub-

rounded, with sub-angular being the most common grain shape.  Quartz grains have been dissolved on 

their grain boundaries to produce small to medium sized embayments.  

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces. FGIM 

is occasionally associated with illite and kaolinite/dickite. 

Cement – Syntaxial quartz overgrowths is the most common type of cement, and occurs on quartz grains. 

Quartz cement has been variably dissolved. Kaolinite/dickite cement occurs as fibrous sheafs that in-fill 

secondary pore space, and is occasionally associated with FGIM. 

Porosity - The majority of the porosity in this thin section is secondary porosity, and is formed via the 

partial dissolution of quartz grains and quartz cement as well as the dissolution of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

Kaolinite/dickite is also a recrystallization product of FGIM, as well as a diagenetically grown cement. 
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Sample: 11GC012 Depth: 423.1 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained pink. FGIM was stained 

pink. 

   
Fibrous coarse grained 

kaolinite/dickite inside an 

oversized pore space. X20, XPL. 

Muscovite grain squished in 

between two quartz grains, which 

truncates the quartz cement. X20, 

XPL. 

Grain that has been stained pink 

during staining, which has been 

altered to FGIM. X10, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

73.2 4.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.2 15.6 1.2 2.0 0.0 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 100µm to 800µm. Quartz grains range from sub-angular to 

rounded, with sub-rounded being the most common grain shape. Quartz grains have been variably 

dissolved on their grain boundaries, producing small to medium sized embayments.  

FGIM – FGIM occurs interstitially between quartz grains, as well as in-filling secondary pore spaces. 

Cement – Syntaxial quartz overgrowth is the most common type of cement in this thin section, and occurs 

on quartz grains. Quartz overgrowths have been variably dissolved. Kaolinite/dickite cement occurs as 

fibrous sheafs inside secondary pore spaces. Illite cement occurs as fibrous growths inside cracks which is 

a result of muscovite alteration and subsequent compaction. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

partial dissolution of quartz grains/cement and dissolution of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contacts, indicating a medium 

to high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 
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Sample: 11GC013 Depth: 440.4 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Well cemented nature of the 

sandstone with minimal 

dissolution. X10, XPL. 

Lithic grain altered to FGIM with 

relict quartz still present. X20, 

XPL. 

Lithic fragment involved in 

pressure solution of the other two 

grains. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.4 2.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.6 18.8 0.0 0.0 0.4 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 100µm to 800µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries, producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains, as an alteration product of grains, as well as in-

fills secondary pore spaces. FGIM also occurs in the dustline between quartz clasts and quartz cement. 

FGIM is occasionally associated with hematite cement. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been dissolved. Hematite cement occurs as formless 

metallic cement in between quartz grains and their cement, and is occasionally associated with FGIM. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a high 

amount of compaction. Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

 



 235 

 

Sample: 11GC014 Depth: 482.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Coarse grained kaolinite/dickite, 

FGIM, and illite inside a secondary 

pore space. X20, XPL. 

Possible feldspar grain 

(plagioclase) with zoning, or an 

odd quartz grain. Coarse grained 

kaolinite/dickite cement beside the 

grain. X20, XPL. 

FGIM occurring within a quartz 

grain. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

71.6 3.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

17.2 0.0 0.6 2.2 0.0 0.0 6.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 100µm to 900µm.  Quartz grains are sub-rounded to rounded, 

with rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been variably dissolved creating secondary porosity. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

partial dissolution of quartz grains and cement as well as FGIM dissolution.  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

There is kaolinite/dickite cement in this thin section. There are several places that contain kaolinite/dickite 

cement, however they were not counted during point counting. Very minor amounts of recrystallized illite 

(from FGIM) are also present. The stylolites are filled with high crystallinity illite and relict zircon grains. 
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Sample: 11GC015 Depth: 658.7 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Lithic fragment being altered to 

FGIM (unstable parts). Relict 

quartz is left behind. X10, XPL. 

Small circle that was stained pink 

during feldspar staining, although 

this alteration is after quartz 

overgrowthing. X20, PPL. 

Tourmaline grain with 

“overgrowth” texture described by 

Pagel. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

83.2 3.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.8 7.2 0.2 0.0 0.6 0.0 0.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 60µm to 1700µm. Quartz grains are sub-rounded to rounded, 

with rounded being the most abundant grain shape. Quartz grains are dissolved on their grain boundaries, 

producing small to large embayments.  

FGIM – Occurs interstitially between quartz grains, in-fills secondary pore spaces, and occurs as an 

alteration product of unstable grains. 

Cement – Syntaxial quartz overgrowths is the main type of cement in this thin section, and occur on 

quartz grains. Quartz cement has been partially dissolved.  Hematite cement occurs between quartz grains 

as formless metallic cement, and is occasionally associated with FGIM. 

Porosity – Secondary porosity is the most common type of porosity, and occurs via the dissolution of 

FGIM, as well as partial dissolution of quartz cement and quartz grains. 

Recrystallization/Replacement – Illite and hematite are both recrystallization products from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

FGIM may have been under-estimated. This sample is more of a wacke then an arenite. There is minor 

kaolinite/dickite cement that was not point counted. There are a couple places that have completely 

replaced grains by FGIM. 
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Sample: 11GC016 Depth: 693.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Large dissolution vug inside a 

quartz grain. X10, XPL. 

Kaolinite/dickite and illite cement 

with minor FGIM intergrown 

inside a secondary pore space. 

X20, XPL. 

Stylolite, running left to right, with 

high crystallinity illite 

recrystallizing from FGIM. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

80.8 5.2 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

0.0 3.2 0.0 0.8 0.0 0.0 3.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range from 80µm to 1630µm. Quartz grains are sub-rounded to rounded, with sub-

rounded being the most common grain shape. Quartz grains have been partially dissolved on their grain 

boundaries, producing small to large embayments.  

Zircon – Zircons are approximately 80µm in size (generally smaller) and occur in secondary pore spaces. 

Zircons are associated with FGIM. 

FGIM – FGIM occurs interstitially between quartz grains, in-fills secondary pore spaces, and is an 

alteration product of unstable grains. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs 

as blocky sheafs inside secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of FGIM, quartz grains (partial) and quartz overgrowths (partial). 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – Half of this thin section contains fine-very fine quartz, while the other half 

contains medium-coarse grained quartz. The size of these laminations is unknown. There are stylolites 

present in this thin section. 

 

Additional Comments 

Illite cement is also present but was not point counted. Stylolites contain high crystallinity illite and zircon. 

There are grains that have been completely replaced by FGIM and recrystallized to illite. 
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Sample: 11GC017 Depth: 717.6 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Kaolinite cement with minor illite 

and FGIM inside a secondary pore 

space. X20, XPL. 

Stylolite with recrystallized high 

crystallinity illite. X10, XPL. 

Long to concavo-convex contacts 

pre-cementation. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

82.8 5.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

3.2 5.6 0.8 0.4 0.0 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 100µm to 840µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries, producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains, in-fills secondary pore spaces, and as an 

alteration product of unstable grains. 

Cement – Syntaxial quartz overgrowths are the most common type of cement, and occur on quartz grains. 

Quartz cement has been partially dissolved. Kaolinite/dickite cement occurs as small sheafs inside 

secondary pore spaces. Illite cement occurs as small needles in secondary pore spaces, and is occasionally 

associated with FGIM. 

Porosity – Secondary porosity is the most common type of porosity, and occurs via dissolution of matrix 

and partial dissolution of quartz grains and quartz cement. 

Recrystallization/Replacement – Illite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are several stylolites present in this thin section. 

 

Additional Comments 

Stylolites are filled with high crystallinity illite and zircon grains. 
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Sample: 11GC018 Depth: 741.4 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Siderite cement, infilling a 

secondary pore space (after 

carbonate staining). X20, XPL. 

Kaolinite/dickite cement in-filling 

a secondary pore space after quartz 

overgrowths. X20, XPL. 

Lithic fragment that has been 

altered to FGIM and subsequently 

recrystallized into illite. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.0 5.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.4 6.4 1.2 4.0 0.0 0.0 2.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 1520µm in size. Quartz grains have been dissolved on 

their grain boundaries, producing small to large embayments.  

FGIM – FGIM occurs as very fine-grained clays (clays unknown) in primary pore spaces. FGIM also 

occurs as fine-grained material that results from the alteration of other minerals. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs as 

blocky/fibrous growths inside secondary pore spaces. Illite cement occurs as small needles in-filling 

secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

partial dissolution of quartz grains and quartz cement. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

There are rare zircon grains in this sample. The stylolites are filled with high crystallinity illite and zircon 

grains coated in FGIM. 
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Sample: 11GC019 Depth: 748.6 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. Some FGIM was stained 

pink. 

   
Hematite cement between quartz 

grains. The cement is generally 

formless. X10, PPL. 

FGIM in-filling secondary 

dissolution vugs in a large quartz 

grain. X10, XPL. 

Microcline inclusion inside a 

quartz grain on the unstained side 

of the thin section. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

72.0 11.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 4.8 0.0 0.4 1.6 0.0 3.6 

 

Petrographic Characteristics 

Quartz – Quartz ranges in size from 110µm to 1220µm. Quartz grains range from sub-angular to rounded, 

with rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

boundaries, producing small to medium embayments. 

Zircon – Zircons are ~100µm in size, although most are <30µm in size. Zircons are generally angular and 

occur in secondary pore spaces. 

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces.  

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz overgrowths have been variably dissolved. Kaolinite/dickite cement occurs as 

blocky/fibrous sheafs inside secondary pore spaces. Hematite cement occurs as formless blebs in between 

quartz grains. 

Porosity – Secondary porosity is the most common type of porosity, and occurs via the dissolution of 

quartz grains and quartz cement (partial and complete), as well as FGIM. 

Recrystallization/Replacement – Hematite is a recrystallization product from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. There is a thin layer of coarser 

grained quartz in this thin section. 

 

Additional Comments 

A very tiny piece of siderite was found in this thin section. 
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Sample: 11GC020 Depth:  784.8 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Lithic fragments that have been 

severely altered to FGIM. X10, 

XPL. 

Hematite lath and kaolinite/dickite 

cement between quartz clasts. X10, 

PPL. 

Kaolinite/dickite cement with 

minor illite recrystallized from 

FGIM. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

58.4 25.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.4 4.4 0.0 0.4 0.4 0.0 6.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 60µm to 3900µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their 

boundaries producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces.  

Cement – Syntaxial quartz overgrowths occurs on quartz grains, and have been partially dissolved. 

Kaolinite/dickite cement occurs as blocky sheafs in secondary pore space, and is occasionally associated 

with FGIM. Hematite cement occurs as formless cement or lath shaped crystals inside secondary pore 

spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz cement/grains (partial and complete), and the dissolution of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this sample. 

 

Additional Comments 

There are rare detrial zircons present in this sample. 
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Sample: 11GC021 Depth: 803.3 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Detrital zircon between quartz 

grains (compacted to product 

concavo-convex contacts) coated 

with FGIM. X20, XPL. 

Metallic hematite and orange 

hematite cement intergrown with 

FGIM inside a secondary pore 

space. X20, PPL. 

Clay band that has been 

recrystallized into illite. X10, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.8 12.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.0 3.2 0.0 0.0 0.4 0.0 4.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 50µm to 1550µm. Quartz grains are variably dissolved on their 

grain boundaries, producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

also lines secondary pores and coats zircons. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been partially dissolved. Hematite cement occurs as 

formless cement or lath shaped crystals in between quartz grains and inside secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity, and occurs via the dissolution of 

quartz grains and cement (partial and complete). 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

Siderite cement is present in this thin section. The clay lenses in this sample may or may not be stylolites. 

They do not show the same extreme dissolution on adjacent grain boundaries that the other stylolites do. 

There are rare muscovite grains in this thin section. Rare lithic grains are present in this sample, and have 

been altered. There are detrital zircon grains in this sample. There are real stylolites present in this sample, 

with highly sutured grain boundaries and zircons stuck in between quartz grains. 
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Sample: 11GC022 Depth: 828.1 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Grain replacement by hematite 

with subsequent hematite 

cementation on the grain. X10, 

PPL. 

Secondary pore space, with a 

circular bleb of FGIM. X20, XPL. 

Several zircons located within the 

pore space between quartz grains. 

The zircons don’t appear to be 

detrital. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

74.4 9.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.4 6.4 0.6 0.0 0.2 0.0 4.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 50µm to 970µm. Quartz grains are sub-angular to rounded, with 

sub-rounded being the most common grain shape. Quartz grains have been dissolved on their boundaries, 

producing small to medium embayments.  

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces. FGIM 

is occasionally associated with illite and hematite. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been partially dissolved. Illite cement occurs as small 

needles in secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz cement and grains (partial) and FGIM. 

Recrystallization/Replacement – Illite and hematite are recrystallization products of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

There is kaolinite/dickite cement in this sample that wasn’t point counted. Kaolinite/dickite is also 

intergrown with illite cement. 
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Sample: 11GC023 Depth: 850.4 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
FGIM in-filling secondary pore 

spaces that were formed via quartz 

dissolution. X20, XPL. 

Formless hematite cement between 

quartz grains. X20, PPL. 

Fresh muscovite that has been 

squished between quartz grains due 

to compaction. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

76.8 13.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

6.4 1.2 0.0 0.0 0.0 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 50µm to 3060µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz cement has been partially dissolved. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz grains (complete) and FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 
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Sample: 11GC024 Depth: 863.5 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained.  

   
Hematization before quartz 

overgrowths and after quartz 

overgrowths. X20, PPL. 

Coarse grained kaolinite/dickite 

cement in-filling a P+S pore space. 

X20, XPL. 

Concavo-convex contact between 

quartz grains before cementation. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.4 17.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

2.0 5.6 0.0 0.0 0.4 0.0 4.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 150µm to 2500µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains and in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz cement has been partially dissolved. Hematite cement occurs as small red 

crystals or formless metallic cement in secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

partial dissolution of quartz grains and cement. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 
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Sample: 11GC025 Depth: 873.6 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained.  

   
Kaolinite/dickite and illite cement 

inside a secondary pore space. 

X20, XPL. 

Muscovite grains inside a 

secondary pore space that are being 

altered to clays. X20, XPL. 

Well cemented quartz grains in this 

thin section. X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

64.4 20.4 0.0 0.4 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.4 7.6 0.0 0.0 0.4 0.0 2.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range from 150µm to 1410µm. Quartz grains are sub-angular to rounded, with 

rounded being the most common grain shape. Quartz grains have been partially dissolved on their grain 

boundaries. 

Lithic Fragments – Lithic fragments are approximately 700µm in size, and are composed of FGIM 

(previously unstable minerals) and quartz. 

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is also an alteration product of lithic fragments. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been partially dissolved. Hematite cement occurs as 

formless cement or lath shaped crystals in secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

partial dissolution of quartz grains and quartz cement, as well as FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 
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Sample: 11GC026 Depth: 892.9 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
FGIM that has been recrystallized 

into illite and hematite. X20, XPL. 

Grain replacement by a 

combination of hematite, fine 

grained kaolinite/dickite and illite. 

X20, XPL. 

Hematite cementation within a 

secondary pore space.  X20, PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

72.8 16.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

1.2 5.6 0.4 0.0 1.2 0.4 1.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 100µm to 2000µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains and in-fills secondary pore spaces.  

Cement – Syntaxial quartz overgrowths is the most common type of cement, and occurs on quartz grains. 

Quartz overgrowths have been partially dissolved. Illite cement occurs as small needles in-filling 

secondary pore spaces. Hematite cement occurs either as formless cement or lath shaped crystals in 

secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz grains and cement (partial).  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of pressure.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Kaolinite/dickite cement also exists in this thin section. 
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Sample: 11GC027 Depth: 987.5 Name: Quartz Wacke 

 

 -The top half of the thin section has been stained 

for feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Cluster of zircons inside a 

secondary pore space. X20, PPL. 

Orange hematite cement in 

between quartz grains. X20, PPL. 

Long contact between grains, 

subsequent quartz cementation and 

dissolution to create a secondary 

pore space. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

57.2 28.4 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

6.0 4.4 0.0 0.0 0.4 0.4 2.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 90µm to 2400µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small embayments.  

Zircon – Zircons are ~140µm in size, and occurs in secondary pore spaces. Zircons are occasionally 

associated with FGIM. 

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths is the most common type of cement, and occurs on quartz grains. 

Quartz cement has been partially dissolved. Chert cement is also present in this sample. Hematite cement 

occurs as red crystals, formless cement, or lath shaped metallic cement in secondary pore spaces or 

between quartz clasts. 

Porosity – Secondary porosity is the most common type of pore space in this thin section and occurs via 

the dissolution of quartz grains and cement (partial). 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this thin section. 

 

Additional Comments 

Stylolites contain minor amounts of high crystallinity illite within the sutured contacts. There is much 

more hematite than what the point count shows. 
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Sample: 11GC028 Depth: 1020.6 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained, FGIM was stained pink. 

   
Well cemented nature with minor 

dissolution. X10, XPL. 

FGIM that has been recrystallized 

into illite and kaolinite. X20, XPL. 

Lithic fragment that has had its 

unstable minerals altered to FGIM, 

leaving quartz behind. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

47.6 36.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.0 5.2 0.4 0.8 0.0 0.0 5.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 140µm to 3500µm, with the larger grain sizes more abundant. 

Quartz grains are sub-angular to rounded, with rounded being the most common grain shape. Quartz grains 

have been partially dissolved on their grain boundaries producing small embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces, and 

occur within quartz grains due to alteration. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz overgrowths have been destroyed. Kaolinite/dickite cement occurs in secondary 

pore spaces as blocky sheafs. Illite cement occurs as small needles in-filling secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

partial dissolution of quartz grains, quartz cement and FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample, filled with FGIM and another clay 

(most likely illite). 

 

Additional Comments 

There are stylolites present in this sample. Siderite cement is present in this sample. 
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Sample: 11GC029 Depth: 1027.7 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Lithic fragment that has had its 

unstable minerals altered to FGIM. 

X10, XPL. 

Pore space in-filled with a mixture 

of fibrous kaolinite/dickite and 

illite (replacement of 

kaolinite/dickite?)X20, XPL. 

Coarse grained kaolinite/dickite in-

filling a secondary pore space. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

64.8 19.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 7.2 0.0 0.4 0.0 0.0 2.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 110µm to 1300µm. Quartz grains range from sub-angular to 

rounded, with sub-rounded being the most common grain shape. Quartz grains have been partially 

dissolved on their grain boundaries producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains, as well as in-fills secondary pore spaces. FGIM 

is occasionally associated with illite. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section and occurs 

on quartz grains. Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs in 

secondary pore spaces as blocky sheafs. 

Porosity – Secondary porosity is the most common type of porosity in this thin section and occurs via the 

dissolution of FGIM and the partial dissolution of quartz grains and cement.  

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample, filled with high crystallinity illite 

and relict muscovite grains. 

 

Additional Comments 
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Sample: 11GC030 Depth: 1103.4 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained yellow. 

   
Stylolite, running top to bottom, 

producing a sutured contact 

between two quartz grains. X10, 

XPL. 

Kaolinite/dickite cement in-filling 

a secondary pore space, which may 

have resulted from 

recrystallization. X20, XPL. 

Fibrous illite and kaolinite/dickite 

inside a secondary pore space 

being recrystallized from FGIM. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

61.6 24.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.4 3.6 0.2 1.0 0.4 0.0 4.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 70µm to 2800µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small to medium sized embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. FGIM 

is occasionally associated with illite and kaolinite/dickite. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been partially dissolved. Hematite cement occurs as 

formless cement inside secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section and occurs via the 

partial dissolution of quartz grains, quartz cement, and FGIM. 

Recrystallization/Replacement – Illite and kaolinite/dickite are recrystallization products of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There is an angular very thin bed (according to Boggs) of coarse-grained 

quartz in the thin section. There are stylolites present in this thin section. 

 

Additional Comments 

I have interpreted stylolites based off of the sutured contacts between quartz grains, although there is no 

clay material filling the sutured contacts. 
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Sample: 11GC031 Depth: 1110.3 Name: Quartz Wacke 

 

-The top half of this thin section was stained for 

feldspars, the bottom half was not. 

-No grains were stained. FGIM was stained pink. 

   
Stylolite, running top to bottom, 

filled with relict muscovite and 

FGIM in between the sutured 

contacts. X10, XPL. 

Fibrous kaolinite/dickite being 

replaced by illite. X20, XPL. 

Coarse grained kaolinite/dickite 

post-dating hematite cement. X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

71.6 15.6 0.0 0.0 0.0 0.4 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.6 0.0 0.4 12.0 0.8 0.0 2.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 90µm to 1790µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small to medium sized embayments.  

Zircon – Zircons are ~150µm in size, rounded, and occur in secondary pore spaces. 

FGIM – FGIM in this thin section is very fine-grained clays that occurs interstitially between quartz 

clasts, as well as in-fills secondary pore spaces. 

Cement – Kaolinite/dickite cement occurs as blocky sheafs in secondary pore spaces. Illite cement occurs 

as thick fibrous needles in secondary pore spaces. Hematite cement occurs in secondary pore spaces as 

formless cement. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

partial dissolution of quartz grains and FGIM. 

Recrystallization/Replacement – Kaolinite/dickite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

There are relict muscovite grains in this thin section. 
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Sample: 11GC032 Depth: 1137.1 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Hematized quartz rims before 

quartz cementation. Dissolution of 

quartz cement is also present. X10, 

XPL. 

Hematite cement inundating 

dissolution vugs in a lithic 

fragment. X10, XPL. 

Orange hematite intergrown with 

FGIM in a dissolution vug. X20, 

PPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

62.0 19.2 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

5.6 8.0 0.0 0.8 1.2 0.0 3.2 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 170µm to 980µm. Quartz grains are sub-angular to rounded, 

with rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small to large embayments. Hematite rims on the quartz clasts is common. 

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces in this 

thin section. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been variably dissolved. Kaolinite/dickite cement occurs 

as either blocky sheafs in secondary pore spaces as well as fibrous sheafs (associated with FGIM) in 

secondary pore spaces. Hematite cement occurs as formless metallic cement or orange crystals growing on 

quartz grains after cementation and in secondary pore spaces.  

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz grains (partial) and quartz overgrowths (partial). 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

There is muscovite present in this sample. The stylolites contain high crystallinity illite, but not a high 

amount. 
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Sample: 11GC033 Depth: 1209.6 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Large amounts of FGIM from 

alteration of lithic fragments with 

quartz still intact. X10, XPL. 

Coarse grained kaolinite/dickite 

and illite intergrown in a secondary 

pore space. X20, XPL. 

Muscovite grain squished between 

a quartz grain and a replaced lithic 

fragment. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

42.8 44.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.0 5.2 0.0 1.2 0.0 0.0 2.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 140µm to 4200µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been dissolved on their grain 

boundaries, producing small to medium sized embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and 

occurs on quartz grains. Quartz overgrowths have been variably dissolved. Kaolinite/dickite cement occurs 

as blocky sheafs inside secondary pore spaces. Kaolinite/dickite also occurs as a fibrous recrystallization 

product from FGIM. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz grains (partial) and quartz overgrowths (partial). Primary porosity seems to exist in 

this thin section (as evidenced by fully grown quartz overgrowths) but was not point counted. 

Recrystallization/Replacement – Kaolinite/dickite is a recrystallization product from FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

Hematite growing coevally with quartz overgrowths from the dustline in this thin section (large crystals). 

There are rare muscovite grains in this sample. 
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Sample: 11GC034 Depth: 1264.3 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained.  

   
Large amounts of coarse grained 

kaolinite/dickite cement in a 

secondary pore space. X20, XPL. 

Grain replacement by 

kaolinite/dickite and illite. X20, 

XPL. 

Zircon in between quartz grains 

with well-formed crystal faces but 

truncated at the bottom. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.4 16.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.0 1.6 0.2 2.6 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz - Quartz grains range in size from 90µm to 2160µm. Quartz grains range from sub-angular to 

rounded, with sub-rounded being the most common grain shape. Quartz grains have been partially 

dissolved on their grain boundaries.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Kaolinite/dickite cement is the most common cement, and occurs as blocky sheafs in secondary 

pore spaces. Syntaxial quartz overgrowths occur on quartz grains, and have been variably dissolved. 

 Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz grains (partial) and quartz overgrowths (partial). 

Recrystallization/Replacement – Illite and kaolinite/dickite are both recrystallization products of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating medium to 

high amounts of compaction. Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

Illite cement is also present in this thin section, but was not point counted. FGIM is over-estimated in this 

thin section. 
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Sample: 11GC035 Depth: 1275.7 Name: Quartz Wacke 

 

 -The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Grain replacement by hematite 

(opaque) and FGIM. X20, PPL. 

Hematite cement surrounding a 

quartz grain, with kaolinite/dickite 

cementing the rest of the pore 

space. X20, PPL. 

Quartz overgrowth that has been 

dissolved producing secondary 

porosity. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

70.0 13.6 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.2 2.4 0.0 4.0 0.8 0.0 2.0 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 50µm to 2250µm. Quartz grains are sub-angular to rounded in 

this thin section, with sub-rounded being the most common grain shape. Quartz grains have been dissolved 

on their grain boundaries, producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-filling secondary pore spaces. 

Cement – Kaolinite/dickite cement is the most common cement, and occurs as blocky sheafs inside 

secondary pore spaces. Syntaxial quartz overgrowths occur on quartz grains, and have been heavily 

dissolved via fluid dissolution. Hematite cement occurs as formless cement interstitially between quartz 

grains. 

Porosity – Secondary porosity is the main type of porosity in this thin section, and occurs via the 

dissolution of quartz grains (partial), quartz overgrowths (partial) and FGIM. 

Recrystallization/Replacement – Hematite and kaolinite/dickite are recrystallization products from 

FGIM, although they were not point counted. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Muscovite grains are present in this sample. Some quartz grains contain k-feldspar as blebs within them 

(revealed by staining). 
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Sample: 11GC306 Depth: 1303.1 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Zircon cluster that was previously 

inside a grain (grain is now 

dissolved) with form preserved by 

hematite cement. X10, PPL. 

Kaolinite/dickite cement in-filling 

a secondary pore space after quartz 

overgrowth dissolution. 

Kaolinite/dickite are recrystallizing 

from FGIM. X20, XPL. 

Concavo-convex contacts between 

two quartz grains (upper left). X20, 

XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

69.2 14.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

4.8 7.2 0.0 3.2 0.0 0.0 1.2 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 90µm to 2050µm. Quartz grains are sub-rounded to rounded in 

this thin section, with rounded being the most common grain shape. Quartz grains have been partially 

dissolved on their grain boundaries.  

FGIM – FGIM occurs interstitially between quartz grains, and also occurs as a replacement/alteration 

phase for previous clasts. 

Cement – Syntaxial quartz overgrowths is the most common type of cement in this thin section, and occur 

on quartz grains. Quartz overgrowths have been partially dissolved. Kaolinite/dickite cement occurs as 

blocky sheaf inside secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section and occurs via the 

dissolution of quartz grains and overgrowths (partial) and FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are stylolites present in this sample. 

 

Additional Comments 

FGIM is pseudomorphing previous clasts perfectly in this thin section. There are relict muscovite grains 

present in this sample. There are zircon grains in this sample, but they do not look detrital in origin. 
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Sample: 11GC037 Depth: 1340.3 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
FGIM inside an embayment in a 

quartz grains, which has been 

further compacted by another 

grain. X20, PPL. 

Coarse grained illite associated 

with FGIM. X20, XPL. 

Tourmaline grain that has an 

“overgrowth” texture. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

69.2 16.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

7.2 0.4 0.8 1.2 0.0 0.0 4.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 2040µm. Quartz grains range from sub-angular to sub-

rounded, with sub-rounded being the most common grain shape. Quartz grains have been partially 

dissolved on their grain boundaries producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Kaolinite/dickite cement is the most common type of cement in this thin section, and occurs as 

blocky sheafs inside secondary pore spaces. Syntaxial quartz overgrowths occur on quartz grains and have 

been partially dissolved. Illite cement occurs as fibrous growths interstitially between quartz grains. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via the 

dissolution of quartz grains (partial), quartz cement (partial), and FGIM. 

Recrystallization/Replacement – Illite is a recrystallization product of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are several stylolites present in this sample, filled with FGIM and 

zircon. 

 

Additional Comments 

This thin section has lots of detrital zircon in it There are muscovite grains present in this sample. There 

are tourmaline grains in this sample. 
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Sample: 11GC038 Depth: 1368.8 Name: Quartz Arenite 

 

 -The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Kaolinite(?) replacing a clast with 

a mixture of kaolinite/dickite and 

illite cement in-filling the rest of 

the pore space. X20, XPL. 

Stylolite, running left to right, in-

filled with high crystallinity illite 

and zircons. X20, XPL. 

A large sheaf of kaolinite/dickite 

between two quartz grains 

(possibly due to replacement?). 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

72.8 16.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

0.8 0.0 7.6 0.8 0.8 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 90µm to 3525µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries producing small embayments.  

FGIM – FGIM occurs as discrete blebs interstitially between quartz grains in this thin section. 

Cement – Kaolinite/dickite cement is the most common cement in this thin section, and occurs as either 

blocky sheafs in secondary pore spaces or large fibrous growths interstitially between quartz grains. 

Hematite cement occurs in pore spaces as formless cement. Illite cement occurs as small needles inside 

secondary pore spaces, and is associated with kaolinite/dickite cement. 

Porosity – Secondary porosity is the most common type of porosity in this thin section and occurs via the 

dissolution of quartz grains (partial). 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are several stylolites present in this thin section, filled with high 

crystallinity illite and zircons. 

 

Additional Comments 

There are lots of zircons present in this sample. There is a replaced grain by unknown clay minerals (fine 

grained illite?). There are muscovite grains present in this sample. There are tourmaline grains present in 

this sample. There are grains replaced by FGIM in this sample. 
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Sample: 11GC039 Depth: 1388.2 Name: Quartz Wacke 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Grain alteration to FGIM and 

subsequent cementation by 

hematite. X10, PPL. 

Large piece of hematite cement 

between grains. X10, PPL. 

Coarse grained kaolinite/dickite 

cement that has been recrystallized 

from FGIM. X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

57.6 24.0 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

8.0 0.0 0.4 0.4 0.8 0.0 8.8 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 60µm to 2925µm. Quartz grains are sub-rounded to rounded, 

with rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains as well as in-fills secondary pore spaces. 

Cement – Kaolinite/dickite cement occurs as blocky sheafs inside secondary pore spaces, and is 

occasionally associated with FGIM. Hematite cement occurs as formless cement in secondary pore spaces. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via 

dissolution of quartz grains (partial) as well as FGIM. 

Recrystallization/Replacement – Illite and hematite are both recrystallization products of FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

Muscovite is present in this thin section. There are tourmaline grains in this thin section. 
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Sample: 11GC040 Depth: 1408.5 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. 

   
Concavo-convex contacts between 

a polycrystalline quartz grain and a 

monocrystalline quartz grain. X20, 

XPL. 

Quartz overgrowth dissolution with 

subsequent in-filling 

kaolinite/dickite. X20, XPL. 

Clast replacement by 

kaolinite/dickite and illite (bottom) 

with subsequent cementation by 

kaolinite/dickite (top). X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

72.8 16.4 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

1.2 0.8 0.0 6.8 1.6 0.0 0.4 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 60µm to 650µm. Quartz grains are sub-angular to rounded, with 

sub-rounded being the most common grain shape.  Quartz grains have been partially dissolved leaving 

small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains. 

Cement – Kaolinite/dickite cement is the most common cement, and occurs as blocky sheafs inside 

secondary pore spaces. Hematite cement occurs as formless cement in between quartz grains. Syntaxial 

quartz overgrowths occur on quartz grains, and have been partially dissolved. 

Porosity – Secondary porosity is the most common type of porosity in this thin section, and occurs via 

clay cement dissolution. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction.  

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 
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Sample: 11GC041 Depth: 1417 Name: Quartz Arenite 

 

-The top half of the thin section has been stained for 

feldspars, the bottom half is unstained. 

-No grains were stained. FGIM was stained pink. 

   
Kaolinite/dickite sheaf in between 

two quartz grains, possibly due to 

replacement of a micaceous 

mineral. X20, XPL. 

Kaolinite/dickite cement in-filling 

secondary pore space. X20, XPL. 

High interference colour (yellow in 

PPL) in between quartz grains. 

X20, XPL. 

 

MCQ PCQ Feldspar 
Lithic 

Fragment 
Biotite Zircon Tourmaline 

58.8 32.8 0.0 0.0 0.0 0.0 0.0 

FGIM 
Authigenic 

Quartz 

Authigenic 

Illite 

Authigenic 

K/D 

Authigenic 

Hematite 

Primary 

Porosity 

Secondary 

Porosity 

0.4 0.0 0.4 6.0 0.0 0.0 1.6 

 

Petrographic Characteristics 

Quartz – Quartz grains range in size from 80µm to 4200µm. Quartz grains are sub-angular to rounded, 

with sub-rounded being the most common grain shape. Quartz grains have been partially dissolved on their 

grain boundaries, producing small to large embayments.  

FGIM – FGIM occurs interstitially between quartz grains. 

Cement – Kaolinite/dickite cement is the most common type of cement, and occurs as blocky sheafs in 

secondary pore spaces or as large fibrous chunks (possibly a result of replacement). Illite cement occurs as 

small needles intergrown with kaolinite/dickite. 

Porosity – Secondary porosity is the most common type of porosity, and occurs via the dissolution of 

quartz grains (partial), cement, and FGIM. 

Compaction – Grain contacts range from long contact to concavo-convex contact, indicating a medium to 

high amount of compaction. 

Sedimentary Structures – There are no sedimentary structures in this thin section. 

 

Additional Comments 

There are muscovite grains in this sample. 



 

APPENDIX B 

 

 

 

 
Table B1: Fluid Inclusion Data  

 

Table B2: Calculated Parameters for XNaCl Determination using Raman Spectroscopy 

 

Table B3: Electron Microprobe Results for Illite Analyses 

 

Table B4: Illite Geothermometry Calculation and Results
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Table B1: Fluid inclusion data (within syntaxial quartz overgrowths) collected from the Rumpel Lake drill core. 

Sample 

Depth 

(m) R.D 

Size 

(μm) V% Occurrence 

P. E. 

(bars) Th TPC 

Tm-

NaCl Tfz Tfm Tm-ice 

Salinity 

(wt. %) XNaCl 

01GC302(a) 

27.9 

0.31 7.5 7.5 Isolated 

493.1 

76 93.7 - - -55.0 -31.0 26.1 0.31 

01GC302(b) 0.30 44 9 Isolated 92 110.2 - -86.0 -67.0 -25.3 24.4 0.59 

01GC302(c) 0.68 10 10 Isolated 62 78.6 - - - -20.3 22.6 1.00 

01GC302(d) 0.00 10 12 Dustline 176 200.8 - - - - - - 

01GC303(a) 54.4 0.00 6 4.5 Dustline 495.7 86 104.7 - - - - - - 

01GC306(b) 

103 

0.28 12 4 Isolated 

500.4 

51 67.9 - - - - - - 

01GC306(c) 0.69 7 6 Isolated 89 108.0 - - - - - - 

01GC306(di) 0.00 6 6 Dustline 83 101.7 - - - - - - 

01GC306(dii) 0.00 4 6 Dustline 86 104.8 - - - - - - 

11GC001(ai) 
131 

0.61 7 15 Isolated 
503.2 

177 206.7 -  - - -2.0 3.4 1.00 

11GC001(b) 0.35 10 7 Isolated 187 216.5 - -50.0 - -4.0 6.5 1.00 

01GC319(a) 

344.7 

0.53 6 10 Isolated 

524.1 

110 130.2 - - <-30.0 -20.0 22.4 1.00 

01GC319(b) 0.79 8 9 Isolated 108 128.1 - - - - - - 

01GC319(c) 0.67 8 6 Cluster 79 97.5 - - - - - - 

01GC319(ci) 0.58 6 5 Cluster 88 107.0 - - - - - - 

01GC323(b) 

412.4 

0.47 5 6 Isolated 

530.8 

87 106.3 - - - - - - 

01GC323(c) 0.24 6 11 Isolated 128 149.7 - - - - - - 

01GC323(ci) 0.26 5 9 Isolated 143 165.6 - - - - - - 

01GC323(cii) 0.32 4 8 Isolated 199 225.6 - - - - - - 

01GC325(a)* 
462.1 

0.20 4 8 Isolated 2359.8 85 - 177 - - - 30.8 - 

01GC325(d) 0.51 4 13 Isolated 535.7 159 183.0 - -70.0 <-50.0 -26.8 24.9 0.49 

01GC327(aiii) 
507.7 

0.49 5 10 Isolated 
540.1 

241 271.1 - - <-60.0 -26.8 24.9 0.49 

01GC327(c) 0.36 5 8 Isolated 253 284.4 - - <-45.0 -21.0 23.1 1.00 

01GC329(a) 

548.3 

0.00 6 7 Dustline 
544.1 

121 142.9 - - - - - - 

01GC329(b) 0.26 4 11 Isolated 113 134.4 - - - - - - 

01GC329(c)* 0.49 9 3 Isolated 2546.5 57 - 149 - - - 29.6 - 

01GC329(d) 0.31 5 5 Isolated 

544.1 

68 86.6 - - - - - - 

01GC329(e) 0.00 6 10 Dustline 212 242.3 - -85.0 - -24.5 24.2 0.65 

01GC329(f) 0.00 8 10 Dustline 147 170.8 - - - - - - 

01GC329(g) 0.00 10 12 Dustline 210 239.2 - - - - - - 

01GC329(h) 0.13 10 10 Isolated 113 134.2 - - - -20.2 22.5 1.00 

01GC329(i) 0.00 12 12 Dustline 225 255.7 - - - - - - 

01GC329(j) 0.22 12 10 Isolated 105 126.6 - -70.0 - -25.0 24.3 0.61 
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Table B1 Cont’d. 

Sample 

Depth 

(m) R.D 

Size 

(μm) V% Occurrence 

P. E. 

(bars) Th TPC 

Tm-

NaCl Tfz Tfm Tm-ice 

Salinity 

(wt. %) XNaCl 

01GC330(a) 

570.7 

0.62 6 5 Isolated 

546.3 

123 145.1 - -90.0 - -27.9 25.2 0.43 

01GC330(b) 0.27 4 5 Isolated 83 102.7 - - - - - - 

01GC330(c) 0.24 3 17 Isolated 126 148.3 - -68.0 - -28.2 25.3 0.42 

01GC330(e) 0.69 6 3 Isolated 90 110.2 - - - - - - 

01GC330(g) 0.58 5 8 Isolated 137 160.1 - -81.0 <-60.0 -32.6 26.6 0.26 

01GC330(h) - 14 10 Isolated 67 85.8 - - - - - - 

01GC330(i) 0.00 8 10 Dustline 134 157.8 - -82.0 -50.0 -25.2 24.4 0.60 

01GC330(j) 0.10 8 10 Isolated 142 167.3 - -68.0 -62.0 -26.7 24.8 0.50 

01GC330(k) 0.29 12 15 Isolated 129 157.7 - -65.0 - -2.3 3.9 1.00 

01GC331(a) 591.6 0.22 6 5 Isolated 548.3 67 88.6 - - - - - - 

01GC332(d) 612.9 0.29 6 11 Isolated 550.4 180 210.3 - - - - - - 

01GC334(c) 
656.8 

0.89 5 5 Cluster 
554.7 

90 113.3 - - - - - - 

01GC334(e) 0.64 7 8 Isolated 153 181.1 - - - - - - 

01GC336(a) 

700.7 

0.62 12 7 Isolated 

559.1 

113 135.4 - -90.0 -55.0 -35.5 27.4 0.20 

01GC336(c)** 0.89 10 24 Isolated 226 261.8 - -50.0 - -6.0 9.2 1.00 

01GC336(d) 0.20 9 8 Isolated 125 147.7 - -79.0 -50.0 -27.0 24.9 0.48 

11GC017(a) 717.6 0.46 4 10 Isolated 560.7 174 200.3 - - - - - - 

01GC337(a) 

722.7 

0.45 6 10 Isolated 

561.2 

183 210.0 - - - - - - 

01GC337(b)** 0.58 3 30 Trail 199 227.0 - - -50.0 -38.0 28.1 0.16 

01GC337(bi) 0.28 3.5 11 Isolated 127 151.0 - -85.0 -60.0 -49.0 30.8 0.06 

01GC337(bii) 0.39 3 13 Trail 158 183.6 - - - - - - 

01GC338(biii) 744.3 0.64 4 7 Isolated 563.3 131 155.0 - - - - - - 

01GC339(d)* 766.9 0.39 7 3 Isolated 565.5 75 - - - - - - - 

01GC341(b) 

809.8 

0.73 5 13 Isolated 

569.8 

140 171.3 - - - - - - 

01GC341(c) 0.39 8 5 Isolated 94 116.9 - - -74.0 -50.0 31.0 0.06 

01GC341(ci) 0.45 4 7 Isolated 93 115.8 - - - -50.0 31.0 0.06 

01GC341(d)* 0.46 10 6 Isolated 67 - - - - - - - 

01GC341(e) 0.00 10 10 Dustline 69 89.0  - -81.0 - -24.5 24.2 0.65 

01GC344(ai) 

875.7 

0.45 4 8 Trail 

576.2 

106 128.3 - - - - - - 

01GC344(aii) 0.52 6 6 Trail 115 137.8 - - - -28.0 25.2 0.43 

01GC344(aiii) 0.34 3 6 Trail 108 130.4 - - - - - - 

01GC344(aiv) 0.50 3 13 Trail 171 197.6 - - - - - - 

01GC344(av) 0.27 4 11 Trail 187 214.8 - - - - - - 
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Table B1 Cont’d. 

Sample 

Depth 

(m) R.D 

Size 

(μm) V% Occurrence 

P. E. 

(bars) Th TPC 

Tm-

NaCl Tfz Tfm Tm-ice 

Salinity 

(wt. %) XNaCl 

01GC346(b) 919.6 0.76 6 10 Isolated 580.5 206 235.6 - <-100 <-30.0 -28.5 25.4 0.41 

01GC348(a) 

963.8 

0.29 4 4 Isolated 

584.8 

90 112.0 - - - - - - 

01GC348(b) 0.67 4 7 Isolated 70 - - - - - - - 

01GC348(e) 0.47 6 9 Isolated 86 107.8 - - - - - - 

01GC348(ei) 0.36 6 8 Isolated 89 115.4 - - - - - - 

01GC348(g) 0.48 4 11 Isolated 84 105.7 - - - - - - 

01GC349(a) 

986 

0.19 4 13 Isolated 

587.0 

125 149.5 - - - - - - 

01GC349(b) 0.17 4 8 Isolated 103 126.3 - - - -40.0 28.6 0.13 

01GC349(c) 0.19 4 8 Isolated 128 152.7 - - - - - - 

01GC349(d) 0.23 4 12 Isolated 211 241.2 - - - -40.0 28.6 0.13 

01GC349(e) 0.45 8 4 Isolated 98 120.7 - -84.0 - -36.0 27.5 0.19 

01GC350(b) 1008.4 0.67 6 7 Isolated 589.2 97 120.1 - -91.0 - -40.0 28.6 0.13 

01GC351(a) 

1029.9 

0.50 7 7 Isolated 

591.3 

83 104.5 - - - -29.0 25.5 0.38 

01GC351(c) 0.32 6 7 Isolated 87 110.3 - - - - - - 

01GC351(ci) 0.56 4 6 Isolated 111 136.1 - - - - - - 

01GC351(d) 0.40 10 10 Isolated 125 151.9 - -72.0 - -28.5 25.4 0.41 

01GS351(e) 0.00 8 10 Dustline 137 164.2 - - - - - - 

01GC351(f) 0.00 8 10 Dustline 230 267.0 - - - - - - 

01GC351(g) 0.00 8 10 Dustline 113 136.6 - - - -24.0 24.0 0.69 

01GC353(c)* 1073.8 0.50 6 6 Isolated 595.6 45 - - - - - - - 

01GC354(a) 
1095.8 

0.56 4 6 Isolated 
597.8 

87 111.4 - - - - - - 

01GC354(c) 0.23 10 9 Isolated 84 108.2 - - - - - - 

01GC358(a) 1183.5 0.00 8 12 Dustline 606.4 138 163.7 - -78.0 - -30.0 25.8 0.34 

01GC361(b) 

1249.9 

0.34 5 8 Cluster 

612.9 

92 118.3 - - - - - - 

01GC361(bi) 0.49 6 7 Cluster 94 120.5 - - - - - - 

01GC361(bii) 0.44 6 8 Cluster 108 135.6 - - - - - - 

01GC361(biv) 0.38 6 8 Cluster 110 137.7 - - - - - - 

01GC361(c) 0.00 8 10 Dustline 84 106.6 - -91.0 -54.0 -24.8 24.3 0.63 

01GC361(d) 0.53 10 10 Isolated 150 184.5 -   -60.0 -44.1 29.7 0.06 

01GC361(f)** 0.00 8 15 Dustline 352 395.8 - -80.0 -63.0 -19.4 22.0 1.00 

01GC361(h) 0.00 10 10 Dustline 168 202.5 - - -58.0 -35.0 27.3 0.21 

01GC361(i) 0.00 10 10 Dustline 138 166.3 - -95.0 - -27.2 25.0 0.47 

01GC361(j) 0.00 10 10 Dustline 130 160.4 - -84.0 - -32.7 26.6 0.26 
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Table B1 Cont’d. 

Sample 

Depth 

(m) R.D 

Size 

(μm) V% Occurrence 

P. E. 

(bars) Th TPC 

Tm-

NaCl Tfz Tfm Tm-ice 

Salinity 

(wt. %) XNaCl 

01GC361(k) 1249.9 0.18 8 10 Isolated 612.9 145 175.7 - - - - - - 

01GC362(a) 1272.5 0.45 6 14 Isolated 615.2 176 205.0 - - - - - - 

01GC364(a) 1315.8 0.00 7 9 Dustline 619.4 121 146.4 - - - - - - 

01GC365(a) 
1337.8 

0.28 5 10 Isolated 
621.5 

75 98.3 - - - - - - 

01GC365(b) 0.00 6 8 Dustline 115 140.6 - -75.0 - -43 29.4 0.10 

01GC368(a) 

1403.6 

0.23 9 6 Isolated 

628.0 

81 103.2 - - - - - - 

01GC368(b) 0.68 5 9 Cluster 110 134.3 - - - - - - 

01GC368(bi) 0.75 9 3 Cluster 98 121.4 - - - - - - 

01GC368(bii) 0.26 7 7 Cluster 87 109.6 - - - - - - 

01GC368(biii) 0.74 8 9 Cluster 76 97.9 - - - - - - 

01GC368(c) 0.28 10 10 Isolated 75 96.8 - - - - - - 

01GC368(ci) - 10 10 - 82 104.3 - - - - - - 

01GC368(d) 0.10 12 10 Isolated 123 148.4 - - - - - - 

01GC368(di) - 14 10 - 65 86.2 - - - - - - 

01GC368(e) 0.00 16 10 Dustline 78 101.3 - -73.0 - -9.7 13.6 1.00 

01GC368(f) 0.00 12 10 Dustline 68 89.4 - -82.0 - -18.2 21.1 1.00 

01GC368(g) 0.00 16 10 Dustline 95 118.3 - -77.0 - -20.7 22.9 1.00 

01GC368(h) 0.00 10 10 Dustline 102 125.8 - - - - - - 

01GC368(i) 0.00 20 12 Dustline 98 121.5 - - - - - - 

01GC368(j) 0.00 8 10 Dustline 104 127.9 - - - - - - 

01GC368(k) 0.00 8 10 Dustline 92 115.0 - - - - - - 

01GC369(a) 

1416.7 

0.34 10 11 Isolated 

629.3 

168 196.9 - - -40.0 -29.0 25.5 0.38 

01GC369(ai) 0.85 7 10 Isolated 103 127.3 - - - - - - 

01GC369(b) 0.20 7 14 Isolated 149 176.8 - - - -39.0 28.4 0.14 

01GC369(bi) 0.21 12 10 Isolated 133 159.2 - - - -26.0 24.6 0.54 

01GC370(aii) 
1454.2 

0.65 7 6 Isolated 
632.9 

87 110.5 - - - - - - 

01GC370(aiii) 0.45 8 8 Isolated 83 106.2 - - - - - - 

* - Denotes a fluid inclusion that contained a halite cube. Fluid inclusions that contain a halite cube had their salinities calculated using the equations of Sterner et 

al. (1988), and are expressed as wt. % NaCl equivalent. 

** - Denotes a fluid inclusion that is interpreted to have undergone post-entrapment modification. Homogenization temperature was not included in any 

subsequent temperature plots, but the Tm-ice and salinity data was used in subsequent fluid composition plots. 

- Abbreviations used in the above table are as follows: V% (vapour percent), P. E. (pressure estimate). All others are as defined in the text. 

- All temperatures are expressed in Celsius. Salinities are expressed as wt. % NaCl + CaCl2.
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Table B2: Peak areas obtained from cryogenic Raman spectroscopy. 

Sample TA1 TA2 Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Σ P.A 

01GC319(a) 26504.79698 27017.13296 0 3876.14 6071.32 20112.8 0 4851.52 34911.9 

01GC330(a) 116439.1054 108784.1524 0 17661.7 42080.1 12882.4 0 19344.5 91968.7 

01GC349(e) 190413.2596 135504.7292 0 22006.7 52068 17531.6 0 23065.1 114671 

01GC369(a) 222496.8021 137851.317 0 15041.3 47402.5 28563.5 0 28688.3 119695.6 

 

Table B2 (Cont’d): Calculated values of of a1 – a6, w, and r. 

Sample a1 a2 a3 a4 a5 a6 w r 

01GC319(a) 0 0.111026 0.173903 0.576104 0 0.138965 -512.33598 -0.0146752 

01GC330(a) 0 0.192040 0.457548 0.140074 0 0.210338 7654.9530 0.0832343 

01GC349(e) 0 0.191911 0.45406 0.152886 0 0.201141 54908.5304 0.478834 

01GC369(a) 0 0.125663 0.396025 0.238635 0 0.239677 84645.485 0.707173 

 

Table B2 (Cont’d): Calculation of aNa, aCa, aCaNa, and XNaCl. 

Sample aNa aCa aNaCa XNaCl XNaCl (FI) 

01GC319(a) 0.312 0 0.687 0.99 1.00 

01GC330(a) 0.667 0 0.332 0.96 0.43 

01GC349(e) 0.655 0 0.344 0.85 0.19 

01GC369(a) 0.635 0 0.364 0.78 0.38 

 

-Definition of each variable in the above tables are as follows: TA1 (total area after simple baseline subtraction), TA2 (total area after removing the water bump), 

Peak 1 (area of shoulder on peak 2 due to antarcticite + CaCl2
.
4H2O + sinjarite), Peak 2 (area of peak at ~3405 – 3408 cm

-1
 due to hydrohalite + antarcticite), 

Peak 3 (area of peak at 3422 cm
-1

 due to hydrohalite), Peak 4 (area of peak at ~3434 – 3437 cm
-1

 due to hydrohalite + antarcticite), Peak 5 (area of shoulder on 

peak 4 due to antarcticite + CaCl2
.
4H2O + sinjarite), Peak 6 (area of peak at 3537 cm

-1
 due to hydrohalite), Σ P.A (total sum of peaks 1 – 6), a1-6 (ai = (Peak i/ Σ 

P.A)), w (area of water bump; w = TA1-TA2), r (r = w/ Σ P.A), aNa (area fraction associated with Na-bearing salt hydrates; aNa = a3 + a6), aCa (area fraction 

associated with Ca-bearing salt hydrates; aCa = a1 + a5), aNaCa (area fraction associated with combination peaks of Na + Ca salt hydrates; aNaCa = a2 + a4), XNaCl 

(molar fraction of NaCl; XNaCl = aNa/(1-aNaCa)), XNaCl (FI) (XNaCl values obtained from fluid inclusion microthermometry). 

-Three decimal places were kept for the values of aNa and aNaCa to illustrate the difference in their values.
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Table B3: Electron microprobe data of illite needles from the Rumpel Lake drill core. 

Sample Analysis Spot SiO2 Al2O3 Na2O K2O CaO MgO FeO MnO TiO2 F Cl 

Oxide 

Total 

01GC303 

303(1) 38.88 31.98 0.07 5.57 0.08 0.40 0.51 <DL 0.07 0.28 0.12 77.96 

303(2) 37.58 30.02 0.12 6.58 0.10 0.40 0.5 <DL <DL 0.27 0.09 75.67 

303(3) 41.64 32.18 0.09 7.08 0.05 0.39 0.57 0.02 <DL 0.16 0.06 82.27 

303(4) 39.69 27.38 0.09 6.82 0.04 0.41 0.58 <DL 0.02 0.16 0.06 75.25 

303(5) 39.10 27.19 0.21 5.77 0.06 0.24 0.54 <DL 0.02 0.09 0.10 73.32 

303(6) 35.21 28.31 0.06 6.72 0.09 0.46 0.54 <DL 0.03 0.46 0.07 71.94 

303(7) 38.96 29.42 0.06 7.40 0.10 0.32 0.60 <DL 0.02 0.29 0.05 77.23 

303(8) 49.52 27.31 0.05 6.36 0.05 0.39 0.60 <DL 0.02 0.36 0.05 84.71 

303(9) 42.73 32.23 0.05 9.16 0.05 0.44 0.67 <DL <DL 0.19 0.02 85.54 

303(10) 43.82 33.76 0.09 8.16 0.06 0.48 0.63 <DL <DL 0.29 0.03 87.31 

11GC005 

005(1) 28.09 21.29 0.08 3.86 0.04 3.86 0.82 <DL 0.03 0.28 0.07 58.42 

005(2) 24.83 22.13 0.20 1.45 0.05 4.05 0.94 <DL <DL 0.21 0.07 53.94 

005(3) 26.87 20.23 0.11 1.29 0.07 4.84 1.14 <DL <DL 0.34 0.06 54.96 

005(4) 24.36 18.29 0.09 1.83 0.05 6.44 1.21 0.01 <DL 0.39 0.08 52.76 

005(5) 21.12 14.66 0.08 2.47 0.09 3.59 0.95 <DL <DL 0.41 0.09 43.46 

005(6) 24.34 20.56 0.13 2.02 0.06 6.04 1.28 <DL <DL 0.60 0.08 55.09 

005(7) 28.03 25.10 0.05 2.28 0.06 8.74 1.01 <DL 0.02 0.37 0.05 65.72 

005(8) 23.87 16.77 0.20 2.00 1.00 5.39 0.99 0.01 0.02 5.07 0.08 55.39 

005(9) 30.58 27.68 0.06 1.60 0.07 7.91 0.83 <DL <DL 0.43 0.09 69.25 

005(10) 29.86 21.51 0.11 2.39 0.17 6.04 0.89 <DL <DL 0.69 0.11 61.77 

005(11) 34.42 27.59 0.10 3.98 0.10 5.97 1.01 <DL <DL 2.09 0.09 75.36 

005(12) 32.73 26.90 0.08 3.31 0.10 6.60 1.08 <DL 0.02 0.41 0.05 71.25 

005(13) 30.86 22.94 0.10 3.07 0.13 6.06 0.79 0.02 <DL 0.75 0.05 64.76 

005(14) 28.44 20.32 0.15 2.74 0.33 5.33 0.84 <DL 0.01 1.11 0.09 59.36 

005(15) 33.92 21.56 0.12 2.28 0.24 5.69 0.85 <DL 0.02 0.62 0.06 65.38 

005(16) 25.83 20.17 0.10 1.87 0.15 7.29 0.94 <DL 0.02 0.42 0.09 56.88 

005(17) 31.07 24.75 0.13 2.70 0.19 7.02 1.08 <DL 0.03 0.59 0.07 67.64 

005(18) 26.37 22.49 0.16 1.30 0.28 5.68 0.77 <DL 0.02 0.61 0.07 57.76 

005(19) 31.30 25.73 0.08 2.92 0.23 8.95 1.05 0.01 0.02 1.06 0.04 71.39 

005(20) 36.38 29.14 0.10 3.58 0.18 8.84 1.15 <DL <DL 0.95 0.04 80.37 

005(21) 33.31 27.10 0.07 2.71 0.11 6.29 0.99 <DL <DL 0.29 0.05 70.92 

005(22) 36.78 26.28 0.30 3.27 0.14 7.88 0.97 <DL 0.03 0.79 0.14 76.57 

005(23) 31.76 26.81 0.41 1.89 0.13 8.31 0.96 <DL <DL 0.51 0.25 71.03 

005(24) 33.12 23.32 0.37 2.53 0.22 7.12 1.02 <DL <DL 0.58 0.32 68.59 
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Table B3 Cont’d. 

Sample Analysis Spot SiO2 Al2O3 Na2O K2O CaO MgO FeO MnO TiO2 F Cl 

Oxide 

Total 

11GC005 005(25) 31.75 24.36 0.32 2.46 0.28 6.83 1.19 <DL 0.02 1.36 0.13 68.69 

01GC321 

321(1) 29.95 27.50 0.10 0.88 0.14 10.37 0.68 0.02 0.05 0.65 0.19 70.52 

321(2) 26.18 24.15 0.05 1.75 0.09 7.86 0.64 <DL <DL 0.41 0.18 61.32 

321(3) 27.44 25.37 0.07 0.59 0.08 8.01 0.58 0.01 <DL 0.17 0.15 62.48 

321(4) 34.50 30.16 0.12 2.25 0.13 9.27 0.77 <DL <DL 0.25 0.17 77.61 

321(5) 28.30 21.51 0.07 4.88 0.12 2.46 0.71 <DL <DL 0.47 0.16 58.70 

321(6) 36.49 29.48 0.18 1.94 0.16 10.94 1.90 <DL <DL 0.58 0.17 81.85 

321(7) 27.39 26.90 0.07 1.05 0.23 10.52 0.70 <DL 0.01 0.46 0.17 67.50 

321(8) 35.75 30.98 0.11 1.61 0.15 11.52 0.82 0.01 <DL 0.40 0.12 81.48 

321(9) 32.55 30.61 0.10 1.07 0.12 10.04 0.78 <DL 0.02 0.30 0.22 75.82 

321(10) 29.26 26.89 0.11 1.05 0.11 9.40 0.83 <DL <DL 0.57 0.16 68.38 

321(11) 27.35 26.56 0.09 0.79 0.12 9.73 0.70 0.01 0.01 0.25 0.16 65.78 

01GC327 

327(1) 51.17 24.64 0.25 5.01 0.30 0.52 0.64 <DL 0.04 0.79 0.10 83.46 

327(2) 40.84 30.23 0.10 7.75 0.28 0.57 0.67 <DL 0.09 0.71 0.12 81.35 

327(3) 34.07 22.55 0.20 7.46 1.67 0.55 0.60 <DL <DL 3.29 0.10 70.51 

327(4) 32.80 23.11 0.08 5.93 0.19 0.59 0.69 <DL <DL 0.55 0.10 64.03 

327(5) 23.61 9.40 0.10 2.46 0.13 0.25 16.08 <DL 0.01 0.44 0.20 52.67 

327(6) 12.50 22.44 0.09 2.23 1.05 0.25 0.53 <DL <DL 1.01 0.21 40.31 

327(7) 26.77 22.24 0.07 5.15 0.26 0.45 0.63 <DL <DL 0.57 0.12 56.26 

327(8) 34.99 27.94 0.10 2.97 0.11 0.23 0.24 <DL <DL 0.38 0.09 67.05 

327(9) 38.71 32.21 0.09 1.57 0.15 0.14 0.19 0.01 <DL 0.17 0.09 73.34 

327(10) 29.71 21.56 0.07 6.16 0.09 0.54 0.60 <DL <DL 0.51 0.11 59.36 

327(11) 38.76 27.23 0.17 6.53 0.18 0.36 0.60 <DL <DL 0.44 0.10 74.37 

327(12) 34.41 24.26 0.14 5.51 0.14 0.46 0.57 <DL <DL 0.31 0.11 65.92 

327(13) 44.33 31.22 0.10 7.58 0.12 0.58 0.70 <DL 0.03 0.50 0.07 85.23 

327(14) 29.10 23.33 0.11 4.49 0.09 0.27 0.35 <DL 0.41 0.28 0.12 58.55 

327(15) 33.05 24.73 0.08 7.99 0.09 0.48 0.63 <DL 0.05 0.28 0.08 67.47 

01GC340 

340(1) 31.11 24.18 0.31 5.02 0.22 0.26 0.48 <DL <DL 0.29 0.05 61.93 

340(2) 33.36 24.57 0.14 5.82 0.13 0.26 0.54 <DL <DL 0.40 0.06 65.28 

340(3) 26.00 19.81 0.09 5.75 0.10 0.22 0.44 <DL 0.01 0.11 0.09 52.62 

340(4) 30.17 24.49 0.41 4.95 0.09 0.21 0.31 <DL <DL 0.87 0.08 61.57 

340(5) 30.16 23.21 0.07 5.83 0.05 0.35 0.39 0.01 <DL 0.34 0.07 60.47 
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Table B3 Cont’d. 

Sample Analysis Spot SiO2 Al2O3 Na2O K2O CaO MgO FeO MnO TiO2 F Cl 

Oxide 

Total 

01GC340 

340(6) 31.28 23.29 0.16 6.31 0.08 0.28 0.47 <DL <DL 0.44 0.06 62.36 

340(7) 36.56 26.83 0.14 7.22 0.08 0.20 0.54 0.01 <DL 0.12 0.06 71.76 

340(8) 27.77 21.71 0.32 5.07 0.14 0.34 0.59 <DL <DL 1.34 0.10 57.40 

340(9) 36.81 27.35 0.59 6.59 0.08 0.26 0.61 <DL <DL 0.66 0.05 73.01 

340(10) 30.81 23.37 0.32 5.89 0.08 0.24 0.50 <DL 0.01 0.68 0.07 61.96 

01GC344 

334(1) 37.41 27.30 0.12 6.89 0.16 0.37 3.41 <DL 0.06 0.28 0.05 76.06 

334(2) 43.16 31.15 0.07 8.18 0.10 0.48 1.10 <DL <DL 0.30 0.03 84.57 

334(3) 37.47 26.47 0.18 5.78 0.15 0.37 1.53 <DL 0.03 0.28 0.05 72.32 

334(4) 35.02 22.14 0.31 5.59 0.16 0.39 0.54 <DL 0.01 0.30 0.08 64.53 

334(5) 34.13 25.62 0.06 6.46 0.03 0.34 0.97 <DL 0.01 0.08 0.07 67.78 

334(6) 24.54 18.06 0.08 5.02 0.08 0.25 0.54 <DL <DL 0.12 0.08 48.78 

334(7) 39.17 26.91 0.16 6.71 0.08 0.39 0.62 <DL 0.01 0.20 0.07 74.33 

334(8) 34.98 22.84 0.13 5.94 0.11 0.31 0.47 <DL <DL 0.22 0.09 65.08 

334(9) 33.36 23.89 0.14 5.88 0.17 0.32 0.58 <DL <DL 0.40 0.09 64.83 

334(10) 32.50 24.11 0.08 6.09 0.08 0.38 1.00 <DL <DL 0.36 0.07 64.67 

01GC345 

345(1) 32.98 24.05 0.07 6.24 0.05 0.28 0.63 <DL 0.01 0.23 0.07 64.61 

345(2) 31.47 22.92 0.06 6.18 0.06 0.29 0.59 <DL <DL 0.26 0.14 61.98 

345(3) 29.02 21.04 0.27 5.49 0.29 0.29 0.52 <DL 0.02 0.97 0.06 57.96 

345(4) 39.81 28.55 0.07 7.23 0.03 0.34 0.79 0.01 <DL 0.27 0.13 77.23 

345(5) 46.01 20.28 0.07 5.56 0.05 0.28 0.70 <DL 0.02 0.25 0.12 73.35 

345(6) 46.77 18.77 0.13 5.06 0.07 0.22 0.73 0.02 0.02 0.31 0.13 72.23 

345(7) 32.68 22.74 0.12 5.66 0.07 0.29 0.51 <DL 0.06 0.33 0.11 62.57 

345(8) 42.05 28.38 0.09 6.99 0.05 0.25 0.49 <DL <DL 0.34 0.07 78.72 

345(9) 39.19 26.52 0.13 7.43 0.04 0.35 0.59 0.01 0.03 0.41 0.06 74.77 

345(10) 40.38 27.76 0.23 6.54 0.07 0.28 0.54 0.02 0.06 0.22 0.07 76.17 

01GC346 

346(1) 41.64 35.22 0.03 2.66 0.05 0.09 0.22 <DL <DL 0.31 0.03 80.26 

346(2) 39.96 29.82 0.06 7.06 0.11 0.28 0.60 <DL <DL 0.39 0.05 78.32 

346(3) 33.96 26.80 0.08 7.10 0.04 0.32 0.61 <DL 0.02 0.37 0.05 69.36 

346(4) 48.13 19.27 0.08 6.13 0.04 0.24 0.57 <DL <DL 0.33 0.04 74.85 

346(5) 40.96 31.07 0.09 7.55 0.05 0.29 0.49 <DL <DL 0.38 0.03 80.90 

346(6) 35.99 27.89 0.25 6.42 0.07 0.29 0.55 <DL 0.02 0.93 0.06 72.47 

346(7) 33.26 24.71 0.11 7.89 0.07 0.31 0.61 <DL <DL 0.53 0.03 67.52 
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Table B3 Cont’d. 

Sample Analysis Spot SiO2 Al2O3 Na2O K2O CaO MgO FeO MnO TiO2 F Cl 

Oxide 

Total 

01GC346 

346(8) 40.36 30.68 0.09 8.02 0.04 0.24 0.57 <DL 0.01 0.34 0.03 80.37 

346(9) 46.47 33.84 0.11 7.79 0.04 0.26 0.53 <DL <DL 0.22 0.03 89.30 

346(10) 44.90 33.03 0.54 7.12 0.09 0.29 0.54 <DL <DL 1.04 0.03 87.58 

01GC355 

355(1) 38.48 18.17 0.22 4.40 0.32 0.24 0.31 <DL <DL 0.60 0.26 63.01 

355(2) 33.97 24.66 0.13 5.88 0.21 0.26 0.47 <DL <DL 0.66 0.21 66.46 

355(3) 35.99 27.30 0.23 7.51 0.27 0.28 0.46 <DL <DL 0.58 0.28 72.89 

355(4) 33.48 27.67 0.03 0.69 0.10 0.04 0.08 <DL <DL 0.19 0.19 62.49 

355(5) 35.63 28.28 0.03 2.09 0.05 0.15 0.16 <DL 0.03 0.46 0.19 67.09 

355(6) 29.86 23.08 0.12 4.36 0.35 0.76 0.39 <DL 0.02 0.85 0.25 60.06 

355(7) 22.29 16.20 0.10 4.05 0.21 0.70 0.40 <DL 0.04 0.55 0.24 44.79 

355(8) 16.14 17.10 0.12 2.69 0.49 0.14 0.55 <DL <DL 0.21 0.24 37.68 

355(9) 27.31 20.29 0.13 5.64 0.27 0.26 0.45 <DL 0.09 0.48 0.28 55.19 

355(10) 26.48 20.60 0.17 3.79 0.15 0.15 0.25 <DL <DL 0.62 0.24 52.45 

355(11) 31.88 21.07 0.15 5.03 0.20 0.25 0.43 <DL 0.39 0.61 0.27 60.28 

355(12) 29.34 22.16 0.13 5.76 0.26 0.25 0.39 <DL 0.11 0.50 0.29 59.19 

355(13) 31.57 25.31 0.14 4.54 0.23 0.23 0.37 <DL 6.68 0.57 0.24 69.88 

355(14) 25.25 17.28 0.17 4.51 0.13 0.46 0.35 <DL 0.01 0.51 0.33 49.00 

355(15) 21.48 15.63 0.27 4.17 0.19 0.24 0.34 <DL <DL 0.93 0.31 43.56 

355(16) 33.32 25.80 0.08 3.92 0.17 0.22 0.32 0.01 <DL 0.52 0.16 64.52 

355(17) 35.81 29.29 0.16 1.28 0.12 0.07 0.15 <DL <DL 0.77 0.24 67.89 

355(18) 27.97 23.38 0.25 1.38 0.20 0.07 0.07 <DL <DL 0.73 0.30 54.36 

355(19) 34.27 26.43 0.11 3.93 0.11 0.25 0.32 <DL 0.01 0.32 0.30 66.03 

355(20) 27.62 23.04 0.12 2.00 0.12 0.12 0.16 <DL 0.02 0.38 0.39 53.96 

355(21) 29.07 23.98 0.11 3.62 0.17 0.33 0.27 <DL <DL 0.45 0.27 58.27 

355(22) 24.56 25.29 0.22 2.77 0.66 0.26 0.65 <DL <DL 1.52 0.29 56.23 

355(23) 24.44 22.55 0.16 3.14 1.45 0.24 0.56 <DL 0.02 1.31 0.22 54.09 

355(24) 33.56 29.69 0.06 0.67 0.11 0.07 0.11 <DL 0.02 0.24 0.16 64.67 

355(25) 30.76 20.11 0.16 2.37 0.21 0.45 0.24 <DL 0.05 0.30 0.23 54.88 

01GC363 

363(1) 43.62 32.09 0.05 4.55 0.13 0.28 0.46 <DL <DL 0.16 0.02 81.36 

363(2) 42.74 31.75 0.03 6.96 0.04 0.28 0.44 <DL <DL 0.21 0.02 82.48 

363(2) 47.60 34.49 0.06 7.82 0.03 0.27 0.58 <DL 0.01 0.06 0.02 90.95 

363(3) 41.11 29.76 0.07 8.24 0.04 0.29 0.62 0.01 <DL 0.21 0.01 80.37 
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Table B3 Cont’d. 

Sample Analysis Spot SiO2 Al2O3 Na2O K2O CaO MgO FeO MnO TiO2 F Cl 

Oxide 

Total 

01GC363 

363(4) 47.97 32.88 0.07 7.15 0.04 0.32 0.56 <DL 0.01 0.22 0.02 89.23 

363(5) 44.17 33.36 0.06 8.17 0.03 0.41 0.60 0.02 <DL 0.15 0.02 86.99 

363(6) 41.19 31.26 0.03 8.31 0.03 0.28 0.55 <DL <DL 0.21 0.01 81.87 

363(7) 44.05 30.15 0.05 8.20 0.03 0.34 0.58 <DL <DL 0.22 0.02 83.63 

363(8) 44.07 31.82 0.12 8.10 0.05 0.32 0.60 <DL 0.02 0.43 0.03 85.57 

363(9) 43.95 33.48 0.06 6.58 0.57 0.31 0.49 0.01 <DL 0.18 0.03 85.68 

363(10) 43.54 32.51 0.06 8.52 0.09 0.47 0.68 <DL 0.04 0.27 0.02 86.21 

01GC366 

366(1) 36.77 25.07 0.09 6.70 0.26 0.53 0.44 <DL <DL 0.77 0.03 70.67 

366(2) 38.62 28.13 0.08 7.12 0.41 0.44 0.43 <DL 0.01 0.36 0.04 75.63 

366(3) 42.06 30.89 0.05 7.89 0.09 0.34 0.43 <DL 0.03 0.23 0.02 82.03 

366(4) 42.70 30.06 0.09 5.03 0.15 0.33 0.35 <DL 0.02 0.36 0.02 79.10 

366(5) 42.71 24.84 0.06 7.44 0.19 0.37 0.42 0.01 0.13 0.29 0.02 76.48 

366(6) 37.53 27.28 0.07 6.70 0.16 0.47 0.44 0.01 0.02 0.65 0.03 73.34 

366(7) 31.91 22.65 0.10 6.49 0.29 0.49 0.49 <DL <DL 0.58 0.04 63.04 

366(8) 41.02 23.13 0.27 6.48 0.18 0.28 0.40 <DL 0.03 0.85 0.05 72.67 

366(9) 40.75 27.36 0.10 6.66 0.08 0.23 0.50 <DL <DL 0.33 0.03 76.04 

366(10) 41.57 23.65 0.07 7.07 0.08 0.35 0.45 <DL 0.02 0.23 0.01 73.50 

<DL: Element concentration was below the detection limit.
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Table B4: Structural formula calculations for illite (based on 22 oxygens) from the Rumpel Lake drill core. 

Sample 

(Depth) 
Analysis Spot 

Interlayer Octahedral Tetrahedral 

K Na Ca AlVI Mg Fe Si AlIV 

01GC303 

(54.4) 

303.2 1.382 0.037 0.018 4.009 0.098 0.069 6.185 1.815 

303.3 1.362 0.028 0.008 3.999 0.088 0.072 6.280 1.720 

303.4 1.435 0.028 0.007 3.871 0.101 0.080 6.548 1.452 

303.6 1.496 0.018 0.017 3.969 0.120 0.079 6.146 1.854 

303.7 1.529 0.018 0.017 3.929 0.077 0.081 6.312 1.688 

303.9 1.718 0.015 0.008 3.870 0.096 0.082 6.284 1.716 

303.10 1.488 0.028 0.009 3.950 0.102 0.075 6.263 1.737 

01GC327 

(507.7) 

327.2 1.533 0.030 0.047 3.858 0.132 0.087 6.333 1.667 

327.11 1.397 0.055 0.032 3.879 0.090 0.084 6.499 1.501 

327.13 1.415 0.028 0.019 3.870 0.127 0.086 6.486 1.514 

01GC334 

(656.8) 

334.1 1.474 0.037 0.029 3.671 0.093 0.478 6.275 1.725 

334.2 1.547 0.021 0.016 3.840 0.106 0.136 6.398 1.602 

334.3 1.271 0.055 0.028 3.840 0.095 0.221 6.461 1.539 

334.7 1.432 0.049 0.014 3.856 0.097 0.087 6.552 1.448 

01GC340 

(788.5) 

340.7 1.607 0.043 0.015 3.893 0.052 0.079 6.377 1.623 

340.9 1.448 0.180 0.015 3.892 0.067 0.088 6.340 1.660 

01GC345 

(897.3) 

345.4 1.492 0.021 0.005 3.885 0.082 0.107 6.441 1.559 

345.8 1.405 0.028 0.008 3.893 0.059 0.065 6.624 1.376 

345.9 1.589 0.040 0.007 3.814 0.088 0.083 6.572 1.428 

345.10 1.358 0.070 0.012 3.897 0.068 0.073 6.572 1.428 

01GC346 

(919.6) 

346.2 1.433 0.018 0.019 3.953 0.066 0.080 6.360 1.640 

346.5 1.485 0.028 0.008 3.965 0.067 0.063 6.317 1.683 

346.6 1.423 0.077 0.013 3.967 0.075 0.080 6.255 1.745 

346.8 1.596 0.028 0.007 3.936 0.056 0.074 6.296 1.704 

346.9 1.377 0.034 0.006 3.970 0.054 0.061 6.442 1.588 

346.10 1.296 0.165 0.014 3.957 0.062 0.064 6.405 1.595 

01GC363 

(1293.9) 

363.3 1.354 0.018 0.004 3.974 0.055 0.066 6.459 1.541 

363.4 1.638 0.021 0.007 3.874 0.067 0.081 6.408 1.592 

363.6 1.429 0.018 0.005 3.948 0.087 0.072 6.321 1.679 

363.7 1.621 0.009 0.005 3.931 0.064 0.070 6.298 1.702 

363.8 1.558 0.015 0.005 3.854 0.075 0.072 6.561 1.439 

363.9 1.508 0.037 0.008 3.908 0.070 0.073 6.433 1.567 

363.11 1.579 0.018 0.014 3.894 0.102 0.083 6.326 1.674 
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Table B4 Cont’d. 

Sample 

(depth) 
Analysis Spot 

Interlayer Octahedral Tetrahedral 

K Na Ca AlVI Mg Fe Si AlIV 

01GC366 

(1359.7) 

366.2 1.502 0.025 0.073 3.868 0.108 0.059 6.386 1.614 

366.3 1.530 0.015 0.015 3.924 0.077 0.055 6.392 1.608 

366.5 1.544 0.018 0.033 3.710 0.090 0.057 6.948 1.052 

366.6 1.459 0.021 0.029 3.896 0.120 0.063 6.407 1.593 

366.8 1.418 0.083 0.033 3.711 0.072 0.057 7.036 0.964 

366.9 1.384 0.031 0.014 3.890 0.056 0.068 6.638 1.362 

366.10 1.520 0.021 0.014 3.706 0.088 0.063 7.008 0.992 
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Table B4 (Cont’d): Illite geothermometry calculations. 

Sample 

(depth) 

Analysis 

Spot 

Battaglia (2004) Cathelineau (1988) 

K + | Fe – Mg | T (°C) Fe-Celadonite 

Mg-

Celadonite Paragonite 

Ca-

Paragonite Muscovite Pyrophyllite T (°C) 

01GC303 

(54.4) 

303.2 0.705 220.5 0.034 0.049 0.018 0.018 0.607 0.273 207.8 

303.3 0.689 216.1 0.036 0.044 0.014 0.008 0.601 0.297 198.3 

303.4 0.728 226.6 0.040 0.050 0.014 0.007 0.627 0.262 212.5 

303.6 0.769 237.4 0.039 0.060 0.009 0.017 0.649 0.226 226.8 

303.7 0.767 236.9 0.041 0.039 0.009 0.017 0.685 0.209 233.6 

303.9 0.866 263.6 0.041 0.048 0.008 0.008 0.770 0.125 267.0 

303.10 0.757 234.4 0.038 0.051 0.014 0.009 0.655 0.233 223.9 

Average: 0.754 ± 0.058 233.6 ± 15.6 0.038 ± 0.003 0.049 ± 0.006 0.012 ± 0.004 0.012 ± 0.005 0.656 ± 0.058 0.232 ± 0.056 224.3 ± 22.4 

01GC327 

(507.7) 

327.2 0.789 242.9 0.043 0.066 0.015 0.047 0.657 0.172 248.4 

327.11 0.701 219.4 0.042 0.045 0.028 0.032 0.611 0.242 220.4 

327.13 0.728 226.5 0.043 0.063 0.014 0.019 0.601 0.260 213.3 

Average: 0.739 ± 0.045 229.6 ± 12.1 0.043 ± 0.001 0.058 ± 0.011 0.019 ± 0.008 0.033 ± 0.014 0.623 ± 0.030 0.225 ±0.046 227.4 ± 18.6 

01GC334 

(656.8) 

334.1 0.930 280.7 0.239 0.046 0.018 0.029 0.452 0.216 230.8 

334.2 0.789 242.8 0.068 0.053 0.011 0.016 0.652 0.200 237.1 

334.3 0.698 218.6 0.110 0.048 0.028 0.028 0.478 0.309 193.5 

334.7 0.721 224.7 0.043 0.049 0.025 0.014 0.624 0.245 219.0 

Average: 0.785 ± 0.104 241.7 ± 28.0 0.115 ± 0.087 0.049 ± 0.003 0.021 ± 0.008 0.022 ± 0.008 0.552 ± 0.101 0.243 ± 0.048 220.1 ± 19.3 

01GC340 

(788.5) 

340.7 0.817 250.3 0.039 0.026 0.021 0.015 0.738 0.160 253.0 

340.9 0.735 228.3 0.044 0.033 0.090 0.015 0.647 0.171 248.7 

Average: 0.776 ± 0.058 239.3 ± 15.6 0.042 ± 0.004 0.030 ± 0.005 0.056 ± 0.049 0.015 ± 0.000 0.693 ± 0.064 0.166 ± 0.008 250.9 ± 3.0 

01GC345 

(897.3) 

345.4 0.759 234.8 0.053 0.041 0.011 0.005 0.652 0.238 222.0 

345.8 0.705 220.5 0.032 0.029 0.014 0.008 0.641 0.275 207.0 

345.9 0.797 245.1 0.041 0.044 0.020 0.007 0.710 0.178 245.9 

345.10 0.682 214.2 0.037 0.034 0.035 0.012 0.608 0.274 207.7 

Average: 0.736 ± 0.052 228.7 ± 13.9 0.041 ± 0.009 0.037 ± 0.007 0.020 ± 0.011 0.008 ± 0.003 0.653 ± 0.043 0.241 ± 0.046 220.7 ± 18.2 

01GC346 

(919.6) 

346.2 0.723 225.3 0.040 0.033 0.009 0.019 0.644 0.255 215.0 

346.5 0.744 231.0 0.032 0.033 0.014 0.008 0.678 0.235 223.0 

346.6 0.714 222.8 0.040 0.038 0.038 0.013 0.634 0.237 222.3 

346.8 0.807 247.8 0.037 0.028 0.014 0.007 0.733 0.182 244.5 

346.9 0.693 217.1 0.031 0.027 0.017 0.006 0.631 0.288 201.7 

346.10 0.649 205.4 0.032 0.031 0.083 0.014 0.585 0.256 214.8 

Average: 0.722 ± 0.053 224.9 ± 14.2 0.035 ± 0.004 0.032 ± 0.004 0.029 ± 0.028 0.011 ± 0.005 0.651 ± 0.050 0.242 ± 0.035 220.2 ± 14.2 
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Table B4 Cont’d. 

Sample 

(depth) 

Analysis  

Spot 

Battaglia (2004) Cathelineau (1988) 

K + | Fe – Mg | T (°C) Fe-Celadonite 

Mg-

Celadonite Paragonite 

Ca-

Paragonite Muscovite Pyrophyllite T (°C) 

01GC363 

(1293.9) 

363.3 0.682 214.3 0.033 0.027 0.009 0.004 0.617 0.310 193.3 

363.4 0.826 252.8 0.040 0.034 0.011 0.007 0.745 0.163 251.8 

363.6 0.754 233.4 0.036 0.044 0.009 0.005 0.666 0.240 220.9 

363.7 0.814 249.5 0.035 0.032 0.005 0.005 0.743 0.180 245.1 

363.8 0.781 240.7 0.036 0.038 0.008 0.005 0.705 0.209 233.7 

363.9 0.756 234.1 0.037 0.035 0.018 0.008 0.683 0.220 229.3 

363.11 0.799 245.6 0.041 0.051 0.009 0.014 0.697 0.187 242.2 

Average: 0.773 ± 0.049 238.6 ± 13.0 0.037 ± 0.003 0.037 ± 0.008 0.010 ± 0.004 0.007 ± 0.003 0.694 ± 0.045 0.216 ± 0.049 230.9 ± 19.5 

01GC366 

(1359.7) 

366.2 0.775 239.3 0.030 0.054 0.012 0.073 0.667 0.164 251.5 

366.3 0.776 239.4 0.027 0.039 0.008 0.015 0.699 0.213 231.9 

366.5 0.788 242.7 0.029 0.045 0.009 0.033 0.699 0.186 242.8 

366.6 0.758 234.6 0.031 0.060 0.011 0.029 0.638 0.230 224.9 

366.8 0.716 223.4 0.029 0.036 0.041 0.033 0.644 0.217 230.4 

366.9 0.698 218.6 0.034 0.028 0.015 0.014 0.630 0.279 205.6 

366.10 0.772 238.5 0.032 0.044 0.011 0.014 0.684 0.215 231.3 

Average: 0.755 ± 0.034 233.8 ± 9.2 0.030 ± 0.002 0.044 ± 0.011 0.015 ± 0.012 0.030 ± 0.021 0.666 ± 0.029 0.215 ± 0.036 231.2 ± 14.4 
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