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Abstract 

 Neoarchean metavolcanic belts in the Slave craton, Northwest Territories, 

Canada, overlay a Paleo- to Mesoarchean granite-gneiss complex and its Mesoarchean 

volcano-sedimentary cover. The ca. 2.70 Ga Kam Group and ca. 2.66 Ga Banting 

Group volcanic stratigraphy, as defined in the Yellowknife volcanic belt, has been 

applied to describe all volcanic belts in the Slave craton and is based primarily on 

geochemical signatures. Recent geochemistry, age data, and Nd-isotopic analyses 

support distinct volcanic episodes occurring intermittent to Kam volcanism and Banting 

volcanism. Geochemical and isotopic similarities exist amongst mafic and intermediate 

volcanic rocks, whereas two distinct geochemical signatures define felsic volcanic 

rocks. Evidence at Sharrie and Turnback volcanic belts supports magma emplacement 

in a rift system with an evolving, heterogeneous source. Finally, Archean volcanic belts 

are known for housing VMS deposits and the Slave craton volcanic belts show potential 

for hosting base-metal deposits. 
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Chapter 1: Introduction 

 

 Neoarchean volcano-sedimentary belts in the Slave craton, Northwest Territories 

and Nunavut, Canada, have historically been divided into two groups – the ca. 2.70 Ga 

Kam Group and the ca. 2.66 Ga Banting Group. Past geochemical studies from the 

Yellowknife greenstone belt differentiate the Kam from the Banting based primarily on 

stratigraphy, felsic volcanic rock signatures, and minor Nd-isotopic differences. The 

Kam Group, as defined in Yellowknife, is primarily mafic volcanic packages with minor 

felsic volcanic flows and tuffs, while the Banting Group has bimodal mafic and felsic 

volcanic flows and volcaniclastic units. However, nowhere does the Banting Group 

conformably overlay the Kam Group. Volcanic belts throughout the Slave craton vary 

from mafic-dominated to bimodal with near equal parts mafic and felsic, and rare 

intermediate volcanic rocks. A few belts have Kam Group volcanic rocks, whereas most 

others have been termed Banting or Banting equivalent. However, the true extent of the 

Banting Group is under investigation.  

Volcanogenic massive sulphide (VMS) deposits and occurrences are frequently 

associated with many of the Slave volcanic belts, amongst which include the economic 

Hood and IZOK deposits in Nunavut. There are some small deposits and showings in 

the Northwest Territories portion of the Slave, but none have been brought into 

production. Base-metal exploration in the southern Slave craton has been out of favour 

for the past couple of decades, but these belts still hold promise based on at-surface 

VMS indicators, historic drilling and assay results and proven prosperity in 

stratigraphically and geochemically similar volcanic belts in Nunavut.  
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 Detailed geochemistry and isotopic analysis are often overlooked aspects of the 

volcano-sedimentary belts in the Slave craton. Many past studies have been focused on 

mineral exploration, such as gold and diamonds, and tectono-evolution of the basement 

rocks (i.e. the Acasta gneiss). This thesis was undertaken to further examine the 

geochemical and isotopic signature of the Slave craton’s volcanic belts and to provide 

detailed stratigraphy, geochemistry, and Nd-isotopic data for two belts in the southern 

Slave craton – Sharrie Lake and Turnback Lake. A driving factor behind this project was 

to examine the extent of the ca. 2.66 Ga Banting Group and its relationship (if any) to 

the Kam Group and to basement rocks. As mentioned earlier, the majority of the 

bimodal volcanic belts and belts that share similar geochemistry to the Yellowknife belt 

Banting Group in the Slave craton have been called Banting Group.  

Both Sharrie Lake and Turnback Lake volcanic belts are well exposed due to 

recent fires. They are approximately 100 km east of Yellowknife and have VMS 

prospects and showings, making them suitable candidates for further lithostratigraphic, 

geochemical and economic mineralization studies. Furthermore, studies of these 

greenstone belts can provide information on the tectonic environments in which they 

formed and relevant insight into potential VMS formation. This thesis provides the 

lithogeochemistry and isotopic signatures of the Slave craton’s volcanic belts at a 

reconnaissance scale with insight into regional tectonic evolution. The detailed 

stratigraphy, geochemistry and isotopic analysis at Sharrie and Turnback lakes will 

attempt to further the understanding of Slave tectonics and implications for VMS mineral 

exploration.  
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Chapter 2: Regional Geology 

 

2.1 – Regional Geology: Overview 

 

 The Slave Province, located in northwestern Canada with approximately 300,000 

km2 surface exposure, is one of approximately 35 preserved Archean cratons 

worldwide. The Slave craton is composed of a basement complex overlain by cover 

sequence, volcanic belts, turbidite-related sedimentary deposits, and penetrated by late 

granitoids, as seen in Figure 2.1. The Slave basement is host to the oldest rocks in the 

world – the Acasta gneiss which are ~4.03 Ga (Bowring et al., 1989; Bowring and 

Williams, 1999; Stern and Bleeker, 1998). For the most part however, the basement is 

composed of a 3.3 to 2.9 Ga heterogeneous collection of dioritic to tonalitic gneisses as 

well as non- to weakly-foliated tonalite-trondhjemite-granodiorite (Bleeker et al., 1999a; 

Ketchum et al., 2004). The gneissic basement complex is only present under the central 

Slave craton (Emon et al., 1999). It is overlain by the 2.9-2.8 Ga Central Slave Cover 

Group (CSCG) which was deposited during the unroofing and erosion of the basement 

complex. The CSCG is composed of supermature, fuchsitic quartzite, banded iron 

formation, and minor volcanic rocks (Bleeker et al., 1999b; Isachsen and Bowring, 1997; 

Sircombe et al., 2001). Craton wide ca. 2.73-2.66 Ga volcanic packages (Bleeker, 2002; 

Bleeker and Hall, 2007; Helmstaedt and Padgham, 1986; Stubley, 2005) were 

subsequently emplaced and have been divided into two groups: (i) the 2.73-2.70 Ga 

Kam Group that consists of mafic volcanic flows and minor felsic volcanic horizons 

(Cousens, 2000; Helmstaedt and Padgham, 1986), and (ii) the 2.68-2.66 Ga Banting 
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Group, which is generally composed of bimodal, calc-alkaline volcanic flows and 

volcaniclastic deposits (Cousens et al., 2002, 2005; Helmstaedt and Padgham, 1986; 

Isachsen et al., 1991; van Breemen et al., 1992). Notably, the Banting Group type 

section is in the Yellowknife greenstone belt and includes only ca. 2665 Ma bimodal 

volcanic rocks (Helmstaedt and Padgham, 1986; Isachsen et al., 1991); whereas other 

dispersed belts have the older 2690-2670 Ma volcanic stratigraphy (Pehrsson and 

Villeneuve, 1999; van Breemen et al., 1992). The older Kam Group is suggested to be 

rift related possibly derived from juvenile enriched lithospheric mantle (Cousens, 2000), 

however the younger Banting Group has been suggested to be produced from melting 

of the lower crust (Cousens et al., 2002). Figure 2.1 show the locations of sampled 

volcanic belts in the Slave craton as well as key VMS deposits relevant to this study. 

After the volcanic sequences, the Burwash Basin opened ca. 2661 Ma (Bleeker and 

Villeneuve, 1995; Ferguson et al., 2005) and turbidite successions were deposited 

unconformably over the Kam and Banting group volcanic rocks. The Burwash 

Formation turbidites (ca. 2680 Ma) are thought to have been deposited in an 

extensional environment (Furguson et al., 2005; Henderson, 1985). A younger 

sequence of ca. 2625 Ma turbidites has been recognized in the western and central 

Slave craton (Bennett et al., 2005; Ootes et al., 2009; Pehrsson and Villeneuve, 1999) 

and are synchronous with granodiorite and quartz diorite intrusions from the Defeat 

Suite magmatism (Ootes et al., 2009). Bennett et al. (2005) and Davis and Bleeker 

(1999) show that the Defeat Suite plutonic complex intruded the older stratigraphy at ca. 

2625 Ma and is thought to be the product of arc-like magmatism (Davis et al., 2003; 

Ootes et al., 2009). Extensive ca. 2.61 to 2.58 Ga granitic intrusions, including the S-
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type Prosperous plutons, intruded the older units across the Slave craton (Bethune et 

al., 1999; Bleeker, 2002; Bleeker and Hall, 2007; Davis and Bleeker, 1999). The ca. 

2600 Ma (Isachsen et al. 1993) Jackson Lake Formation is a Temiskaming-type 

conglomerate-sandstone and is stratigraphically the youngest depositional unit in the 

Yellowknife Domain (Mueller and Donaldson, 1994). 

 

2.2 – Deformation and Metamorphism 

 

 There are two main deformation events – D1 and D2 – in the Slave craton and a 

locally confined subsequent D3 event (Davis and Bleeker, 1999; Bleeker and Beaumont-

Smith, 1995; King et al., 1992). Two major folds, F1 and F2, dominate the Yellowknife 

Domain and define D1 and D2, respectively (Bleeker and Beaumont-Smith, 1995; 

Henderson, 1985). Both of these deformation events affect the Burwash Formation 

turbidite succession and therefore postdate 2660 Ma (Davis and Bleeker, 1999).  U-Pb 

ages from zircon and monazite grains from the Defeat Suite plutonic rocks in the 

Yellowknife Domain range between 2626 ± 3 Ma and 2615 Ma, and show that D1 

predates Defeat age plutonism (Davis and Bleeker, 1999). Other work in the Contwoyto 

Lake area is compatible with the Yellowknife Domain (King et al., 1992). The initiation of 

the D2 event is not precisely known, but Davis and Bleeker (1999) narrowed the 

maximum age to 2606 ± 2 to 2596 ± 2 Ma based on deformation of the Defeat Suite 

plutons and Hidden Lake pluton.  Bleeker and Beaumont-Smith (1995) recognized post-

D2 deformation and steeply plunging folds (F3) with associated crenulation cleavage 

(S3). The late D3 event is closely associated with 2590-2585 Ma plutonism, which 
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caused contact aureoles and localized shortening. Some of these contact aureoles have 

preserved high temperature, low pressure minerals assemblages and migmatitic 

domains (King et al., 1992). Two regional moderate-grade metamorphic events are 

spatially related to and accompany the plutonism in the Yellowknife Domain at 2630 – 

2630 Ma and ca. 2600 – 2585 Ma (Bleeker and Beaumont-Smith, 1995; Davis and 

Bleeker, 1999; King et al., 1992).   

 

2.3 – Mineralization 

 

Base and precious metals have traditionally been the basis of exploration and 

mining in the Northwest Territories, but focus has been shifting towards diamond 

exploration since the early 1990’s. There are presently three diamond mines in 

operation in the Northwest Territories, which include Ekati, Diavik and Snap Lake 

diamond mines, and one tungsten mine – CanTung mine. The Con and Giant gold 

mines ceased operation in 2003 and 2004, respectively and ended nearly 66 years of 

gold mining in Yellowknife (Campbell, 2007).  This study will focus on VMS and base-

metal operations in the Slave craton. Many VMS deposits and base-metal prospects 

exist in the Slave craton but are largely undeveloped. Padgham (1992) recognized three 

endmember types for base-metal ratios in VMS deposits in the Slave craton: (1) copper-

rich with low gold content, (2) lead-, zinc-, silver-rich with low copper and low gold 

quantities, and (3) zinc-rich with high quantities of silver but low copper and gold 

quantities.  VMS deposits are hosted in volcanic sequences formed atop attenuated 

basement and in juvenile, back-arc-like basins (Bleeker and Hall, 2007). Ca. 2.73 to 
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2.70 Ga volcanic belts with intercalated felsic flows/sills and post ca. 2.70 Ga bimodal 

volcanic belts with associated proximal felsic rocks at or near the transition to overlying 

metasedimentary rocks are linked to VMS deposits in the Slave craton (Bleeker and 

Hall, 2007). Padgham and Atkinson (1991) noted that sulphide lenses varied in texture 

with common minerals being sphalerite, galena, chalcopyrite, pyrite, pyrrhotite and 

arsenopyrite. Some of the larger and more notable deposits include the Hackett River 

belt occurrences, IZOK and Hood in Nunavut Hood and the BB, Bear, XL property and 

Sunrise deposits in the Northwest Territories.  

 

2.4 – Craton Formation: Previous Work 

 

The formation and stabilization of the Slave craton have been debated, 

particularly the development of the supracrustal greenstone belts (Bleeker, 2002; 

Bleeker et al., 1999a, 1999b; Helmstaedt and Padgham, 1986; Kusky, 1989, 1990; 

Goodwin et al., 2006). Unlike Archean greenstone belts of most other cratons (e.g. the 

Superior Province), komatiites are rare and sedimentary units are abundant in the Slave 

(Padgham and Fyson, 1992). As such, several hypotheses have been proposed 

describing the formation, or partial formation, of the Slave Province, including: (i) 

ancient island arcs (Folinsbee et al., 1968); (ii) continental rifts (Henderson, 1985); (iii) 

back arc basins or spreading in a marginal-basin setting with overlying volcanic arc 

sequences (Helmstaedt and Padgham, 1986; Helmstaedt et al., 1986); (iv) terrane 

collision and accretion with trapped volcanic and sedimentary packages (Kusky, 1989, 

1990); (v) marginal continental-rifting and autochthonous to parautochthonous growth 
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(Bleeker et al., 1999a, 1999b; Cousens, 2000; Bleeker, 2002); and (vi) late Neoarchean 

microplate tectonics with high-temperature, fast-moving, shallow subduction zones 

(Goodwin et al., 2006). Recently, exotic versus endemic accretionary terranes for craton 

growth is the principal debate (Bleeker and Hall, 2007; Davis et al., 2003; Helmstaedt, 

2009; Helmstaedt and Pehrsson, 2013).  One argument suggests that the Slave craton 

developed through the accretion of exotic terranes onto a proto-craton or composite 

nucleus with associated accretionary prisms and island –arc systems present along 

subduction boundaries and sutures (Helmstaedt, 2009; Helmstaedt and Pehrsson, 

2013; Kusky, 1990, 1989). The other theory suggests that the Slave craton grew in an 

autochthonous manner with rifting and break-up of the basement terrane (Bleeker and 

Hall, 2007; Bleeker et al., 1999b; Davis et al., 2003). Both theories present valid 

arguments and show that more research is required on this topic.  
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Figure 2.1: Simplified geologic map of the Slave craton, Northwest Territories and Nunavut, Canada, 
after Stubley (2005). Pb line represents the isotopic boundary between Mesoarchean crustal domain to 
the west and Neoarchean crustal domain to the east (Thorpe et al., 1992). Nd-lines and Pb-line represent 
isotopic domain boundaries for non-radiogenic Nd and radiogenic Pb composition in the west, juvenile Nd 
and Pb in the east, and a central domain with an intermediate composition (Davis and Hegner, 1992). 
Yellow circles are locations of sampled volcanic belts. Red stars are major VMS deposits. Purple box 
highlights detailed study area at Sharrie and Turnback lakes – see Figures 3.2 and 3.3. 
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Chapter 3: Local Geology – Cameron-Beaulieu Area 

 

3.1 – Cameron-Beaulieu Volcanic Belts: Overview 

 

The Neoarchean Cameron-Beaulieu volcanic belts (CBVB) lie approximately 80 

km northeast of Yellowknife and overlie the ca. 2.85 Ga Sleepy Dragon Complex (SDC) 

gneissic basement illustrated in Figure 3.1. These basement rocks are typically tonalite-

trondhjemite-granodiorite gneisses and gabbroic gneisses, and show evidence for 

having undergone metamorphic and deformation events prior to the Neoarchean 

volcanism (Davis and Bleeker, 1999; Henderson, 1985; Isachsen and Bowring, 1994; 

Ketchum et al.., 2004). U-Pb zircon geochronology of the tonalite and granite gneisses 

from the SDC have ages between >3.0 Ga and 2.85 Ga (Henderson et al., 1987; 

Ketchum et al., 2004; Lambert and van Breemen, 1991). Dudas et al. (1988) showed 

that Nd isotopic compositions suggest depleted mantle ages of approximately 3.3 Ga.  

The Cameron-Beaulieu volcanic belts wrap around the SDC and are divided into 

three subareas – Cameron River, Tumpline Lake, and Sunset Lake, where the latter two 

are unique within the Beaulieu River volcanic belt (Fig. 3.1). For this study, detailed 

bedrock mapping was conducted in the Tumpline Lake subarea, at Sharrie Lake and 

Turnback Lake, which is comprised of three main volcanic units: (a) Tumpline Basalt, 

(b) Turnback Rhyolite and (c) Sharrie Rhyolite (Lambert, 1988; Lambert et al., 1993). 

Figure 3.2 and 3.3 illustrate the sample location at Sharrie and Turnback lakes, 

respectively. Lambert (1988) and Lambert et al. (1993) outline the critical characteristics 

of each unit and provides an interpretation to their origin and regional significance. The 
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Tumpline Basalt consists of pillowed flows and layered volcaniclastic rocks 

predominantly of basaltic composition but has an andesitic member at Sharrie Lake. 

The metabasalts are dark green to dark grey, fine- to medium grained amphibolites. 

Vesicles and amygdales are rare features in pillows due to the high degree of 

deformation. Volcaniclastic units are often layered with poorly sorted, angular to 

rounded clasts. The andesitic member at Sharrie Lake is composed of light to medium 

grey pillows flows and volcaniclastic units. Garnet porphyroblasts form interstitial to 

pillow cores and pillow rims. Plagioclase phenocrysts and biotite are common minerals 

visible in hand sample. Lambert (1988) interpreted the Tumpline Basalt to have entirely 

erupted in a subaqueous environment. Near Sharrie Lake, it is speculated that the 

basalt erupted through felsic volcanic piles (Sharrie Rhyolite and Turnback Rhyolite) 

and incorporated felsic volcanic inclusions. 

 The Turnback Rhyolite makes up approximately 40% of the volcanic belt in the 

Tumpline subarea and extends from Turnback Lake down to southeast and east of 

Sharrie Lake. Lava flows, domes, breccias, pyroclastic and volcaniclastic rhyolites are 

recognizable in this formation, but exact facies relationships are poorly established due 

to deformation and metamorphic recrystallization. The majority of the Turnback Rhyolite 

contains volcaniclastic rocks, including ash and bedded tuffs and breccias. Coherent 

lava flows are less abundant but have recognizable autobrecciation in some areas. The 

interlayering of rhyolite with mafic pillows suggests that deposition occurred in part in a 

subaqueous environment, however the presence of ash and welded tuffs indicates 

periods of shallow water to emergent conditions (Lambert, 1988).  
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The Sharrie Rhyolite is exposed to the northwest of Sharrie Lake. It weathers 

buff to pale grey and is composed mainly of flows, breccias and minor pyroclastic rocks. 

Lava flows tend to have coherent centers with brecciated margins on tops and bottoms. 

Breccias that grade into massive flows are considered autoclastic flow breccias. 

Porphyritic rhyolite contains plagioclase, quartz and possible K-feldspar phenocrysts. 

Volcaniclastic rhyolite and tuffs are poorly sorted with moderate to poor bedding. 

Although the Sharrie Rhyolite is intercalated with mafic pillow flows, it is atypical of 

formation in a subaqueous environment. The massive lavas and tuffs suggest that 

deposition in a shallow water or emergent environment is more probable with brief 

periods of submergence. Lambert (1988) suggested that rhyolite magma formed 

complexes that grew to the point of becoming ephemeral islands.  
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Figure 3.1: Simplified geologic map of the Cameron-Beaulieu volcanic belts and the Sleepy Dragon 
Complex. Subareas include Cameron River, Tumpline and Sunset Lake. Yellow dot denotes the Sharrie 
Lake and Turnback Lake areas. Red stars are VMS deposits and occurrences of notable size.  
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Figure 3.2: Simplified geologic map of the Sharrie Lake volcanic belt, after Jackson and Ootes (2014), 
showing sample locations and transects.  
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Figure 3.3: Simplified geologic map of Turnback Lake volcanic belt showing sample locations. 
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Chapter 4: Analytical Methods and Techniques 

 

4.1 – Sample Collection 

 

 Field work was conducted in August 2012, and from June to August 2013. 

Seventy-eight hand samples were collected. Appendix D, Table D.1 provides the 

collection location and rock types regarding each sample.  

Thirty-six geochemical samples from several volcanic belts throughout the 

southern Slave craton were collected during reconnaissance investigations in 2012. 

This was completed by A. Berger and B. Cousens (Carleton University), L. Ootes and V. 

Jackson (NTGO), M. A. Hamilton (University of Toronto) and L. Covello. All samples 

collected in 2012 were sent for geochemical analysis and 15 samples were analyzed for 

Sm-Nd isotopic analysis. 

Six weeks in 2013 were dedicated to detailed bedrock mapping and sampling of 

selected volcanic belts around the Sleepy Dragon Complex at Sharrie Lake and 

Turnback Lake. Work was done by A. Berger under the supervision of V. Jackson and 

L. Ootes (NTGO) and with assistance from S. McGolderick and B. Williams. A total of 

42 representative hand samples were collected, encompassing felsic, mafic and 

intermediate volcanic rocks. Twenty-six samples are from Sharrie Lake and the 

remaining 16 samples are from Turnback Lake. Every sample underwent geochemical 

analysis, except sample 13BW1009A which was selected for only an oriented thin 

section. The mafic volcanic sample 13AB20129A was partitioned into two samples for 

geochemical analysis, 13AB2019A1 and 13AB2019A2, which represent the pillow core 
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and pillow selvage, respectively. Samples 13AB2028B and 13AB2029B are test 

samples taken using a hand-held angle grinder and are duplicates of 13AB2028A and 

13AB2029A. Twenty of the total 42 samples were chosen for isotopic analysis.  

 

4.2 – Sample Preparation 

 

A total of 78 samples were sent to be geochemically analyzed. Sample 

preparations were done at Carleton University, Ontario and in part at the Northwest 

Territories Geoscience Office. Hand samples were first cut into slabs using a diamond-

blade rock saw either at Carleton University or at the NTGO. Further sample 

preparation was continued at Carleton University where samples were then crushed 

using a Chipmunk jaw crusher. Samples collected in 2012 were powdered using a 

chrome-steel ring mill, while those collected in 2013 were sieved after crushing and 

powdered using an agate ring mill. Approximately 20-30 grams of powder was acquired 

from each sample. Half of the powdered material was sent out for geochemical analysis 

while the other half remained at Carleton University. 

 

4.3 – Geochemical Analysis: XRF, ICP-MS and ICP-AES 

 

All geochemistry for the 2012 regional sample collection was conducted at the 

Ontario Geological Survey (OGS) using X-Ray Fluorescence (XRF) for major oxides 

and Inductively-Coupled Plasma Mass-Spectrometry (ICP-MS) for trace and rare earth 

elements. XRF of major oxides (Appendix E, Table E.1) is done by first running the 
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sample for loss on ignition (LOI) then fusing the powdered sample using a lithium-borate 

flux into a glass bead. ICP-MS analyses for trace and rare earth elements (Appendix E, 

Table E.1) are done once samples are dissolved through closed vessel multi-acid 

digestion. Sharrie Lake and Turnback samples collected in 2013 were sent to Australian 

Laboratory Services (ALS) labs in Sudbury, Ontario for Inductively-Coupled Plasma 

Atomic Emission-Spectrometry (ICP-AES) for major oxides and ICP-MS (Appendix E, 

Table E.1) for trace elements. ICP-AES analyses are done once powdered samples are 

added to lithium metaborate/lithium tetraborate flux, fused in a furnace, and dissolved in 

nitric acid or hydrochloric acid. The ICP-MS techniques at ALS are similar to those at 

OGS labs. Internal standards were sent to both labs to check accuracy and quality of 

the data. 

 

4.4 – Isotopic Analysis: Sm-Nd 

 

Sm-Nd isotope analyses were conducted in the Isotope Geochemistry and 

Geochronology Research Centre at Carleton University, Ontario. Samples for Sm-Nd 

analysis were chosen based on location, stratigraphic position and absence of 

alteration. Fifteen samples from the 2012 collection and twenty samples from the 2013 

collection underwent analysis (Appendix E, Table E.2).  

 For isotopic analysis, between 100 and 200 milligrams of powdered sample were 

spiked with a mixed 149Sm-148Nd spike then dissolved in closed beaker in a stepwise 

fashion starting with 50% HF-12N HNO3, followed by 8 N HNO3 and finally 6N HCl. The 

residue is then taken up in 2.5N HCl and pipetted into a 14 ml Bio-Rad borosilicate 
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glass chromatography column containing 3.0 ml of Dowex AG50-X8 cation resin. The 

collection of the rare earth elements requires elution with 6N HCl, which is subsequently 

dried. The REE residue is dissolved in 0.26N HCl and loaded into Eichrom Ln Resin 

chromatographic columns containing Teflon powder coated with HDEHP. Nd followed 

by Sm is eluted using 0.26N HCl and 0.5N HCl, respectively. Once the dried Sm and Nd 

samples are obtained, they are placed onto one side of a double Re filament with 1N 

H3PO4 and run in a ThermoFinnigan Triton TI thermal ionization mass spectrometer at 

temperatures of 1700-1800ºC. Isotopic ratios were initialized to 146Nd/144Nd = 0.7219. 

Isotopic data is presented in Appendix E, Table E.2. Initial 𝜀𝑁𝑑
𝑇  values are calculated 

using available U-Pb zircon ages after Isachsen et al. (1991) and unpublished data after 

M. A. Hamilton (2014, personal communications). Initial 143Nd/144Nd ratios were 

calculated by rearranging Equation 4.1.    

(4.1) 

𝑁𝑑143

𝑁𝑑144 = (
𝑁𝑑143

𝑁𝑑144 )𝑖 +
𝑆𝑚147

𝑁𝑑144 (𝑒𝜆𝑡 − 1) 

Epsilon values at time T were calculated using Equation 4.2. Converting Nd-isotope 

ratios to epsilon notation facilitates comparisons with other works. Numerical values for 

epsilon notation may be positive, negative or zero. In general, positive ε-values indicate 

igneous rocks derived from depleted mantle source with enriched 143Nd relative to 

CHUR (Chondrite Uniform Reservoir), and negative ε-values indicate rocks derived from 

a source with depleted in radiogenic 143Nd (such as partial melts of crust; Faure and 

Mensing, 2005). The half-life (T1/2) is 1.06*1011y, where λ = 6.54*10-12 y-1. 
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(4.2) 

𝜀𝑁𝑑
𝑇 =

[
 
 
 
 

(

 
 

𝑁𝑑143

𝑁𝑑𝑠𝑎𝑚𝑝𝑙𝑒
𝑇144⁄

𝑁𝑑143

𝑁𝑑𝐶𝐻𝑈𝑅
𝑇144⁄

)

 
 

− 1

]
 
 
 
 

∗ 10000  

Equation 4.2 shows the conversion to epsilon notation where CHUR is the Chondrite 

Uniform Reservoir and T is the general time the rock was formed. 143Nd/144Nd values 

are corrected for fractionation using 146Nd/144Nd = 0.72190. The 2-sigma error on each 

sample is ± 0.5 𝜀𝑁𝑑
𝑇  units, based on runs of standards and duplicates.   

The international La Jolla Nd-standard was used for accuracy checks. The La 

Jolla standard runs on the ThermoFinnigan Triton yielded 143Nd/144Nd = 0.511847 +/- 7 

for n = 26 (Isotope Geochemistry and Geochronology Research Centre, 2012 - and 

references therein).  

 

4.5 – Accuracy and Reproducibility 

 

 Standards were submitted with both sample collections in order to account for 

consistency within and between laboratories. Given that two different laboratories 

(Ontario Geological Survey and Australian Laboratory Services) were used, it is 

extremely important to monitor the accuracy and quality of analyses.  

 Internal standard 99-YK-2 was sent to both the OGS and ALS labs. This 

standard was chosen based on its likeness to the sample collections. Another internal 

standard, 10-LT-05, was also sent to the ALS lab to check the accuracy of the results as 

it had been run several times previously at both ALS and OGS laboratories allowing for 
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accuracy to be checked with two different internal standards. Results from these 

analyses are noted in Appendix B, Table B.1.  

 Standard 10-LT-05 results for major oxides and REEs from ALS labs are plotted 

against the average values obtained from OGS labs (Fig. 4.1). Based on these graphs, 

the lab results are highly accurate and consistent. The results are nearly identical. As a 

precaution, the same process was conducted with internal standard 99-YK-2 (Fig. 4.2). 

Similar consistency was observed, it is safe to conclude that the XRF and ICP-MS 

results from both labs are very comparable.  

 

4.6 – Errors in Geochemical Analysis 

 

 Errors can arise from a variety of sources in geochemical analysis, possibly 

leading to anomalous values, misidentification, and misinterpretation of the sample(s). 

Errors commonly result from sample heterogeneity, contamination, equipment error and 

different methods of analysis. Precautions have been taken at every step to minimize 

potential error during sample preparation and analysis.  

 Sample sub-sets have been apportioned at every step preceding XRF or ICP-MS 

analysis. In all instances, there is the possibility that the selected sub-set is not truly 

representative of the rock. Coarse grained, porphyritic and fragmental rocks pose the 

highest risk to heterogeneity. The majority of the rocks in this study are fine grained with 

even mineral distribution, increasing the likelihood of a representative sub-set. Further 

care was taken by removing weathered surfaces, avoiding or cutting out veining, and 

selecting areas with fewest coarse grained minerals or fragments.  
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 Contamination can be a major source of error and can occur during any stage. 

Iron, carbon and other metals (from hammers, chisels, gold rings, etc.) are possible 

contaminants that can be traced back to as early as sample collection in the field. 

During preparations (slabbing, crushing and powdering), samples can become 

contaminated as a result of poor ventilation, improper equipment cleaning, sweat or oils 

from over handling, dirty surfaces or containers, or material transfer from the equipment 

(i.e. silicon from the agate ring and basin of the ring mill). Finally, through REE and Sm-

Nd collection contaminants can be sourced from residue or ions trapped in vials or in 

the Teflon columns. Careful attention was paid throughout all these processes to 

circumvent and reduce contamination. 

 Slight changes or fluctuations in machine settings can result in invalid values. 

Unfortunately, these mistakes are sometimes only noticed after samples have been 

analyzed. Two to three standards were included with each batch of samples sent for 

analysis with the XRF and ICP-MS, in addition to in-house samples and blanks used at 

the labs. In doing so, the quality of the analyses can be checked against known values. 

Samples run for Sm-Nd analysis in the mass spectrometer also had standards included 

in each batch to ensure equipment functionality and result validity. 



23 

 

 

 
Figure 4.1: Graphs of internal standard 10-LT-05 results from ALS lab versus average values from OGS 
lab. Runs 1-2 are 2013 analyses. Runs 3-5 are previous runs. (A) Rare earth element values. (B) Major 
oxide values. 
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Figure 4.2:  Graphs of internal standard 99-YK-2 results from ALS lab versus OGS lab. (A) Rare earth 
element values. (B) Major oxide values. 
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Chapter 5: Lithological Descriptions and Petrography 

 

5.1 – Lithology Overview 

 

Representative rock samples were collected from Archean meta-volcanic belts 

throughout the southern Slave craton. Regional sampling consisted of collecting typical 

and some atypical felsic, mafic, and, where attainable, intermediate volcanic rocks from 

each locale. A similar approach was taken when carrying out detailed mapping at 

Sharrie and Turnback Lakes, with the addition of sampling along transects with evident 

unit contacts. Locations of mapping and sampling were chosen based greater than 

usual exposure from recent fires. Near equal amounts of mafic and felsic rocks were 

collected. Fewer intermediate rock samples were collected due to their lower 

abundance and frequency. All rock samples collected have undergone some degree of 

metamorphism and, in some cases, alteration, thus rendering it difficult to characterize 

rock types and original protoliths based solely on outcrop, hand sample, and 

petrographic descriptions. Geochemistry is used in conjunction with lithological 

descriptions and petrography to more accurately identify rock types. Geochemical 

classifications and observations are discussed in later chapters. 

Seventy-six polished thin sections were examined using a petrographic 

microscope. At least one representative thin section was made from each of the 36 

samples collected in 2012 and in 2013. Sample 13AB2019A has two thin sections: one 

section of the pillow core (13AB2019A1), and one section of the pillow selvage 

(13AB2019A2). Sample 13BW1009A has one oriented thin section. Focus on the 
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mineralogy, textures, and field characteristics has allowed for preliminary classification 

of each sample. Modal mineralogy, primary and post-depositional textures, 

metamorphism, possible alteration, and a generalized rock type have been assigned to 

each sample (Appendix A, Table A.1 and A.2). Photomicrographs of common 

mineralogy and textures seen in the southern Slave craton, as well as some 

uncharacteristic examples, are depicted in Appendix A, Figure A.1. Given that all 

samples have been metamorphosed, the prefix “meta-” has been omitted in order to 

emphasize primary rock type.  

 

5.2 – Mafic Rocks 

5.2.1 – Field Observations 

 

 Most mafic rock samples are fine-grained and present several volcanic textures, 

including massive flows, pillows, vesicles and drainage cavities, brecciation, and 

phenocrysts. Samples 12-YK-04 and 12-YK-05 are medium- to coarse-grained gabbro 

dykes from MacKay Lake. Samples 13AB2023A and 13AB2220A of pillowed flows from 

Sharrie and Turnback lakes, respectively, have medium- to coarse-grained hornblende 

that is interpreted as being the product of metamorphism.  

Pillow flows are most common and indicate origin in a subaqueous environment. 

Pillow flow units may have unaltered cores or epidote + silica ± carbonate altered cores 

and thin (~1 cm) to thick (3-5 cm) glassy selvages. Alteration of pillow cores may be 

centrally confined (Fig. 5.1a) with unaltered basalt adjacent to the selvage or throughout 

the entire pillow core. Rare ruptured pillows with discontinuous and multiple rinds are 
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found intermittently within flow units. Budded pillows are irregularly shaped and may 

share cores with its parent pillow.  Pillows themselves may reach 150 cm at their 

longest dimension; however deformation and flattening have distorted their dimensions 

with a length to width ratio up to 12:1. Vesicles tend to concentrate in pillow cores and 

breccia clasts, but are seldom in pillow selvages. Plagioclase phenocrysts and 

amygdules, if extant, comprise less than 15% and 5% of a unit, respectively, and are 

most often observed in pillowed flows. Phenocrysts average 1-3 mm length while 

amygdules average 5-10 mm diameter. Amygdules tend to be rounded or ellipsoid (if 

affected by deformation) and are composed of quartz, plagioclase, and occasionally 

carbonate minerals.  

Flow top breccias in conjunction with pillow cusps, drainage cavities, and 

occasionally vesicle trains were used as stratigraphic top indicators. Where present, 

pillows gradually grade into flow top breccia with sharp a sharp upper contact delineated 

by an overlaying pillow flow and/or a sedimentary unit (Fig. 5.1b). Interpillow breccias 

alone, however, could only be used to differentiate flows as little to no gradation from 

pillowed flow to breccia is apparent. Drainage cavities were distinguished by semi-

spherical or sickle shape voids and concave side oriented towards the tops, and are 

best seen at MacKay and Sharrie lakes.  

Rock fragments and xenoliths vary from angular to rounded and flattened, and 

may comprise up to 20% of a mafic rock unit. Clast sizes range from lapilli to bomb with 

no one size specific to any given belt. Scoriaceous and basaltic fragments are the most 

frequent in mafic units, whereas other rock types are rarely observed. Scoriaceous 
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fragments are amorphous to elliptical and commonly have chilled or baked margins. 

Other rock types, if present, are generally rounded and flattened or angular.  

 

5.2.2 – Petrography 

 

Extrusive and intrusive mafic samples share comparable mineralogy of 

amphibole (Act-Tr /Hbl) + plagioclase + quartz + titanite ± magnetite ± ilmenite ± epidote 

± white mica (i.e. sericite). Pyroxene phenocrysts are completely or partially replaced by 

metamorphic amphibole and infrequent amphibole pseudomorphs after pyroxene 

crystals occur. Primary clinopyroxene was readily observed in only three samples from 

the 2012 suite at Beniah (12-YK-02) and MacKay (12-YK-04 and 12-YK-05) lakes. 

Compositions may be up to 65% amphibole porphyroblasts with groundmasses 

dominantly plagioclase, quartz, and magnetite/ilmenite. The presence of minerals such 

as quartz is likely the product of secondary fluids. The remaining mineralogy is 

composed of relict plagioclase phenocrysts and secondary minerals such as epidote, 

chlorite, sericite, and calcite. The basalts and gabbros range from massive to strongly 

deformed with penetrative foliation predominantly defined by aligned amphiboles and 

biotite ± chlorite. 

 Amphiboles have crystal lengths from 0.01-0.5 mm in basaltic samples and up to 

1 cm long in gabbroic samples. Crystal habits are blocky or acicular with rare needle-

like forms (Fig. 5.2a-b). Tremolite-actinolite and, less frequently, hornblende often form 

radially or elongated and parallel to foliation. Tremolite is colourless to pale grey making 

it distinguishable from the pale to dark green, moderately to strongly pleochroic 
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actinolite crystals. Tremolite is always found in association with actinolite often at 

peripheries or in distinct clusters. Hornblende is typically pleochroic medium to dark 

green with less common brown-yellow or blue hues. Cleavage planes are infrequent, 

but are more apparent in hornblende crystals than actinolite-tremolite. Few radiation 

haloes are present within hornblende crystals and indicate the presence of mineral 

inclusions containing radioactive elements. Hornblende pseudomorphs after pyroxenes 

(usually clinopyroxenes where remnant crystals are observable) are infrequent and 

often only crudely preserve the original crystal shape.    

The majority of plagioclase is confined to the matrix with few relict phenocrysts, if 

present, composing up to 10% in thin section. Matrix plagioclase is very small (a few 

microns in length) and individual crystals are often difficult to discern from neighbouring 

quartz if crystal habit is unapparent and pleochroism is weak, thus rendering exact 

volume percentage inaccurate. Sericite is commonly apparent in the matrix suggesting 

the possible presence of relict plagioclase. Plagioclase phenocrysts are generally more 

intact with more diagnostic features than their matrix counterparts. The degree of 

degradation of phenocrysts is largely dependent on size (amount of surface area 

available for alteration) and degree of deformation: larger phenocrysts with less strain 

tend to be better preserved than smaller, more deformed ones. Plagioclase phenocrysts 

are sub- to euhedral with average lengths under 10 mm. In strongly foliated samples, 

plagioclase crystals may be broken or slightly flattened. Weak to strong sericite 

alteration is common to all plagioclase phenocrysts and may be present as thin 

coronas, in the cores, or throughout the crystal. Concentric zoning and polysynthetic, 

Carlsbad, and pericline twinning are common.  
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The abundance of minor and secondary minerals, such as chlorite, biotite, 

epidote, quartz, carbonate minerals (i.e. calcite), and opaque minerals (ilmenite, 

magnetite and sulphides), is sample dependent. In mafic rocks, pale green chlorite often 

overprints or rims other metamorphic minerals like hornblende, biotite, and, to a lesser 

extent, actinolite-tremolite. Biotite rarely exceeds 10% of the rock composition and in 

most cases forms coronas around phenocrysts or porphyroblasts or forms biotite-rich 

layers parallel to foliation. Rarely, two generations of biotite have been noted (i.e. 

sample 12-YK-23).  One generation has poorly defined features and lacks most 

characteristic properties; while the other generation has well-developed crystal faces 

with all diagnostic properties intact. The first generation described likely precedes the 

latter, indicating multiple stages of biotite formation. Epidote often composes only 1-2% 

volume or less in a given mafic rock, with the exception of samples 12-YK-02, 12-YK-

04, and 12-YK-05 with abundances up to 75% in thin section. In these exceptions, 

epidote is replacing clinopyroxene. Secondary quartz can be an abundant matrix 

mineral. It is commonly very fine grained (<0.01mm) and recrystallized. Large (>0.3 

mm) quartz crystals rarely occur in thin section and may be single or polymorphic 

structures that range from a strain-free state to having subgrains and undulose 

extinction. In some cases the fabric wraps around quartz crystals, while in other cases 

the quartz crystals are flattened parallel to foliation. Carbonate minerals, such as calcite, 

are often confined to amygdules or to cross-cutting stringers or micro-veins. Calcite 

crystals greater than 0.3 mm are rare. Oxides (mainly magnetite and ilmenite) and 

sulphides (pyrite and pyrrhotite) are found in minor to trace amounts. They are often 

sub- to anhedral and are typically evenly disseminated.  
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5.3 – Felsic Rocks 

5.3.1 – Field Observations 

 

 Felsic volcanic flows and pyroclastic rocks are fine-grained and may be massive, 

porphyritic, or fragmental. Frequently observed textures include flow banding, 

tuffaceous layers, flow top and interflow breccia, and quartz and feldspar phenocrysts. 

Porphyroblasts, notably garnet, biotite, and tourmaline, are uncommon in felsic volcanic 

rocks and only form in areas with alteration or intercalated sedimentation.  

Flow bands, tuffaceous horizons, brecciation, and pyroclastic units provide 

evidence for extrusive deposition either in a subaerial or submarine environment. In 

addition, felsic units are frequently interbedded with mafic and intermediate pillow flows, 

providing further support for subaqueous deposition. Flow bands are not commonly 

observed in massive flows and are even rarer in porphyritic flows. Where observed, 

sericite alteration is concentrated along flow band contacts and enhances their 

prominence (Fig. 5.1c). Flow top breccia could often be used for stratigraphic top 

indicators provided upward fining sequences are preserved. “Rusting” of the 

groundmass in flow top and interflow breccias is frequent, but is not necessarily a 

defining feature. Breccia clasts are typically rounded and weakly flattened parallel to 

foliation with a length to width ratio of up to 5:1. Locally, in situ and broken, angular 

breccia clasts suggest autobrecciation, but evidence of this is scarce.   

Fragmental pyroclastic units form in equal or greater amounts to felsic flows 

within volcanic belts. Fragments may be heterogeneous or homogeneous within a 

volcanic package and compose an average range of 20-30%. Rhyolitic or rhyo-dacitic 
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clasts comprise the majority of pyroclastic units (Fig. 5.1d), however rare 

mafic/intermediate rock fragments have been observed but make up <10% of the clasts. 

Massive rhyolite tends to be the most common fragment type in felsic pyroclastic rocks 

at Sharrie Lake, whereas multiple felsic and mafic fragment types are more common at 

Snare River. The size of volcanic clasts varies greatly between locales and volcanic 

packages, and even within units. In addition, the size is commonly inconsistent within a 

unit ranging anywhere from 30 cm felsic blocks down to 5 mm lapilli. The groundmass is 

often fine grained felsic ash or very fine-grained felsic material, which may wrap around 

the more competent fragments. Rounded, reworked fragments have a length to width 

flattening ratio of up to 5:1; more angular fragments have lower flattening ratios.   

 

5.3.2 – Petrography 

 

Typical mineralogy is quartz + feldspar (K-feldspar and plagioclase) ± white mica 

± biotite ± carbonate minerals (calcite) ± ilmenite. The felsic rocks are primarily 

composed of quartz and feldspar with quartz comprising up to 80% of the sample. 

Samples with high quartz percentages could be attributed to silicification or other 

secondary processes. Approximately 60-65% of felsic samples are porphyritic with 

quartz and feldspar phenocrysts. Plagioclase is more often observed than K-feldspar, 

but sericite alteration and general crystal degradation destroys primary features 

rendering it difficult to discern feldspar species. Minor (i.e. muscovite) and secondary 

(i.e. carbonate minerals) comprise the remaining mineralogy.  
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Quartz forms as both phenocrysts and as groundmass minerals. Quartz 

phenocrysts tend to be sub- to euhedral or rounded and range up to 1 cm in size. 

Undulose extinction and embayed crystal faces are common. Micro-fractures often 

randomly cross-cut single crystal phenocrysts and cover an area of <1% of the crystal 

face. Rare micrometer inclusions and inclusion trains can be observed in crystal core or 

rim. Phenocrysts are either single or polymorphic features with or without annealed 

crystals. Matrix minerals, such as muscovite and biotite, may or may not wrap around 

quartz phenocrysts. Pressure shadows with fine feathered or fine-grained quartz 

occasionally occur where the fabric wraps around polymorphic quartz phenocrysts. 

Groundmass quartz shares similar shapes and habits as their phenocryst counterparts, 

but diagnostic features are obscured due to micro-scale size and association with matrix 

feldspars. Subgrains are visible, but other features common to quartz phenocrysts are 

not observed in groundmass quartz.  

Feldspars are the second most abundant mineral in most felsic rock samples and 

may be observed as phenocrysts or in the groundmass. Some samples may be 

composed of up to 35% plagioclase and/or K-feldspar; however other samples may be 

completely devoid of any feldspar. Plagioclase appears to be more abundant than K-

feldspar as it is more often observed. This higher abundance of plagioclase could result 

from preferential weathering or degradation of K-feldspar over plagioclase. Feldspar 

phenocrysts are sub- to anhedral or lath shaped with length up to 15 mm. They usually 

exhibit polysynthetic and carlsbad twinning and may have concentric chemical zoning 

(Fig. 5.2c). Weak to strong sericite alteration is apparent in all feldspar crystals and may 

be restricted in its location (for example, in the core or along the outer surfaces) or 
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pervasive throughout the crystal (Fig. 5.2d). Concentrically zoned feldspars are often 

only sericitized in their cores, while twinned or untwinned feldspars demonstrate a 

variety of sericitization styles. Similar to quartz, matrix minerals and sheet silicates may 

wrap around feldspar phenocrysts of deformed samples. Pressure shadows are less 

commonly observed, as seen with quartz, but are often a combination of quartz and 

feldspar. Groundmass feldspars are predominantly lath shaped or blocky. The shape, 

low birefringence, and sericite alteration allow for their identification; however twinning, 

chemical zoning, and other characteristics are difficult to recognize due to their small 

size (0.001-0.01 mm). 

 Muscovite, biotite, and oxides (ilmenite ± magnetite) are the chief minor minerals 

and their abundances vary amongst samples. Muscovite and biotite are confined to the 

matrix and remain under 0.05 mm length, except for a few samples where a few crystals 

exceed this size (up to 1 mm size). These sheet silicates define the foliation and wrap 

around phenocrysts and felsic fragments. Muscovite tends to form interstitially to matrix 

quartz and feldspars. Preferential alignment of muscovite suggests its reorientation 

during deformation and metamorphism and results in a shared extinction position (Fig. 

5.2e-f). Larger (~0.5 mm) muscovite crystals with well-developed basal cleavage are 

often associated or in contact with feldspar phenocrysts and do not parallel the foliation, 

if present. These coarser grained muscovite crystals might be metamorphic products. 

Biotite rarely comprises more than 10% of felsic samples and is often confined to 

biotite-rich layers. Samples HMB-12-058a, 13BW1007C, 13BW1009A, 13AB2026A and 

B, and 13AB2028A have notably higher biotite abundances than all other felsic 

samples, reaching up to 25%. With the exception of 13AB2028A, these samples were 
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collected in areas of known/observed alteration. The biotite is often elongate or acicular 

with poor- to well-defined cleavage. In most samples, biotite crystals are preferentially 

aligned and define the foliation, if present. Occasionally, pristine biotite forms complete 

or partial coronas around  phenocrysts, possibly using them as a site for nucleation 

during metamorphism. Similar to mafic volcanic rocks, there are sometimes two 

generations of biotite in felsic rocks. The first generation is absent of most diagnostic 

features, such as bird’s eye extinction, cleavage and pleochroism, while the second 

generation (likely metamorphic) has distinct characteristics. Finally, opaque minerals 

are mainly oxides, such as ilmenite and magnetite, and trace amounts of sulphides, 

predominantly pyrite, are evenly disseminated throughout samples. 

 Calcite, chlorite, garnet, and tourmaline are secondary minerals noted in felsic 

volcanic samples. Their abundance is relatively low, generally no more than 5%. 

Carbonate minerals, chiefly calcite, generally form in microveins, or rare solitary 

crystals, due to the presence of secondary fluids. They are sub- to euhedral and range 

from <0.01 mm to 5 mm in size. Chlorite is a metamorphic mineral and is rare in felsic 

samples. Chlorite is only present overprinting biotite. Garnet is another metamorphic 

mineral and, like chlorite, it is rare in felsic samples. It is only observed in three felsic 

samples: HMB-12-058a, HMB-12-059, and 13AB1009A. Garnet porphyroblasts are sub- 

to euhedral with varying amounts of micro-inclusions and fractures. Mica defined 

foliation wraps garnets. The garnets in sample 13AB1009A are stretched and form a 

lineation parallel to the foliation. Tourmaline was found in three samples, two of which 

are from the same volcanic unit. It is sub- to euhedral with a distinct blue-green colour in 
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plain polarized light (Fig. 5.2g). The tourmaline crystals appear to form in crude layers 

or clusters; however lone, euhedral crystals have been observed.  

 

5.4 – Intermediate Rocks 

5.4.1 – Field Observations 

 

 Intermediate volcanic rocks vary from fine- to medium-grained. The medium-

grained samples result from alteration and metamorphism, which will be discussed later. 

A number of features and textures are shared between mafic and intermediate rocks, 

including pillow flows, brecciation, phenocrysts, vesicles, and pyroclastic deposits. The 

similarity in features can often lead to misinterpretation in the field, and precaution must 

be taken in rock identification. Unlike mafic volcanic rocks, intermediate rocks often 

contain garnet porphyroblasts in volcaniclastic deposits and in interpillow material. In 

some instances, intermediate units were identified based on their lack of quartz and 

their high abundance of biotite. 

Intermediate flows are generally distinguished by poorly formed pillows and 

pillow selvages, and inter-layering with ~10 cm to over 1 m thick volcano-sedimentary 

rocks. The presence of pillows suggests a subaqueous environment of deposition. 

Pillows range in size between flows and within the same flow from 10 cm to 1 m at their 

longest dimension. Length to width flattening ratios are 5:1 to 10:1 depending on 

volcanic belt. Occasionally, pillows have well-preserved cusps indicating stratigraphic 

tops. Pillow cores may be altered or unaltered with 1-5 cm thick glassy/devitrified 

selvages. Silicification is the most common alteration of intermediate pillow cores, with 
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minor carbonate alteration. Medium- to coarse-grained hornblende and plagioclase 

clusters in pillow cores at Sharrie Lake (Fig. 5.1e) indicate alteration prior to 

metamorphism. Pillow selvages are generally glassy or devitrified with irregular 

boundaries that often blend into adjacent interpillow material.  Flow breccia and 

volcano-sedimentary rock with or without fragments are common interpillow features. 

Flow top breccia, however, is infrequent and must be coupled with well-formed pillows 

to determine top directions. The volcaniclastic material is ash (possibly mixed with some 

sediment) and is composed of biotite, feldspar, and garnet.  

Plagioclase phenocrysts and vesicles are common in intermediate pillow flows. 

Phenocrysts are subrounded to slightly flattened and range from 0.5 – 2 mm in size. 

Phenocrysts may comprise up to 10% of a unit and are most often observed in pillow 

cores and volcanic ash deposits. In rare cases, large feldspar augens (10 mm in 

diameter) were observed at Sharrie Lake. Vesicles are confined to intermediate 

massive flows or pillow cores with up to 15% vesicularity. They average 5 mm in size 

and tend to be evenly dispersed within a package.  

Pyroclastic deposits are commonly composed of lapilli (2 – 10 mm size) and ash. 

Larger, intermediate fragments (5 – 20 cm length) tend to be rounded and flattened with 

a length to width ratio of 7:1. Volcaniclastic units only comprise up to 15% fragments 

and average 5% to 10% depending on the location. Alternate light and dark 

compositional layering as well as graded and cross bedding have been observed. 

Biotite and feldspar are main constituents of intermediate volcaniclastic units, plus 

garnet porphyroblasts. Garnet porphyroblasts are 0.5 – 2 cm size with abundances up 

to 15%. They tend to form in clusters or within a layer of a particular composition (Fig. 
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5.1f). Garnets are not restricted to pyroclastic deposits, but they are also found in 

interpillow material and occasionally in pillow cores. They are one of the distinguishing 

features of intermediate rocks as other volcanic rocks tend to lack garnet 

porphyroblasts.  

 

5.4.2 – Petrography 

 

 Intermediate volcanic rocks are composed of biotite + amphibole + plagioclase + 

quartz ± chlorite ± garnet ± oxides (magnetite + pyrite). Biotite is an integral mineral in 

distinguishing the intermediate rocks in this study as it is found in all intermediate 

samples and may be in abundance of up to 30%. Metamorphic hornblende is the most 

common amphibole with lesser amounts of actinolite-tremolite. While quartz is not a 

commonly abundant intermediate mineral, it makes up to 30% of a given sample 

suggesting it formed from secondary processes. Most quartz is present as fine-grained 

groundmass crystals and larger crystals are unusual.    

The biotite varies from platy to fibrous and ranges from 0.01 to 0.5 mm length. In 

plane polarized light it is pleochroic medium brown to yellow, conversely not all biotite 

exhibits pleochroism. Radiation haloes occur in approximately 30% of all biotite crystals 

signifying the presence of mineral inclusions containing uranium and thorium. Biotite is 

generally limited to the matrix, but has been observed to form biotite-rich layers or 

concentrated in pillow selvages (e.g. sample 13AB2019A2; Fig. 5.2h). Biotite is 

preferentially aligned and defines any present foliation. This preferential orientation 

causes biotite crystals to share extinction positions, although not all biotite is aligned or 
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is sub-parallel to foliation. Where phenocrysts are present, biotite will wrap around 

them. Unlike some felsic and mafic volcanic samples, multiple generations of biotite are 

not present in any intermediate sample.  

Amphiboles include actinolite-tremolite and hornblende and comprise 20-50% of 

intermediate volcanic rocks. They are sub- to anhedral and form blocky to acicular 

habits. Overall, hornblende is the most prevalent amphibole and forms in patches, 

layers, or is evenly dispersed. The hornblende is pleochroic green to brown-yellow with 

rare blue hues. Actinolite and/or tremolite form coronas around hornblende patches and 

infrequently fringe hornblende-rich layers. Depending on the degree of deformation, the 

amphiboles may align themselves with the foliation. However, if the amphiboles are 

clustered, they will maintain their random orientation in samples with weak to moderate 

foliation.  

Plagioclase and quartz are the dominant matrix minerals as well as phenocrysts 

and megacrysts, respectively. As matrix forming minerals, both quartz and plagioclase 

are approximately 0.01 – 0.1 mm in size where quartz crystals are anhedral to rounded 

and plagioclase are subhedral and lath shaped.  They may compose up to 30% of the 

sample. The exact volume percent of quartz and plagioclase in the matrix is difficult to 

obtain as these two minerals share similar birefringence colours and are too small to 

obtain interference figures. As a phenocryst, plagioclase is sub- to euhedral with 

polysynthetic twinning and chemical zoning. Plagioclase range from 0.3 to 12 mm long 

and may make up to 10% of the rock. Sericite alteration either pervasively overprints the 

plagioclase phenocryst or locally alters the core or crystal faces. Quartz megacrysts are 

single or polymorphic crystals and form rounded features. They share a similar size 
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range as plagioclase, but only make up 3-5% of the sample. The matrix and megacryst 

quartz are likely products of secondary fluids as quartz is not a common constituent of 

intermediate rocks. Also, their poorly developed crystal boundaries suggest they are not 

primary minerals.  

Chlorite and garnet are common metamorphic minerals in intermediate samples. 

Chlorite may form in the groundmass with biotite or is found overprinting biotite 

amphiboles. Chlorite behaves similarly to biotite in that it is preferentially oriented to 

define the foliation. Garnet porphyroblasts are subhedral and compose ~10% of most 

intermediate units. They are heavily fractured and have a variable amount of micro-

inclusions. Garnet crystal faces are irregular and show embayment from surrounding 

minerals. The foliation is moderately to tightly wrapped garnet porphyroblasts, 

sometimes creating deltoidal or sigmoidal mica tails.  

 

5.5 – Sedimentary Rocks 

 

 Turbidites are deposited around the volcanic belts. Sedimentary units were 

mapped and described, but no hand samples or thin sections were collected for further 

study. These turbidites range from siltstone to medium grained sandstones. Bed widths 

are variable and are often dependent on grain size. Fine to very fine sand and silt tend 

to form thin, laminated units, while fine- to medium-grained sand form bedded units with 

thicknesses up and greater than a meter. Graded bedding and scour surfaces coincide 

with younging directions noted in volcanic rocks. Occasional cross-bedding may be 

seen in thicker beds in the coarser grained fraction (Fig. 5.1g). Flame structures and 
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ball and pillow features are less frequent, but where observed often aid in determining 

stratigraphic up directions.  

 Compositionally, fine- to medium-grained sandstones are quartz, lithic fragments, 

and minor feldspars. Most feldspar crystals appear to be weathered and most have 

degraded to clays. These sedimentary rocks contain metamorphic biotite, muscovite, 

and cordierite. Cordierite crystals often form in silt and very fine-grained sand layers. 

Their size varies from only a few millimeters to over 2 cm. Muscovite pseudomorphs 

after cordierite (Figure 5.1h) are noted in several locations (particularly at Sharrie Lake) 

and reflect retrograde metamorphism. 

 

5.6 – Unit relationships and contacts at Sharrie and Turnback lakes 

 

 Detailed mapping and sample collection at Sharrie and Turnback lakes provided 

thorough understanding of contact and unit relationships. Field observations, coupled 

with a stratigraphic log (Appendix C) and two short transects at Sharrie Lake and 

several transects at Turnback Lake, reveal the nature of contacts between volcanic 

units and between volcanic and volcanic-sedimentary units.  Successions of volcanic 

units tend to have sharp or slightly irregular conformable contacts. Gossanous lenses or 

“rusty” patches are common features where felsic volcanic rocks overlie/underlie mafic 

or intermediate rocks, or where there is a competency change in the unit. For example, 

in the stratigraphic section at Sharrie Lake (Appendix C) rusting within a felsic flow top 

breccia is observed overlying more competent rhyolite and underlying pillow basalt. 

Volcanic-sedimentary contacts are distinct but unconformable. Irregular or undulating 
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boundaries may be present as sediment fills in scoured or eroded surfaces. Occasional 

gossanous lenses or patches occur along volcanic-sedimentary contacts and may be 

pervasive for several meters through each unit.  

 

5.7 – Metamorphism and Alteration 

 

 Peak metamorphic conditions were likely between upper greenschist to lower 

amphibolite facies for the majority of volcanic belts sampled at a reconnaissance scale 

and at Sharrie and Turnback lakes. Mafic and intermediate rocks consistently provide 

the most evidence for metamorphic grade based on lower-grade actinolite-tremolite and 

higher-grade hornblende. Hornblende and actinolite-tremolite are common to every 

mafic or intermediate unit across the southern Slave craton, indicating a similar regional 

metamorphic history. Garnet and biotite are common metamorphic minerals for 

intermediate and, occasionally, felsic volcanic rocks, also signifying upper greenschist 

to lower amphibolite facies. Secondary biotite is prevalent through most intermediate 

samples and appears to be stable. Minor abundances of biotite are present in felsic and 

mafic volcanic rocks. Where two generations of biotite are noted, it is possible that the 

second generation is a product of metamorphism while the first generation is either 

primary or from a previous metamorphic or alteration event. Like biotite, garnet is 

observed in several intermediate rocks and less commonly in a few felsic volcanic units. 

Most felsic units contain few to no metamorphic index minerals but have been assumed 

to have undergone the same grade of metamorphism as their surrounding mafic and 

intermediate counterparts. Only one felsic sample (HMB-12-59) collected in the South 
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Leta arm at Indin Lake has an unusual mineralogy which includes garnet and staurolite 

(Fig. 5.2i) Recrystallization, grain boundary migration, flattening (i.e. fragments and 

phenocrysts), and foliation are indicative features used to describe metamorphism in 

felsic volcanic rocks. Sedimentary rocks are commonly biotite-rich with cordierite 

porphyroblasts. As already discussed, biotite is common to upper greenschist facies. 

Cordierite porphyroblasts are common to medium to high grade metamorphic events. 

Cordierite porphyroblasts range in size from under 0.5 cm to over 2 cm.  

 Retrograde metamorphism is evident as actinolite-tremolite, chlorite, and epidote 

overprint biotite and hornblende. In samples where hornblende is the dominant 

amphibole, actinolite-tremolite occasionally forms coronas around hornblende crystals 

or along the peripheries of hornblende-rich patches. Chlorite typically replaces biotite 

and hornblende along their rims. Only few mafic samples show chlorite replacing 

actinolite-tremolite along crystal boundaries or along the margins of actinolite-rich 

layers. Retrograde epidote is uncommon, however a few cases within mafic samples 

show epidote crystals replacing portions of hornblende. In addition, muscovite 

pseudomorphs after cordierite porphyroblasts demonstrate retrograde metamorphism in 

turbidite sequences overlaying the volcanic belts. The cordierite may be completely or 

partially replaced by muscovite. 

 Silicification and sericitization are the two most common forms of alteration in all 

rock types examined. Fine grained quartz is observed in the matrix of mafic and 

intermediate rocks and may be up to 30% in abundance. In felsic volcanic rocks, quartz 

may compose up to 80% of a sample. It also presents itself in the field as silicified or 

“bleached” pillow cores and a “sugary” texture on fresh rock surfaces of mafic, 
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intermediate, and felsic rocks. Silicification arises through secondary fluid-rock 

interaction through one of two main processes: (1) The addition of silica (quartz) to the 

host rock, or (2) The removal of other constituents or components resulting in an overall 

apparent increase in percent silica. Silicification varies from weak to strong and may be 

pervasive or locally confined. For example, pervasive silicification is common to 

massive volcanic flows and tuff deposits. Patchy or locally confined silicification occurs 

in mafic or intermediate pillow flows where the pillow core is strongly altered but less so 

in the surrounding selvage or interpillow material.  

 Sericitization is the alteration of feldspar to white mica and is observable in all 

rock types. Felsic volcanic rocks, however, are the only rock type with visible sericite 

alteration at an outcrop scale where it is present along flow band boundaries and in fine 

grained volcaniclastic deposits. In all other cases, sericite alteration is visible in thin 

section only. Plagioclase and alkali-feldspars show varying subtle to strong degrees of 

sericitization where it may be pervasive, locally confined, or a combination of both. 

Medium- to coarse-grained phenocrysts provide the best examples of sericite alteration. 

Sericitization may occur just along the outer crystal faces or within the cores of feldspar 

crystals. Most often a combination of weak pervasive with moderate to strong local 

sericitization occurs in most feldspar phenocrysts. Fine-grained and matrix feldspars 

show the strongest alteration along their boundaries or have pervasive alteration. In 

some cases muscovite or white mica have completely replaced feldspar phenocrysts 

destroying most diagnostic characteristics.  

 Tourmaline is observed in three felsic volcanic samples; two from Sharrie Lake 

from different locations in the same unit and one from Turnback Lake. Sample 
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13AB2026A and sample 13AB2026B from Sharrie Lake is a fragmental felsic volcanic 

rock and a felsic flow top breccia, respectively. The samples were collected within 10 m 

of each other with 1% tourmaline in 13AB2026A and 5% tourmaline in 13AB2026B. 

Sample 13AB2215A from Turnback Lake is a fragmental felsic volcanic rock with 10-

15% tourmaline. In both areas, brecciation and rock fragments could have increased the 

units’ permeability allowing hydrothermal or secondary fluids to pass through and alter 

the host rocks. This altered rock chemistry could have become favourable for 

tourmaline formation during subsequent metamorphism. Conduits where fluids can 

concentrate and alter rocks allows for the production of mineral assemblages 

uncommon to Slave volcanic belts.  
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Figure 5.1: Volcanic rocks from various greenstone belts in the southern Slave craton. (A) Mafic pillows 
with altered cores, Sharrie Lake. (B) Mafic pillow flow (1) grading into flow top breccia (2) and a separate 
younger pillow flow (3) overlying the first. Arrow indicates younging direction. Snare River. (C) Felsic 
volcanic rock with sericite alteration along flow banding contacts, Fenton Lake. (D) Fragmental felsic 
volcanic rock at Sharrie Lake. Note some fragments are bomb sized and all are rounded to subrounded. 
(E) Medium- coarse-grained hornblende and plagioclase in intermediate pillow cores, Sharrie Lake. (F) 
Garnet porphyroblasts and plagioclase porphyroclasts(?) concentrated in inter-pillow material of an 
intermediate pillow flow, Sharrie Lake. (G) Scour surface and cross-bedding in sandstone, Sharrie Lake. 
(H) Muscovite pseudomorphs after cordierite, Sharrie Lake. Ser – Sericite; Pl – Plagioclase; Grt – Garnet.
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Figure 5.2: Transmitted light thin section pictures of volcanic rocks throughout the Slave craton (A) PPL: Basaltic-andesite from Sharrie Lake with 
acicular to needle-like tremolite (± actinolite). (B) PPL: Pillow basalt from Turnback Lake with bladed to blocky hornblende. (C) XPL: Quartz-
feldspar porphyry dyke from MacKay Lake with chemically zoned and twinned plagioclase phenocrysts. (D) PPL: Rhyolite from Sharrie Lake with 
feldspar (plagioclase?) phenocrysts with sericite alteration in cores, as outlined in red. (E-F) PPL and XPL (respectively): Rhyolite from Sharrie 
Lake exhibiting muscovite with common extinction/maximum interference colours and forming foliation. (G) PPL: Rhyolite near gossanous lens at 
Sharrie Lake exhibiting euhedral tourmaline. (H) PPL: Intermediate pillow selvage and outer most edge of pillow core from Sharrie Lake. Selvage 
is biotite and Mg-biotite while the core is hornblende rich and biotite poor. (I) PPL: Rhyolite from Indin Lake (South Leta Arm) showing garnet and 
staurolite porphyroblasts. PPL = Plane Polarized Light. XPL = Cross-Polarized Light. Tr – Tremolite; Bt – Biotite; Opq – Opaque mineral; Qz – 
Quartz; Hbl – Hornblende; Pl – Plagioclase; Ms – Muscovite; Tur – Tourmaline; Mag – Magnetite; Grt – Garnet; St – Staurolite; Py – Pyrite; Fsp – 
Feldspar; Ser – Sericite.
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Chapter 6: Results – Geochemistry of Major Oxides and Trace Elements 

 

6.1 – Regional and Sharrie and Turnback Datasets 

 

 Samples have been categorized into two datasets based on when samples were 

collected and the purpose to their collection. The first group is the regional collection 

comprising metavolcanic rocks collected from various volcanic belts in the southern 

Slave craton in 2012. See Appendix D, Table D.1 for sample locations. Craton-wide 

sampling was done to create a geochemical baseline for comparison with more detailed 

mapping and focused sampling studies. The second group is the Sharrie and Turnback 

collection comprising metavolcanic mafic through felsic rocks (Appendix D, Table D.1) 

collected from the Tumpline subarea in the Cameron-Beaulieu volcanic belts around the 

Sleepy Dragon Complex in 2013. This second collection represents samples from more 

detailed mapping and sampling in the Sharrie and Turnback lakes area, where a 

geochemical fingerprint(s) may be established and compared to regional volcanic belts. 

Samples of felsic and mafic dykes have generally been omitted from geochemical 

diagrams and discussion as their timing is unknown and are potentially unrelated to the 

volcanic sequences (Lambert et al., 1993). Geochemistry of major oxides has been 

normalized to “dry” compositions with zero volatiles. Geochemical results for rock types 

in Appendix D, Table D.1 are raw data and have not been re-calculated to “dry” 

compositions. All diagrams involving major oxides use the calculated volatile-free 

compositions. 
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6.2 – Geochemistry of Major Oxides 

6.2.1 – Regional Dataset 

 

 Volcanic belts throughout the southern Slave Province exhibit a wide range in 

subalkaline rock types (Figure 6.1a). Felsic and mafic volcanic rocks dominate the belts 

with only a few belts having intermediate volcanic flows. Figure 6.1b illustrates the 

classification of each sample using immobile high field-strength element (HFSE) ratios. 

Felsic samples are rhyo-dacitic to rhyolitic, intermediate samples are andesitic, and 

mafic samples are basaltic to basaltic-andesites. Samples of the same rock type show a 

wide range in mobile elements and SiO2 values (Fig. 6.1a) compared to tight, well-

defined groups when using immobile elements (Fig. 6.1b). Considering that all of these 

rocks have been metamorphosed to at least upper greenschist facies and that some 

have been hydrothermally altered, it is possible that some of the more mobile element 

compositions such as alkalis, SiO2, etc. may have been altered. There is a considerable 

spread in SiO2 wt. % values within each rock type with ranges between 61 – 85 wt. % 

for felsic rocks, 55 – 66 wt. % for intermediate rocks, and 48 – 60 wt. % for mafic 

volcanic rocks, and as low as 40 wt. % for mafic (ultramafic?) dykes (Appendix E, Table 

E.1). Mafic and intermediate rocks are fairly tightly grouped, but felsic volcanic samples 

show a more pronounced variation in chemistry as two distinct clusters – one as 

rhyolitic and one rhyo-dacitic (Fig. 6.1b). The more evolved felsic rocks – the rhyolites – 

have higher Zr/TiO2 ratios than the less evolved rhyo-dacites. Rock types are primarily 

based on immobile element chemistry (Fig. 6.1b), as SiO2 has been mobilized with 

metamorphism, alteration, etc. and is unreliable in rock discrimination (Fig. 6.1a and c). 
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The presence of secondary quartz in mafic and intermediate volcanic rocks emphasizes 

silicification in some samples. Figure 6.2 a shows a strong, positive correlation amongst 

regional volcanic rock types, which indicates that there was minimal alteration and 

mobilization of typically immobile elements.  

   

  

Figure 6.1: Rock discrimination diagrams. Dashed red-line separates alkaline from sub-alkaline rocks. (A, 
C) Alkalis vs. SiO2 wt. % for the regional collection and the Sharrie and Turnback collection, respectively 
(after Le Bas, 1986). (B, D) Immobile element plots for the regional collection and the Sharrie and 
Turnback collection, respectively. Dashed ovals in (B) denote two distinct felsic groups. (After Winchester 
and Floyd, 1977).  
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Figure 6.2: Zr (ppm) vs. La (ppm) for regional volcanic rocks (A) and Sharrie and Turnback volcanic 
rocks (B). Positive trend with strong correlation amongst regional volcanic rocks indicates minimal 
alteration affecting immobile elements. Moderate to weak correlation and dispersion within Sharrie and 
Turnback datasets suggests some mobilization of typically immobile elements.  

 
Magmatic affinities for rocks can be determined using the relationship Zr/Y (Figure 6.3). 

Although these samples represent different volcanic belts, a sense of the regional 

magmatism can still be obtained. Mafic rocks are tholeiitic, felsic samples are 

predominantly calc-alkaline to transitional, and intermediate samples range from calc-

alkaline to tholeiitic. 

 

 
Figure 6.3: Magmatic affinities for felsic, intermediate and mafic volcanic rocks throughout the Slave 
craton and Sharrie and Turnback Lakes. (A) Discrimination diagram for magmatic affinities using Zr (ppm) 
vs. Y (ppm). (B) FeOt/MgO vs. SiO2 for regional and Sharrie and Turnback datasets. Most mafic volcanic 
rocks are tholeiitic while most felsic and intermediate rocks are calc-alkaline. 
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Harker diagrams illustrate further trends between major oxides and SiO2 wt. %. 

Although SiO2 has likely been remobilized, trends within rock types may still be 

retained. Figure 6.4 shows some general trends observed for mafic, intermediate and 

felsic rocks from various volcanic belts. Figure 6.4a and c show only weak negative 

correlations between Al2O3 and TiO2 vs. SiO2 wt. %, but there is a moderate=strong 

negative, correlation between MgO and SiO2 wt. %. In Figure 6.4a-c, mafic volcanic 

rocks generally have the highest Al2O3, MgO and TiO2O values. Figure 6.4e shows and 

overall decrease in FeOt as SiO2 increases and fall within group I (as described later), 

except two samples.  

The felsic rocks exhibit several major element trends and form distinct groups. 

Figure 6.4a-c show moderate, negative trends for Al2O3, MgO and TiO2 vs. SiO2. Felsic 

volcanic rocks generally have the lowest Al2O3, MgO and TiO2 values compared to 

intermediate and mafic volcanic rocks. Two groups, I and II, are apparent in Figure 6.4b, 

d and f. Group I comprises the same samples in all three diagrams and shows a 

positive correlation between FeOt wt. % and SiO2 wt. %,  >0.07 P2O5 wt. % and > 0.3 

TiO2 wt. %. Group II, on the other hand, has very low P2O5 (<<0.05 wt. %) and TiO2 

(<0.2 wt. %) and shows a near horizontal trend with FeOt wt. % vs. SiO2 wt. %. There is 

one outlier in all diagrams, sample HMB-12-052b, due to its abnormally low SiO2 (61.09 

wt. %.). This sample plots as a rhyolite using high field strength element (HFSE) ratios, 

which suggests it has been altered and its SiO2 value is not representative of its original 

composition.  If the SiO2 wt. % of this sample were higher and comparable to the other 

regional felsic rocks, it would likely be a part of Group I (Fig. 6.4c, d and f) as they share 

similar FeOt, P2O5, and TiO2 values. All the samples from Group I and Group II 
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correspond to the less-evolved rhyo-dacite group and the more-evolved rhyolite group, 

respectively, noted in Figure 6.1b.  

Five samples of intermediate volcanic rocks were collected for regional analysis. 

Few trends or groupings are readily apparent in their major oxides due to the small 

sample set and highly variable chemistry. Figures 6.4a-c demonstrate where the 

regional intermediate rocks plot in comparison to the felsic and mafic volcanic rocks. As 

expected of volcanic rocks of intermediate composition, these regional samples plot 

midway between the majority of the felsic and mafic rocks along overall negative trends 

(Fig. 6.4a-c). 

 

6.2.2 – Sharrie and Turnback Datasets 

 Sharrie and Turnback volcanic belts (Fig. 3.2 and Fig. 3.3) share similar major 

oxide chemistry and rock types. For clarity the geochemistry of samples from these 

belts are separated from the regional samples. In Figure 6.1c, it is demonstrated that 

the volcanic rocks from these two belts are predominantly subalkaline, with the 

exception of two andesites (samples 13AB2019A2 and 13AB2023A; Appendix D, Table 

D.1) from Sharrie Lake that plot as alkaline. One intermediate sample (13AB2019A2) is 

representative of an intermediate pillow selvage while the other could have been 

affected by alteration processes, thus lowering its SiO2 wt. %. Plots using immobile 

elements (Fig. 6.1d) show these two andesitic rocks behave similarly to the other 

intermediate rocks, indicating that alteration and mobilization of alkalis, SiO2, and other 

elements could account for the present alkaline nature. The mafic and intermediate 
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Figure 6.4: Harker diagrams of major oxides vs. SiO2 wt. % for mafic and felsic volcanic rocks from 
various volcanic belts in the Slave craton and from Sharrie and Turnback Lakes. Negative trends across 
rock types apparent in A-C. (C and F) Two distinct groups, circled, in regional felsic volcanic rocks – I and 
II. (E) Two distinct groups, circled, amongst Sharrie and Turnback mafic volcanic rocks. Legend on right 
applies to all diagrams.  

 

rocks form fairly well-defined groups with minor overlap. The felsic volcanic rocks do not 

overlap with the other rock types and plot as rhyolite with some variability in their alkalis. 

Immobile element plots share similar tight groups per rock type as illustrated in Figure 

6.1d. The immobile element plot delivers tighter constraints on mafic, intermediate, and 

felsic volcanic rocks. The mafic samples are basaltic to basaltic-andesites, although 

samples from Sharrie Lake have slightly higher Zr/TiO2 ratios than those from Turnback 
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Lake. Intermediate samples are from Sharrie Lake only and are andesitic. Felsic 

samples are rhyolitic with only two outliers – sample 13BW1007B from Sharrie Lake 

was collected near the Devore Cu-Zn VMS showing (Fig. 3.2) and sample 13BW1215A 

from Turnback Lake was collected near a felsic-mafic contact (Appendix D, Table D.1). 

These two samples show minor variations in Zr/TiO2 and Nb/Y ratios compared to the 

other felsic samples collected at these localities. Figure 6.2b shows a plot of Zr (ppm) 

vs. La (ppm) and is used to discern the degree of element mobilization. The moderate 

correlation with a widely dispersed felsic and intermediate volcanic is evidence that 

there has been some mobilization of typically immobile elements and is indicative of 

metamorphism and/or alteration. Although the correlation is weaker than the correlation 

for regional volcanic rocks, the use of REE and immobile elements will still provide 

insight into rock types, potential source and tectonic setting, to be discussed later. 

Figure 6.3 illustrates the magmatic affinities for volcanic samples collected at Sharrie 

and Turnback lakes, respectively. At Sharrie Lake (Fig. 6.2a-b) mafic rocks are 

transitional to tholeiitic; the majority of felsic rocks are transitional with minor overlap 

into the calc-alkaline and tholeittic fields, and intermediate samples range from calc-

alkaline to transitional with one sample as tholeiitic. The volcanic rocks from Turnback 

Lake share similar Zr/Y ratios with Sharrie Lake samples, but higher FeOt/MgO ratios 

for Turnback mafic rocks indicates a more tholeiitic affinity.  

 Harker diagrams (Fig. 6.4) of major oxides versus SiO2 demonstrate several 

trends for mafic, felsic and intermediate volcanic samples. Rock types from Sharrie and 

Turnback lakes coincide with general trends in the regional dataset. The mafic volcanic 

rocks have higher Al2O3, MgO and TiO2 values than intermediate and felsic volcanic 
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rocks. Figure 6.4e shows two distinct groups. Group I has higher FeOt values and is 

composed primarily of mafic samples from Turnback Lake. Group II, on the other hand, 

has lower FeOt values and dominated by samples from Sharrie Lake. There is a 

sizeable gap between the two group with the lowest FeOt value for Group I is 10.35 wt. 

% and the highest value for Group II is 7.98 wt. %. Regional mafic samples plot 

primarily in or near Group I values with only two samples plotting in Group II. 

 Harker diagrams for felsic volcanic rocks reveal three negative trends between 

Al2O3, MgO and TiO2 and SiO2 (Fig. 6.4a-c). FeOt vs. SiO2 (Fig. 6.4d) demonstrates a 

weak negative correlation within Sharrie and Turnback felsic volcanic rocks. Two groups 

are defined in the regional felsic volcanic rocks where FeOt, TiO2 and P2O5 are plotted 

against SiO2 (Fig. 6.4c, d and f). In all cases, Sharrie and Turnback felsic samples plot 

in the Group II field. 

 Intermediate volcanic rocks from Sharrie Lake have few trends amongst major 

oxides, although Al2O3 and SiO2 (Fig. 6.4a) shows a strong, negative correlation. In 

Figure 6.4b-c, the intermediate volcanic rocks show only weak negative trends, but plot 

between most mafic and felsic volcanic rocks with minimal overlap. 

  

6.3 – Geochemistry of Trace and Rare Earth Elements 

6.3.1 – Regional Dataset 

 

 The rare earth elements (REE) and trace elements from the regional collection 

volcanic rocks present several normalized patterns. Chondrite-normalized REE of mafic 

volcanic rocks shows a similar signature amongst samples (Fig. 6.5a), with flat heavy 
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rare earth elements (HREE) and variably enriched light rare earth elements (LREE). 

Some samples have slightly sloped patterns, with LREE enrichment and HREE 

depletion (i.e. pillow basalt sample 12-YK-20 at Sharrie Lake). The degree of the slopes 

can be assessed using La/Sm (cn) vs. Dy/Yb (cn; Fig. 6.6). The La/Sm ratio quantifies 

the nature of the slope in LREE, while the Dy/Yb ratio quantifies the nature of the slope 

in HREE. Sample 12-YK-20 from Sharrie Lake has the highest La/Sm (cn) ratio out of 

the regional dataset and indicates it is LREE enriched.  Incorporating the 2013 dataset, 

it is apparent that most of the Sharrie Lake and Turnback Lake samples have notable 

higher La/Sm (cn) values. Other samples (i.e. samples 12-YK-08 from MacKay Lake 

and HMB-12-051b from Garde Lake; Appendix D, Table D.1) show a weak depletion in 

LREE but share the same flat HREE pattern as other samples. Primitive mantle-

normalized REE of mafic samples (Fig. 6.5b) exemplify this shared pattern with a flat 

HREE and variable LREE. Mafic rocks from the regional collection have variable 

positive to negative Nb anomalies and variable negative Zr anomalies.  

Two dominant patterns are present for felsic volcanic rocks from the regional collection 

as seen in Figure 6.5c and d. Chondrite-normalized REE (Fig. 6.5c) best demonstrates 

the two signatures; where the first pattern has elevated LREE, no Eu anomaly, and 

gently inclined and convex HREE (Dy-Lu), and the second pattern has similarly 

elevated LREE, distinct negative Eu anomaly, and relatively flat HREE pattern. The first 

pattern bears resemblance to the ca. 2660 Ma Banting Group felsic volcanic rocks and 

the second pattern is more similar to that of the ca. 2700 Ma Kam Group felsic rocks in 

the Yellowknife volcanic belt (Cousens et al., 2002; Cousens et al., 2000). Primitive 

mantle-normalized REE for felsic samples (Fig. 6.5d) further demonstrates the two 
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patterns. Both signatures have positive Th and negative Nb anomalies. The Banting-like 

samples have a weak depletion in Sr and slight, but variable, enrichment in Zr, and the 

Kam-like samples have a very strong depletion in Sr and a notable, albeit variable, Zr 

depletion. Both patterns can be found in the same volcanic belt and are therefore not 

diagnostic of age, but rather related to plagioclase fractionation or alteration. One 

sample from the Banting-like signature (12-YK-18; Appendix E, Table E.1) has a small, 

positive Sr anomaly. Three samples from the Kam-like signature are slightly different 

than the others in that two samples (12-YK-09 and 12-YK-22) are slightly more 

enriched, but still maintain the same flat HREE and negative Eu pattern, and one 

sample (12-YK-01) is more enriched and has a sloped HREE signature (Appendix E, 

Table E.1).  

Regionally, intermediate samples share similar signatures with enriched LREE 

and flat to slightly depleted HREE (Fig. 6.5e). Samples show variable enrichment, 

particularly amongst HREEs. Three of the five samples have a subtle negative Eu 

anomaly and the other two show neither positive nor negative Eu trends. The primitive 

mantle-normalized REE diagram (Fig. 6.5f) further demonstrates a flat to slightly 

negative sloped HREE pattern with a strong negative Nb and Sr anomaly become more 

apparent.  
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Figure 6.5: Chondrite and primitive mantle normalized plots for mafic (A-B), felsic (C-D) and intermediate 
(E-D) volcanic rocks from the regional collection. Normalization values after Sun and McDonough (1989). 
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Figure 6.6: Plot of La/Sm (cn) vs. Dy/Yb (cn) for Regional, Sharrie and Turnback mafic volcanic rocks. 
The La/Sm (cn) ratio quantifies the slope for light rare earth elements and the Dy/Yb (cn) slope quantifies 
the slope for the heavy rare earth elements. Cn – chondrite normalized.  

 

6.3.2 – Sharrie and Turnback Dataset 

 

Trace and rare earth element patterns for Sharrie and Turnback lakes are nearly 

identical with only a few anomalous samples, which could be attributed to possible 

alteration. In the chondrite-normalized diagram (Fig. 6.7a) mafic samples show an 

overall enrichment in LREE and a flat to slightly depleted HREE (Dy-Lu) signature, with 

Turnback Lake mafic samples being slightly more enriched overall than those at from 

Sharrie Lake. Several samples from both Sharrie and Turnback lakes show some 

variation in their patterns. At Sharrie Lake, sample 13BW1007D shows depleted LREE, 

enrichment in middle rare earth elements (MREE), and depletion again in HREE, giving 

it an overall concave pattern. This sample was collected near a mineral showing with 

gossanous lenses and bodies in the vicinity. The same processes that formed the 
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gossan could also be responsible for the alteration of this sample and hence its 

anomalous REE pattern. Samples 13AB2025B and 13AB2030A share the overriding 

geochemical signature as the majority of the samples except they have a positive Tm 

and Lu anomaly and a positive Eu anomaly, respectively. The Tm and Lu anomalies are 

likely the result of analytical error and the positive Eu anomaly could reflect the absence 

of plagioclase in the residual magma. At Turnback Lake, sample 13AB2212A shows an 

overall abnormal enrichment with augmented LREE and steeply sloped, depleted 

MREE-HREE with a very weak negative Eu anomaly. Sample 13AB2218A has more 

strongly enriched LREE, than other samples, giving it a steeper slope from La to Sm 

and a weak negative Eu anomaly. The majority of samples share negative Nb and Sr 

anomalies. Aside from the above mentioned abnormal signatures, samples 

13BW1214B, 13BW1215B, and 13AB2220A lack a negative Nb anomaly and samples 

13AB2220A also lacks a negative Sr anomaly. 

The felsic volcanic rocks form Sharrie and Turnback lakes share a similar 

signature, as seen in Figure 6.7c and d. Chondrite-normalized REE (Fig. 6.7c) have the 

Kam-like pattern, as previously seen in approximately half of the felsic regional 

samples, with an enriched LREE and flat to subtly sloped HREE pattern, with a 

pronounced negative Eu anomaly. The majority of the samples carry this same pattern 

with slightly variable enrichment. A couple of samples from Turnback Lake have a 

positive Ce anomaly. There are three anomalous samples; one from Sharrie Lake and 

two from Turnback Lake. The anomalous Sharrie Lake sample (13BW1007B) is 

significantly depleted compared to the other samples lacks a strong, negative anomaly, 
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Figure 6.7: Chondrite and primitive mantle normalized plots for mafic (A-B), felsic (C-D) and intermediate 

(E-D) volcanic rocks from the Sharrie and Turnback collection. 

 

and shows enrichment in HREEs. This sample was collected at the Devore VMS 

showings (Fig. 3.2 and Appendix D, Table D.1) and its pattern is unusual as it is the 

only one of its kind considering both sample groups. The two atypical samples from 

Turnback Lake represent the most enriched sample (13AB2221A) of the collection, and 
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the most HREE depleted sample (13BW1215A). The enriched sample’s signature is 

similar to the others in that it has enriched LREE and a negative Eu anomaly, but it 

shows overall enrichment and its HREE are depleted, yielding a prominent sloped 

pattern. The second Turnback Lake pattern (sample 13BW1215A) is more Banting-like 

pattern (depleted HREE and no Eu anomaly), except its HREE are more depleted than 

expected for Banting-like rocks and it has a negative Tm anomaly. Figure 6.7d is a 

primitive mantle-normalized REE diagram showing the common, shared Kam-like 

pattern. A prominent negative Nb and Sr anomaly are observable with a variable 

positive/negative, or no, Zr anomaly. The anomalous Sharrie Lake sample exhibits 

depletion in LREE and a strong positive Zr anomaly. Its HREE appear to retain that 

same slight enrichment in HREE as noted from the chondrite-normalized diagram. The 

enriched Turnback sample (13AB2221A) exhibits a positive Nd and a negative Zr 

anomaly. Sample 13BW1215A shares a similar LREE pattern as the majority of the 

samples, but has a positive Zr anomaly.  

 Chondrite-normalized and primitive mantle-normalized REE for intermediate 

samples form Sharrie Lake are shown in Figure 6.7e and f, respectively. The samples 

have a shared geochemical signature where they are enriched in LREE with flat to 

marginally depleted HREE (Fig. 6.7e). All samples conform to the same signature with 

no atypical patterns apparent. Three samples (13AB2019A1, 13AB2020A, and 

13AB2027A) have subtle, negative Eu anomalies. These may be true Eu depletions or 

apparent anomalies due to relative enriched concentrations of bordering elements (Sm 

and Gd). Six of the eight samples exhibit a weak to moderate upward inflection from Tm 

to Lu. Sample 13AB2032A is more enriched than the other samples in the collection. 
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Primitive mantle-normalized REE patterns (Fig. 6.7f) show negative Nb and Sr 

anomalies. Five samples have positive Zr anomalies.  

 

6.4 – Regional Dataset versus Sharrie and Turnback Dataset 

 

 The geochemistry from Sharrie and Turnback volcanic belts is within the range 

seen at a regional scale. Major oxides and trace and rare earth element patterns yield 

similar results between the two groups, with some minor, but important, differences. To 

begin, the predominant mafic and felsic rock types at Sharrie and Turnback lakes vary 

slightly from the regional perspective (Fig. 6.1). The mafic rocks at Turnback Lake and 

the mafic and intermediate rocks at Sharrie Lake are more evolved compared to the 

predominantly basaltic composition of the regional collection mafic rocks. Differences 

are also prevalent between felsic rocks, where those at Sharrie and Turnback lakes are 

evolved rhyolites in contrast to those collected regionally, which display a bimodal 

distribution between rhyolite and rhyo-dacite. Focusing on magmatic affinities (Fig. 6.3), 

felsic and intermediate rocks from both collections correlate moderately with transitional 

to calc-alkaline tendencies, but regional mafic samples plot within the tholeiitic field 

while those at Sharrie and Turnback are transitional to only slightly tholeiitic. Trace and 

rare earth element patterns from both collections are revealing to the nature of evolution 

of the rocks (Fig. 6.5 and 6.7). Most of the regional mafic volcanic rocks share a variably 

enriched LREE and flat HREE patterns (Fig. 6.5a and b). There is one sample with a 

subtly sloped HREE trend: this sample was collected at Sharrie Lake. Other samples 

from Sharrie Lake and Turnback Lake are plotted in Figure 6.6 as comparison to 
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regional data. It is evident that mafic rocks from Sharrie Lake have enriched LREE 

(higher La/Sm (cn) ratios) while Turnback mafic rocks are slightly depleted in HREE 

(higher Dy/Yb (cn) ratios), compared to regional mafic volcanic rocks. Mafic rocks from 

the Sharrie and Turnback collection (Fig. 6.7a and b), on the other hand, have sloped 

trace and rare earth element patterns where Turnback samples are more enriched than 

those from Sharrie Lake. Two patterns are recognizable for felsic rocks at a regional 

scale; the Kam-like and the Banting-like patterns (Fig. 6.5c and d). Sharrie and 

Turnback share a near Kam-like signature with only three anomalous samples (Fig. 6.7c 

and d). All intermediate samples at both the regional scale and local scale share similar 

signatures (Fig. 6.5e and f and Fig. 6.7e and f). 
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Chapter 7: Sm-Nd Isotopic Analysis 

7.1 – Sm-Nd Isotope System 

 

 Fifteen regional samples and twenty Sharrie and Turnback samples were 

selected for Sm-Nd isotopic analyses. The results provide potential insight into the 

petrogenesis of volcanic rocks and allow further interpretation of the tectonic 

environment of emplacement. Isotopic analyses are important tools for understanding 

the origin of volcanic rocks. The Nd isotope system is an effective tracer for magma 

evolution and source. Additionally, it is also sensitive to interactions with older crust, 

which make it suitable for studying Archean volcanic systems. Observations from both 

the regional and Sharrie and Turnback collections are discussed below.  

 

7.2 – Regional Sm-Nd Isotopic Results 

 

 Fifteen volcanic rocks from multiple volcanic belts were selected for isotopic 

analysis; seven felsic, five mafic, and three intermediate samples. These include 

representative samples from Snare River, Patterson Lake, Sharrie Lake, Fenton Lake, 

and Sunset Lake and from three VMS deposits – Sunset, DEB, and BB deposits. Felsic 

volcanic rocks have the widest 𝜀𝑁𝑑
𝑇  range of +2.39 to -3.69 (a difference of 6.08 epsilon 

units). 𝜀𝑁𝑑
𝑇  values for intermediate samples range from +1.45 to +0.35 with an average 

of +1.04 and mafic samples range between +2.06 and -2.09. Given that several 

metavolcanic belts with a relatively small number of samples from each are presented 

here, the averages and ranges for felsic, intermediate, and mafic rocks provide a 
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baseline which can be expanded upon with future studies. The samples analyzed cover 

several hundred kilometers east to west across the Slave craton, and have ages 

between 2.70 Ga and 2.66 Ga (M. A. Hamilton, 2014 personal communications). In 

Figure 7.1, 𝜀𝑁𝑑
𝑇  values for each belt are ordered from west to east with U-Pb zircon 

dates (where existing) at each location. Three hypotheses were made prior to 

comparing the regional samples: (1) a west-east trend or some other geographical trend 

in 𝜀𝑁𝑑
𝑇  values; (2) a trend or similarities in 𝜀𝑁𝑑

𝑇  values dependent on rock type; and (3) a 

trend in 𝜀𝑁𝑑
𝑇  values based on age of the belt. An hypothesis based on geographical 

location was formed based on previous work done showing evidence for old crust 

present in the west and central Slave craton which thins and disappears eastward 

(Bleeker, 2002; Bleeker and Hall, 2007; Davis et al., 2003). Old crustal material has low 

(negative) 𝜀𝑁𝑑
𝑇  values and when mixed with primary magmas (positive 𝜀𝑁𝑑

𝑇  values), the 

resulting 𝜀𝑁𝑑
𝑇  would be an intermediate isotopic composition between the basement and 

the “assimilant-free” magma. The second hypothesis was drawn based on the 

assumption of a relatively homogeneous source throughout the Slave craton with similar 

magma evolution. All the mafic and intermediate rocks in the Slave craton are 

geochemically similar, which could suggest genesis from a similar, homogeneous 

source. One would expect different 𝜀𝑁𝑑
𝑇  values between the Kam-like and Banting-like 

felsic volcanic rocks based on their distinct REE signatures and ages. Lastly, plotting 

𝜀𝑁𝑑
𝑇  values against the age of the volcanic belts is designed to test magma evolution. 

This hypothesis also assumes a relatively homogeneous magma source across the 

Slave craton that evolves in steady state manner. If this null hypothesis is positive then 

there would be a trend in 𝜀𝑁𝑑
𝑇  values with respect to age.  
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Figure 7.1: 𝜀𝑁𝑑
𝑇  

values for volcanic rocks from various belts in the Slave craton with U-Pb zircon dates 

(where available) and their analyzed rock type. Dates after M. A. Hamilton (2014, personal 
correspondence), unpublished data. (Cousens et al., 2005; Marsh, 2012). Depleted mantle at 2700 Ma ≈ 
+4.0, based on a model for linear mantle evolution.  

 

First, there is no tangible trend based on the geographic location of the volcanic 

belts. The 𝜀𝑁𝑑
𝑇  values vary slightly from belt to belt but lack any gradual change based 

on location. A localized trend in felsic volcanic rocks from Fenton Lake to the BB deposit 

shows a steady increase in isotopic values, but this trend does not continue west of 

Fenton Lake.  Next, most mafic volcanic rocks have higher 𝜀𝑁𝑑
𝑇  values than their felsic 

counterparts in the same volcanic belt. This is not necessarily the case for the  
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Figure 7.2: 𝜀𝑁𝑑

𝑇  
values for felsic volcanic rocks from various belts in the Slave craton with U-Pb zircon 

dates. Dates after M. A. Hamilton (2014, personal correspondence), unpublished data. (Cousens et al., 

2005; Marsh, 2012). More positive 𝜀𝑁𝑑
𝑇  

values apparent in east. Google Earth imagery. 

 

intermediate volcanic rocks, which could have 𝜀𝑁𝑑
𝑇  values higher than or lower than 

mafic and/or felsic volcanic rocks within the same belt. The more negative values in 

felsic volcanic rocks suggest the addition of some crustal component during their 

evolution. Felsic volcanic rocks seem to define this eastward progression, particularly 

from Fenton Lake towards BB deposit, to more positive 𝜀𝑁𝑑
𝑇  values and are further 

emphasized in Figure 7.2.  Lastly, the isotopic signatures of the rocks show a possible 

weak correlation with their ages, seen in Figure 7.3, but there is no correlation in age of 

the belts from east to west. There is an increase in 𝜀𝑁𝑑
𝑇   values as age decreases. Indin 

Lake and possibly Sharrie Lake are somewhat anomalous to this trend as their values 

are noticeably lower than both older and younger belts.  
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Figure 7.3: 𝜀𝑁𝑑
𝑇  values of regional volcanic rocks plotted against the age of their respective belt. General 

trend (dashed arrow) showing an increase in 𝜀𝑁𝑑
𝑇  values with time.  

 

7.3 – Sharrie and Turnback Sm-Nd Isotopic Results 

 

 Selection of the thirteen samples from Sharrie Lake and six samples from 

Turnback Lake was based on rock type and stratigraphic relationships (i.e. units along 

transect or in contact with each other). The Sharrie Lake area has a greater assortment 

of rock types, is structurally more complex, and has more observable alteration than 

Turnback Lake, thus giving rise to the greater number of samples chosen for isotopic 

analysis. The 𝜀𝑁𝑑
𝑇  results for rock types at each belt are presented in Figure 7.4.  
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Figure 7.4:  𝜀𝑁𝑑
𝑇  values of Sharrie and Turnback volcanic rocks plotted by rock type. Depleted mantle at 

2680 Ma ≈ +4.0, based on a model for linear mantle evolution. 

 

Prominent differences arise between the felsic and mafic volcanic rocks at each locale. 

The Sharrie Lake felsic rocks show a moderately-tight cluster with 𝜀𝑁𝑑
𝑇  ranging from 

+0.68 to -0.47; in contrast, the felsic rocks at Turnback Lake show a wide range with 𝜀𝑁𝑑
𝑇  

between +3.05 and -3.14 and the mafic rocks at Turnback Lake are tightly grouped with 

a small range in 𝜀𝑁𝑑
𝑇  between +1.51 to +1.08, higher than the mafic samples from 

Sharrie Lake (Fig. 7.4). Also, the Sharrie mafic rocks possibly form two subgroups, with 

one group of samples having slightly higher 𝜀𝑁𝑑
𝑇  values than the other group. The 
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possibility existence of these two groups cannot be ascertained due to the 2-sigma 

uncertainty overlap. Intermediate rocks from Sharrie Lake present a wide variation in 

𝜀𝑁𝑑
𝑇  values from +1.71 to –1.34, and overlap and extend beyond the ranges of both the 

mafic and felsic values at Sharrie Lake.  

Sm-Nd isotopic analyses from three transects at Sharrie Lake (Fig. 3.2) and 

mafic-felsic pairs from Turnback Lake were examined for potential patterns or 

relationships between adjacent units. 𝜀𝑁𝑑
𝑇  values along Transect #1 at Sharrie Lake are 

outlined in Figure 7.5. Five samples have 𝜀𝑁𝑑
𝑇  values between +0.47 and –0.44, where 

the sixth sample (an intermediate rock) has an 𝜀𝑁𝑑
𝑇  value of +1.71. Transects #2 and #3 

(Fig. 7.6) have a wide spread in 𝜀𝑁𝑑
𝑇  values for mafic, intermediate, and felsic rocks. The 

felsic and mafic rocks in Transect #2 (Fig. 7.6a) share similar results with 𝜀𝑁𝑑
𝑇  = +0.68 

and +0.76, respectively. The intermediate unit, which separates the felsic and mafic 

units, has a much lower 𝜀𝑁𝑑
𝑇  value of –1.17. Sharrie Lake’s Transect #3 (Fig. 7.6b) is 

unlike Transect #2 in that the units share a wider range in 𝜀𝑁𝑑
𝑇  results. The mafic and 

intermediate units have 𝜀𝑁𝑑
𝑇  values of -0.94 and -1.34, whereas the felsic volcanic unit 

has a positive 𝜀𝑁𝑑
𝑇  result of +0.08, a difference of 1.02 and 1.42 compared to the mafic 

and intermediate volcanic rocks, respectively, along transect. These values are still 

within 2-sigma error of each other and present the possibility that this difference is of 

minor consequence. Of the three transects, Transect #1 (Fig. 7.5) is the only one that 

shows progression towards more negative values with each subsequent flow (samples 

13AB2021A to 13AB2026A; stratigraphic tops are downward in Fig. 7.5). 

Three mafic-felsic “pairs” from Turnback Lake were chosen for isotopic analysis. 

These “pairs” contain representative samples from a mafic volcanic unit in contact with 
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or adjacent to a felsic volcanic unit. The premise behind choosing these pairs is to allow 

for a representative outlook of units at Turnback Lake, and to determine if any pattern or 

consistency exists between adjacent mafic and felsic units.  Figure 7.7 illustrates that 

there is a possible relationship between felsic units and their respective adjacent mafic 

unit. In Figure 7.7a, the felsic volcanic rock has a strongly negative 𝜀𝑁𝑑
𝑇  value at -3.14, 

whereas the other two felsic volcanic rocks in b and c have positive 𝜀𝑁𝑑
𝑇  values of +1.23 

and +3.05. A difference of 1.83 epsilon units exists between the two felsic samples with 

positive 𝜀𝑁𝑑
𝑇  values and places the samples barely inside analytical uncertainty of each 

other, which could indicate that this difference is real. Despite the range in 𝜀𝑁𝑑
𝑇  values 

for the felsic volcanic rocks, the mafic volcanic rocks’ 𝜀𝑁𝑑
𝑇  values are all positive within a 

small range and show similar values to their adjacent felsic units (Fig. 7.7b-c), with the 

exception of the mafic-felsic pair in Figure 7.6a. The large difference in 𝜀𝑁𝑑
𝑇  values in 

Figure 7.7a could, however, suggest that the previously observed similarities in 𝜀𝑁𝑑
𝑇  

values of mafic-felsic pairs could be coincidence.  
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Figure 7.5: Sharrie Lake 𝜀𝑁𝑑
𝑇  values along Transect #1. See Figure 3.2 for location and Figure 7.4 for 

legend. 
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Figure 7.6: Sharrie Lake 𝜀𝑁𝑑
𝑇  values along Transect #2 and Transect #3. See Figure 3.2 for location and Figure 7.4 for legend. 
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Figure 7.7: Turnback Lake 𝜀𝑁𝑑
𝑇  values along for mafic-felsic pairs. “Pairs” represent mafic and felsic units 

in contact with each other. See text for description on pairs A-C. See Figure 3.2 for location and Figure 
7.4 for legend. 
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Errorchron diagrams for Sharrie and Turnback lakes’ samples are illustrated in 

Figure 7.8. Samples from Sharrie Lake yield a strong correlation (R2=0.9929) and yield 

an errorchron age of 2574 Ma ± 23.4 Ma, with initial 143Nd/144Nd of 0.5093. This age is 

ca. 100 Ma younger than the U-Pb zircon crystallization age of 2680 Ma for the Sharrie 

Lake rhyolite (M. A. Hamilton, 2014, personal communications), and could be a result of 

a younger recrystallization event, metamorphism or crustal contamination. Turnback 

Lake has an errorchron age of 2614 Ma ± 161.8 Ma with initial 143Nd/144Nd of 0.5093. 

The uncertainty on the Turnback errorchron age is slightly more than at Sharrie Lake 

due to the smaller sample number and the poorer sample correlation (R2 = 0.9052). The 

calculated initial 𝜀𝑁𝑑
𝑇  value for both Sharrie and Turnback lakes is +2.75 – both have an 

initial intercept of 143Nd/144Nd = 0.5093. 

 

Figure 7.8: Errorchron diagram for Sharrie and Turnback lakes. Sharrie Lake errorchron yields a strong 
correlation with R

2
 = 0.9929, with an age of 2.574 Ga ± 23.4 Ma and an initial 

143
Nd/

144
Nd of 0.5093. 

Turnback Lake errorchron yields a strong correlation with R
2
 = 0.9053, with an age of 2.614 Ga ± 161.4 

Ma and an initial 
143

Nd/
144

Nd of 0.5093. See Figure 7.3 for legend. 
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7.4 – Regional versus Sharrie and Turnback Datasets 

 

 Isotopic values from the Sharrie and Turnback collection overlap with those from 

the regional collection. The felsic volcanic rocks from Sharrie Lake have 𝜀𝑁𝑑
𝑇  values that 

fall well within the regional results as a fairly tight cluster between -0.47 and +0.68. 

Turnback Lake felsic volcanic samples, on the other hand, have 𝜀𝑁𝑑
𝑇  values that reach 

both above (𝜀𝑁𝑑
𝑇  = +3.05) and below (𝜀𝑁𝑑

𝑇  = -3.14) the range of the felsic rocks from the 

regional collection. The isotopic signatures of mafic rocks from Sharrie Lake plot within 

to slightly below the range of the regional collection. The mafic samples from Turnback 

Lake, however, plot within the range of the regionally collected samples but above those 

from Sharrie Lake. Finally, the intermediate samples from Sharrie Lake have wide-

spread 𝜀𝑁𝑑
𝑇  values that overlap and surpass the lower and upper limits from the regional 

samples. Cousens (2000) and Cousens et al. (2002, 2005) evaluated the Sm-Nd 

isotope signatures in the Yellowknife Belt with the majority of Kam rocks having 𝜀𝑁𝑑
𝑇  

between +2.5 and -0.5 and Banting rocks having 𝜀𝑁𝑑
𝑇 varying between +4 and -1. Craton 

wide, there is little distinction isotopically between Kam-like and Banting-like felsic 

volcanic rocks or rocks (mafic/intermediate) associated with Kam- or Banting-like felsic 

rocks. In fact, the majority of the mafic volcanic rocks share similar 𝜀𝑁𝑑
𝑇  values across 

the Slave craton. The volcanic rocks at Sharrie and Turnback lakes have associated 

Kam-like REE signatures and mostly fall within previously determined  𝜀𝑁𝑑
𝑇  range for the 

Kam Group in Yellowknife (Cousens, 2000; Cousens et al., 2002, 2005). Note that there 

is overlap in Kam and Banting isotopic ranges and it is arguable that Sharrie and 

Turnback lakes’ volcanic rocks could belong to either group. It is, however, significant 
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that mafic samples from Sharrie and Turnback lakes and the Sharrie felsic rocks closely 

follow the regional 𝜀𝑁𝑑
𝑇  trends, while the Turnback felsic rocks and the Sharrie 

intermediate rocks show a greater deviation from the regional spread. Because there 

are so few intermediate volcanic rocks regionally, it is difficult to say with certainty that 

the 𝜀𝑁𝑑
𝑇  values of andesites at Sharrie Lake deviate from the regional “norm”. 
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Chapter 8: Discussion and Interpretations 

 

 Historic mapping and geochemistry showed the Slave craton volcanic rocks were 

determined to be either Kam Group or Banting Group. With new detailed mapping, 

geochemistry and geochronology on some of these volcanic belts, questions pertaining 

to age and origin can be resolved. The Kam and Banting Groups have both been well 

established in the Yellowknife Domain, but their extent into the rest of the Slave craton 

is uncertain. The extent of the Banting Group is of particular interest as it has been 

dated at 2661 Ma (M. A. Hamilton, 2014, personal communications), leaving almost a 

40 Ma gap between it and the older Kam Group. Several geochemical characteristics 

distinguish the Kam and the Banting volcanic rocks (Cousens, 2000; Cousens et al.; 

2005, 2002). The following investigates these characteristics and their comparison to 

regional volcanology.  

 Determining the source of Archean volcanic rocks can be inhibited by several 

factors, including crustal contamination of the parental magma, hydrothermal alteration, 

and metamorphic overprinting. To further complicate this, Archean cratons are only 

partial remnants of once larger landmasses (Bleeker, 2003) and key rock formations are 

often not preserved. Due to partial preservation of Archean rocks, geochemical tools, 

focusing on rare earth element ratios, are used to aid in resolving petrogenesis of 

volcanic rocks. 
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8.1 – Regional Volcanic Petrogenesis 

 

 Mafic volcanic rocks are present in every volcanic belt in variable abundances. 

Some belts, such as the Sharrie Lake belt, have only ~40% mafic volcanic rocks, while 

other belts, such as Lac du Rocher, have upwards of 70% mafic volcanic rocks. Despite 

their locations (Fig. 2.1), mafic rocks in almost every belt share a similar geochemical 

signature and REE pattern (Fig. 6.5a-b and 6.7a-b). Local variations do exist, but are of 

relatively minor importance from a regional perspective. Sharrie and Turnback lakes 

represent one of these variations and will be examined in further detail. Similar to mafic 

volcanic rocks, regionally, intermediate volcanic rocks also share a similar geochemical 

signature (Fig. 6.5e-f). Unlike mafic and felsic sequences, true intermediate volcanic 

rocks (i.e. andesites) are uncommon in the Slave craton and often only make up a small 

percentage of a volcanic belt. On the craton-wide scale the felsic volcanic rocks show 

the greatest variation in geochemistry and structure. Two distinct geochemical patterns 

(Fig. 6.5c-d) exist in the Slave’s felsic volcanic rocks and represent two different 

petrogenetic settings. The following discusses potential origins and tectonic settings for 

the mafic, intermediate and felsic volcanic rocks across the Slave craton.  

 

8.1.1 – Regional Mafic Volcanic Rocks – Classification and Origin 

 

 Pearce (2008) developed a method to help classify and determine potential 

source of mafic volcanic rocks by assessing Th/Yb and TiO2/Yb vs. Nb/Yb ratios. The 

Th-Nb proxy is used for assessing crustal input and therefore indicating oceanic, non- 
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Figure 8.1: Classification diagrams for regional mafic volcanic rocks. (A-B) Th/Yb and TiO2/Yb, 
respectively, vs. Nb/Yb for regional mafic volcanic rocks. Diagrams after Pearce, 2008. MORB – Mid-
Ocean Ridge Basalt; N – Normal; E – Enriched; OIB – Ocean Island Basalt; Th – Tholeiite; Alk – Alkaline. 

 

subducting settings. The N-MORB (Normal Mid-Ocean Ridge Basalt), E-MORB 

(Enriched Mid-Ocean Ridge Basalt) and OIB (Ocean Island Basalt) fields represent 

modern day averages at their centers. Both Th and Nb remain immobile during 

weathering to lower amphibolite facies metamorphism. The Ti-Yb proxy is used for 

melting depth and therefore indicating mantle temperature and thickness of conductive 

lithosphere. The TiO2/Yb ratio reflects the presence of garnet residues during melting 

and the Nb/Yb axis reflects all other melting variables in the source. Regional mafic 

volcanic rocks are plotted in Figure 8.1 using Pearce (2008) diagrams. Mafic samples 

form a tight cluster within and slightly above the MORB-OIB array. Samples plot as N-

MORB or between N-MORB and E-MORB, and one sample plots directly above E-

MORB. Mafic rocks that plot slightly above the MORB-OIB array in the Th-Nb diagram 

(Fig. 8.1a) is likely the result of either magma-crust interaction or metamorphism. 

Pearce (2008) noted that Archean mafic magmas are particularly sensitive to magma-
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MORB-OIB array may result from high grade metamorphism. Experiments have shown 

that the Th is strongly mobilized by melts and weakly mobilized by aqueous fluids; 

however Nb is weakly mobilized by melts and weakly or not mobilized by aqueous fluids 

(Johnson and Plank, 1999; Keppler, 1996). Volcanic rocks interlayered with 

sedimentary rocks, including volcano-sedimentary sequences, undergoing 

metamorphism are most susceptible to Th enrichment via transfer from fluids or melts 

released from sediments (Pearce, 2008; Sorensen and Grossman, 1989). Sedimentary 

rocks are uncommon in Slave greenstone belts, and given that most samples collected 

were upper greenschist to lower amphibolite facies grade, it is more likely that crustal 

contamination is the cause of elevated Th/Nb values. Figure 8.1b shows that all 

samples plot within the MORB field where all but one plot in the N-MORB range. The 

single E-MORB sample in both diagrams is a metabasalt from Sharrie Lake and will be 

examined further in subsequent text. With higher than present day magma 

temperatures, Archean MORB and OIB sequences are indistinguishable and the Ti-Yb 

proxy cannot be used as a tectonic discriminant (Pearce, 2008), however it does show 

that mafic volcanic rocks across the Slave craton are nearly identical in their 

geochemistry. In addition, mafic volcanic rocks are typically tholeittic (Fig. 6.3), 

regardless of whether the belt is “Kam” age (2700 Ma) or “Banting” age (2663 Ma). 

Tholeiitic rocks have high TiO2 and FeOt values and this is exemplified in Figure 8.2, 

where the mafic volcanic rocks plot higher than most intermediate and felsic volcanic 

rocks.  
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Figure 8.2: Binary plots against La (ppm) showing the range in TiO2 and FeOt values for regional and 
Sharrie and Turnback volcanic rocks. (A-B) TiO2 vs. La (ppm) for regional and Sharrie and Turnback 
rocks, respectively. (C-D) FeOt vs. La (ppm) for regional and Sharrie and Turnback rocks, respectively. 
Mafic volcanic rocks generally have higher TiO2 and FeOt values. Legend in (A) applies to all diagrams. 

 
 Davidson et al. (2013) developed a method to assess the potential source of 

a suite of mafic volcanic rocks using the curvature of the middle to heavy rare earth 

elements (Dy-Yb). The source for the magma and mineral controls affecting 

composition is determined using two parameters: Dy/Dy* and Dy/Yb. The first 

parameter, Dy/Dy*, follows Equation 8.1 and measures the curvature of the middle to 

heavy REE. 
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(8.1) 

𝐷𝑦

𝐷𝑦 ∗
=

𝐷𝑦𝑁

𝐿𝑎𝑁
4/13𝑌𝑏𝑁

9/13
 

Here, DyN, LaN, and YbN are chondrite-normalized using values from Nakamura (1974). 

Dy/Dy* is similar in concept to the use of Eu/Eu*, except here it is a measure of 

curvature of the REE pattern between LREE and HREE. This parameter is then plotted 

against the third, Dy/Yb, which is a measure of the gradient of Dy/Dy* (slope between 

Dy to Yb) to depict any REE pattern as a point. Figure 8.3 shows the regional mafic 

volcanic rocks plotted using Davidson et al.’s (2013) parameters. Garnet, amphibole 

and clinopyroxene mineral control trends have clear influence on REE patterns during 

fractionation or as residual phases in the source. Garnet-bearing sources will rotate the 

pattern to enrich LREE and deplete HREE, while amphibole and clinopyroxene controls 

will result in concave-up REE patterns through fractionating MREE over HREE and 

LREE. Davidson et al. (2013) state that fractionation of amphibole will significantly 

decrease both Dy/Dy* and Dy/Yb, while clinopyroxene will significantly decrease Dy/Dy* 

with a lesser effect on Dy/Yb. Figure 8.3 illustrates that all the regionally collected mafic 

volcanic rocks fall within the MORB field with LREE depletion. For mineral controls to be 

more precisely assessed, several samples from each belt would be necessary to 

observe any potential trends.  
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Figure 8.3: Dy/Dy* vs. Dy/Yb for mafic volcanic rocks from various belts in the Slave craton. (A) Regional 
mafic volcanic rocks. (B) Sharrie and Turnback mafic volcanic rocks. GLOSS – Global Subducting 
Sediments, DM – Depleted Mantle, PM- Primitive Mantle, MORB- Mid-Ocean Ridge Basalt, OIB – Ocean-
Island Basalt. Vectors for mineral control are suggestive, see text for description. After Davidson et al. 
(2013).
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Mafic magmatism is derived from normal to moderately enriched mantle sources 

based on Zr, Nb and Yb systematics (Fig. 8.4a and 8.5b). Zr, Nb and Yb are 

incompatible elements and will remain in the residual liquid during fractional 

crystallization and partial melting (Best, 2002), making these elements useful for 

determining magmatic origins. Figure 8.4a and 8.5b illustrate the variation in source 

composition for mafic rocks throughout the Slave craton. Mafic rocks tend to have N-

MORB to E-MORB signatures with a few showing evidence for arc-like geochemistry. 

 

Figure 8.4: Ternary discrimination diagram for mafic volcanic rocks. (A) Regional mafic volcanic rocks. 
(B) Sharrie Lake and Turnback Lake mafic volcanic rocks. See Figure 8.2 for legend. Fields after Wood 
(1980). 
 

Weak, negative Nb anomalies are present in four of the seven regional mafic 

volcanic rocks and could have resulted from subduction-related metasomatism or 

contamination from continental crust (Best, 2002; Pearce and Peate, 1995). Negative 

Nb-Ta anomalies related to subduction are typically associated with arc-magmatism; 

however Best (2002) and Neumann et al. (2011) discuss how this anomaly can occur in 

basalts produced in back-arc or marginal rift basins affected by aqueous fluids liberated 

from a distant subducting slab. Given the lack of associated intermediate magmatism 

and regional-scale metasedimentary accretionary prisms, it is probable that mafic 
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volcanism is derived from rifting with variable amounts of crustal contamination, which is 

consistent with isotopic data.  

  

 

Figure 8.5: 𝜀𝑁𝑑
𝑇 values for regional mafic, intermediate and felsic volcanic rocks plotted against SiO2 (wt. 

%; A) and La/Sm (pmn; B). Kam Group, Banting Group and CSBC fields are after Cousens et al. (2002). 
Felsic volcanic rocks with Kam-like or Banting-like REE geochemistry are circled with a dashed line. pmn 
-  Primitive Mantle Normalized (values after Sun and McDonough, 1989). Legend in (A) applies to (B). 
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plotted against immobile element ratios or major oxides can be used for interpretation of 

petrogenesis. Earlier, Figure 7.1 and 7.3 show the 𝜀𝑁𝑑
𝑇  values for the regional mafic 

rocks with their locations and ages, respectively. All mafic volcanic rocks, except for 

two, have positive 𝜀𝑁𝑑
𝑇  values and are generally more positive than the felsic volcanic 

rocks of the same belt. The higher positive values indicate the rock is more juvenile 

(depleted mantle at 2.7 Ga 𝜀𝑁𝑑
𝑇  ≈ +4.0; Goldstein et al., 1984) and has had little crust 

interaction. A positive trend in 𝜀𝑁𝑑
𝑇  vs. age is noted in Figure 7.3 and may indicate that 

younger magmas are interacting less with the crust. If this is a rift system or extensional 

setting, as suggested by Bleeker and Hall (2007) and Cousens et al. (2005, 2002), there 

exists the possibility that the lithosphere continues to thin, reducing crustal interaction 

over time, therefore showing a gradual increase in 𝜀𝑁𝑑
𝑇  values.  

 𝜀𝑁𝑑
𝑇  values from regional samples are plotted against SiO2 wt. % and La/Smpmn 

(pmn – primitive mantle normalized) in Figure 8.5. Moderate, negative correlation in 

mafic volcanic rocks is apparent when 𝜀𝑁𝑑
𝑇  is plotted against SiO2 wt. % (Fig. 8.5a). No 

correlations are obvious where 𝜀𝑁𝑑
𝑇  values are plotted against La/Smpmn (Fig. 8.5b). 

Negative trends are an indicator for either crustal or lithospheric contamination. This 

moderate-weak negative trend in the mafic volcanic rocks probably demonstrates 

variable amounts of crustal contamination; however, there is little correlation with 

location or age of the volcanic belts and cannot, with certainty, be attributed to either of 

these two factors. It is possible that multiple factors contribute to this negative 

correlation (aside from crustal assimilation), including composition of source rocks and 

the contaminant. 
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8.1.2 – Regional Intermediate Volcanic Rocks – Classification and Origin 

 

  Intermediate volcanic rocks in the Slave craton are relatively rare yet they all 

share a similar geochemical signature. The REE patterns, as seen in Figure 6.5, have 

similar slopes and trace element behaviour, but vary slightly in elemental enrichment. 

Weak negative Eu anomalies in two samples show that plagioclase could have been a 

fractionating mineral phase. However, the other three intermediate rocks have no 

apparent anomalies. Due to their rarity in the Slave craton, insufficient information is 

available to compare this study’s findings to other sources. Lambert (1988) recorded 

intermediate members in the Cameron-Beaulieu volcanic belts around the Sleepy 

Dragon Complex, but they are only present in specific localities. Regionally, andesites 

have variable magmatic affinities from tholeiitic to calc-alkaline and are independent of 

location (Fig. 6.3 and Fig. 8.2). The low abundance of intermediate rocks in the Slave 

craton could support a case for their stronger tholeiitic affinities, as well as the tholeiitic 

mafic volcanic rocks.  

 Although there are so few intermediate volcanic rocks in the Slave craton, it is 

apparent that they all evolved through similar processes. Depleted HREE and enriched 

LREE suggest the intermediate rocks could have been derived from an amphibole- or 

clinopyroxene-bearing source with minor garnet. Samples with an overall REE 

enrichment are more evolved than those with overall depleted REE. Isotopically, Slave 

intermediate volcanic rocks are also very similar. 𝜀𝑁𝑑
𝑇  values range from +0.35 to +1.45. 

Although the upper and lower values exceed the error limits of each other, they are 

similar to felsic or mafic volcanic rocks within their respected belt. There is no apparent 



91 

 

correlation between 𝜀𝑁𝑑
𝑇  values and geography or age, however there are too few 

samples to confidently deny potential trends. In Figure 8.5, intermediate samples plot 

between the majority of felsic and mafic volcanic rocks. This further emphasizes that 

they are true intermediate volcanic rocks. It is difficult to ascertain the exact origin of all 

Slave intermediate rocks due to insufficient data. 

 

8.1.3- Felsic Volcanic Rocks – Classification and Origin 

 

 Regionally, there are two dominant REE patterns seen in the felsic volcanic rocks 

– the Kam-like pattern with a flat HREE trend and variable, negative Eu anomaly 

(Cousens, 2000), and the Banting-like pattern with enriched LREE and steeply sloped 

HREE (Cousens et al., 2002). The presence of these two trends raises the question 

about the age of these rocks – are the felsic volcanics with a Kam pattern 2700 Ma in 

age and those with the Banting pattern 2661 Ma? It turns out that the REE pattern is 

independent of age and, in fact, most felsic rocks come from belts with U-Pb zircon 

dates (M. A. Hamilton, 2014, personal communications) that are between Banting (2661 

Ma) and Kam (>2700 Ma). Furthermore, on rare occurrences, both signatures can be 

found in the same volcanic belt. For example, a porphyritic felsic dyke at Sharrie Lake 

(sample 12-YK-21) has a Banting-like REE pattern, but the belt’s rhyolites have a Kam-

like REE signature. Single grain U-Pb zircon geochronology shows that most of the 

belts were formed between 2690 Ma to 2670 Ma (M. A. Hamilton, 2014, personal 

communications), which is 10-20 Ma younger than the Kam Group and 10-30 Ma older 
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than the Banting Group. The new geochronology indicates other volcanic events 

occurred between Kam and Banting magmatism.  

 Harker diagrams in Figure 6.4 show two clusters of felsic volcanic rocks. Group I 

has higher FeOt, TiO2 and P2O5 content than group II and overall lower SiO2 wt. %. 

Higher FeOt and lower SiO2 could result from low oxygen fugacity, which would 

increase total iron content and decrease silica content (Kuno, 1965). Lesher et al. 

(1986) and Mahoney and Coffin (1997) note that low-Ti rhyolites are typically derived 

from the fractionation of magmas emplaced in shallow crustal levels and high-Ti 

rhyolites form from the fractionation of magmas emplaced at depth. The depth of 

emplacement of the magma chamber also affects silica content. Remarkably, the high-

FeOt/TiO2/P2O5 group I rhyolites all have a Banting-like REE signature and group II 

rhyolites have a Kam-like signature. This evidence points to shallow-level magma 

chamber emplacement for Kam-like felsic volcanic rocks and deep-level magma 

chamber emplacement for Banting-like felsic volcanic rocks.  

The Kam-like and Banting-like geochemical signatures arise from two different 

processes. Experimental petrology shows that the Banting REE signature can be 

produced through a low-degree of partial melting at high pressure (>0.75 GPa) and low 

temperature (~650ºC) from a garnet-bearing source. The resulting melt is strongly 

depleted in HREE and Y and has a high Zr/Y ratio (Best, 2002; Cousens et al., 2002; 

Hart et al., 2004; Lesher et al, 1986). This low temperature and low pressures seem an 

unlikely candidate to produce the volume of Banting-like rhyolites in the Slave craton. 

Instead, Cousens et al. (2002) suggested that regional crustal melting of a juvenile 

mafic composition in areas with low degrees of rifting could produce this same 



93 

 

geochemical signature. The Banting geochemical signature is similar to modern day 

adakites. Adakite is a dacite  (less commonly an andesite) produced from the partial 

melting of an amphibole-bearing eclogite assemblage with high concentrations of Al2O3 

(>17%), Na, Sr and Eu, but low concentrations of Mg, Ti, Nd, Y and Yb, relative to the 

andesite-dacite-rhyolite suite in subduction zones (Best, 2002; Drummond et al., 1996). 

The characteristic high LREE/HREE ratios in Banting felsic rocks are indicative of 

residual garnet in a MORB-like source, and may not necessarily be related to 

subduction. Negative Nb-Ta anomalies are evidence for overprinting of an arc-like 

signature, due to mixing of wedge-derived melts, crustal contamination, or retention of 

an HFSE-rich phase, such as rutile, in the source (Best, 2002; Cousens et al., 2002, 

2005; Klemme et al., 2005).  The Kam signature can be produced through partial 

melting at lower pressure and higher temperature (750-1,100ºC) from amphibole 

residua to yield moderately to non-depleted HREE and Y, and a moderate Zr/Y ratio 

(Best, 2002; Hart et al., 2004; Lesher et al., 1986). Cousens (2000) and Cousens et al. 

(2005) showed that this same pattern found in the Yellowknife greenstone belt can be 

attributed to fractional crystallization of a mafic parent rock with assimilation of older 

basement rocks, although assimilation may not always be necessary. The negative Eu 

anomaly in the Kam-like felsic rocks suggests plagioclase fractionation, which tends to 

support fractional crystallization as an important factor. Further detail on the 

geochemical implications for felsic volcanic rocks is discussed in Chapter 9.  

 Isotopically, the felsic volcanics show little correlation with geographic location in 

the western Slave craton, but 𝜀𝑁𝑑
𝑇  values become increasingly more positive from the 

central Slave craton eastward (Fig. 7.1). This increase in 𝜀𝑁𝑑
𝑇  values moving eastward 
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reflects the decrease in interaction with the underlying basement rocks, which is 

consistent with work done by Bleeker (2002), Bleeker and Hall (2007) and Davis et al. 

(2003). It has been demonstrated that there is thinned to absent basement crust 

underlying the Central Slave Cover Group and volcanic belts east of the Pb-isotope line 

(Fig. 2.1). Continental crust has strongly negative 𝜀𝑁𝑑
𝑇  values (~-8 to -10) and will cause 

a decrease in 𝜀𝑁𝑑
𝑇  values of volcanic rocks when assimilated into juvenile magmas with 

positive 𝜀𝑁𝑑
𝑇  values. This trend is best observed in felsic volcanic rocks and is likely due 

to the amount of time required to form felsic rocks via partial melting, fractional 

crystallization and longer crustal residency times potentially allowing for assimilation of 

crustal material.  The same positive trend between 𝜀𝑁𝑑
𝑇  and age for mafic volcanic rocks 

is also true for the felsic volcanic rocks. The younger felsic volcanic rocks have more 

positive 𝜀𝑁𝑑
𝑇  values. Applying the same evolving rift system to the felsic rocks as done 

for the mafic rocks, we would expect higher 𝜀𝑁𝑑
𝑇  values as crustal contamination 

decreases. Figure 8.5 shows 𝜀𝑁𝑑
𝑇  vs. SiO2 wt. % and La/Smpmn. The felsic volcanic rocks 

with a Kam-like REE signature fall within the Kam Group field after Cousens et al. 

(2002) where four of the five plot relatively close to each other and the fifth (sample 

12lo2006b – BB deposit) plots at a higher 𝜀𝑁𝑑
𝑇  values and lower SiO2 wt. %. Similarly, 

where 𝜀𝑁𝑑
𝑇  is plotted against La/Smpmn four Kam-like samples form negative trend and 

one sample (sample HMB-12-52b – Sunset Lake) plots separately. Two samples with a 

Banting-like REE signature plot within the Banting field in both Figures 8.5a and 8.5b. 

REE signatures aside, as the 𝜀𝑁𝑑
𝑇  decreases the SiO2 wt. % content increases for the 

felsic volcanics. Contrarily, only a weak trend with four Kam-like samples is apparent 

when 𝜀𝑁𝑑
𝑇  plots with La/Smpmn. A decrease in 𝜀𝑁𝑑

𝑇  values as SiO2 wt. % increases is 
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indicative of crustal contamination. This trend roughly coincides with the geographical 

pattern from the central Slave craton, where 𝜀𝑁𝑑
𝑇  values progressively increase moving 

eastward. This would suggest that crustal contamination is identifiable in felsic volcanic 

rocks on a regional scale and appears to apply to both Kam- and Banting-like rhyolites.  

 

8.2 – Sharrie and Turnback Lakes Petrogenesis 

 

 Sharrie Lake and Turnback Lake are Neoarchean volcanic belts with evidence 

for bimodal volcanism with shared mafic and felsic volcanic rock geochemistry, 

rendering them nearly indistinguishable from each other without in-depth geochemical 

analysis. The Sharrie Lake belt has approximately 20-25% of intermediate volcanic 

rocks unlike Turnback Lake and most other volcanic belts in the Slave craton, which 

have only a small abundance to no intermediate units at all. The similarities and 

differences between the Sharrie and Turnback belts will be examined in the following 

with emphasis on geochemical implications, isotopic signatures and their petrogenetic 

evolution. 

 

8.2.1 – Sharrie and Turnback Mafic Volcanic Rocks – Classification and Origin 

 

 The mafic volcanic rocks at Sharrie and Turnback lakes are similar in 

appearance and in geochemistry. Mafic rocks at both locals are typically pillowed flows 

with thin selvages under 2 cm wide and a fine grained core with variable silica + 

carbonate ± epidote alteration. The pillowed flows indicate a subaqueous environment 
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of formation. Some mafic and non-mafic units have scoriaceous fragments with 

subrounded edges and chill margins. This texture has been interpreted as evidence for 

lava fountain-type activity. Lava fountaining is typically thought as being a subaerial to 

shallow marine occurrence (Batiza and White, 2000), but Head and Wilson (2003) 

showed that under the right conditions lava fountaining can occur in submarine 

environments greater than 200-1000m depth. The mafic volcanic rocks here have low 

volatile contents and were deposited effusively in a quiescent environment. Head and 

Wilson (2003) showed that the most probable type of eruption for effusive mafic rocks 

would be strombolian, due to the local buildup of volatile bubbles in a slow rising 

magma. When low-volatile magma slowly rises, large bubbles have time to coalesce 

and eventually reach a sufficient concentration to disrupt magma ascent, thus causing a 

localized pyroclastic deposit. Other modes of explosive eruptions explored by Head and 

Wilson (2003) include Hawaiian and vulcanian styles, however these styles do not fit 

field evidence at Sharrie and Turnback since volatile content is low and mafic fragments 

are rounded to subrounded. 

 Figure 6.4 Harker diagrams show two distinct groups when FeOt is plotted 

against SiO2 wt. %. Group I has higher FeOt values than group II and is composed 

mostly of mafic volcanic rocks from Turnback Lake. Experiments done by Kuno (1965) 

showed that the total iron content of basalt is largely controlled by oxygen fugacity in the 

magma during fractionation. Higher oxygen fugacity can cause an increase in SiO2 and 

a slight decrease in total iron through stabilizing Fe-Ti oxides and contribute to a calc-

alkaline differentiation trend, while low oxygen fugacity will cause total iron enrichment, 

producing a tholeiitic differentiation trend, without affected the SiO2 content. As basalts 
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from both Sharrie and Turnback areas have similar SiO2 content it can be concluded 

that the oxygen pressure of the fractionating parent magma was slightly lower for 

Turnback basalts. The AFM (alkalis-iron-magnesium) ternary diagram in Figure 8.6, in 

addition to Figure 8.2, further emphasizes the higher iron content and tholeiitic affinities 

in Turnback mafic volcanic rocks. Turnback lake mafic volcanics lay are more tholeiitic 

and have higher total iron content than the mafic volcanics at Sharrie Lake, which follow 

the calc-alkaline trend more closely with only two samples plotting as tholeiitic.  

 

Figure 8.6: AFM (Alkalis-Iron-Magnesium) ternary diagram for volcanic rocks at Sharrie and Turnback 
lakes. See Figure 6.1 for legend. Curved dashed line represents tholeiitic trend where rocks plotting on or 
above it are considered tholeiitic. Solid curved line represents the calc-alkaline trend. Straight dashed line 
represents approximate transition between rock types denoted by yellow circled.  

 

 Rare earth element diagrams in Figure 6.7 illustrate the likeness between Sharrie 

and Turnback mafic volcanic geochemistry. Their REE patterns are nearly identical 

except Turnback mafic volcanics are slightly more enriched in all the REE than Sharrie 

mafic volcanics. Diagrams after Pearce (2008) can be used to help classify and 

determine a source for the mafic volcanic rocks at Sharrie and Turnback lakes in Figure 
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8.7. Both Sharrie and Turnback mafic volcanics plot as E-MORB within to slightly above 

the MORB-OIB array. Sharrie Lake mafic volcanic rocks have higher Th/Nb ratios than 

Turnback mafic rocks – an indication of more crustal contamination or higher grade 

metamorphism. Metamorphism is only up to lower amphibolite facies in both volcanic 

belts so the higher Th/Nb ratio can be dominantly attributed to crust-magma interaction. 

Although, enrichment of Th is a strong possibility as the mafic rocks at Sharrie and 

Turnback lakes are commonly interlayered with volcano-sedimentary facies which are 

more susceptible to release fluids during metamorphism (Pearce, 2008; Sorensen and 

Grossman, 1989).  The E-MORB signature differs from regional mafic data, which is 

more towards N-MORB compositions. MORB-type rocks are derived from relatively 

depleted mantle source from progressive extraction of continental crust and 

fractionation of Nb, K and other incompatible elements through their removal (Best, 

2002; Saunder et al., 1988). E-MORBs are derived from mixed-source mantle that is 

enriched in incompatible trace elements. Recent work done by Ulrich et al. (2012) 

demonstrates how E-MORB can occur from mixing between depleted MORB mantle 

source and recycled OIB/seamount sources, and not just through ridge/hot spot 

interaction. Sharrie and Turnback lakes are the only belts studied that have a prominent 

E-MORB signature. There is little evidence for direct plume related activity or interaction 

for the Cameron-Beaulieu volcanic belts. The REE geochemistry of the E-MORB mafic 

volcanics closely matches experiments done by Ulrich et al. (2012), but since the 

Archean Earth had little recycling of crustal material and there is little evidence for 

subduction zones in the Slave, it can be concluded that the E-MORB signature was 

produced through low-percent partial melting of the upper mantle. 
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Figure 8.7: Classification diagrams for Sharrie Lake and Turnback Lake mafic volcanic rocks. (A-B) 
Th/Yb and TiO2/Yb, respectively, vs. Nb/Yb for Sharrie and Turnback mafic volcanic rocks. Diagrams after 
Pearce, 2008. MORB – Mid-Ocean Ridge Basalt; N – Normal; E – Enriched; OIB – Ocean Island Basalt; 
Th – Tholeiite; Alk – Alkaline. 

 

 Using Zr, Nb and Th systematics form Figure 8.4, the source for mafic volcanics 

has a dominantly E-MORB composition at Turnback Lake and an arc-like composition 

at Sharrie Lake. An arc-signature can be created through partial melting of the mantle 

with some crustal component mixed in, or through variable Nb and Th enrichment from 

volcano-sedimentary metamorphic fluid transfer (Pearce, 2008; Sorensen and 

Grossman, 1989). Moderate, negative Nb-Ta anomalies seem to support an arc-

signature in the metabasalts from Sharrie and Turnback lakes (Fig. 6.7). Best (2002), 

Pearce and Peate (1995) and Piercey (2004) discuss the possibility of instilling these 

anomalies through mantle interaction with aqueous fluids released from a subducting 

slab. The negative Nb-Ta anomalies are however only weak and could have been 

produced by other processes, such as minor crustal contamination. Further testing of 

these models and the degree of crustal interaction can be done through mixing models 

and will be discussed in subsequent text.   
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 The Dy/Dy* vs. Dy/Yb diagram after Davidson et al. (2013) can be used to further 

assess source of magma and potential mineral controls affecting composition for 

Sharrie and Turnback mafic volcanic rocks. Equation 8.1 defines the Dy/Dy* parameter 

as seen in Figure 8.3b and the variation between Sharrie and Turnback mafic volcanic 

rocks is further accentuated. Sharrie Lake mafic rocks plot in the lower left quadrant 

along the LREE enrichment trend mostly within the MORB field. Deviation from the 

MORB field along the amphibole/clinopyroxene mineral control trend indicates 

amphibole either in the source or fractionating from the melt (Davidson et al., 2013). 

Turnback mafic volcanic rocks differ from those at Sharrie Lake in that most plot within 

the MORB field with two samples falling along the garnet mineral trend and two along 

the amphibole/clinopyroxene trend. Given these two trends it is possible that the source 

of these mafic volcanic rocks includes both garnet and amphibole. This is somewhat 

reflected in the multi-element plots in Figure 6.7 where there is slight MREE enrichment 

and HREE depletion the mafic volcanic rocks. Amphibole and, to a lesser degree, 

garnet in the source play a large role in the development of the mafic volcanic rocks at 

Sharrie and Turnback lakes.  

 Sharrie Lake mafic rocks have lower 𝜀𝑁𝑑
𝑇  values than those from Turnback Lake. 

The Sharrie Lake mafic rocks with the highest 𝜀𝑁𝑑
𝑇  values are within error of Turnback 

Lake’s mafic rock with the lowest 𝜀𝑁𝑑
𝑇  value, but all others are out of the accepted 

uncertainty of 0.5 epsilon units. A lower amount of crustal interaction would cause the  
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Figure 8.8: 𝜀𝑁𝑑
𝑇 values for Sharrie and Turnback mafic, intermediate and felsic volcanic rocks plotted 

against SiO2 (wt. %; A) and La/Sm (pmn; B). Kam Group, Banting Group and CSBC fields are after 
Cousens et al. (2002). Regional field is provided for reference, see Figure 8.4 for details. Legend in (B) 
applies to both diagrams. pmn -  Primitive Mantle Normalized (values after Sun and McDonough, 1989). 
CSBC – Central Slave Basement Complex 

 

higher 𝜀𝑁𝑑
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eastward (Bleeker and Hall, 2007). The mafic volcanic rock 𝜀𝑁𝑑
𝑇  values decrease as 

SiO2 wt. % and La/Smpmn values increase, further indicating some crustal interaction 

(Fig. 8.8). 

Assimilation-fractional crystallization (AFC) models in Figure 8.9 were 

constructed to test how much assimilation of a contaminant would be required to form 

these negative trends compared to fractional crystallization alone. Two mafic parent 

sources were used for modelling – one from Sharrie Lake and one from Turnback Lake 

– and were chosen based on their high 𝜀𝑁𝑑
𝑇  values, which suggest the lowest amount of 

crustal interaction and potentially the closest to the true parent. The Sleepy Dragon 

Complex gneisses were the preferred candidate as a contaminant; however there are 

insufficient data available for AFC modelling. Therefore, the Anton granite was chosen 

based on its proximity to Sharrie and Turnback lakes and its complete geochemistry 

and Sm-Nd isotopic analyses (Cousens, 2000). Two bulk mixing curves (Fig. 8.9a) 

represent the incremental mixing between the Sharrie mafic volcanic rock and the Anton 

granite (Bulk Mixing curve 1) and the Turnback mafic volcanic rock and the Anton 

granite (Bulk Mixing curve 2). Tick marks represent mixing of increasing percentages of 

contaminant, starting from 0% to 100% at 10% increments. AFC modelling is more 

realistic in that it calculates the chemical evolution of the magma as it undergoes 

fractional crystallization in a magma chamber and concurrently assimilates crustal 

material from chamber walls. Four AFC curves were calculated using methods after 

DePaolo (1981) in Figure 8.9b. The change in concentration of a trace element in a 

magma is dependent on the mixing
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Figure 8.9: Assimilation-fractional crystallization (AFC) curves for Sharrie Lake and Turnback Lake volcanic rocks. (A) Bulk mixing curves for with 
a Sharrie Lake mafic parent (Bulk Mixing Curve 1) and a Turnback Lake mafic parent (Bulk Mixing Curve 2) with Anton granite. (B) AFC curves 
with either a Sharrie or Turnback mafic parent with incremental mixing of Anton granite and differing r values. AFC 1 – Sharrie mafic volcanic 
parent with r = 0.6. AFC 2 – Turnback mafic volcanic parent with r = 0.6. AFC 3 – Sharrie mafic volcanic parent with r = 0.25. AFC 4 – Turnback 
mafic volcanic parent with r = 0.25. Legend in (A) applies to all diagrams. See text for description. CSBC – Central Slave Basement Complex 
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 or assimilation of wall rock into a mafic source.  The general lack of evidence for 

fractional crystallization of that element during crystallization of minerals and magma 

(distribution coefficient, D), the rate of mass of assimilation (Ma) to the rate of mass of 

crystallization (Mc; r = Ma/Mc), the initial concentration of the element in the parent 

magma and in the assimilant, and the change in mass of magma remaining over time (F 

= mass magma/mass initial magma). Fractional crystallization does not affect magma’s 

143Nd/144Nd ratio, but adding an older contaminant can dramatically change this value. 

All AFC curves were modelled using clinopyroxene (Cpx) as the dominant fractionating 

mineral phase. Comparisons using a fractionation assemblage of 20% olivine, 30% 

clinopyroxene, 5% Fe-Ti oxides and 45% plagioclase after Cousens (2000) proved to be 

unsuccessful at fitting Sharrie and Turnback data. Bulk D values for La and Sm for Cpx 

fractionation are 0.056 and 0.445, respectively (Rollinson, 1993). Initial isotopic 

compositions for the Sharrie Lake mafic volcanic rock (sample 13AB2030A) is 𝜀𝑁𝑑
2700 = + 

0.88 and the Turnback mafic volcanic rock (sample 13AB2214A) is 𝜀𝑁𝑑
2700 = +1.58. 𝜀𝑁𝑑

𝑇  

values for parent rocks have been recalculated using t = 2700 Ma for consistency with 

Anton granite 𝜀𝑁𝑑
2700 = -8.6. The AFC 1 and AFC 2 curves are modelled with an r value of 

0.6 for Sharrie and Turnback mafic parents, respectively. The AFC 3 and AFC 4 curves 

represent modelling using an r value of 0.25 again for Sharrie and Turnback mafic 

parents, correspondingly. The AFC 2 curve using the Turnback mafic parent and an r 

value of 0.6 seems to fit the mafic and intermediate data best out of the four curves, but 

still omits several samples. As a comparison, the AFC curves after Cousens (2000) 

were plotted (Fig. 8.10) and prove to fit the mafic/intermediate rock data better than  
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that there exists the possibility of a geochemically similar source for the mafic volcanic 

rocks at Sharrie/Turnback lakes and the Yellowknife greenstone belt Kam Group mafic 

rocks. 

 

Figure 8.10: AFC models that best fit the data with hornblende (Hbl) and apatite (Ap) fractionation trends 
from a Sharrie Lake mafic parent and a Sharrie Lake intermediate parent. Tick marks on fractionation 
trends are based on percent liquid fractionating and are described in Table 8.1. Two AFC curves after 
Cousens (2000) from the Kam Group in the Yellowknife greenstone belt. Lower curve modelled using 

Yellowknife Bay Formation (𝜀𝑁𝑑
𝑇  = +1.5). Upper curve modelled using Niven member (basalt) of Townsite 

Formation (𝜀𝑁𝑑
𝑇  = +3). 

 

8.2.2 – Sharrie Intermediate Volcanic Rocks – Classification and Origin 

 

 Sharrie Lake intermediate rocks form either pillow flows or semi-layered 

volcaniclastic units, but they share similar geochemical signatures regardless of their 

morphology. Intermediate pillows have selvages that range from 2 cm up to 4 cm – 

thicker than mafic pillow selvages – and generally <5% vesicles. The pillow cores are 
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typically unaltered, however silica + carbonate alteration and albitization (Ca exchange 

for Na) are present. Pillows are indicative of subaqueous deposition but above 2000 m 

depth due to the presence of vesicles (Easton and Johns, 1986; Jones, 1969). 

Intercalation of coherent intermediate lava and intermediate volcaniclastic material 

could signify periods of reduced or ceased lava flow. This sort mixture of lava flows and 

volcaniclastic deposits is typical of proximal volcanic facies (2 – 15 km from vent; 

Easton and Johns, 1986), with possible association with flank volcanism. The 

abundance of pillow flows (both intermediate and mafic) is greater than the amount of 

pyroclastic material, suggesting that deposition was more proximal to the main vent.  

 Harker diagrams (Fig. 6.4) of intermediate volcanic rocks at Sharrie Lake 

revealed only one trend between Al2O3 and SiO2. A decrease in Al2O3 as SiO2 

increases is attributed to fractional crystallization. Minerals, such as plagioclase, 

crystallize and remove Al from the residual magma (Best, 2003; Winter, 2010). Two 

intermediate volcanic rock samples plot along the tholeiitic trend in Figure 8.6, while the 

others are calc-alkaline. The REE patterns of both the tholeiitic and the calc-alkalic 

andesites are nearly identical with only slightly elevated K2O values of 2.43 wt. % and 

1.97 wt. %, compared to the overall <2.29 wt. % (except the pillow selvage sample 

13AB2019A2, which has a K2O wt. % of 4.41). Given these similarities it is unlikely that 

the tholeiitic andesites were produced from a similar source to the calc-alkaline 

andesites. A study after Fujimaki and Kurasawa (1981) examined tholeiitic and calc-

alkaline andesites from the Hakone and Iwate volcanoes and concluded that the 

andesites were genetically related to each other (similar mafic parent) and were formed 

through similar degrees of fractional crystallization but differing oxygen fugacity. High 
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oxygen fugacity resulted in calc-alkaline andesites, while low oxygen fugacity produced 

tholeiitic andesites. The similarities between the two andesite groups at Sharrie Lake 

indicate a similar source but have likely been produced under different oxygen 

conditions with minor influence from fractional crystallization and assimilation. Based on 

enrichment in LREE and depletion of HREE (Fig. 6.7) garnet is a possible fractionating 

phase in the production of all the intermediate volcanic rocks at Sharrie Lake, but 

unlikely. Based on evidence from the mafic volcanic rocks at Sharrie Lake (Fig. 8.2) 

garnet is not a prominent phase in the source. Figure 8.2 after Davidson et al. (2013) is 

a tool primarily for mafic volcanic rocks, but intermediate rocks from Sharrie Lake fall 

along the amphibole fractionation trend (not plotted). Fractionation of amphibole, such 

as hornblende, or possibly clinopyroxene could give a similar REE signature and is 

more common in producing intermediate volcanic rocks.  

 Intermediate volcanic rocks from Sharrie Lake have 𝜀𝑁𝑑
𝑇  values similar to the 

Sharrie Lake mafic and felsic volcanic rocks (Fig. 7.4). Intermediate samples with the 

negative 𝜀𝑁𝑑
𝑇  values are the same two samples with a tholeiitic affinity, as noted in 

Figures 8.2 and 8.6. Figure 8.8 are plots between 𝜀𝑁𝑑
𝑇  values and La/Smpmn. There is a 

pronounced negative trend between 𝜀𝑁𝑑
𝑇  and La/Smpmn, particularly when incorporating 

the mafic volcanic rocks from Sharrie and Turnback lakes. The weak negative 

correlations between 𝜀𝑁𝑑
𝑇  vs. La/Smpmn imply that there was likely some crustal 

contamination upon ascent.  

 There are three primary ways intermediate rocks can form: (1) fractional 

crystallization of a mafic parent, (2) hydration and partial melting of oceanic crust 

followed by reaction with surrounding mantle peridotite, or (3) felsic-mafic magma 
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mixing or assimilation of crustal material.  Despite the arc-like REE signature, there is 

little evidence for arc-volcanism (lack of paired metamorphic belts, accreted 

sedimentary belts, etc.; Cousens, 2000; Cousens et al. 2002, 2005), which disaffirms 

hydration or partial melting of oceanic slab to produce the intermediate rocks at Sharrie 

Lake. There is no field evidence for magma mixing (i.e. felsic blobs in mafic flows).  This 

leaves fractional crystallization, magma mixing/wall rock assimilation, or a combination 

of these two processes to produce andesite. The arc-like signature could be achieved 

by mixing a mafic parent magma with a crustal component. Assimilation-fractional 

crystallization models in Figures 8.9 and 8.10 test which process best fits the production 

of andesite. The AFC models generally support the hypothesis that the intermediate 

volcanic rocks from Sharrie Lake were derived from a mafic parent but were modified by 

minor interaction with an older crustal assimilant before their eruption. Similar to the 

mafic volcanic rocks from Sharrie and Turnback lakes, the intermediate volcanic rocks 

share a similar mafic source with the volcanic rocks from the Yellowknife greenstone 

belt (Fig. 8.10).  
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Table 8.1: Fractional crystallization calculations for hornblende and apatite. Sharrie Lake mafic volcanic 
rock (13AB2030A) and Sharrie Lake intermediate volcanic rock (13AB2023A) are used as starting 
compositions. Kd = partition coefficient. X = fractioning liquid percent remaining. F = fractionating liquid 
percent. Hornblende Kds after Rollinson (1993). Apatite Kds after Prowatke and Klemme (2006). 
 
 

Initial 
13 AB2023A 

Intermediate 

13AB2030A 

Mafic 

La (ppm) 9.4 12.5 

Sm (ppm) 3.1 3.45 

𝜺𝑵𝒅
𝑻  0.76 0.12 

Kd Hornblende Apatite 

La (ppm) 0.54 2.02 

Sm (ppm) 1.8 1.81 

X 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.75 0.90 0.99 

F 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.25 0.10 0.01 

Hornblende Fractionation from 13AB2023A 

La 12.5 13.1 13.9 14.7 15.8 17.2 19.1 21.7 23.7 36.1 104.0 

Sm 3.5 3.2 2.9 2.6 2.3 2.0 1.7 1.3 1.1 0.5 0.1 

La/Sm 3.6 4.1 4.8 5.7 6.9 8.7 11.5 16.5 20.8 65.9 1199.8 

La/Sm pmn 2.3 2.7 3.1 3.7 4.5 5.6 7.4 10.7 13.4 42.6 775.4 

Apatite Fractionation from 13AB2023A 

La 12.5 11.2 10.0 8.7 7.4 6.2 4.9 3.7 3.0 1.2 0.1 

Sm 3.5 3.2 2.9 2.6 2.3 2.0 1.6 1.3 1.1 0.5 0.1 

La/Sm 3.6 3.5 3.5 3.4 3.3 3.1 3.0 2.8 2.7 2.2 1.4 

La/Sm pmn 2.3 2.3 2.2 2.2 2.1 2.0 1.9 1.8 1.8 1.4 0.9 

Hornblende Fractionation from 13AB2030A 

La 9.4 9.9 10.4 11.1 11.9 12.9 14.3 16.4 17.8 27.1 78.2 

Sm 3.1 2.8 2.6 2.3 2.1 1.8 1.5 1.2 1.0 0.5 0.1 

La/Sm 3.0 3.5 4.0 4.8 5.8 7.3 9.6 13.8 17.4 55.2 1004.1 

La/Sm pmn 2.0 2.2 2.6 3.1 3.7 4.7 6.2 8.9 11.2 35.7 648.9 

Apatite Fractionation from 13AB2030A 

La 9.4 8.4 7.5 6.5 5.6 4.6 3.7 2.8 2.3 0.9 0.1 

Sm 3.1 2.8 2.6 2.3 2.0 1.8 1.5 1.2 1.0 0.5 0.1 

La/Sm 3.0 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 1.9 1.2 

La/Sm pmn 2.0 1.9 1.9 1.8 1.8 1.7 1.6 1.5 1.5 1.2 0.7 
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8.2.3 – Sharrie and Turnback Felsic Volcanic Rocks – Classification and Origin 

 

 A variety of felsic flows and deposits are present at Sharrie and Turnback lakes. 

Porphyritic to aphanitic, coherent lava flows, breccias and layered volcaniclastic units 

are some of the more common types of felsic volcanic deposits present. Coherent and 

autobrecciated lava flows are typical of submarine deposition; however the presence of 

pyroclastic material and tuffaceous layers suggests periods of emergence. Interlayering 

of felsic volcanic rocks and pillow flows is indicative of subaqueous deposition or at 

least periods of submerged deposition. Alteration, degree of preservation and 

metamorphism leaves interpretations for a subaerial deposition in somewhat subjective 

state. According to Lambert (1988) there are two felsic members in the Tumpline 

Subarea – the Sharrie rhyolite and the Turnback rhyolite. This division is based primarily 

on textures and depositional environment. Geochemically, though, these two members 

are indistinguishable.  

 As SiO2 wt. % increases, Al2O3, TiO2 and FeOt decreases (Fig. 6.4). These 

trends are typical of fractional crystallization. Turnback Lake’s felsic volcanic rocks are 

generally lower in SiO2 wt. % and subsequently have higher Al2O3, TiO2 and FeOt wt. % 

than Sharrie felsic volcanic rocks, which could result from a longer period of 

fractionation at Sharrie Lake. The REE patterns from Sharrie Lake, as seen in Figure 

6.7, overlap those from Turnback Lake. There are three anomalous samples – one from 

Sharrie Lake and two from Turnback Lake. The anomalous sample (13BW1007B) from 

Sharrie Lake has an REE pattern similar to boninite. Despite the similar REE 

signatures, this rhyolite sample cannot be a boninite as boninites are high-MgO, high 



111 

 

silica, low TiO2 and incompatible element depleted basaltic-andesite or andesite (Best, 

2003; Rao and Srivastava, 2009; Winter, 2010). This sample was collected near the 

Devore VMS showing (Fig. 3.2) and is enriched in metals with 56.5 ppm Ag, 3680 ppm 

Pb and 1530 ppm Zn. The high metal content suggests that this sample was in the up-

flow or discharge zone of a hydrothermal convective cell. Hydrothermal fluids have 

altered the REE chemistry of this rock to produce its anomalous REE signature. The 

first anomalous sample from Turnback Lake (13BW1215A) is truly unusual in that it 

does not match any known felsic rocks in the area, Kam-like or Banting-like included. 

The negative Tm anomaly could be an analytical issue as the value is approaching the 

detection limit for that element. It is possible that a foreign fragment/clast was included 

in the analysis which would make this not representative of the actual rock. The last 

anomalous sample from Turnback Lake is 13AB2221A. It shares a similar REE pattern 

to the other felsic volcanic rocks, except it is more enriched in LREE and is HREE 

depleted. It is likely that this rock is slightly more evolved than the other rocks at 

Turnback Lake with zircon crystallization to change the slope of the REE signature. 

These three anomalous samples aside, the felsic rocks from Turnback Lake have a 

Kam-like REE patterns and are produced through similar means as the Kam Group in 

the Yellowknife greenstone belt. Partial melting at lower pressure and high 

temperatures (750-1,100ºC) from amphibole residua will yield this felsic volcanic pattern 

(Best, 2002; Hart et al., 2004; Lesher et al., 1986). The incorporation of crustal material 

into a mafic parent could also help achieve the Kam-like REE signature and drive 𝜀𝑁𝑑
𝑇  to 

lower values (Cousens, 2000; Cousens et al. 2005). Assimilation of crustal material is 

not a necessary component to creating a Kam-like rhyolite. Negative Eu anomalies at 
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Sharrie and Turnback lakes are indicative of plagioclase fractionation in the magma and 

could imply a prolonged crystal fractionation event. 

 Using trace element diagrams in Figure 8.11 permits generalized tectonic 

discrimination of the felsic volcanic rocks. Ta (ppm) vs. Yb (ppm) diagram (Fig. 8.11)  

 

Figure 8.11: Trace element tectonic discrimination diagram for granitic rocks, as developed by Pearce et 
al. (1984). Abbreviations: syn-COLG = syn-collisional granite, ORG = ocean ridge granite, WPG = within-
plate granite, VAG = volcanic arc granite. Note that this diagram is used as a generalized classification for 
felsic volcanic rocks and samples plot between VAG and WPG.  Area between ORG and WPG 
represents upper compositional boundary for ORG from anomalous ridge segments.  

 

after Pearce et al. (1984) is modified from granite discrimination and is used to provide 

a sense of tectonic setting for the felsic volcanic rocks. The samples are spread 

between “volcanic arc granite” (VAG) and “within-plate granite” (WPG), where the 

majority of Sharrie felsic rocks are VAG and Turnback felsic rocks are WPG. A volcanic 
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arc signature can be achieved through assimilating a crustal component into a mantle 

source. Within-plate granites are broken down into three subdivisions: (a) those that 

have intruded into continental crust of average or normal thickness, (b) those that have 

intruded into strongly attenuated continental crust, and (c) those that have intruded into 

oceanic crust with the division between (b) and (c) being interpreted as shelf edge 

(Pearce et al., 1984). Applying these diagrams to volcanic rocks yields a similar tectonic 

setting. Following earlier conclusions that volcanic deposition in the Slave craton is in a 

rift setting, it is probable that the felsic volcanic rocks reflect within-plate rifting of 

attenuated continental crust inciting variable amounts of crustal assimilation.  

 Sm-Nd isotopic values for felsic volcanic rocks from Sharrie Lake are somewhat 

similar to those from Turnback Lake. Turnback Lake felsic rocks have a very wide range 

in 𝜀𝑁𝑑
𝑇  values, which may indicate varying amounts of crustal assimilation with each 

felsic eruption. Sharrie Lake felsic rocks conversely have nearly indistinguishable 𝜀𝑁𝑑
𝑇  

values and are within 2-sigma error of each other. It is difficult to confirm the likeness 

between Sharrie and Turnback felsic volcanic rocks with only three analyses from 

Turnback Lake. Crustal contamination is indicated with low and negative 𝜀𝑁𝑑
𝑇  values, as 

well as the negative correlation between 𝜀𝑁𝑑
𝑇  La/Smpmn in Figure 8.9. Sharrie and 

Turnback felsic volcanic rock 𝜀𝑁𝑑
𝑇  values are plotted in Figure 8.12 alongside regional 

Kam- and Banting-like felsic volcanics and Yellowknife Belts Kam and Banting Group 

felsic volcanic rocks (Cousens et al., 2005). Sharrie rhyolites have similar 𝜀𝑁𝑑
𝑇  values to 

the Kam Group rhyolites in the Yellowknife Belt, but the Turnback 𝜀𝑁𝑑
𝑇  values range 

above and below regional and Yellowknife Kam and Banting data. All of the felsic 

volcanic rocks at Sharrie and Turnback have a Kam-like REE  
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Figure 8.12: 𝜀𝑁𝑑
𝑇  values from Sharrie and Turnback felsic volcanic rocks compared to regional and 

Yellowknife (YK) Belt felsic volcanic rocks. Regional Kam- and Banting-like felsic volcanic rocks plotted 
separately. Yellowknife Belt data after Cousens et al. (2005). 

 

signature, but Turnback is clearly isotopically different than previously defined Kam and 

Banting Group rhyolites and regional data. Multiple stages of chemically different 

magma pulses coupled with crustal assimilation could have produced the wide variation 

in isotope values.  

 Assimilation-fractional crystallization models in Figure 8.9 and 8.10 fit mafic and 

intermediate data well, but fail to accurately match felsic volcanic samples. AFC 3 is the 

closest fitting curve to the felsic data, but still excludes most felsic samples and is far 

removed from the mafic data. Because the felsic rocks do not fall on the same AFC 

curve as the mafic and intermediate rocks, it is worth investigating whether the samples 

are genetically related to the mafic and intermediate flows. To test their relationship, 
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hornblende and apatite fractionation trends were plotted. Fractionating hornblende or 

apatite does not affect the 143Nd/144Nd ratio but will affect the trace element ratios. If the 

felsic rock compositions cannot be produced through a reasonable amount of 

fractionation (i.e. 10-45% hornblende fractionation or 1-5% apatite fractionation), they 

are not related to the mafic and/or intermediate rocks and have been produced through 

other means, such as partial melt of the crust. If the felsic rock compositions can be 

produced through fractionation then it is the probable cause for their higher La/Sm 

ratios. Figure 8.10 demonstrates two hornblende fractionation trends and two apatite 

fractionation trends. See Table 8.1 for fractionation percentages. Two starting 

compositions were selected, one Sharrie mafic volcanic parent and one Sharrie 

intermediate volcanic parent. Most of the hornblende is secondary, but there is some 

evidence of primary amphiboles in intermediate rocks at Sharrie Lake. Based on 

fractionation calculations, between 20-45% hornblende fractionation could produce the 

horizontal displacement of most felsic volcanic rocks from either a mafic or an 

intermediate parent. This percentage of fractionation is reasonable given the starting 

compositions. Apatite fractionation drives the trends in the opposite direction than 

hornblende fractionation trends and do not fit any of the felsic data, which indicates that 

apatite is an unlikely residual phase. Rutile (Ti-phase) and clinopyroxene fractionation 

trends (not plotted) were tested but failed to yield reasonable fractionation percentages 

(>> 70% fractionation for both mineral phases). The AFC 3 curve fits some of the felsic 

data but crustal assimilation into cool (~800-900ºC) felsic magma is unlikely making this 

curve redundant. This behaviour differs from the Kam Group and Banting Group felsic 

volcanic rocks from the Yellowknife greenstone belt (Cousens, 2000; Cousens et al., 
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2002, 2005) which follow the same AFC models as their associated mafic volcanic 

rocks. The felsic rocks at Sharrie and Turnback lakes were clearly produced through 

fractional crystallization with possible (but unlikely) subsequent crustal assimilation.  
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Chapter 9: VMS Prospects – Comparison of Known Deposits to Sharrie and 

Turnback Belts 

 

 The Sharrie and Turnback volcanic belts host several VMS and base-metal 

showings and occurrences, including the polymetallic XL property at Turnback Lake. 

Other nearby volcanic belts host larger, more easily-defined  base-metal deposits, such 

as the Sunrise, BB and Bear deposits, and have been more thoroughly explored 

because of this. Sharrie and Turnback volcanic belts share similar geochemical 

signatures to these other base-metal deposits and the question remains if these areas 

are under-explored or not.  

The Superior Province rhyolite classification scheme (Fig. 9.1; Lesher et al. 

1986) is an evaluation of the degree of fractionation, depth of the magma chamber and 

time of crustal residency for felsic volcanic rocks associated with VMS deposits. The 

method has since been further refined by Lentz (1998) and Hart et al. (2004). FI 

rhyolites and rhyodacites are characterized by steeply sloped REE patterns, high La/Yb 

(6-34) and Zr/Y ratios (9-31), and low abundances of HFS elements; they are 

interpreted to have magma reservoirs emplaced at >30 km depth in the crustal. FII 

rhyolites and rhyodacites have weakly sloped HREE patterns with a variable negative 

Eu anomaly, moderate La/Yb (2-9) and Zr/Y ratios (6-11), and intermediate amounts of 

HFS elements; their magma reservoir crustal emplacement depth is 15-30 km. FIII 

rhyolites and high-silica felsic volcanic rocks have flat HREE patterns with negative Eu 

anomalies, low La/Yb (1.5-3.5 for FIIIa and 1-5 for FIIIb) and Zr/Y ratios (4-7 for FIIIa 

and 2-6 for FIIIb) and high abundances of HFS elements, indicating they have magma 
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chambers emplaced at <15km depth (Hart et al., 2004; Lentz, 1998; Lesher et al., 

1986). For the purpose of this study, this same classification scheme was applied to 

felsic volcanic rocks from the Slave craton, in order to assess their potential to host a 

VMS deposit and provide insight into their origin. As the predominance of Slave VMS 

deposits are hosted by rhyolites, particular focus on rhyolite chemistry is warranted. 

Because the geochemistry and physical volcanology of the mafic and intermediate 

volcanic rocks within the Slave craton are nearly identical from belt to belt, limited 

consideration will be given to them with regards to VMS potential.  

 

9.1 – VMS Potential: Craton-Wide Outlook in the Northwest Territories 

 

 Samples collected in the Northwest Territories for reconnaissance work in 2012 

span 13 volcanic belts and provide rudimentary information on potential base-metal 

mineralization for each volcanic belt. Given that only a few samples from each belt were 

collected for this aspect of the study, certainty of economic mineralization in a given belt 

is poor but insightful when combined with data from other belts and used as a guide. 

Several belts visited have gossanous lenses and zones of concentrated sulphides along 

mafic-felsic volcanic units and volcanic-sedimentary/volcaniclastic contacts, including 

Snare River, Fenton Lake and Sharrie Lake. Gossans are yellow to red in colour 

consisting of hydrated iron oxides produced from the oxidation and leaching of sulphide 

minerals potentially concentrated at depth (Nickel and Daniels, 1985). Concentration of 

sulphides along volcanic and volcanic-sedimentary contacts can be promising when 

exploring for VMS deposits (Franklin et al., 2005; Galley et al., 2007; Large et al., 
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2001b; Lydon, 1990), but is not always a reliable VMS indicator as sulphides may be 

concentrated as discrete lenses through subaerial weathering processes. The presence 

of gossanous bodies does, however, indicate that sulphides could have been 

concentrated (possibly elsewhere) by hydrothermal fluids. All of the volcanic belts have 

pillowed basalts, or pillowed andesites, pointing towards extended periods of submarine 

deposition, a necessity for VMS formation. However, a more efficient means to explore 

for VMS is by examining the geochemistry and the alteration of the rocks. For direct 

comparison, reconnaissance and Sharrie and Turnback datasets will be compared to 

footwall rhyolites from DEB and Sunrise deposits, hangingwall rhyolite from BB deposit 

and drill core from the Bear deposit. 

 All of the sampled volcanic belts have mafic rocks with either a MORB-like rare 

earth element pattern or an E-MORB rare earth element pattern (see Fig. 8.1 and 8.4). 

The belts’ signatures are exclusive of each other. VMS deposits are commonly 

associated with either MORB-type or E-MORB-type rocks within a mafic-type VMS 

environment or E-MORB-type and OIB-type rocks in an evolved environment (Piercey, 

2009, 2010). MORB-like rocks in the Slave craton are found in areas with mafic-

dominated and bimodal volcanism, although they are commonly more closely 

associated to mafic environments. E-MORB patterns in the Slave craton, on the other 

hand, are located in areas of bimodal volcanism and, in the course of this study, have 

only been observed at Sharrie and Turnback lakes. As both MORB and E-MORB 

signatures are observed in Slave volcanic belts, it is likely that both tectonic 

environments at some point were present further supporting viable environments for 

massive sulphide deposition.  
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 As previously demonstrated, there are two dominant REE patterns present for 

felsic volcanic rocks in the Slave craton; the Banting-like, sloped REE pattern and the 

Kam-like, HREE flat pattern with negative Eu anomalies. The Banting-like and the Kam-

like signatures are similar to the FI and FII patterns, respectively (Hart et al., 2004; 

Lesher et al., 1986). Figure 9.1 shows the relationship between the Banting- and the 

Kam-like signatures and their respective felsic classification. FII rhyolites are more 

worthwhile targets for VMS deposits than FI rhyolites (Gaboury and Pearson, 2008; Hart 

et al., 2004; Lesher et al., 1986). Their likelihood to host massive sulphide 

mineralization is controlled by the rhyolite’s depth of emplacement and origin. It has 

been shown that FI rhyolites and dacites equilibrate with a garnet-bearing residua at 

depths of >30 km, while FII rhyolites have equilibrated with amphibole-plagioclase 

residua at depths between 30-10 km (Hart et al., 2004). The Banting-like REE patterns 

show a depletion in HREE, but they are not depleted enough to indicate abundant 

garnet in the source – perhaps only 1-3% garnet. This same pattern could be the result 

of hornblende fractionation, which is a possible alternative. Hart et al. (2004), Barrie 

(1995), and Lesher et al. (1986) demonstrate that rhyolites and dacites from the FII and 

FIII categories could be formed within rift sequences from high-temperature melts 

(T>900ºC) that equilibrated at shallow levels (<10 km depth) in the crust. Shallow 

depths less than 10km in the crust is above the ductile-brittle transition zone and in the 

brittle permeability zone (Voilay et al., 2010), where heat from the felsic magma bodies 

and subvolcanic intrusions can drive hydrothermal fluid cells necessary to effectively 

concentrate mineralization (Barrie, 1995; Franklin et al., 2005; Hart et al., 2004; Lesher 

et al., 1986). Two methods of rhyolite formation were proposed – fractionation from a 
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Figure 9.1: Rhyolite classification schemes for felsic volcanic rocks in the Slave craton. (A and C) La/Yb (cn) vs. Yb (cn) for rhyolites and dacites 
from the regional collection and the Sharrie and Turnback collection, respectively. Modified after Lesher et al. (1986). (B and D) Zr/Y vs. Y for 
rhyolites and dacites from the regional collection and the Sharrie and Turnback collection, respectively. Modified after Gaboury and Pearson 
(2008). Rhyolites from VMS deposits in the Slave craton (NWT) were plotted as reference points (Bear deposit data after Marsh, 2012)
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basaltic parent or partial melt of hydrated basaltic crust. Fractionation would require 

extended periods of constant pressure and temperature to produce voluminous rhyolite 

of similar composition, but this is typically accompanied by intermediate volcanic rocks. 

Alternatively, Barrie et al. (1993) and Hart et al. (2004) proposed partial melt of hydrated 

basalt to form bimodal mafic-felsic sequences. Experiments showed that partial melting 

of hydrated basalt could yield Archean FII and FIII rhyolites.  Belts hosting Kam-like 

felsic rocks in the Slave share the similar FII environment necessary to host VMS 

deposits. One major concern with exploring FII rhyolites for VMS deposits is that there 

has not yet been any advancement on distinguishing FII rhyolites formed at shallow 

depths (~10 km) and those formed between 30-10 km depth – below the ductile-brittle 

transition zone (Hart et al., 2004). Therefore, not all FII rhyolites are associated with 

VMS deposition and base-metal accumulation, so this geochemical fingerprint is only 

one tool in addition to field observations.  

 The type, style and extent of alteration are germane to VMS exploration. 

Alteration style and alteration minerals vary slightly depending on rock type, but remain 

relatively similar amongst VMS environments. For example, copper-gold bearing 

deposits tend to have alteration halos that extend into the hanging wall and cross cut 

volcanic facies boundaries, whereas polymetallic zinc-rich deposits have alteration 

envelopes that extend parallel to volcanic stratigraphy with more intense alteration in 

the footwall (Large et al., 2001b). In all cases of VMS deposition, alteration typically 

follows a similar trend of intense chlorite ± quartz ± carbonate alteration at or near the 

ore body, possibly with a siliceous core, to sericite-rich ± quartz ± carbonate alteration 

distally (Franklin et al., 2005; Galley et al., 2007; Gemmell and Fulton, 2001; Large et 
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al., 2001a-c; Paulick et al., 2001). Each volcanic belt in the Slave would need to 

undergo extensive mapping and sampling to fully assess style and degree of alteration 

necessary for VMS deposition. In the interim, a box plot of alteration related to VMS 

deposits in Figure 9.2, after Large et al. (2001a), depicts the widespread variability in 

alteration styles form the, presumably, least altered rocks. Large et al. (2001) 

formulated this box plot on two alteration indices – the Ishikawa alteration index and the 

Chlorite-Carbonate-Pyrite-Index (CCPI). The Ishikawa alteration index (AI) is used to 

quantify the intensity of chlorite and sericite alteration in Kuroko-type deposits. The 

principal components measured are the breakdown reaction from Na-plagioclase and 

volcanic glass to sericite and chlorite. The equation (Eq. 8.1) for the Ishikawa AI is as 

follows: 

(9.1) 

𝐴𝐼 =  
100(𝐾2𝑂 + 𝑀𝑔𝑂)

(𝐾2𝑂 + 𝑀𝑔𝑂 + 𝑁𝑎2𝑂 + 𝐶𝑎𝑂)
 

 

The CPPI is a measure of the MgO and FeO content in chlorite alteration associated 

with VMS deposits. Mg-Fe chlorite is commonly developed where hydrothermal fluid 

circulation is at its maximum. These hydrothermal systems commonly have Fe-Mg 

chlorite replacing albite, K-feldspar and/or sericite as described in equation 8.2: 

(9.2) 

𝐶𝐶𝑃𝐼 =  
100(𝑀𝑔𝑂 + 𝐹𝑒𝑂)

(𝑀𝑔𝑂 + 𝐹𝑒𝑂 + 𝑁𝑎2𝑂 + 𝐾2𝑂)  
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Figure 9.2: Alteration box plots for regional samples (A), Sharrie Lake samples (B) and Turnback 
Lake samples (C).Legend in Figure 9.1 applies to diagrams (A)-(C). Arrows to right of dashed line 
indicate trends for hydrothermal alteration and arrows to the left of the dashed line indicate trends for 
diagenetic processes/alteration. (1)Weak sericite alteration at margins of hydrothermal alteration. 
(2)Intense sericite – chlorite ± pyrite alteration – proximal footwall alteration in VMS system. (3) 
Chlorite ± sericite ± pyrite alteration – chlorite-rich footwall alteration. (4) Chlorite – carbonate 
alteration – often immediately adjacent to massive sulphide lens in footwall. (5) Sericite – carbonate 
alteration – immediate hanging wall to massive sulphide lens or along favourable stratigraphic host 
rock. (6) K-feldspar – sericite alteration – uncommon but may occur in felsic footwall. (7) Albite –
chlorite alteration – seawater interaction at low temperatures. (8) Epidote – calcite ± albite alteration 
– common in intermediate to mafic rocks. (9) K-feldspar – albite alteration – early diagenetic trend for 
K-feldspar replacing albite. (10) Paragonitic sericite – albite – diagenetic trend in hanging wall 
volcaniclastics (Herrmann et al., 2001). Trends after Large et al., 2001b. 
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Apparent trends in Figure 9.2 are not absolute as sample size is small for each rock 

type and various locations are represented. Broadly, the mafic volcanic rocks plot within 

the upper portion of the mafic least-altered range and plot along the chlorite + carbonate 

alteration trend. Intermediate samples fall outside their least-altered box and possibly 

along the carbonate + sericite alteration line. Any tendency noted within regionally 

collected intermediate volcanic rocks is unreliable given the sample size of five. Lastly, 

the felsic volcanic rocks are more widely spread out and fall along four possible trend 

lines. Some of the samples have been affected by K-feldspar + sericite or just sericite 

alteration, while others appear to be affect by diagenetic processes involving K-feldspar 

+ albite and more commonly albite + chlorite alteration.  

 Overall, the regional collection of volcanic samples has provided an excellent tool 

for comparison of more detailed work in the Slave craton. Initial reconnaissance 

sampling was done in pursuit of the freshest and least altered rocks in hopes to gain the 

greatest understanding of the geochemical signatures and the lowest degree of 

alteration (if any present) for the volcanic belts. They demonstrate that most mafic and 

intermediate volcanic rocks fall within the mafic least-altered range with minor chlorite, 

carbonate and sericite alteration. The felsic volcanics have a wider spread in alteration 

types, where sericite and K-feldspar alteration is the most common. 

 

9.2 – VMS Potential: Sharrie and Turnback Lakes 

 

 Sharrie and Turnback lakes have several base-metal and VMS showings and 

occurrences, including the XL Property at Turnback Lake. There are several other 
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sizeable base-metal showings within the Cameron-Beaulieu volcanic belts, such as the 

Sunrise deposit at Sunset Lake and the Len Property at Victory Lake. The XL property 

contains sulphide mineralization along north-trending contacts between Burwash 

sediments and rhyolite, carbonate-skarn and/or quartz-biotite gneisses (Goodwin et al., 

2006; Padgham and Atkinson, 1991). Mineralization is polymetallic and consists of 

approximately 180,000 tonnes at 6-8% Zn, 2% Cu, 1.5% Pb and 103 g/t Ag, with locally 

higher values (Campbell, 2007; Goodwin et al., 2006; Padgham and Atkinson, 1991). 

The Sunrise deposit is another polymetallic deposit with proven reserves between 1.16 

and 1.86 million tonnes at 6-9% Zn, 0.08-0.1% Cu, 2.39-4.2% Pb and 100-403 g/t Ag 

(Campbell, 2007; Goodwin et al., 2006; Padgham, 1991; Padgham and Atkinson, 1991; 

Roscoe and Wallis, 2003). No resource estimates have been made for the Len 

Property. Given the number of VMS prospects in vicinity to Sharrie and Turnback lakes, 

it is logical to examine them for further base-metal prospectivity. 

 Sharrie Lake has a few showings and occurrences within the belt, including the 

Devore showing yielding >5000 ppm Pb, 36, 500 ppm Zn, 442 ppm Cu and 294 ppm Ag 

(NORMIN.bd). Turnback Lake also has several base-metal showings and has a 

previously explored and assessed VMS occurrence – the XL and OK claims. 

Gossanous zones and lenses at Sharrie and Turnback lakes tend to occur along mafic-

felsic and volcanic-metasedimentary or volcaniclastic contacts, occasionally with 

associated or proximal to tuffaceous horizons. Brecciated felsic units frequently have 

rusty matrices, but do not necessarily reflect economic mineralization and, instead, 

might reflect an area of low permeability and a conduit for hydrothermal fluids. The 

primary sulphide minerals are pyrite, galena, sphalerite and minor amounts of 
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chalcopyrite. In both volcanic belts, the pyrite has inclusions of globular chalcopyrite and 

commonly overprints or rims earlier formed sphalerite or galena. Oxides, such as 

magnetite, are late stage and cross-cut and overprint pyrite and other sulphide minerals 

(see Appendix A for petrographic descriptions). The presence of gossanous bodies and 

sulphide mineralization infers some degree of hydrothermal fluid activity concentrating 

metals (Franklin et al., 2005; Galley et al., 2007; Large et al., 2001b; Lydon, 1990).  

The rhyolites at Sharrie Lake have been divided into two types according to 

Lambert (1988) – the Sharrie Lake rhyolite and the Turnback rhyolite – while Turnback 

Lake has only the Turnback rhyolites. The felsic volcanic rocks at Sharrie are cohesive 

flows, autobrecciated flows, and tuffaceous units. Turnback rhyolites tend to be more 

volcaniclastic in nature with localities of coherent to massive lava flows and felsic tuffs. 

Lambert (1988) pointed out that most of the Sharrie rhyolites are not characteristic of 

submarine deposition (i.e. tuffs and pyroclastic deposits), despite being located between 

pillowed mafic and intermediate units. Once above ~500 m depth, VMS deposition is 

unlikely as pressure from the water column is necessary to retain heat and hot fluids 

(McBirney, 1963). However, the autobrecciation and massive or coherent lava flows are 

observed within historically named Sharrie rhyolites and are often considered could be 

good indicators for a submarine environment (Allen et al., 1997; Cas, 1992; Large et al., 

2001b; Praveen and Ghosh, 2009).  Conversely, the Turnback Rhyolite has been 

interpreted by Lambert (1988) to have formed in a submarine environment where lava 

domes were and volcaniclastic flows intercalate with pillow basalts, a more promising 

environment to host VMS deposits. Unlike Turnback Lake, Sharrie Lake has a 

considerably high amount of intermediate volcanic rocks. The intermediate volcanic 
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rocks account for approximately 15-20 volume percent. Their high volume infers they 

likely originated from a basaltic parent through long lived fractionation or by consecutive 

pulses of magma followed by assimilation and fractional assimilation (Best, 2003).  A 

prolonged fractionation event is possible if the basaltic magma’s ascent slowed due to 

either a thick crust or from rhyolitic magma plugging the pathway (Best, 2003). Nd-

isotopes of Sharrie intermediate volcanic rocks are similar to the mafic volcanic rocks 

and most samples fall within 2-sigma uncertainty, which indicates fractional 

crystallization played a role in andesite formation. Other intermediate samples, on the 

other hand, are different than the mafic volcanic rocks and fall outside the 2-sigma 

uncertainty range. In this case, separate pulses of magma likely fed these dissimilar 

intermediate rocks, which then underwent assimilation and fractional-crystallization. As 

discussed in chapter 8, both mechanisms likely contribute to the formation of 

intermediate rock. Voluminous intermediate volcanism, produced through fractionation, 

supports a hot magma body that was sustained for a long period providing the 

necessary heat flow for convection of hydrothermal fluids. 

The mafic rocks at Sharrie and Turnback lakes have an E-MORB signature, 

derived from a mantle source enriched in light rare earth elements (Best, 2002; 

Saunders et al., 1988). The presence of an E-MORB signature is common for VMS and 

base-metal deposits in rift environments (Piercey, 2010, 2009). More important to 

determining VMS potential is the chemistry of the felsic rocks. The felsic rocks in both 

belts share a Kam-like REE signature with flat to weakly sloped HREE and a strong 

negative Eu anomaly, which is akin to the FII rhyolite signature of the Superior rhyolite 

classification scheme, as seen in Figure 9.1. As demonstrated earlier, this geochemical 
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pattern indicates moderate to shallow depths (30-10 km) of magma emplacement with 

the highest economic mineralization potential occurring at depth above 15 km (Gaboury 

and Pearson, 2008; Hart et al., 2004; Lesher et al., 1986). Whether the felsic magma 

was emplaced at depths between 15-10 km or between 15 and 30 km is unknown 

based solely on the trace and rare earth element signature. The alteration trends of 

volcanic rocks were plotted using the Large et al. (2001a) alteration box plot in Figure 

9.2 for Sharrie and Turnback areas. The Sharrie Lake mafic and intermediate rocks fall 

along two trends – the carbonate + sericite line and the epidote + calcite ± albite line – 

but still within the acceptable unaltered range. The felsic volcanic rocks are more widely 

dispersed, but generally follow the K-feldspar + sericite trend and potentially the 

paragonite + albite trend. Only two samples trend towards “ore” with chlorite alteration – 

often a key alteration in VMS deposits, but is typically only useful when in the actual 

deposit. The Turnback mafic samples fall in a tight cluster above the unaltered range 

and along the chlorite +carbonate line and possibly on the carbonate + sericite line. The 

felsic samples do not follow any one pattern but instead form their own trend, possibly a 

combination of trend (3) Chl ± Py ± Ser and (9) Ksp + Ab. Alteration plots such as these 

often require a high abundance of samples to provide certainty on apparent trends.  

Overall, there is further potential for a VMS or base-metal occurrence at both 

Sharrie and Turnback lakes. The volcanic belts were formed in a subaqueous 

environment, varying from submarine to shallow marine and with possible 

phreatomagmatic eruptions (Lambert, 1988). Bimodal volcanism at Sharrie Lake 

produced upwards of 20% each of felsic and intermediate flows and has gossanous 

lenses with a few promising base-metal showings. The presence of intermediate 
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volcanic flows presents the possibility of long lived volcanism and fractionation at depth 

providing heat for necessary for mineral concentration. Lastly, the felsic rocks at Sharrie 

and Turnback lakes have FII-rhyolite geochemistry – a chemical signature often 

associated with VMS deposits (Gaboury and Pearson, 2008; Hart et al., 2004; Lesher et 

al., 1986).  

 

9.3 – Sharrie and Turnback VMS potential versus known VMS deposits 

 

 The Slave craton’s VMS and base-metal deposits are predominantly hosted in or 

associated with FII rhyolites (Fig. 9.3). The deposits examined in the Northwest 

Territories include Sunrise, BB, Bear and DEB. Sunrise, BB and Bear deposits are 

within the Cameron-Beaulieu volcanic belts whereas the DEB deposit is in the 

MacKay/Courageous belt. The three deposits in the CBVB and the DEB deposit have 

FII-rhyolite signatures associated with the ore lenses. Primitive mantle normalized data 

from felsic rocks at Sharrie and Turnback lakes is compared to samples from the above 

mentioned deposits in Figure 9.3. The Sunrise, BB, Bear and DEB rhyolites share 

nearly identical REE signatures to the Sharrie and Turnback felsic rocks. There is a 

prominent negative Eu anomaly and flat to weakly sloped HREE trend. Other deposits 

globally also share this same FII-rhyolite pattern, such as Val D’Or (Gaboury and 

Pearson, 2008; Hart et al., 2004; Lesher et al., 1986; Piercy, 2010). These deposits are 

geochemically similar to the Sharrie and Turnback belts, which brings into question the 

differences that might exist between these locations and how they might influence the 

economic prospects at Sharrie and Turnback.  
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Figure 9.3: Primitive mantle normalized rare earth element patterns for felsic rocks. Grey field is Sharrie 
and Turnback lakes combined felsic samples. (A) Sharrie and Turnback felsic geochemistry compared to 
DEB, Sunrise, BB and Bear VMS deposits in the NWT portion of the Slave craton. (B) Sharrie and 
Turnback felsic geochemistry compared to Val D’Or district felsic rocks (data after Gaboury and Pearson, 
2008). Sunrise, BB and Bear deposits are represented in yellow field in (B). 
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9.3.1 – Sharrie and Turnback versus Sunrise and Bear deposits 

 

The Sunrise deposit is located in the Sunset subarea in the CBVB (See Fig. 3.1). 

Lambert (1988) describes the area comprising three formal and two informal units, 

amongst which are the Sunset Lake Basalt, the Alice Formation and rhyolite. Volcanic 

rocks in the Sunset Lake subarea are interpreted to have been deposited in a 

subaqueous to shallow water regime with possible subaerial periods. The majority of the 

subarea is overlain by the Sunset Lake Basalt, a subaqueous deposit of pillows, pillow 

breccias and hyaloclastites. Smaller volumes of the andesitic to dacitic Alice Formation 

flows and rhyolite units overlay and intercalate with the Sunset Lake Basalt. Further 

evidence of subaqueous deposition is present in the Alice Formation, including pillowed 

andesites, however the dacites tend to form as tuffs (occasionally welded), lavas and 

breccias suggesting shallow water to emergent environments. The rhyolite unit overlays 

and is locally intercalated with the Alice Formation. Domes and massive lavas with local 

autobrecciation, non-welded tuffs, and cross-cutting rhyolitic dykes are characteristic of 

the rhyolite unit. It is likely that the rhyolite units were deposited in a subaqueous 

environment (Lambert, 1988) due to the presence of non-welded tuffs and intercalation 

with pillow basalts and andesites. The Sunrise VMS deposit is hosted in slightly 

brecciated rhyolite tuff (Bleeker and Hall, 2007; Campbell, 2007; Padgham and 

Atkinson, 1991; Roscoe, 2003). The ore body is a banded, polymetallic Zn-Pb-Cu-Ag-

Au sulphide lens (Campbell, 2007; Padgham and Atkinson, 1991; Roscoe, 2003). The 

Bear deposit is located on Sunset Lake west of the Sunrise deposit. It shares a similar 

geology but the Bear deposit is composed of two massive sulphide lenses. The lower 
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lens lies between felsic sediments and carbonate exhalite, and the upper lens is hosted 

in a felsic tuff with strong sericitization and silica flooding (Padgham and Atkinson, 

1991).  

There are several similarities in the environment of deposition between the 

Sunset Lake subarea and the Tumpline subarea (Sharrie and Turnback lakes). Both 

exhibit evidence for subaqueous deposition, including pillow basalts and andesites, 

hyaloclastite and non-welded tuffs. The Turnback rhyolite forms coherent lavas, 

breccias and autobreccias, bedded tuffs and local welded tuffs. Lambert (1988) 

suggested the Turnback rhyolite was predominantly deposited in a subaqueous 

environment with intermittent subaerial emergence and eruptions. The Sharrie rhyolite 

tends to form more massive lavas and tuffs, likely the result of shallow water and 

possibly some subaerial eruptions (Lambert, 1988). Gossanous lenses and horizons do 

exist along the upper and lower contacts of the Sharrie rhyolite with the underlying 

basalt and overlying Burwash sediments. Unlike Sunrise and Bear deposits, sericite + 

quartz ± chlorite alteration is weak to moderate. It is yet to be determined whether the 

alteration forms mappable zones favourable to VMS deposits. In the comparison 

between Sunset and Sharrie and Turnback lakes, it is apparent that depth of deposition 

of the felsic rocks is crucial to the potential to host massive sulphide lenses. The 

Turnback rhyolite shows evidence for possible shallow water or subaerial eruptions, but 

less so than the Sharrie rhyolite. Deep water deposition is necessary to inhibit explosive 

eruptions thus allowing hydrothermal fluids to circulate and deposit sulphide minerals. 
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9.3.2 – Sharrie and Turnback versus BB deposit 

 

The BB deposit is the largest one of three zones at Indian Mountain greenstone 

belt, north of the east arm of Great Slave Lake, where the Kennedy Lake zone and the 

Kennedy Lake West zone host fewer tons of ore. Rock types present include basalt and 

andesite, amphibolite, mafic schist, felsic lavas and pyroclastic rocks and minor 

carbonate rocks (Johnson, 1974). Based on Johnson’s (1974) geology, the mafic rocks 

are pillowed to massive basalt with some well-bedded tuff horizons. The intermediate 

rocks are andesitic and are typically pillowed or massive with rare dacitic breccia. The 

felsic rocks vary from rhyolite to rhyo-dacite and they range from lava flows to 

fragmental and brecciated units, but their origin is difficult to determine due to the lack of 

primary structures. Alteration is highly concentrated in the upper most layers of the 

felsic unit and has been interpreted to have been caused by circulating hydrothermal 

fluids in the waning stages of volcanism. An “exhalite” unit in the upper portion of the 

felsic unit includes altered felsic rocks, carbonate/carbonate-cemented breccia and 

siliceous, pyritic tuff. The BB deposit is a massive sphalerite-pyrrhotite-pyrite body and 

has been documented as being at the same stratigraphic level as the exhalite (Johnson, 

1974).  

 As little literature is available on Indian Mountain and the geology of the BB 

deposit, it is difficult to compare it to Sharrie and Turnback areas with any certainty. It is 

worth noting that the BB deposit is correlative with an exhalite unit. Exhalites can be 

used for VMS exploration as their mineralogy and size can indicate proximity to the ore 

deposit (Slack, 2012). There is no evidence of an exhalite unit present at either Sharrie 
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or Turnback lakes. There is a carbonate bed with abundant quartz veining at the contact 

between mafic and felsic volcanics and siliceous sediments 2 km and 1 km, 

respectively, south of Devore Lake (Lambert, 1988). There is no evidence suggesting 

these units are exhalites or are related to mineralization. Thus far, the only notable 

difference between the BB deposit and Sharrie and Turnback lakes is an extensive 

exhalite unit.  

 

9.3.3 – Sharrie and Turnback versus Hood deposits 

A recent study on the geochemistry of the volcanic rocks at the Hood VMS 

deposits in Nunavut (Fig. 2.1) demonstrates that an FII-rhyolite pattern is also present in 

associated with the ore body (Mills, 2014).  The Hood deposits consist of three lenses 

and three occurrences. Two of the three lenses are hosted in, or are associated with, 

felsic tuffs or brecciated rhyolite/rhyo-dacite. The third lens is hosted in mafic volcanics. 

Alteration at or near the three lenses and occurrences is predominantly sericite + quartz 

+ chlorite (in varying degrees of intensity), where sericite and quartz alteration is 

stronger in felsic rocks and chlorite ± quartz is stronger in mafic rocks (Mills, 2014). Mills 

(2014) demonstrated that there were four possible types of felsic rocks at the Hood 

deposits and the felsic suite A was formed from a higher temperature melt (Hanchar 

and van Westrenen, 2007; Piercey et al., 2008; Watson and Harrison, 1983) and is host 

to the large massive sulphide lenses.  

There is an overall lack of pervasive and extensive intense alteration at Sharrie 

and Turnback lakes. This same difference arose when comparing Sharrie and Turnback 

with the Sunset Lake area. Geochemical and physical characteristics at Sharrie and 
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Turnback rhyolites are nearly indistinguishable from those found at the Hood deposits, 

but the necessary alteration is either non-existent or has yet to be mapped adequately. 

It should be kept in mind that the Hood, Sunrise and BB studies are directly in the VMS 

deposits, whereas this project primarily focuses on tectono-stratigraphy geochemistry of 

the volcanic rocks and provides insight into the volcanic belts as a whole. 

 

9.3.4 – Sharrie and Turnback versus Val D’Or, Quebec 

 

 The Val d’Or mining district, Quebec, is located in the Abitibi greenstone belt, one 

of world’s richest VMS-bearing belts (Gaboury and Pearson, 2008; Rodney et al. 2002). 

The district hosts in excess of 60 Mt of Cu-Zn-Ag-Au ore from six deposits, including 

East Sullivan and Louvicourt (Jenkins and Brown, 1999). Due to the deformation history 

of the Abitibi greenstone belt the Val D’Or deposit occurs as a monoclinal and laterally 

extensive sequence stratigraphically above its synvolcanic pluton (Daigneault et al., 

2004). The Val D’Or district volcanic geology consists of subaqueous volcano-

sedimentary deposits, dominated by intermediate to felsic volcaniclastic rocks, directly 

overlying the synvolcanic granodioritic Bourlamaque pluton (Gaboury and Pearson, 

2008 and reference therein). Scott et al. (2002) assessed these rocks to be products of 

arc volcanism. The majority of the felsic rocks in this district share an FII REE and Zr/Y 

signature with relatively minor FIII-rhyolites or dacites present. Each deposit in the Val 

D’Or district varies slightly from one another, but most FII- and FIII-rhyolites are 

associates with or host the VMS deposits and tend to have low abundances of 

phenocrysts (Gaboury and Pearson, 2008). 
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 The Val D’Or district is an excellent comparator to Sharrie and Turnback lakes 

such that they are both dominated by FII-rhyolites and dacites yet Val D’Or is 

considerably more prosperous than either Sharrie or Turnback lakes under their present 

state of exploration. The REE patterns from these belts are geochemically similar (Fig. 

9.3) The rhyolites and dacites at Sharrie and Turnback lakes are variably quartz- and 

feldspar-phyric (up to 25% phenocrysts) unlike those at Val D’Or which tend to be 

aphyric or have low phenocryst abundances (Gaboury and Pearson, 2008). Low 

amounts of phenocrysts and microphenocrysts are characteristic of high temperature 

rhyolites, such as FIII-type rhyolites (Hart et al., 2004). However, Gaboury and Pearson 

(2008) point out that the majority of the Abitibi VMS deposit rhyolites sampled in their 

study are variably phenocryst-rich. An explanation for this inconsistency is the presence 

of a subvolcanic magma chamber(s) above zones of magma generation (Gaboury, 

2006; Gaboury and Pearson, 2008; Galley, 2003). This same explanation could be 

tested against the Sharrie and Turnback rhyolites; however the phyric nature of the 

rhyolites could also be indicative of a barren environment. Lastly, the Val D’Or district 

was formed in an arc environment. The Sharrie and Turnback belts were formed in rift 

environments, but there has yet to be sufficient evidence to support an arc or back-arc 

environment (i.e. the arc-related volcanic and plutonic rocks; Cousens et al., 2005). It is 

inconclusive whether this difference in tectonic setting is sufficient enough to determine 

a belt’s potential to host a VMS deposit.  
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9.4 – Summary 

 

 Although there are some key differences between Sharrie and Turnback lakes 

and other VMS deposits with FII-rhyolite signatures, the environment indicates a 

potentially economic environment of formation. Sharrie and Turnback belts share an FII-

rhyolite signature that has been shown host moderate to large VMS deposits (i.e. Val 

D’Or district). A downfall to relying on this geochemistry alone is there are only 

approximate constraints on depth of magma emplacement, degree of alteration, or 

environment of deposition. In this case, field relationships and unit stratigraphy are 

important to the development and understanding of economic potential. Sharrie and 

Turnback belts indicate periods of deposition in shallow water to subaerial settings, 

which is a deterrent for VMS exploration. However, there are locations in each belt that 

host high-value showings and have encouraging stratigraphy and alteration. High 

density geochemistry and outcrop scale mapping would be required to fully assess the 

potential of the Sharrie and Turnback volcanic belts.   
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Chapter 10: Summary and Conclusions 

 

 The Neoarchean volcanic belts in the Slave craton, Northwest Territories share 

similar petrographical features and have geochemically similar mafic and intermediate 

volcanic rocks, despite the distance between belts. Differences in isotopic signatures 

and felsic volcanic rock geochemistry suggest a heterogeneous and, potentially, 

evolving source.  The volcanic rocks were emplaced in a rift setting, as supported by the 

geochemistry and isotopic analyses of the volcanic rocks. Regionally, mafic volcanic 

rocks have MORB-like to E-MORB-like geochemistry with evidence for crustal 

contamination and some arc-like affinities. The arc-like signatures are a result of minor 

crustal contamination and metamorphism, as there is little evidence for arc-volcanism in 

the Slave craton (voluminous andesite, sedimentary accretionary prisms, paired 

metamorphic belts, etc.). Their shared geochemistry is the result of similar petrogenesis 

and origin from a compositionally similar mantle source. Intermediate volcanic rocks 

share nearly identical geochemical signatures even though they are present in only a 

few volcanic belts and are generally low in volume. True andesite can be formed by only 

a few processes, including mixing of mafic and felsic magma, fractional crystallization 

from a mafic parent, or hydration and partial melting of oceanic crust with subsequent 

interaction with mantle peridotite. As there is no evidence for magma mixing and 

hydration and partial melting of oceanic crust requires a subduction zone, fractional 

crystallization plus crustal assimilation remains as the most likely process of formation 

of intermediate rocks. The arc-like signature can be achieved through small amounts of 

crustal assimilation. This theory can be tested further with more detailed work on 
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volcanic belts that have intermediate volcanic rocks (i.e. Sharrie Lake belt). Across the 

Salve craton, the felsic volcanic rocks show the most variability both in physical 

characteristics and geochemically. There are two distinct felsic REE trends – a Kam-like 

REE pattern and a Banting-like REE pattern – and both signatures can be present in the 

same volcanic belt (for example MacKay Lake volcanic belt). The Kam-like signature 

has a pronounced, negative Eu anomaly and flat HREEs, while the Banting-like 

signature has enriched LREE and depleted HREE. These two signatures were first 

described in the Yellowknife volcanic belt and have been used to define felsic volcanic 

rocks throughout the Slave craton. Felsic volcanic rocks with a Kam-like signature were 

produced by a combination fractional crystallization and minor assimilation of crustal 

material and by partial melting at medium-low pressure and high temperatures from 

amphibole-bearing source. Evidence for minor crustal assimilation is present at Sharrie 

and Turnback lakes, but this is not the case for all volcanic belts in the Slave craton. 

The Banting-like felsic rocks were produced through partial melting of crust from an 

amphibole-bearing source with minor amounts of garnet. Assimilation-fractional 

crystallization models for belts with Banting-like felsic rocks would need to be examined 

to provide more insight into their formation. Interestingly, the majority of the volcanic 

belts in the Slave, however, are neither Kam (ca. 2700 Ma) nor Banting (ca. 2666 Ma) in 

age and fall between 2670 to 2690 Ma, with only a few localities that are true Banting 

equivalent. This restricts the extent of the true Banting (2661 Ma) to Yellowknife 

greenstone belt, and one or two other volcanic belts. This opposes the previously 

defined stratigraphy of the Slave craton where the majority of volcanic belts outside of 
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Yellowknife were considered to be Banting or Banting-equivalent rocks (Bleeker, 2002; 

Bleeker et al,. 2004; Cousens et al., 2005; Henderson, 1985; Lambert, 1988). 

 The Sm-Nd isotopes of the regional data indicate a heterogeneous source for the 

volcanic rocks with variable amounts of crustal contamination. There is a weak 

geographical trend in isotope data moving from Yellowknife east towards Indian 

Mountain, where 𝜀𝑁𝑑
𝑇  values increase eastward. This trend could reflect the degree of 

basement interaction, as it has been proposed that the old basement crust thins and 

disappears in the east Slave craton and the overlaying volcanic belts have more 

juvenile signatures as a result of this. This supports an attenuated rift environment from 

2700 Ma to 2660 Ma. Previous isotopic studies suggest a different crustal component in 

portions in the western Slave craton; however isotope data from this study show no 

conclusive evidence for this. On a whole, the mafic volcanic rocks have higher 𝜀𝑁𝑑
𝑇  

values than felsic volcanic rocks in the same belt which indicate crustal contamination 

had a greater impact on the felsic volcanic rocks. The more negative 𝜀𝑁𝑑
𝑇  values in felsic 

volcanic rocks could be produced from either partial melting of the crust (i.e. Banting-

like rhyolite production) or from assimilation during prolonged crustal residency. The 

intermediate volcanic rocks show a wide spread in isotope values and could indicate a 

separate source in some areas.  

 Sharrie and Turnback belts are geochemically similar to other volcanic belts in 

the Slave craton. These belts are the product of rift volcanism, fractional crystallization 

and minor crustal contamination. The mafic volcanic rocks at Sharrie and Turnback 

have E-MORB signatures, a result of minor crustal contamination, and mostly positive 

𝜀𝑁𝑑
𝑇  values. The intermediate volcanic rocks are present only at Sharrie Lake and are 
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geochemically and isotopically similar to regional intermediate packages. Assimilation 

and fractional crystallization curves indicate they are produced from a similar source as 

the mafic volcanic rocks at both Sharrie and Turnback lakes, but were modified through 

the reaction crustal material. The felsic volcanic rocks from Sharrie Lake and Turnback 

Lake are geochemically indistinguishable. They have a Kam-like signature and were 

produced through fractional crystallization from mafic and intermediate parents. Their 

inconsistent 𝜀𝑁𝑑
𝑇  values indicate variable degrees of crustal contamination and the 

potential for a somewhat heterogeneous source.  

 The Slave craton houses several VMS deposits and showings, but the only ones 

in production are in Nunavut and brings question to economic potential in the Northwest 

Territories portion of the Slave craton. Some volcanic belts have good at-surface 

indicators for base-metal mineralization, such as extensive gossanous zones and 

lenses, grab samples with high assay values and tuffaceous horizons denoting a hiatus 

in volcanic activity, but without detailed geochemistry and alteration zone mapping 

prospective deposits might go undiscovered. Sharrie and Turnback lakes belts have 

several key features typical of VMS deposits, including their geochemistry. Known base-

metal deposits in the Slave craton are hosted in or closely associated with FII rhyolites 

and formed in a subaqueous setting. The felsic volcanic rocks at Sharrie and Turnback 

lakes share similar geochemistry to other known Slave deposits, including the Hood 

deposit in Nunavut and Sunrise, BB, Bear and DEB deposits in the Northwest 

Territories. In addition, the volcanic stratigraphy and physical characteristics at Sharrie 

and Turnback are very similar to those at other Slave VMS deposits. While FII rhyolites 

tend to be less prospective than FIII rhyolite, this FII-signature is associated only with 
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felsic rocks with Kam-like geochemistry and seems to prevail in the Slave craton’s VMS 

deposits. While not all belts with Kam-like felsic rocks have associated VMS deposits, 

the fact that all the VMS deposits in the Slave craton possess this signature indicates 

that these belts are more prospective than belts with Banting-like dominated felsic 

rocks.  

 This study was focused on the litho-tectonic evolution and stratigraphy of the 

Slave craton’s volcanic belts from a regional perspective and in more detail in the 

Cameron-Beaulieu Volcanic Belts. Reconnaissance work done in this project has 

provided a baseline and a tool for comparison in future work. The detailed work done at 

Sharrie and Turnback lakes provides local insight into magma emplacement 

mechanisms, evolution and potential for economic mineralization. Future work should 

focus on detailed geochemistry, transect mapping and isotopic analyses to enhance the 

understanding of the origins of the Slave craton and actively encourage mineral 

exploration in volcanic belts that are easily accessible to Yellowknife.  
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Appendix A: Field Observations and Petrographic Descriptions 

Table A.1: Field descriptions of Slave-wide volcanic samples collected in 2012 and volcanic samples from Sharrie and 
Turnback lakes collected in 2013. See abbreviations in Table A.3 and A.4. 
 

Reconnaissance Collection (2012) 

Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

12-YK-04 
12-YK-05 

~100% Hbl (±Cpx) + 
Pl 

Vcg, melanocratic gabbro dyke with 1-3 cm Hbl nodules protruding on 

weathered surface. Weak chl throughout, gives it a schistose texture. Fx is light 

grey, fg-cg. Wx is slightly bleached, buff colour. Pl poor (<40%). Porphyroblasts 

of mafic minerals (hbl or cpx?). Could be cumulate portion of sill/dyke. Sample 

04 is dyke margin. Sample 05 is dyke interior. 

Chl Gabbro dyke 

12-YK-06 

10-15% Fsp and Qz 
phenocrysts 
85% felsic matrix 

Qz-fsp porphyry dyke. Cg fsp and qz in a fg matrix. Grains are anhedral/jagged 

to slightly subrounded. ~0.5cm max size of phenocrysts, but grain size is highly 

variable. Wx is buff-beige to pink. Fx is light grey. Unit is x-cutting gabbro sill 

with no chill aureole or alteration, and x-cuts host felsics. Qz % is slightly lower 

than Fsp %. Some mus and phyllosilicates present 

 Pl-porphyry 
dyke 

12-YK-07 

~5% Qz and 15% 
Fsp phenocrysts 
80% felsic matrix 

Felsics volcanic rock. Fg, fewer Qz phenocrysts than Fsp. Phenocrysts are <3 

mm in size. Stringers if Qz running x-cut fabric.  Wx is light pink to buff. Fx is 

light grey with pink. Minor py blebs, <0.1% mineralization. Weak fabric, trending 

~N, stringers ~N 

 Qz-Fsp 
porphyritic 
rhyolite 

12-YK-08 

Mafic Pillow basalt. Fg, fairly massive cores with no apparent fabric or other features. 

<1% Qz stringers. Pillows are stretched and elongated (flattened) in N-S 

orientation. Cusps not very apparent, but drainage cavities indicate tops to East. 

1-3 cm thick selvages, pillows are upright. *Cycle 2 basalts* 

Chl Basalt 

12-YK-09 

5% Qz phenocrysts, 
10% Bt, 10-15% Fsp 
70% Felsic matrix 

Fg-mg, felsic tuff interbedded with mafic tuffaceous layers. Felsic beds ~ 10-15 

cm thick, Mafic beds ~ 1-3 cm. Tuff has ~25-35% felsic clasts. Unit is x-cut by 

gabbro then qtz-feld porphyry dykes. 5% cg, Qz phenocrysts, ~10% bio (fg). Wx 

is dark grey to buff. Fx is light grey-white. 

 Felsic Tuff 

12-YK-10 

Mafic Pillow basalt. Fg, massive to weakly deformed cores, few to no Qz stringers. 

Pillow are 30-40 cm in size. Wx is dark grey to rusty with preferential weathering 

of mafic minerals (i.e. pl resists). Fx is med grey 

Chl Basalt 

12-YK-11 
5-10% Pl 
phenocrysts 
90% mafic matrix 

Pl porphyry dyke (mafic) in contact with pillow basalts. Possible dyke x-cutting 

pillows or as a part of a flow? Porphyry dyke (?) = Pl phenocrysts up to 1.5 cm 

 Basalt 
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Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

12-YK-12 

Mafic Pillow basalts with tops to West (~290). Fx is light grey. Nearly 

massive/featureless cores. Pillows have well developed selvages, 1-3 cm thick. 

In contact with fragmental rhyolite. 

Chl Basalt 

12-YK-13 

15-20% Qz and Fsp 
phenocrysts 
80% felsic matrix 

Rhyolite/felsic volcanic rocks are cg and porphyritic with Fsp and Qz 

phenocrysts. Some Fsp phenocrysts are up to 0.7 cm. Qz phenocrysts are 

pervasive throughout. Flow banding and lobes present. Matrix is somewhat 

brecciated and rusty. “Millrock” 

 Rhyolite 

12-YK-14 

Mafic Fg, massive with possible weak fabric pillow basalts. Pillows with well-defined 

selvages. No tops apparent. Layered mafic volcanics further down section. 

Strong, pervasive foliation and deformation in layered mafics (less competent) 

 Basalt 

12-YK-15 

45-55% felsic 
fragments 
~50% felsic matric 

Rusted felsic volcanic unit, fragmental/brecciated rhyolites (fragments from 

autobrecciation?). Fragments/clasts vary from lapilli to bombs. Rusting is strong-

moderate and is most intense in groundmass. Fragments tend to be weakly to 

moderately rusted. Fragments are flattened and are rounded to subrounded.  

“Rusting” Rhyolite 

12-YK-16 

10% Pl phenocrysts 
10% Hbl/Cpx 
phenocrysts 
80% mafic matrix 

3m thick, variably porphyritic dyke with Pl phenocrysts. Phenocrysts are ~1-2 
mm in size. Hbl/Cpx phenocrysts are somewhat observable, but difficult to 
accurately identify. Unit x-cuts rhyolite (sample 12-YK-15). 

 

12-YK-17 

Mafic Pillow basalt with flow top breccias. Flow breccias are often interstitial and 

rusted, and have sharp contact between flow breccia and overlying pillows. 

Local scoria (pyroclastic mafic volcanic rocks). Fragments are vesicular; appear 

mottled and blotchy on weathered surface. Fragments have slightly higher relief 

than groundmass and are elongated/deformed, but rounded. Local thickness of 

package ~10-15m 

“Rusting” Basalt 

12-YK-18 

~5% Felsic 
Fragments 
95% felsic 
groundmass  

Rhyolite. Wx is white to rusty orange. Fx is light grey and crystalline. Variably 
fragmental. Local areas of rough, weathered out patched (often rusted) occur 
throughout. Fragments are flattened, but generally rounded. *Sample may not 
be homogenous.* 

 Rhyolite 

12-YK-19 

Felsic Rhyolite flow. Nearly massive, few to no fragments (<1%). Unit is very Si-rich 

with local flow banding. ~10m Qz vein, x-cutting rhyolite. Wx is white to very light 

pink-grey. Fx is light grey, siliceous appearance 

Sil Rhyolite 

12-YK-20 
45% Pl, 55% 
Hbl/Cpx 

Pillow basalt/intermediate (andesite?). Mg, fairly massive interior of pillow. 
Hbl/Cpx and Pl dominant. Pillows = 10-40 cm. Variable in size. Cg nature could 
be the result of alteration or metamorphism. Possible silicification 

Sil Basalt/Andesite 
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Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

12-YK-21 

15% Qz and 15-20% 
Fsp phenocrysts 
65% Felsic matrix 

Qz-Fsp porphyry dyke, x-cuts stratigraphy. Relatively less deformed than 
rhyolite it x-cuts. Wx is light grey, little to no rust, Pl phenocrysts apparent. Fx is 
light grey. Qz, Fsp, mus +/- bt phenocrysts. ~1.5 m thick, but variable in 
thickness. Syn-volcanic dyke? 

 Rhyolite 

12-YK-22 

100% felsic matrix 
(<2% Qz and Fsp 
phenocrysts) 

Massive rhyolite dome (?). <2% phenocrysts. Qz veining and Qz flooding is 
common (~5-10% Qz veins present, locally up to 20%). Flow banding present 
and made apparent with preferential Ser of different compositional layers. Wx is 
buff to light-rusted orange. Fx is light grey, uniform/equigranular 

 Banded rhyolite 

12-YK-23 

Mafic/intermediate  Large, “mega” pillows. Rocks appear lighter in colour or bleached, possibly due 

to silicification (light brown-grey). Qz eyes/phenocrysts occur occasionally. 

Matrix is fg and minerals are unidentifiable in hand sample. Highly vesicular 

(~15-20%). Occasional drainage cavities present? No cusps to pillows visible.  

Rims are 3-10 cm thick and glassy. Rims are detached or separated from cores 

(weathering feature). Pillows are consistent in size and shape (70-100cm) 

Sil Basalt/Andesite 

 

Sharrie and Turnback Collection (2013) 

Sample General Mineralogy Field/Hand Sample Description 
Alteration/ 
Metamorphism 

Rock Name 

13BW1007B 

20-25% Fsp phenocrysts 
(Pl?) 
75-80% matrix (Qz, Fsp) 

Porphyritic, fg felsic volcanic rock with Fsp phenocrysts. Groundmass is 
siliceous with minor feldspars. Phenocrysts are 1-3 mm in size. Wx is light 
grey with some rusty patches. Fx is light grey to white. Outcrop near trenched 
gossanous body (base-metal showing) 

Sil Rhyolite 

13BW1007C 

100% matrix (felsic 
minerals, ash) 

Strongly foliated and possibly bedded felsic tuff. Groundmass is composed of 
ash ± Qz. Wx is white to beige with light grey layers. Fx is beige to light grey. 
Tuff unit is thin (15-30 cm wide) and intercalated with basalt and possible 
mafic tuff layers. 

Sil? Rhyolite 

13BW1007D 
<10% Pl phenocrysts 
~90-95% matrix 

Strongly foliated, mafic volcanic rock with <10% Pl phenocrysts (<1mm in 
size). Unit is folded with some (<15%) poorly formed pillows. Wx is dark grey-
green. 

Chl+amph? Basalt 

13BW1009A 

10-15% Fsp and 5% Qz 
phenocrysts, 10% grt, 
70% felsic matrix 

Moderately foliated felsic rock with Fsp (Pl?) and Qz phenocrysts, up to 2 mm 
in size. Grt porphyroblasts are stretched, forming a mineral stretching 
lineation parallel to foliation. Grt are ~10-15mm in size. Possible sediment 
mixing with felsic volcanic 

Amphibolite 
facies (Grt) 

“Dirty” Rhyolite 
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Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

13AB2015A 

Felsic  Nearly massive felsic volcanic rock, few to no (<1%) Fsp/Qz phenocrysts. Wx 
is buff-pink to light grey, local colour variations due to weathering and subtle 
compositional differences. Fx is light grey, siliceous in appearance. At 
outcrop, rock fractures into layers ~5-7 cm thick (freeze-thaw fractures). 
Surrounding massive unit is a coarsely fragmental felsic volcanic unit with up 
to bomb sized fragments of similar composition to the massive portion. 

Sil Rhyolite 

13AB2017A 
5-10% Fsp and 5% Qz 
phenocrysts, ~90% 
matrix 

Weakly porphyritic rhyolite with 5-10% phenocrysts up to 2 mm in size. Trace, 
disseminated sulphides, <1% Bt. Wx is white to grey, locally light pink. 
Possible bedding distinguished by preferentially sericitized layers 

Ser Rhyolite 

13AB2018A 

~55% massive felsic 
fragments in a fg matrix 
with 10% Fsp/Qz 
phenocrysts 

Fragmental felsic volcanic rock. Fragments are rounded and flattened, and 
vary from bomb to lapilli size. Fragments share similar composition – 
massive, vfg felsic rock. Matrix is fg with ~10% Fsp (Pl) and Qz phenocrysts 
up to 2 mm in size. Matrix appears weakly-moderately rusty 

 Fragmental 
Felsic 

13AB2019A1 
13AB2019A2 

~90-95% mafic-
intermediate mineral 
~5% Fsp 
phenocrysts/amygdules? 

Mg mafic/intermediate pillows. Pillows are flattened and up to 1 m in length. 
Str Ep + carb altn of cores and rims. Cores appear less altered than glassy 
selvages. Rims are 2-5 cm wide, and there is abundant inter-pillow breccia 
and glass (possible hyaloclastite). Possible Pl phenocrysts or amygdules in 
cores. Pillow cores have “spotty cg hbl” altn. Sample A1 = pillow core. 
Sample A2 = pillow selvage 

Hbl 
Ep + Carb 

Hbl-Andesite 

13AB2020A 

5-10% Fsp (Pl) 
phenocrysts, 90-95% 
mafic matrix 

Weakly porphyritic to locally massive. Pl phenocrysts are 1-3 mm in size. 
Matrix is mafic-intermediate minerals, too fg to distinguish. Possible minor Qz 
phenocrysts (2-3%) visible. Locally vesicular – 10% vesicles. Wx is medium 
grey. Fx is light to medium grey. 

 Mafic-Int 
volcanic 

13AB2021A 

Mafic Pillow mafic-intermediate flow. Pillows are flattened and are up to 1 m in 
length. Pillow cores have cg Hbl “spotting”. Selvages are 2-5 cm thick, glassy 
and have wk bt altn. Some autobrecciation between pillows and flow top 
breccia. Local “rusty” patches in breccia. Sample was taken near contact with 
felsic volcanic unit 

Hbl 
bt 

Basalt 

13AB2021B 
10-15% felsic fragments 
85-90% felsic matrix 

Fragments are lapilli to ash size, flattened and rounded. Fragments appear to 
be composed of massive felsic volcanic rock. Matrix is fg with few to no 
observable phenocrysts. Wx is beige to buff 

 Rhyolite 

13AB2023A 

5% Hbl, 95% mafic 
matrix 

Pillowed mafic/intermediate flow. Cores are mg-cg with patches/spotty Hbl 
clusters with Pl. Hbl crystals appear to be radiating. Degree of “spotty” texture 
varies amongst pillows from 10% “spots” to 30%. Matrix is predominantly 
mafic minerals. Pillow selvages are glassy, bt-rich. Local inter-pillow breccia. 
Flow top breccia present at upper and lower contacts, but is not laterally 
continuous. Rusty patches within breccia layers.  

Hbl 
Bt 

Int. volcanic or 
altered basalt 
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Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

13AB2025A 
13AB2025B 

5-10% Pl phenocrysts 
90-95% mafic matrix 

Pillow basalt. Pl phenocrysts are 1-2 mm in size, evenly distributed in pillow 
cores. First 9 m at top of unit, pillows are small (<30 cm long), flattened, and 
highly vesicular. Selvages are thin (~1cm) and irregular (undulating). Lower 
portion of the unit to lower contact, pillows increase in size (up to 1 m length), 
have low to no vesicularity, and develop ep + carb ± sil altered cores. 15-20% 
of cores are altered. Selvages become thicker (2-3 cm wide) and less 
undulating. Local inter-pillow breccia. Sample A = from first 9 m (vesicular 
pillows). Sample B = middle of unit (area with altered cores) 

Ep, Carb ± Sil Basalt 

13AB2026A 
13AB2026B 

15% felsic fragments 
Groundmass – 15-20% 
Fsp and 5% Qz 
phenocrysts, 75% felsic 
matrix 

Fragmental felsic volcanic rock with possible rusty flow top breccia at upper 
contact. Fragmental rhyolite has a matrix with ~20% Fsp (Pl?) and ~5% Qz 
phenocrysts (1-3 mm size). Phenocryst abundance increases towards lower 
contact (away from flow top breccia) – 20% Fsp and 30% Qz phenocrysts (1-
5 mm size). Fragments appear to be of uniform composition (nearly massive, 
fg felsic volcanic rock). Fragments are flattened and up to 10 cm long, 
average is ~5 cm length and under. Local Ser altn in matrix. Upper breccia is 
gossanous and pervasively rusted. Breccia is phenocryst poor (<5%). Locally 
high rusting, particularly between breccia fragments. Sample A – Fragmental 
felsic. Sample B – Gossanous breccia 

Ser 
“Rusting” 

Rhyolite 
+ “Dirty” 
Rhyolite 

13AB2027A 

Mafic Fg, pillow basalt with 5% Qz ± Pl amygdales. Weak (2-5%) vesicularity. 
Pillows are rounded to oval shaped. Flattening length: width is 5:4. Cores are 
unaltered. Selvages are glassy and are 2-3 cm thick. Somewhat continuous 
with pinch-and-swelling flow breccias occur between pillowed layers. Breccia 
fragments are flattened and up to 7 cm long. 5-7% amgdules present in flow 
breccia. No inter-pillow breccias present. Breccia might be taking up the 
strain of deformation. 

 Basalt 

13AB2028A 

5% felsic fragments 
Groundmass – 15% Qz 
and 10% Fsp 
phenocrysts, 75% felsic 
matrix 

Fragmental felsic volcanic with ~5% felsic fragments in a porphyritic, felsic 
groundmass. Fragments are massive, white, felsic lapilli. Qz and Fsp 
phenocrysts in the groundmass are 1-3 mm size. Fsp phenocrysts are more 
readily apparent in weathered surface and appear to be locally higher in 
abundance. Wx is white-pink to light beige. Fx is light grey to white and Qz 
phenocrysts are more obvious. Local Qz stringers  

Sil? Porphyritic 
Rhyolite 

13AB2029A 

5% grt porphyroblasts, 
5% Pl phenocrysts 
(amygdales?) 
90% intermediate matrix 

Intermediate pillowed flow. Pillows are flattened and irregular shaped and are 
“bleached” colour. 5-10% vesicles in cores. Selvages are glassy and range 
from 3-7 cm thick (thickness varies both within and between rims). Few (~1%) 
Pl phenocrysts within pillow cores. Possible 5% Pl/Qz + Cal amygdales in 
both cores and inter-pillow material. Grt porphyroblasts are up to 2 cm size. 
They are confined to inter-pillow material and often form in clusters or layers.  

Sil 
Hydrothermal 
altn 

Int. volcanic 
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Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

13AB2030A 

5-10% Pl phenocrysts 
90% mafic matrix 

Pillow basalt with ~5%Pl phenocrysts (1-4 mm in size) in cores, locally more 
abundant (up to 10%). Locally vesicular (up to 5%) in pillow cores. Pillows are 
flattened and are irregularly shaped. Selvages are brown in colour, devitrified 
and are 3-5 cm thick. 2-5% of pillow cores are Ep + Carb altered.  

Ep 
Carb 

Basalt 

13AB2031A 

5-10% Pl phenocrysts 
90% mafic matrix 

Pillow basalt with Pl phenocrysts 1-3 mm size in cores. Approx. 5-10% of 
pillow cores are ep + carb altered ± Sil. Selvages are thin (<1 cm thick), 
glassy and are attached to cores (not weathered out). Between pillows, 
recesses occur between selvages of different pillows. Wx is dark grey-green. 
Fx is medium to dark grey. Surface is soft to scratch  

Chl Basalt 

13AB2032A 

5% Grt porphyroblasts 
95% intermediate matrix 

Intermediate volcaniclastic unit. Locally pillowed. Pillows are flattened and 
irregular in shape. Pillows range from 10-30 cm in size. Grt porphyroblast 
range from a few mm to 2 cm in size and they form in layers and in clusters. 
Grt not seen in pillowed portion of unit. Local layering? Bt + Pl ± Hbl 
observable in groundmass 

 Dirty Int. 
Volcanic 

13AB2033A 

5% felsic fragments 
Groundmass – 15-20% 
Qz and 10-15% Fsp 
phenocrysts, 65% felsic 
matrix 

Fragmental felsic volcanic rock with porphyritic groundmass. Fragments 
comprise 5-10% of the unit and are lapilli sized. They are flattened, 
subrounded, and massive with no standout features. Groundmass has 15-
20% Qz phenocrysts (1-3 mm size) and 10-15% Fsp phenocrysts (1-2 mm 
size). Possible local silicification. Locally, unit appears massive or phenocryst 
poor. Possible layering. Wx is beige to white/light pink 

Sil Porphyritic 
Rhyolite 

13AB2039A 
<1% grt 
99% mafic/intermediate 
matrix 

Fg pillow basalt/andesite located within gabbroic intrusion. Pillows appear to 
intercalate with mafic intrusion in some locations. Pillows are flattened and 
are weakly vesicular (~5% vesicles) 

 Basalt/Andesite 

13BW1214A 

20-25% Fsp, 10% Qz 
phenocrysts 
65% felsic matrix 

Porphyrytic rhyolite with possible flow banding or layering. Unit comprises 
several layers with sharp contacts between each. Layers vary in competency, 
coherency, colour, and grain size (fg-mg). Layers vary form a few cm thick to 
10s of cm. Possible reworked volcaniclastic material? Phenocrysts are 1-2 
mm size with locally phenocryst poor areas. Fabric wraps around 
phenocrysts. Wx is light grey to pink-beige 

 Porphyritic 
Rhyolite 

13BW1214B 

10-15% Pl phenocrysts 
85% mafic matrix 

Mafic flow breccia. Fragments in breccia are flattened, rounded to irregular 
shaped edges, and up to 15 cm length. Some fragments have a chill/baked 
margin. Locally fragments are mg with 10-15% Pl and Hbl phenocrysts (2-5 
mm size). Overall, phenocrysts are 1-4 mm size. Unit is in contact with felsic 
volcanic unit (sample 13BW1214A). Wk Chl 

Chl ± Hbl Basalt 

13BW1215A 

10-15% Qz, 15-20% Pl 
phenocrysts 
65% felsic matrix 

Porphyritic, fg rhyolite with ~35% phenocryst (Qz and Pl). Phenocrysts are ~1 
mm in size. Pl phenocrysts vary locally in abundance (up to 25% abundance). 
Wx is beige to light grey with local rusty patches. Rilled weather surface. 
Layering evident, tops unknown. 

 Porphyritic 
Rhyolite 
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Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

13BW1215B 

5% Pl phenocrysts 
95% mafic matrix 

Mafic pillows and flow top breccia. Pillows are flattened and irregular in 
shape. Selvages not always present or visible. Breccia fragments are 
irregular to subrounded and flattened, up 10 15 cm length. Pl phenocrysts are 
in pillow cores and are ~1 mm in size. 

Chl Basalt 

13BW1216A 

15% felsic fragments 
10% Qz, 20% Fsp 
phenocrysts 
70% felsic matrix 

Porphyritic, fragmental felsic volcanic rock. Flattened lapilli sized fragments 
(1-1.5 cm long). Fragments are mostly massive felsic rock. Phenocrysts are 
mostly in groundmass and are 1-3 mm in size. Some evidence of layering or 
beds present. Wx is light grey to tan, locally rusty and gossanous. *felsic unit 
near Py showing* 

 Porphyritic and 
Fragmental 
felsic volcanic 

13AB2212A 
5% Pl phenocrysts 
95% mafic matrix 

Fg pillow basalt with <5% Pl phenocrysts in pillow cores (~1 mm in size). 
Pillows are flattened and slightly sheared are 30-150 cm length. Selvages are 
1-5 mm wide. Pervasive Chl. Wx is dark grey-green 

Chl Basalt 

13AB2213A 
15-20% Qz, 20-25% Fsp 
phenocrysts 
55% felsic matrix 

Coherent, porphyritic rhyolite. Phenocrysts are 2-4 mm in size, groundmass is 
vfg and minerals are unidentifiable. Wx is buff to smoky grey with local mod-
str ser altn. Ser altn occurs along bands (?) or with foliation (?) 

Ser Porphyritic 
Rhyolite 

13AB2214A 
10% Pl phenocrysts 
90% mafic matrix 

Pillow basalt. Pillows are flattened (length:width – 7:1) and are 15-30 cm wide 
and 100-250 cm long. Pillow selvages are 1-8 mm thick, locally not 
observable. Pervasive Chl. Wx is dark grey-green 

Chl Basalt 

13AB2215A 

10-15% fragments 
Groundmass – 10% Qz 
20% Fsp phenocrysts 
70% felsic matrix 

Porphyritic fragmental felsic volcaniclastic. Fragments comprise 10-15% of 
unit and are lapilli (1-6 cm, avg. = 3 cm), they are subrounded and elongate. 
Fragment composition varies, 2-3 types: (1) Light brown, fg felsic 
volcaniclastic ± Bt, (2) mafic volcanic with 60% Hbl and 40% Pl, chl altn, and 
(3) Felsic volcanic with Fsp phenocrysts. Mafic fragments are least abundant 
(20%) and other two are ~equal abundance. Groundmass is porphyritic with 
Qz and Fsp phenocrysts (1-5 mm size). Wk Ser throughout 

Ser Fragmental 
felsic volcanic 

13AB2216A 
10-15% Pl phenocrysts 
85% mafic matrix 

Pillow basalt with Pl phenocrysts (1-3 mm in size). Phenocrysts are 
predominantly in cores. Pillows are flattened and are 30-150 cm length. Pillow 
selvages are 1-8 mm thick, glassy. Pervasive, wk-mod Chl 

Chl Basalt 

13AB2217A 

20% Qz, 20-25% Fsp 
phenocrysts 
55% felsic matrix 

Well foliated rhyolite with ~45% phenocrysts (1-5 mm in size). Phenocrysts 
are evenly distributed. Possible layering or banding. Wx is buff to grey white. 
Fx has sugary appearance (Sil). Ser altn throughout, but concentrated along 
“layer/band” boundaries. 

Ser 
Sil 

Fragmental 
felsic volcanic 

13AB2218A 

Mafic Pillow basalt in contact with granite intrusion. Unit is x-cut by several granitic 
dykes and Qz veins. Wx of pillows is dark grey-black. Pillows are elongate; 3-
5 cm wide and 50-150 cm long. Selvages are glassy and are thin (2-8 mm 
wide). Few Pl phenocrysts visible (<1%) in pillow cores. Pervasive Chl altn. 
Likely Sil as well.  

Chl 
Sil 

Altered Basalt 
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Sample General Mineralogy Field Description Alteration/ 
Metamorphism 

Rock Name 

13AB2219A 

15-20% felsic fragments 
Groundmass - ~10-15% 
Qz + Fsp phenocrysts 
85% felsic groundmass 

Fragmental felsic volcaniclastic. Fragments are monolithic, comprised of Qz + 
Fsp phenocrysts and have “chalky”-white appearance. They have a positive 
weathering profile, are slightly flattened and lapilli size. Qz and Fsp 
phenocrysts in ground mass are <2 mm in size, exact % difficult to determine. 
Groundmass as a whole has a gritty appearance and weathers recessively.  
Unit is strongly foliated and exhibit crenulation cleavage. Local Ser altn and 
<1% Qz veins. Fabric wraps and is deflected around Qz boudins and veins. 

Ser Rhyolite (felsic 
volcanic) 

13AB2220A 

30% Pl 
70% Hbl 

Mg-Cg pillow basalt. Pl and Hbl crystals are ~5 mm in size and occasionally 
longer (1 cm). Pillow selvages are thin to nearly none existent, and weather 
recessively. Pillows are flattened with a length to width of 10:1 to 12:1, and 
are ~1m length. Local rusty patches in pillow cores. Pervasive Chl + Hbl altn 

Chl 
Hbl 

Basalt 

13AB2221A 

20% felsic fragments 
Groundmass – 10-15% 
Fsp phenocrysts 
85% felsic matrix 

Layered, fragmental felsic volcaniclastic. ~20% lapilli size fragments, flattened 
with length: width of 10:1. Fragments are white and have a positive 
weathering profile. Fragment % varies locally (±10%). Phenocrysts in 
groundmass are ~15% abundance, but vary locally (10-20%) – strata 
controlled. Fsp phenocrysts are 1-2 mm in size. 10-15 cm thick tuffaceous 
layers are white-beige and are laterally continuous. Local Ep. altn near 
fractures. Pervasive Ser 

Ep 
Ser 

Felsic volcanic 
rock 

13AB2221B 
Mafic Pillow basalt. Pillows are flattened. Wx is dark grey-green. Selvages are 

poorly defined and weather recessively (~3-10 mm thick). Pervasive Chl 
Sil Basalt 
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Table A.2: Petrographic descriptions of Slave-wide volcanic samples collected in 2012 and volcanic samples from Sharrie 
and Turnback lakes collected in 2013. See abbreviations in Table A.3 and A.4.  
 

2012 Regional Collection 

Sample Mineralogy Grain Size Textures/Description Alteration Rock Name Other 

12-YK-01 

Qz = 35%, Kfs = 
35%, Pl = 20%, Bt 
= 10% 

Medium  Seriate texture. Pericline twinning in both Pl 
and Ksp. Lamellar twinning in Pl to a lesser 
extent, occasional myrmekite/granophyric 
texture of Qz and Ksp. Recrystallization of Qz 
with undulose extinction. Cross-hatch 
twinning common in Ksp and some in Pl. 
Grain boundaries are rounded and have 
bulging boundaries 

Ser in Fsp, 
some Ms 
crystals 
apparent 

Massive biotite granite 

12-YK-02 

Cpx = 55%, Ep = 
15%, Qz = 15%, 
Chl = 10%, Opq = 
5% 

Fine, medium 
grained Cpx 

Sub-anhedral crystals. Cpx is tabular to 
elongated. Cpx (± Chl) defines alignment of 
minerals. Opq are dispersed throughout but 
tend to form aggregates. Evident Ep 
replacement of Cpx. Qz is fine grained and 
interstitial to Cpx, likely secondary. Qz has 
undulose extinction and subgrains 

Chl, Ep Basalt   

12-YK-03 

Qz = 80%, Bt = 
15%, Opq = 5% 

Fine Recrystallized Qz (fg to vfg) with undulose 
extinction and possible subgrain rotation. Bt 
forms continuous layers and are aligned to 
define a Foln. Some Qz are flattened. Opq 
are anhedral but occasionally show cubic 
habit. They are disseminated, but locally 
concentrated.  

Minor Ser, Sil Rhyolite   

12-YK-04 

Ep = 75%, Pl = 
10%, Bt = 7%, Qz 
= 5%, Opq = 3%  

Fine-medium. 
Ep is coarser 
(1.5 mm) than 
Pl (max 0.2 
mm) 

Phaneritic Ep in fg Pl + Qz + Bt matrix. Pl 
shows polysynthetic and carlsbad twinning, 
and has a “dusty” texture due to Ser altn. 
There is possibly a trachytic texture, but altn 
obscures textures. Qz is secondary with 
undulose extinction with serrated faces. Ep is 
subhedral to anhedral with occasional visible 
cleavage 

Ep altn Minor 
Sil and Ser 

Basalt (Epidote altered) 

12-YK-05 

Ep/Cpx = 60%, Pl 
= 38%, Opq = 2% 

Fine overall, 
medium 
Ep/Cpx 

Large Ep/Cpx grains. Cpx being replaced by 
Ep? Relict ophitic texture with Ep and Pl. Ep 
grains have aligned extinction; possible 
mineral alignment? Pl has Ser altn. Stringers 
of Ep + Ser 

Hydrothermal 
(Ep) and Ser 

Basalt (Epidote altered) 
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Sample Mineralogy Grain Size Textures/Description Alteration Rock Name Other 

12-YK-06 

Pl = 45%, Qz = 
40%, Bt = 12%, 
Chl = 2%, Opq = 
1% 

Fine. Medium 
Pl in fine Qz + 
Bt matrix 

Pl form euhedral phenocrysts. They have well 
defined twinning, and chemical zonation with 
weakly altered cores. Qz is fg with local 
undulose extinction and bulging grain 
boundaries. Bt is fg and tends to wrap around 
Pl Phenocrysts (metamorphism?) Bt altered to 
Chl. Pl augens present 

Wk Ser, Chl Pl-porphyritic dyke   

12-YK-07 

Qz = 80%, Pl = 
14%, Ms = 2%, Ep 
= <1%, Chl = 2%, 
Opq = 2%, Cal? = 
<1% 

Fine. Qz and 
Pl phenocrysts 
(1-1.5 mm) 

No evident fabric. Porphyritic. Qz and Pl 
phenocrysts. Qz crystals are anhedral and 
rounded with undulose extinction, sutured 
boundaries and have grain boundary 
migration. Pl have Wk/poorly developed 
twinning and are often fractured. Phenocrysts 
typically form aggregates a few mm in size. 
Chl replacing Bt, possible minor Ep 

Chl, Wk Ser, 
Ep 

Qz-Fsp porphyritic 
rhyolite 

  

12-YK-08 

Act = 70%, Pl = 
26%, Opq = 3%, 
Ttn = >1% 

Fine with 
medium 
phenocrysts 

General seriate texture, no definite Foln. Act 
is elongated and bladed, commonly radial. 
They have parallel extinction. Act could be 
replacing Cpx. Pl laths to more blocky habit, 
with defined twinning. Disseminated Opq, 
euhedral to subhedral, elongate to 
hexagonal/cubic. 

Minor Ser, 
possible Wk 
hydrothermal 
altn 

Basalt   

12-YK-09 

Qz = 85%, Bt = 
10%, Chl = 4%, 
Opq = >1%,  

Fine to very 
fine grained 
with 10-15% 
phenocrysts 

Porphyritic. Mg, euhedral to anhedral Qz 
grains (Qz-eyes) in a fg matrix. Qz is 
occasionally fractured with undulose 
extinction. Minor grain boundary migration 
and bulging with infrequent embayment. Bt is 
fg and is being altered to Chl. Possible Ep 
stringers 

Chl, possible 
Sil 

Rhyolite   

12-YK-10 

Pl + Qz = 54%, 
Act-Tr = 35%, Opq 
= 10%, Cal = 1% 

Fine  Act-Tr forms long bladed to fibrous crystals 
radiating from a central point and in distinct 
layers. Disseminated opq, anhedral to locally 
subhedral. Matrix is vfg Qz/Pl. Cal is found 
infilling a crack or a flattened amygdule.  

Minor Ser Basalt   

12-YK-11 

Act-Tr = 60%, Pl = 
20%, Qz = 10%, 
Opq = 10% 

Medium to fine 
with 5% 
coarse  (1cm) 
phenocrysts 

Porphyritic with only 5% phenocrysts of Pl 
(heavily altered). Pl in matrix form fg laths 
unless they are phenocrysts in which case 
they are euhedral and poikilitic. Act-Tr ± Cpx 
is bladed to blocky. It is green to yellow-green 
in ppl. Opq are mg and euhedral. They have a 
"moth-eaten" appearance. Opq  appear to be 
consumed by Act-Tr 

Ser Basalt   
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Sample Mineralogy Grain Size Textures/Description Alteration Rock Name Other 

12-YK-12 

Act-Tr = 60%, Pl = 
20%, Qz = 8%, Bt 
= 5%, Opq = 7% 

Fine - Medium Mod foln defined by alignment of Act-Tr. Foln 
is difficult to discern as Act-Tr tend to be 
radial. Pl is vfg with no apparent twinning and 
appears to be interstitial to Act-Tr. Bt have 
unclear boundaries and appear disseminated. 
Opq are anhedral and locally aligned with foln 

Ser Basalt   

12-YK-13 

Qz = 60%, Pl = 
20%,  Bt = 10%, 
Kfs = 5%, Opq = 
5% 

Fine. 
Phenocrysts 1-
1.5 mm  

Porphyritic. Qz and Pl phenocrysts. Grains 
are subhedral to euhedral (lath of Pl). Altn 
rims (?) of Bt + Ms around phenocrysts. Some 
phenocrysts are aggregates of Qz. Crystals 
are commonly fractured. Qz has subgrains 
and possible minor embayment. All Fsp are 
highly sericitized and fractured with Qz infill.  

Strong Ser Porphyritic granite 

12-YK-14 

Act-Tr = 60%, 
Qz/Pl = 22%,  Bt = 
7%, Cal = 5%,  

Fine. Act-Tr 
are up to 1 
mm 

Act-Tr are acicular and slightly fibrous. Could 
be Cpx that has undergone altn or 
metamorphism. Vfg Pl and Qz are interstitial 
to Act-Tr. Qz could be secondary. Bt is 
resorbed and locally abundant (up to 15%) 
but overall 7%. Cal forms in clusters and 
stringers. Could be carbonate veins or 
amygdules. 

Sil, Minor Ser Basalt   

12-YK-15 

Ms/Ser = 50%, Qz 
= 45%, Opq = 5%. 
Ep = 1% 

Very fine Qz is anhedral and rounded. Ms/Ser appears 
interstitial to Qz, but may be due to Altn of 
some Pl and Kfs. Some Ms could be primary. 
Ms crystals up to 0.4 mm (visible). Opq are 
anhedral and are disseminated throughout. 
They occasionally are aligned in stringers. 
Overall no apparent fabric. Locally very Wk 
fabric. Possible minor Chl/Ep (Altn of Bt or 
Hbl).  

Ser Rhyolite   

12-YK-16 

Pl = 40%, Chl/Ep = 
25%, Opq = 15%, 
Cal = 5%, Ms = 
5%Bt = 1% 

Fine matrix 
with medium 
phenocrysts 

Ophitic texture (Pl laths intergrown in relict 
pyroxenes). Ophitic textures seen in 
phenocrysts. Pl laths 0.5-1 mm. Pl have mod-
str ser. Pyroxenes are relicts and altered to 
Chl/Ep (pseudomorphs). Bt has dark sulphide 
altn spots. Opq are euhedral 
(cubic+hexagonal). Evenly dispersed 
throughout. Minor Ms from Ser altn in 
phenocrysts. Minor Cal likely secondary 
(poorly formed) 

Chl, Ser and 
minor Cb 

Porphyritic Basalt 
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Sample Mineralogy Grain Size Textures/Description Alteration Rock Name Other 

12-YK-17 

Act-Tr = 53%, 
Pl(matrix) = 30%,  
Opq = 7%, Qz = 
5%, Qz + Cal? = 
5% 

Fine, locally 
porphyritic.  

Mod foln defined by preferred Act-Tr 
alignment and banding of dark and light 
minerals. Very sharp contact between Act-rich 
layer and Tr-rich layer. Overall Act-Tr is 
acicular-fibrous. Matrix is a mix of Qz and Pl? 
Too fg to distinguish. Qz/Pl are anhedral but 
oriented. Local Cal-rich areas. Cal appears 
somewhat fibrous and forms aggregates. Qz 
eyes are up to 4 mm. Act-Tr weakly wrap 
around them. Qz eyes have sub-grain 
formation with undulose extinction and 
sutured boundaries. 

Cb altn, minor 
Ser? 

Basalt   

12-YK-18 

Qz = 48%, Cal = 
35%, Chl = 8%, Bt 
= 4%, Ms = 3%, 
Opq = 2% 

Fine. Cal is 
locally medium 
>1mm 

Str foln defined by veining and banding of 
Cal-rich vs Cal-poor layers. Bt, Opq and Chl 
are oriented in same direction. Qz is rounded 
to elliptical. Bt associated with Chl. Minor Ms 
crystals present (Ser altn of vfg Pl?). Opq are 
often elongate and needle-like. 

  Rhyolite   

12-YK-19 

Qz = 90%, Bt = 
7%, Ms = 1%, Opq 
= 2% 

Fine to very 
fine 

Mod foln defined by parallel, elongate lenses 
of Qz and by oriented Bt. Local stringers of 
Mg Qz exhibits undulose extinction and 
irregular to sutured boundaries. Bt is 
pleochroic blue-green to brown-yellow. Wk 
Chl altn. Opq are disseminated with no 
apparent crystal habit. 

Sil (?), minor 
Chl 

Rhyolite   

12-YK-20 

Act-Tr = 55%, Qz = 
25%, Cal = 10%, Pl 
= <5%, Opq = 5%, 
Pyroxene = <1% 

Fine to 
medium  

Wk fabric defined by oriented Act. Act is up to 
1.5 mm in length. Qz is vfg. Difficult to discern 
Qz from Pl. Few polysynthetic twins observed. 
One grain of Pyroxene (?) - light green to 
yellow pleochroism, low BF, parallel 
extinction, mod relief. Cal throughout with 
dusty appearance. Opq are euhedral with 
staining on edges (S or Fe staining?) 

Minor Chl, 
Ser  

Basalt   

12-YK-21 

Qz = 49%, Fsp 
(Pl?) = 35%, Ms = 
10%, Bt = 4%, Cal 
= 1%, Opq = 1% 

Fine, 
porphyritic. 
Phenocrysts 
are 0.5-1 mm 
in size  

Qz and Pl make up the majority of the 
groundmass and phenocrysts. Phenocrysts 
are anhedral with rounded to sutured 
boundaries. Subgrains and undulose 
extinction present in Qz. Pl/Fsp are highly Ser 
with rare twinning observed. Abundant 
radiation haloes in Bt. Some Bt-rich stringers, 
where Bt is preferentially aligned. Rare Cal, 
typically interstitial and poorly formed. 

Str Ser, wk 
Cb 

Rhyolite   
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12-YK-22 

Qz = 40%, Fsp = 
30%, Ms = 24%, Bt 
= 5%, Opq = 1% 

Fine to very 
fine. Few 
grains over 0.3 
mm 

Layering and preferential alignment of platy 
minerals. Bt and Ms define fabric. Ms appears 
to wrap around infrequent coarser grained 
crystals. Grains are anhedral. Frequently Bt 
forms corona-like structures around a Pl/Qz?? 
crystals, Too fg to distinguish.  

Mod Ser Banded rhyolite   

12-YK-23 

Tr = 40%, Qz = 
35%, Bt = 15%, 
Opq = 5%, Pl = 
5%, Relict 
pyroxene <1% 

Fine with rare 
phenocrysts  

Wk fabric. Somewhat defined by orientation of 
Tr, more strongly defined by Bt-rich bands. Tr 
forms radiating blades. Bt weakly to 
moderately abundant in radiation haloes. 
Appears to be two generations of Bt. One 
generation has well defined faces, cleavage 
and colours. Other generation Bt has poorly 
defined boundaries and lack of pleochroism 
(solid red-brown). May be altered. May be one 
generation with alteration, the other alteration 
free. Pl may be more abundant than 
indicated. Fg Qz/Pl are similiar in appearance. 
Remnant twinning barely visible. 

Minor Ser Tremolite Basalt   

CL-221 

Qz = 50%, Fsp = 
35%, Cal = 8%, 
Opq = 5%, Chl = 
2% 

Aphanitic - 
very fine 
Phenocrysts 
range from 1-2 
mm 

Porphyritic. Qz and Fsp comprise 
phenocrysts. Qz are rounded and rich in 
inclusion tracks. Fsp are highly altered. 
Twinning is wk, but still apparent. Some 
grains are broken and fractures are infilled by 
Qz. Minor Cal with observable cleavage. 
Overall, vfg with few discernable minerals. 5% 
phenocrysts, 95% groundmass 

Str Ser ± Chl Qz-Fsp porphyritic 
rhyolite 

Thick section 

12lo3003a 

Act ± Chl = 65%, Pl 
= 25%, Qz = 10%, 
Ttn = <1%, Opq = 
< 1% 

Aphanitic 
matrix,  
porphyritic (5% 
phenocrysts) 

Str foln defined by alignment of Act and Chl. 
Difficult to distinguish Act and Chl (fg and Chl 
consumes Act). Few coarser grained Act/Amp 
phenocrysts. They show good 60/120 
cleavage and are anhedral. Pl retains 
twinning + pericline twinning (strain induced). 
Fabric wraps around Pl. Qz is interstitial to 
other minerals and occasionally mantles Pl. 
Rare Ttn (euhedral) and disseminate opq 
throughout.  

Chl, Ser, 
minor Sil 

Basalt 
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12lo3006b 

Qz = 50%, Ep = 
35%, Cal = 7%, 
Chl = 5%, Ttn = 
2%, Opq = 1% 

Fine to very 
fine  

Mod-Str foln defined by Qz and Ep layering. 
Qz is variably fg to vfg with undulose 
extinction and anhedral to subhedral grain 
boundaries. Ep is colourless to pale green 
and is often assoc with Cal, which is poorly 
formed and appears interstitial. Minor Chl 
associated with Ep layers. Possible Ttn 
throughout. Opq are sub-anhedral and occur 
as discrete entities. 

Sil, Ep ± Chl 
+ Cb 

Rhyolite  

12lo3009a 

Qz (± Pl) = 40%, 
Tr? = 30%, Bt = 
15%, Grt = 10%, 
Opq = 5% 

Fine to very 
fine. 5% 
medium 
phenocrysts 

Mod foln defined by Tr and Bt. Tr (?) is vfg 
and acicular, frequently radiating. Bt is fg and 
appears disseminated. Qz ± Pl makes up 
most of the groundmass. Difficult to 
distinguish the Qz from Pl. Opq are subhedral 
to euhedral. They are blocky/cubic and tend 
to form in aggregates and are locally 
concentrated up to 15%. Grt are anhedral and 
highly poikilitic (sieve like texture). 

  Dacite or Andesite? 

 

12lo3009b 

Qz = 33%, Amp = 
20%, Pl = 15%, Bt 
= 25%, Chl = 5%, 
Opq = 2% 

Fine Well foliated, defined by Bt, Chl Amp. Chl is 
often in contact with either Bt or Amp. Amp 
are associated with Bt (often within or in 
contact with Bt). Consumption from Amp to 
Bt? Amp are acicular/tabular and have 
subrounded basal sections with well-
developed cleavage. They are pleochroic 
green-green/blue-yellow. Qz and Pl are 
interstitial and vfg. Difficult to estimate exact 
abundances. Qz has undulose extinction. 
Twinning in Pl occasionally observed. Opq 
are disseminated, <0.5mm.  

Chl, possible 
Sil 

Basalt 

 

HMB-12-51b 

Act/altered 
pyroxene = 85%, 
Pl = 7%, Qz = 5%, 
Opq = 3% 

Very fine  Wk Foln defined predominantly by 
Act/pyroxene. Foln is more obvious with 
naked eye than under microscope. 
Act/pyroxene are tabular to acicular and 
appear randomly oriented under 
magnification. Overall fabric is segregation of 
light and dark minerals. Pl may be present, 
but is fg. Qz is fine grained an interstitial, few 
Qz lenses. Opq are anhedral and 
disseminated 

Chl Basalt 

 

HMB-12-052a 
Qz = 5%, 
Groundmass = 
95% 

Aplanatic 
Weakly 
porphyritic.  

Weakly porphyritic. Qz phenocrysts are 0.5-
1mm, comprise <5% of rock 

  Qz phyric rhyolite Thick section 
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HMB-12-052b 

Qz = 80%, Fsp = 
10%, Cal = 8%, 
Opq = 2% (Matrix = 
85%) 

Aphanitic. 
Phenocrysts 
up to 1 mm 

Porphyritic. Qz ± Fsp comprise phenocrysts. 
Qz are anhedral (rounded) with occasional 
undulose extinction and sometimes occur in 
clusters (Qz eyes). Minor Cal, occasionally 
forms mantles to Qz eyes. Fsp and 
groundmass are highly altered 

  Rhyolite Thick section 

HMB-12-056 

100% groundmass 
(vfg) 

Aphanitic to 
very fine  

Str foln defined by Qz ribbons and flattened 
and aligned minerals. Foln or layers are 
kinked and tightly oscillating. Overall 
appearance is a rusty orange (oxidation/Fe 
staining). Few Qz ribbons. Mylonitic? 

  Rhyolite   

HMB-12-058a 

Qz = 35%, Fsp = 
20%, Bt = 15%, 
Cal = 14%, Opq = 
5%, Ms = 5%, Chl 
= 5% Ap = 1% 

Fine, most 
grains under 
1mm 

No evident fabric. Chl overprints Bt. Bt + Chl 
frequently rim Opq. Relict Fsp phenocrysts. 
They are highly altered and Ser. Cal appears 
to be secondary as it is interstitial to other min 
and acts as a replacement mineral. Possible 
Ap (euhedral to subhedral). <5% Qz/Cal and 
Bt-rich veinlets. 

Sil, Ser, Chl Feldspar phyric 
rhyolite 

  

HMB-12-058b 

Qz = 40%, Amp = 
20%,  Bt = 18%, 
Cal = 17%, Grt = 
5%, Chl ± Opq = 
<1% 

Fine.  Porphyritic. Qz is very fine grained and 
unrestricted spatially. Fine grained nature 
masks Pl/Ksp properties. Grt, Cal ± Qz eyes 
comprise phenocrysts and porphyroblasts. Grt 
might be post deformation as they are 
undeformed and overprint the fabric. Grt are 
inclusion filled with a sieve-like texture. They 
are anhedral and edges show re-sorption. 
Amp ± Chl are fg and often form in bands 
defining a wk-mod fabric. Cal usually forms in 
aggregates or clusters. Bt is vfg and also 
defines Wk fabric. 

Chl Porphyritic rhyolite   

HMB-12-059 

Qz = 55%, St = 
30%, Grt = 15%, Bt 
= 2%, Chl = 6%, 
Opq = 2% 

Fine matrix, 
porphyroblasts 
up to 5 mm 

Grt-porphyroblasts are anhedral and weakly 
poikilitic. Grt are associated with St. St define 
a Wk Foln. Rare, well-defined faces in St, but 
overall blocky habits. Faces are generally 
straight. Rare Bt, likely being consumed by 
Chl. Opq are anhedral and dispersed 
throughout. 

Chl Garnet-staurolite 
metarhyolite 

Alteration prior 
to 
metamorphism 
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HMB-12-070 

Fsp = 50%, Qz = 
25%, Ms = 15%, 
Opq = 1%, Cal = 
8%, ± Chl = 1% 

Fine to very 
fine. Augens 
are 0.7 mm  

Fsp augens and Qz eyes comprise ~15% of 
sample. Qz have no mantles. Fsp augens are 
poikilitc and are coarser grained towards their 
centre and finer grained at their rims. Ms ± 
Chl define fabric and wrap around Qz eyes 
and Fsp augens. Cal is often elongate and in 
groundmass. Mylonitic 

  Mylonitic rhyolite   

 

2013 Sharrie and Turnback Collection 

Sample Mineralogy 
Opaque 
Minerals

† Grain Size Textures/Description Alteration Rock Name Other 

13BW1007B 

Qz = 60%, 
Ksp/Pl = 30%, 
Ms = 8%, Opq = 
2% 

Sph = 1.8%, 
Cpy = 0.14%, 
Py = 0.06% 

Fine Wk-mod foln defined by Qz ribbons. Ms 
randomly oriented. Qz is fg with irreg 
boundaries. Cannot differentiate Ksp vs. 
Pl. Tartan and pericline twinning, rare 
albite twins. Palagonite around opq 

Sil (pervasive), 
Ser (local) 

Rhyolite   

13BW1007C 

Qz/Fsp = 45%, 
Czo(?) = 18%, Bt 
= 17%, Chl = 
15%,  Ep = 
2%,Cal = 3%, 
Opq = >1% 

 Very fine  Str foln defined by Bt, Chl and Czo. Qz is 
pervasive, hard to distinguish from Fsp. 
Microfractures through Qz and Fsp 
(possible twinning in Fsp?). Bt altered to 
Chl. Minor Cal in association with tr cpx? 
Ep-Czo - aggregates with anomalous BF 

Wk Cb altn, Sil Rhyolite   

13BW1007D 

Hbl-Act = 52%, 
Pl = 25%, Qz = 
20%, Chl = 1%, 
Glass(?) = 1%, 
Ep = <1%, Opq = 
<1% 

Mag = 1%, 
Py(±Cpy) = Tr 

Fine. Amp 
~0.5-1 mm, 
Qz+Pl <0.2 
mm 

Str foln defined by bladed/acicular amp. 
Some possible vesicles ±glass, <5% 
vesicles. Pl have albite/carlsbad twinning. 
Local perthite. Minor Chl, trace Ep. 

Wk-mod, 
pervasive Sil. 
Wk, local Ser 

Basalt   

13BW1009A 

Hbl-Act = 22%, 
Qz = 20%, Bt = 
20%, Chl = 15%, 
Grt = 5%, Ms = 
2%, Ep- Zo = 
6%, Czo = 5%, 
Cal = 4%, Opq = 
1% 

 Fine matrix 
w/ grt 
porphyrobla
sts 

Str foln defined by Bt, Chl and layering of 
Amp, Bt and Qz. Bt+Chl+Amp form darker 
layers. Qz+Cal stringers. Bt being 
consumed by Chl. Few radiation halos. 
Infrequent Bt+Amp crystals x-cut foln. Grt 
are inclusion filled and are degraded. Grt 
are elongate with foln, occasional 
sigmoidal or fish-like structure.  

Pervasive Sil “Dirty” 
Rhyolite 

could be “dirty” rhyolite. 
High Bt and grt suggest 
high Al. Amp, Ep, Zo 
suggest mafic-Int volcanic 

13AB2015A 

Qz = 83%, 
Fsp(?) = 15%, 
Cal = 2%, Opq = 
<1%, Zr = trace 

Sph = 1% Fine-very 
fine 

Wk-mod foln, defined mostly by finer and 
coarser grained Qz layers. Almost entirely 
Qz with minor, interstitial and locally patchy 
Ser (Fsp relicts?). Few accessory min (Zr) 
+ sulphide staining. 

Str Sil. Mod Ser Rhyolite   
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13AB2017A 

Qz = 80%, Fsp 
(Ser) = 10%, Bt = 
2%, Chl = 2%, 
Cal = 5%, Opq = 
1%, Ep = Tr 

 Fine, Qz 
eyes up to 2 
mm 

Massive. No observable fabric or foln. 
Sample is almost entirely Qz. ~3% Qz 
eyes, subhedral to euhedral, generally 
strain free. Possible relict Fsp (Ser altn). 
Ser also patchy/interstitial to Qz. 
Bt+Chl+Cal are in fractures. Chl 
consuming Bt.  

Str Sil + Ser Rhyolite   

13AB2018A 

Qz = 45%, Fsp = 
30%, Ms (+Ser) = 
15%, Bt = 10%, 
Opq = Trace 

 Fine matrix 
with lapilli  

Mod foln defined by Bt and elongated 
fragments (lapilli). Bt is confined to matrix 
and often forms needle-like crystals, 
interstitial to Qz and Fsp. Bt wraps around 
and nucleates around Fsp phenocrysts. 
Fragments are Ser-rich. White mica (Ms) 
forms microlite-like mats. Qz is 
recrystallized 

Wk-mod, 
pervasive Sil. 
Wk, local Ser 

Fragmental 
Felsic 

  

13AB2019A1 

Hbl = 35%, Qz = 
20%, Pl = 15%, 
Cal = 10%, Act = 
10%, Bt = 5%, 
Opq = 5% 

Mag = 3%, Sph 
= 2% 

Very fine to 
fine, locally 
medium 
grained Cal 

Well foliated. Foln defined by oriented Hbl, 
Act and Bt. Hbl appears to dominate with 
minor Act (restricted to separate layers). 
Amp are acicular and tabular. Cal is blocky 
and restricted mostly to stringers. Qz and 
Fsp make up matrix. Fsp breaking down, 
but relict shapes. Mag overprints Sph. 

Wk-mod Sil. 
Carb altn 

Hbl-
Andesite 

Pillow Core 

13AB2019A2 

Bt = 50%, Chl = 
25%, Hbl-Act = 
10%, Qz = <5%, 
Cal = 5%, Opq = 
5% 

Py = 4.5%, Mag 
= 0.5% 

Fine Poorly defined foln. Bt-rich layers 
somewhat define foln, but mostly random 
orientation. Bt is acicular to needle shaped. 
Chl is similar shape to Bt and obviously 
consuming Bt. Chl is near colourless and 
upper 1st order BF, likely Mg-rich. Qz is 
interstitial to Bt. Amp only found near 
selvage edges. Amp-rich on selvage 
edges.  

Chl altn, 
quenching 

Andesite Pillow Selvage 

13AB2020A 

Bt = 30%, Qz 
(±Fsp) = 20%, 
Hbl = 20%, Chl = 
15%, Cal = 10%, 
Opq = 5% 

Mag = 3.5%, 
Sph = 1.5% 

Fine to 
medium  

Foln defined by oriented Bt and to some 
degree Hbl. Hbl is blocky, appears to be 
overprinting Bt in some areas. Bt is 
inclusion filled with high radiation halos. Bt 
wraps around Qz + Cal "aggregates" or 
fragments. Fe-poor Chl consume Bt and 
Amp. Mag always associated/in contact 
with Sph 

Wk-mod Sil, 
Chl (retrograde) 

Mafic-Int 
volcanic 

Field notes say Pl phenos 
- could actually be the 
Qz+Cal 
"aggregates/fragments" 

13AB2021A 

Act (± Hbl) = 
35%, Qz+Pl = 
32%, Chl = 15%, 
Cal = 10%, Opq 
= 7%, Cpx (?) = 
1% 

Mag = 5.95%, 
Py = 0.7%, Cpy 
= 0.35% 

Fine  Mod-str foln defined by preferential 
alignment of Act. Local Act-Hbl. Act 
breaking down to Chl. Chl often forms 
mica-fishes and appears to have 
completely replaced Bt in some areas. 
Elongate/stretched Cal - could be 
amygdules? Qz+Pl comprise matrix, vfg. 
Cpy associated with Py. 

Wk Sil. Chl Basalt   
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13AB2021B 

Qz = 80%, Ms = 
12%, Bt = 2%, 
Cal = 3%. Opq = 
3% 

Sph = 2.7%, Py 
= 0.3% 

Very fine to 
fine 

Wk foln defined primarily by layering of Qz 
bands (fine vs. coarser grained layers). 
~5% Qz eyes. Ms appears to be primary or 
at least pre-metamorphism (broken and 
sieved texture, faces poorly defined). Ms is 
randomly oriented. Vfg Bt dispersed 
throughout. Py x-cuts and replaces Sph 

Mod-Str Sil Rhyolite   

13AB2023A 

Hbl = 40%, 
Qz+Pl = 30%, 
Cal = 18%, Chl = 
7%, Opq = 5% 

Mag = 5% Upper fine 
to medium. 
Hbl+Cal = 
medium 

Possible wk foln defined by subtle 
alignment of Bt and Hbl. Hbl is occasionally 
radial. Hbl-rich layers appear matted or 
clustered. Chl replacing Hbl locally in Hbl-
rich layers. Qz±Pl are vfg and comprise 
matrix. Cal is subhedral, forms aggregates 
in stringers or ovoid shapes (amygdules?) 

Sil + Carb altn 
(?) 

Int. volcanic 
or altered 
basalt 

  

13AB2025A 

Hbl-Act = 35%, 
Pl = 25%, Qz = 
24%, Opq = 
10%, Cal = 5%, 
Ep = 1% 

Py = 6%, 
Mag/Goe(?) = 
4% 

Fine to 
upper fine. 
Amp blades 
up to 1mm, 
Pl 
phenocrysts 
are 1-
1.5mm 

Mod foln defined by oriented Hbl and Act. 
Amp are bladed/acicular. Mix of Hbl+Act. 
Some Pl phenocrysts present with notable 
twinning. Pl is degraded with Ser altn. Cal 
is subhedral, restricted to stringers. Cal+Qz 
form stringers. Minor Ep. Disseminated 
sulphides. Possible Goe replacing Mag. 
Mag/Goe replaces and x-cuts Py 

Carb altn, Wk-
mod Sil 

Basalt   

13AB2025B 

Hbl-Act = 35%, 
Qz = 20%, Pl = 
15%, Cal = 13%, 
Chl = 5%, Ep = 
2%, Opq = 10% 

Mag = 7%, Py = 
1.8%, Cpy = 
0.2% 

Fine Wk foln formed mostly by aligned Amp. 
Slightly more Act than Hbl (60:40), but 
often form together. Pl phenocrysts are 
breaking down and weakly Ser. Carlsbad 
and albite twinning. Qz and fg Pl form 
matrix. Cal in stringers and veinlets and in 
"pockets". Rare Ep. Disseminated Opq. Py 
is formed 1

st
 and has secondary Cpy 

coronas and x-cutting Mag. 

Wk Chl, Ser. 
Wk-mod Sil 

Basalt   

13AB2026A 

Qz = 55%, Ms = 
25%, Bt = 20%, 
Tur = <1% 

 Fine to very 
fine 

Str foln. Fabric defined by layers of Bt and 
Ms+Qz (light vs dark layers). Sheet 
silicates are aligned parallel to foln. Qz is 
vfg, mostly equigranular and subhedral-
anhedral. Ms layers = continuous 
sheet/mineral. 2 possible generations of Bt. 
1st generation of Bt forms foln. It has Wk 
pleochroism and no basal cleavage. 2nd 
generation x-cuts/overprints 1st 
generation, forms distinct crystals with 
well-defined cleavage, pleochroism, and 
BF. Tur is accessory min. Euhedral, light 
blue-green (Elbaite?). Fabric wraps around 
Tur, porphyroblast(?) up to 1 mm in size. 
Only one crystal observed in TS.  

Wk Sil.  Rhyolite High deformation. Dirty 
Felsic volcanic + 
hydrothermal fluids  
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13AB2026B 

Qz = 45%, Bt = 
25%, Pl = 15%, 
Tur = 5%, Opq = 
10% 

Py = 8.5%, Cpy 
= 1.5% 

Fine matrix, 
medium Pl 
phenocrysts 

Wk-mod foln defined by Bt. Bt is evenly 
dispersed except where Tur is present. Qz 
is fg, irregular/anhedral. Cg Qz in stringers. 
Bt wraps around stringers. Tur same size 
as Bt (laths or elongate habit). No 
preferred orientation to Tur. Found in Bt-
poor zones, blue-green colour. Pl is mg, 
euhedral and Ser altered. Cpy forms 
coronas and overprints Py 

Sil, Ser, 
Hydrothermal 

“Dirty” 
Rhyolite 

Fsp may suggest igneous 
origin. 

13AB2027A 

Tr-Act = 50%, Qz 
= 35%, Bt = 10%, 
Opq = 2%, Cal = 
2%, Chl = 1% 

Mag = 1.2%, Py 
= 0.6%, Cpy = 
0.2% 

Fine to very 
fine 

Wk foln loosely defined by oriented Act-Tr. 
Tr-Act are pale green to colourless (high 
Mg, Tr is more abundant). Tr-Act form 
acicular-bladed crystals. Qz is vfg and 
forms interstitially to Amp. Local Ser may 
suggest relict Fsp. Chl consuming Bt 
±Amp. Cal veinlets and Qz ± Cal 
eyes/amygdules. Cpy associated with Py. 
Mag overprinting Py 

Wk Sil Basalt   

13AB2028A 

Qz = 45%, 
Fsp(Ksp?) = 
30%, Bt = 14%, 
Ms = 10%, Opq = 
1%, Cal = Trace 

 Fine matrix, 
coarse 
phenocrysts 

Porphyritic. Wk foln defined by Ms and Bt. 
Ms and Bt form in bands/layers and wrap 
around Qz+Fsp phenocrysts. Qz forms 
most of matrix, and some Qz phenocrysts 
are 2-3 mm. Qz phenocrysts are rounded 
and relatively unstrained with few fractures, 
subgrains or undulose extinction. Fsp 
could be Ksp and are 1-2 mm, dusty 
appearance with carlsbad twinning and Ser 
altn. 10-15% phenocrysts overall 

Wk-mod Sil, wk 
Ser 

Porphyritic 
Rhyolite 

  

13AB2029A 

Qz = 35%, Bt = 
30%, Hbl = 23%, 
Grt = 5%, Opq = 
7% 

Mag = 7% Fine, locally 
medium 

Wk foln formed by Bt. Bt is vfg and is only 
weakly oriented with fabric. Wk Bt-rich 
layering, 60% Bt crystals are randomly 
oriented. Hbl are sub-euhedral, slightly 
coarser grained than Bt. Most or all Hbl 
have inclusion(s). Grt are subrounded to 
amorphous, light pink to colourless, 
inclusion-filled, obvious degradation 
(unstable).  

Very wk Sil Int. volcanic   

13AB2030A 

Tr-Act = 35%, 
Hbl = 25%, Pl = 
15%, Opq = 
12%, Qz = 10%, 
Ep = 2%, Cpr(?) 
= 1% 

Mag = 8.4%, Py 
= 3%, Cpy = 
0.6% 

Fine Mod-well foln defined by amps. Tr-Act and 
Hbl are acicular to fibrous, occasionally 
radiating. Qz is interstitial to other min. Pl is 
breaking down, twinning still observable. 
~5% Qz and Pl amygdules - ovoid to 
subrounded with small degree of flattening. 
Minor subhedral-anhedral Ep evenly 
dispersed. Possible disseminated cuprite? 
Opq are euhedral and evenly dispersed 

Ep altn, Wk Ser Basalt Possible transition from 
upper greenschist to 
amphibolite facies 
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13AB2031A 

Hbl = 55%, Pl = 
15%, Qz = 15%, 
Opq = 13%, Cal 
= 2% 

Mag = 11.7%, 
Cpy = 1.3% 

Fine to 
medium 

Very wk foln somewhat defined by subtle 
alignment of Hbl and needle-like Opq 
minerals. Hbl are <0.5-1.5mm, 
bladed+fibrous to blocky or tabular. 
Occasionally radiating. Pl and Qz are 
interstitial (matrix) to Hbl. Cal forms altn 
around Hbl. Opq are needle-like or bladed 

Wk Carb altn, 
Wk Ser 

Basalt   

13AB2032A 

Bt = 30%, Hbl-
Act = 22%, Qz = 
20%, Fsp = 10%, 
Opq = 10%, Grt = 
7%, Ep = 1% 

Mag = 7%, Py = 
3% 

Fine matrix 
with 1-
>7mm Qz 
eyes and 1-
>10mm Grt 
porphyrobla
sts 

Str foln defined by oriented Bt, and 
somewhat by Amp. Grt and Qz eyes are 
flattened parallel to foln. Possible 
compositional layering: Bt-rich vs Amp-rich 
vs Bt+Qz (sediment-like) layers. Layering 
could be result of sediment mixing into 
volcanic flow. Grt are in Bt-rich and Amp-
poor areas. Grt are elongate, irregular 
shape, degraded and highly sieved. Fsp 
are Ser altered. <3% Fsp phenocryst.  

Ser + wk Ep 
altn 

Dirty Int. 
Volcanic 

Seds mixing into Int. flow? 

13AB2033A 

Qz = 40%, Ksp = 
25%, Pl = 15%, 
Ms = 15%, Cal = 
5% 

 Fine matrix 
with 0.5-3 
mm 
phenocrysts 

Porphyritic. No observable foln. Qz and 
Ksp phenocrysts (some could be lapilli? 
<5%). Qz are subhedral with varying 
degrees of strain. Some are multiple or 
recrystallized Qz grains with minor 
flattening (lapilli/fragments?). Ksp ± Pl 
have tartan twinning and exsolution 
lamellae. Ksp are euhedral and in 1-3 mm 
clusters. Ms is vfg and interstitial to Qz + 
Fsp 

Wk Ser, Sil ± 
Carb altn 

Porphyritic 
Rhyolite 

May have some 
fragments 

13AB2039A 

Tr = 30%, Act = 
20%, Pl = 17%, 
Bt = 10%, Opq = 
10%, Qz = 13%, 
Chl = tr 

Mag = 6.5%, Py 
= 3%, Cpy = 
0.5% 

Fine with 
medium-
coarse 
Qz+Pl 
amygdules 

Str foln defined by Tr, Act and Bt. 
Phenocrysts of Pl, amygdules of Qz ± Pl. 
Amygdule crystals are coarser grained 
than surrounding minerals. Possible comp 
layer? Bt found at selvage edge? Bt layer 
precedes Tr layers (high Mg) then into Fe-
rich Act-rich layers towards centre. Amp 
are needle-like to fibrous, local radiating. 
Trace Chl altn of Amp and Bt (retrograde). 
Opq appear as "coarse dust", equal 
dissemination. Mag and Cpy overprint and 
for coronas of Py 

Wk Ser, Wk Sil Basalt   

13BW1214A 

Qz = 40%, Ksp = 
20%, Ms = 20%, 
Bt = 13%, Chl = 
2%, Opq = 5% 

Mag = 4%, Py = 
1% 

Fine to 
upper fine, 
Phenocryst
s are 1-3 
mm 

Str foln defined by alignment of Ms and Bt 
± Chl. Micas are bladed to fibrous and 
wrap around phenocrysts. 5-10% micas 
are fishes. Qz is fg and makes up most of 
matrix with lesser amounts of Ksp. Ksp are 
"dusty" looking, carlsbad ± x-hatch 
twinning, granophyric intergrowths, Qz + 
Ksp form phenocrysts 

Ser, possible 
Wk Sil and Chl 
altn 

Fragmental 
and 
phenocryst 
rich Felsic 
volcanic 
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Sample Mineralogy 
Opaque 
Minerals

† Grain Size Textures/Description Alteration Rock Name Other 

13BW1214B 

Hbl = 50%, Pl = 
19%, Qz = 15%, 
Opq = 10%, Bt = 
5%, Ep = 1%  

Mag (±Ilm) = 
10% 

Fine matrix, 
Medium 
Amp 

Wk-mod foln defined by subtle alignment of 
Amp, Bt and Opq. Hbl are bladed, tabular 
and blocky, generally 1-2 mm length. Pl 
and Qz are vfg and form matrix. Bt often 
restricted to Bt-rich layers - Possible 
compositional layering? 

Hydrothermal 
altn, Wk Sil 

Basalt   

13BW1215A 

Qz = 40%, Fsp/Pl 
= 30%, Ms = 
15%, Bt = 10%, 
Chl = 3%, Opq = 
2% 

Py = 1.4%, Mag 
= 0.4%, Cpy = 
0.2% 

Fine matrix 
with 
medium 
phenocrysts 
~2mm 

Porphyritic. Qz and Fsp phenocrysts are 1-
2.5mm in size in a fg Qz and Fsp matrix. 
Wk-mod foln defined by Bt, Chl and 
occasionally Ms. Carlsbad, x-hatch and 
albite twinning often observed. Difficult to 
distinguish Ksp vs Pl. Fsp are subhedral to 
euhedral. Fsp phenocrysts are often 
surrounded and consumed by Ms (possible 
start of pseudomorphism). Phenocrysts are 
slightly flattened . 20-25% phenocrysts 
overall.  

Wk Sil. Ser altn 
of Fsp, Chl of 
Bt (retrograde) 

Porphyritic 
Rhyolite 

  

13BW1215B 

Hbl = 58%, Qz = 
15%, Opq = 
14%, Pl = 10%, 
Cal = 1%, Bt = 
2% 

Mag = 8.4%, Py 
= 4.9%, Cpy = 
0.7%  

Upper fine Possible very wk foln, subtly defined by 
orientation of some Hbl crystals. Appears 
more massive than foliated. Hbl are stubby 
to elongate and often inclusion filled. Wk 
foln of Hbl best seen at macro scale. Fg Qz 
and Pl, minor Cal and Bt. Cpy associated 
with Py. Mag x-cuts and replaces Py 

Wk Sil + Chl Basalt   

13BW1216A 

Qz = 65%, Ms = 
15%, Fsp(Pl?) = 
10%, Bt = 5%, 
Opq = 4%, Chl = 
1% 

Mag = 4% Fine matrix, 
medium-
coarse 
phenocrysts 
and 
fragments 

Mod-str foln defined by oriented Ms and Bt. 
Alternating layers of upper fg Qz and vfg 
Qz, plus Ms-rich layers (compositional 
layering or flow banding?) Sample is 
porphyritic, Qz and Fsp phenos are 0.5-
2mm. <5% fragments, irregular shape and 
often flattened in direction of foln. 
Fragments are fg-vfg Qz. Ms are in the 
matrix and needle-like. Chl is retrograde 
around Bt 

Wk-Mod Ser Porphyritic 
and 
Fragmental 
felsic 
volcanic 

  

13AB2212A 

Act-Hbl = 55%, 
Pl = 18%, Qz = 
15%, Opq = 
10%, White mica 
(Ms?) = 2% 

Mag = 10% Fine to 
upper fine 

Mod foln. Amp define fabric through 
preferential orientation. Act-Hbl(?) is 
pleochroic green-yellow, middle to upper 
2nd order BF. Could be transition b/w Act 
to Hbl. Pl and Qz are often interstitial to 
Amp. Relict twinning preserved in Fsp. Ms 
present? - Appears to be altered Amp? BF 
is too high to be high-Mg Chl. Opq are mg 
and appear granular and subrounded 

Ser altn of Fsp, 
Palagonite 

Basalt   
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Sample Mineralogy 
Opaque 
Minerals

† Grain Size Textures/Description Alteration Rock Name Other 

13AB2213A 

Qz = 55%, Ksp = 
20%, Ms = 15%, 
Bt = 7%, Opq = 
3% 

Mag = 3% Fine matrix, 
phenocrysts 
are 1-3 mm 

Mod foln defined primarily by preferential 
alignment of Ms and Bt. Sample is 
porphyritic. Qz phenocrysts are subhedral 
and sometimes comprised of several Qz 
crystals. Fg Qz coronas occur around Qz 
phenocrysts followed by Ms coronas. Fsp 
could be Ksp. Ksp is subhedral to 
euhedral, often Ser alteration. Ms forms in 
contact with Fsp and is often slightly 
coarser grained than Ms in matrix. 
Groundmass is Qz ± Fsp. Ms and Bt in foln 
wrap around phenocrysts. Infrequent 
"clusters" of Ms 

Wk-mod Ser. 
Possible wk Sil 

Porphyritic 
Rhyolite 

  

13AB2214A 

Hbl = 65%, Qz = 
15%, Pl = 10%, 
Opq = 10%, Ep = 
trace 

Mag = 7%, Py = 
2%, Cpy = 1% 

Fine to very 
fine 

Str foln defined by preferred orientation of 
Amp and Qz stringers. Hbl is fibrous and 
feathery, occasionally radiating. Few (<5%) 
Pl phenocrysts 1-2 mm in size, euhedral to 
subhedral. Qz ±Fsp form matrix. Qz 
stringers are ~0.5mm and comprise 10% of 
sample. Qz is mg in centre of stringers and 
fg to edges. Opq are oxides, generally 
anhedral 

Silica/Qz 
flooding? Ser 
altn of Pl 

Basalt   

13AB2215A 

Qz = 60%, Ms = 
17%, Bt = 10%, 
Tur = 5%, Opq = 
1%, Chl = 3%, 
Fsp(?) = 4% 

Mag = 1% Fine with 1-
2mm Qz 
phenocrysts 

Str foln defined by sheet silicates or layers 
of sheet silicates in preferential orientation. 
Matrix is fg Qz ± Bt + Ms. Ms-rich layers. Bt 
often associated with these Ms layers, 
occasionally forming Bt-rich sections. 
Minor Chl alt Bt. Possible relict Fsp. Some 
mica are near colourless - High Mg Chl? 
Tur is common in bands/areas that are Bt-
rich. Tur is blue-green. <5% subhedral Qz 
phenocrysts (~1-2mm) 

Wk Ser, Chl - 
retrograde 

Fragmental 
felsic 
volcanic 

 

13AB2216A 

Act-Tr = 50%, Pl 
= 20%, Qz = 
18%, Bt = 5%, 
Opq = 5%,Chl = 
2% 

Mag = 4.95%, 
Cpy = 0.01% 

Medium to 
fine 

No observable fabric or foln. Mix of Act-Tr. 
Amp is bladed, acicular to locally fibrous. 
Occasional radiating or bow-tie forms. Amp 
are mg, Qz and Fsp form fg matrix. 
Twinning observable in both Fsp and 
occasionally in Amp. Local Bt clusters with 
retrograde Chl. Opq are oxides, fg and 
form loose aggregates or clusters. 

Wk-mod Sil, 
Chl - 
Retrograde 

Basalt   

13AB2217A 

Qz = 45%, Fsp = 
30%, Bt = 10%, 
Ms = 15%, 
Mnz(?) = <1% 

 Fine matrix, 
medium 
fragments 
and 
phenocrysts 

Mod foln defined by oriented Ms and Bt. 
Clasts/frags are flattened parallel to foln. 
Matrix is composed of a mixture of Qz and 
Fsp, crystals are anhedral to subhedral. 
~20% frags, 1-4mm and vary slightly in 
comp. Frags are Qz with a few singular 
Fsp, some are a mix of Qz and Fsp. 
Difficult to distinguish Fsp types.  

Ser, Wk Sil Fragmental 
felsic 
volcanic 
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Sample Mineralogy 
Opaque 
Minerals

† Grain Size Textures/Description Alteration Rock Name Other 

13AB2218A 

Hbl = 35%, Pl = 
30%, Qz = 19%, 
Bt = 10%, Opq = 
5%, Ttn(?) = 1% 

Mag = 5% Fine Massive, no observable foln. Hbl are fg 
and "granular" in appearance (small, 
broken up), but evenly distributed 
throughout sample. Cleavage is often 
observable. Pl is subhedral to euhedral, 
well defined crystal faces, noticeable 
twinning, Ser altn. Locally abundant Pl. Qz 
is interstitial to other min, infrequently 
forms Qz eyes that are strain free. Bt is 
dark red-brown – possibly high Ti. Bt is 
randomly oriented. Possible Ttn present? 

Ser, Sil, 
Hydrothermal 
altn 

Altered 
Basalt 

  

13AB2219A 

Qz = 70%, Fsp 
(Pl) = 20%, Bt = 
10%, Ms = tr, 
Opq = trace, 
Ep(?) = trace 

 Very fine Wk foln somewhat defined by layering of 
Bt-rich and Bt-poor bands. Bt is 
preferentially oriented with foln. Qz and Pl 
comprise majority of the sample. Pl% could 
be higher than noted due to its fg nature 
and similarities to Qz. Possible trace Ep, 
Ms and Opq 

Ser of Fsp, 
Possible Sil 

Rhyolite 
(felsic 
volcanic) 

  

13AB2220A 

Hbl = 60%, Qz = 
15%, Opq = 
15%, Pl = 10% 

Mag = 9%, Py = 
4.5%, Cpy = 
1.5% 

Fine No observable fabric or foln. Hbl are 
acicular to bladed, sometimes giving a 
feathery appearance. Hbl sometimes rad 
or forms bow-ties. Pl and Qz make up the 
groundmass. Infrequent twinning observed. 
Few (<5%) Qz and Pl clasts, somewhat 
flattened (possible flattening direction?) 
Sample is heavily "dusted" with opq 
minerals 

Hbl altn 
(hydrothermal 
fluids?) Wk Sil 

Basalt   

13AB2221A 

Qz = 60%, Ms = 
18%, Fsp = 15%, 
Bt = 5%, Chl = 
2%, Opq = <1% 
(tr) 

 Very fine Str foln defined by oriented Ms and 
possible compositional layering. Qz and 
possible Fsp are vfg. <5% clasts 
comprised of Qz and Fsp that are slightly 
coarser grained than matrix, but show high 
degradation and altn. Ms bands and Bt-rich 
layers present and subtly wrap around 
clasts. Clasts are mica-poor (little to no Ms 
or Bt within clasts). Minor Chl - retrograde 
of Bt. Clasts vary in size (2->10mm) 

Wk Ser, 
possible wk Sil 

Felsic 
volcanic 
rock 

  

13AB2221B 

Hbl = 56%, Srp = 
10%, Fsp = 10%, 
Qz = 10%,  Opq 
= 10%, Chl = 3%, 
Bt = 1% 

Ilm (±Mag) = 
10% 

Fine No discernable foln or fabric. Hbl vary in 
size, generally >2 mm in length, acicular or 
bladed, often radial. Matrix is fg Qz, Pl, Srp 
± Chl. Minor euhedral Bt present. Srp altn 
of Hbl. Opq minerals are needle-like or 
acicular. Could be coarser Opq minerals 
breaking down into smaller crystals 

Srp. 
Hydrothermal 
fluids ± Sil 

Basalt   

* Grain Size: Coarse: >5mm; Medium: 1-5mm; Fine: 0.5-1mm; Very fine: 0.1-0.5mm 
†
 Percentages of types of opaque minerals (oxides, sulphides, etc.) derived from reflected light microscopy 
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Table A.3: Mineral abbreviations (after Whitney and Evans, 2010; Kertz, 1983) 

Act Actinolite Kfs K-Feldspar 
Amp Amphibole Ms Muscovite 
Ap Apatite Opq Opaque mineral 
Bt Biotite Pl Plagioclase 
Cal Calcite Qz Quartz 
Chl Chlorite Ser Sericite 
Cpr Cuprite St Staurolite 
Cpx Clinopyroxene Tur Tourmaline 
Czo Clinozoisite Tr Tremolite 
Ep Epidote Ttn Titanite 
Fsp Feldspar Zo Zoisite 
Grt Garnet Zr Zircon 
Hbl Hornblende   

 

Table A.4: Petrography abbreviations 

Altn Alteration 
BF Birefringence 
Cb Carbonate alteration 
Cg Coarse grained 
Fg Fine grained 
Foln Foliation 
Int Intermediate 
Mg Medium grained 
Mod Moderate 
Sil Silicification 
Str Strong 
Vfg Very Fine grained 
Wk Weak 
x-cut Cross-cut 
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Figure A.1: Photomicrographs from 
samples from the southern Slave 
craton showing various textures in 
mafic, intermediate and felsic 
volcanic rocks: (A) Sharrie Lake 
pillow basaltic-andesite (12-YK-23), 
(B) Medium-grained hornblende-rich 
basalt from Turnback Lake 
(13BW1214b), (C-D) Intermediate 
pillow core and selvage, respectively 
(13AB2019A1 and 13AB2019A2), 
(E) Banting rhyolite from Yellowknife 
with a strong foliation defined by 
muscovite and oriented matrix 
quartz/feldspars wrapping around 
quartz and relict feldspar 
phenocrysts (12-HMB-70), (F) 
Altered rhyolite from Indin Lake with 
garnet and staurolite 
phorphyroblasts (12-HMB-59), (G) 
“Dirty” rhyolite from Sharrie Lake 
with elongate garnet, biotite and 
retrograde chlorite (13BW1009A), 
(H) Fragmental rhyolite from Sharrie 
Lake with sericitized and flattened 
fragments and phenocrysts 
(13AB2018A), (I-J) Phorphyritic 
rhyolite from Turnback Lake with 
sericitized feldspar phenocrysts and 
quartz-rich matrix (13BW1215A). 
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Appendix B: Internal standard sample analyses 

Table B.1: Internal standard, 10-LT-05, analyses form the Ontario Geological Survey (OGS) 
and Australia Laboratory Services (ALS). Major oxides (wt. %) measured by XRF at the OGS 
and ICP-AES at ALS. Trace and rare earth elements (ppm) measured by ICP-MS. 
Lab OGS ALS 

Sample 10-LT-05 10-LT-05 

SiO2 48.69 47.95 48.47 48.5 48.6 
Al2O3 18.18 17.92 18.05 17.85 18.5 
Fe2O3 9.45 9.4 9.49 9.6 9.63 
CaO 9.54 9.53 9.52 9.73 9.77 
MgO 6.65 6.51 6.63 3.62 6.67 
Na2O 3.52 3.48 3.52 3.62 3.54 
K2O 1.03 1.01 1.02 1.04 1.03 
Cr2O3 - - - 0.03 0.03 
TiO2 1.43 1.43 1.44 1.51 1.48 
MnO 0.14 0.136 0.141 0.15 0.14 
P2O5 0.39 0.38 0.38 0.38 0.39 
SrO - - - 0.11 0.11 
BaO - - - 0.06 0.06 
LOI 0.52 0.76 0.69 1.06 1.06 
Total 99.54 98.51 99.35 100.38 101.03 
Ba 533.7 531.7 529.4 511 540 
Be 1.14 1.19 1.16 - - 
Bi 0.012 0.027 0.03 - - 
Cd 0.16 0.16 0.17 <0.5 <0.5 
Ce 47.09 46.68 46.75 46.7 50.7 
Co 40.5 41.3 41.2 38 39 
Cr 177 172 174 200 200 
Cs 0.23 0.22 0.24 0.25 0.29 
Cu 42 43 42 40 41 
Dy 3.7 3.73 3.67 3.2 3.67 
Er 1.93 1.94 1.92 1.92 1.95 
Eu 1.56 1.59 1.57 1.59 1.62 
Ga 18.42 19.15 18.87 19.4 20.4 
Gd 4.41 4.39 4.42 4.64 4.58 
Hf 3.39 3.35 3.38 3.3 3.7 
Ho 0.68 0.69 0.69 0.79 0.72 
La 21.9 21.54 21.71 21.8 23.4 
Li 7.2 7.5 7.3 10 10 
Lu 0.24 0.24 0.24 0.23 0.24 
Mo 1.5 1.43 1.46 1 1 
Nb 10.45 10.63 10.46 10.3 11 
Nd 24.73 24.91 25.07 24.7 26.5 
Ni 117 117 116 108 106 
Pb 4.8 4.8 4.8 5 7 
Pr 6 6.14 6.12 6.15 6.55 
Rb 12.54 12.67 12.54 12.4 13 
Sb 0.08 0.08 0.09 - - 
Sc 19.6 20.1 20 15 17 
Sm 4.97 5.01 5.01 4.78 5.21 
Sn 1.46 1.49 1.6 1 1 
Sr 883 899 894 931 959 
Ta 0.6 0.6 0.6 0.5 0.6 
Tb 0.62 0.62 0.63 0.7 0.68 
Th 1.94 1.9 1.89 2.01 2.1 
Ti 8380 8682.1 8637 - - 
Tl 0.05 0.05 0.05 <0.5 <0.5 
Tm 0.28 0.26 0.26 0.28 0.27 
U 0.57 0.56 0.56 0.52 0.67 
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Lab OGS ALS 

V 155.88 157.42 154.68 176 170 
W <0.5 <0.5 0.33 1 1 
Y 19.2 19.24 19.34 18.1 19.6 
Yb 1.65 1.62 1.68 1.59 1.59 
Zn 87.08 90.04 90.06 91 92 
Zr 151 150 150 145 152 
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Table B.2: Internal standard, 99-YK-2, analyses form the Ontario Geological Survey (OGS) and 
Australia Laboratory Services (ALS). Major oxides (wt. %) measured by XRF at the OGS and 
ICP-AES at ALS. Trace and rare earth elements (ppm) measured by ICP-MS. 
Lab OGS ALS 

Sample 99-YK-2 99-YK-2 

SiO2 68.55 69.60 
Al2O3 11.48 11.20 
Fe2O3 2.66 2.66 
CaO 4.17 3.75 
MgO 1.33 1.33 
Na2O 5.63 5.77 
K2O 0.16 0.09 
TiO2 0.41 0.43 
MnO 0.08 0.07 
P2O5 0.11 0.09 
LOI 4.3 3.96 
Total 99.36 99.00 
Ba 163.8 158.5 
Be 0.85 - 
Bi 0.14 - 
Cd 0.18 <0.5 
Ce 86.16 76.7 
Co 14.6 14 
Cr <24 10 
Cs 0.17 0.16 
Cu 88 80 
Dy 3.95 4.14 
Er 2.29 2.17 
Eu 1.02 0.90 
Ga 10.58 11.60 
Gd 4.67 4.91 
Hf 5.56 6.20 
Ho 0.76 0.86 
La 45.38 41.40 
Li 5.1 10 
Lu 0.33 0.38 
Mo 0.49 <1 
Nb 7.13 9.00 
Nd 33.85 31.20 
Ni 14 13 
Pb 15.8 18 
Pr 9.34 8.67 
Rb 1.30 1.10 
Sb 0.92 - 
Sc 6.7 6 
Sm 5.98 5.17 
Sn 1.46 2 
Sr 113 112.5 
Ta 0.5 0.9 
Tb 0.67 0.87 
Th 17.53 17.30 
Ti 2221.1 - 
Tl 0.01 <10 
Tm 0.33 0.35 
U 4,61 4.63 
V 28.46 35 
W 0.6 1 
Y 20.21 21,30 
Yb 2.22 2.31 
Zn 26.34 28 
Zr 222 226 
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Appendix C: Stratigraphic section through volcanic rocks at Sharrie Lake. 

Graphic Log Project: Sharrie Lake 
Geologist: Alexandra Berger 
Date: June 22, 2013 

Page: 1 of 1 

m 
 

Grain Size- 
Matrix (mm) 

Sample Structure Lithological Description Alteration 
Description 

0
.1

 

0
.2

 

0
.5

 

1
 

 

13AB2021A 
(Mafic) 

13AB2021B 
(Felsic) 

Sharp contact: 
315° 

Fg felsic volcanic rock with 10-15% flattened and rounded 
felsic volcanic clasts (<5 cm in length). ~5% Fsp phenocrysts 
(1-1.5 mm size). Wx – buff to light grey. Fx – medium grey. 
Local Qz veins.  
Sharp contact with mafic pillowed flow. Pillows are well formed 
with interpillow breccia. Hbl spots/clusters in pillow cores. Unit 
pinches out to northwest. Sil+Ep altered cores and bleached 
fragments.  

Local patchy 
and strata-
bound 
sericitization 
Sil+Ep of 
pillows and 
breccia 

None taken – 
same unit as 
13AB2021B 

Irregular 
contact: 315° 

Fragmental felsic volcanic rock with ~15% felsic rock 
fragments and ~5% Fsp phenocrysts in groundmass. 
Fragments are flattened and rounded with sizes varying from 
lapilli to pebble/bomb. Fragments are white and homogenous. 
Local rusty Qz veins and stringers. 

 

13AB2023A 
Irregular/ 

gradational 
contact: 310º 

Intermediate pillowed flow with flow top breccia (top 7.3 m of 
unit). Breccia pinches with variable thickness. Pillows are 
flattened, <1 m length and have “leopard spots” of Hbl and Pl 
clusters. Glassy selvages. Local inter-pillow breccia 

“leopard spots” 
- Hbl 

None 
obtainable 

Sharp contact: 
305º 

Felsic volcanic rock with 5-10% flattened volcanic fragments 
(1-4 cm length). <5% Fsp phenocrysts, <1 mm in size. <1% 
sulphides. Local weak silicification and sericitization. Weakly 
vesicular, discontinuous int. Dykes x-cut unit.  

Weak 
sericitization 

13AB2025A 
(middle of 

unit) 
13AB2025B 
(near upper 

contact) 

Sharp contact: 
290º 

Pillow basalt. Top 9 m are highly (20-30%) vesicular, small 
(<40 cm long) pillows. Pillows are flattened in 125→305º 
direction. Selvages are dark brown, devitrified with remnant 
glass, and are <2 cm wide. 
 
Lower pillows are 40-100 cm long, flattening direction is 
consistent with top of unit (length to width = 2:1). Pillows are 
more widely spaced with thicker selvages (~4 cm wide) and 
local inter-pillow breccia (globular/irregular shapes) and 
hyaloclastite. Hbl and Bt dominate selvages and inter-pillow 
material. Pillow cores are Ep+Cb±Sil altered (beige to white) 
with <15% vesicles. Pillows with altered cores increase 
towards lower contact (North). 5-10% Fsp phenocrysts (<0.5 
mm) in pillow cores. 

Ep+Cb 
alteration of 
pillow cores. 
Possible weak 
silicification 

13AB2026B 
Sharp contact: 

290º 

Gossanous within felsic flow top breccia, directly overlaying 
pillow basalts. ~30% Qz phenocrysts, 1-5 mm size. Sulphide 
bearing – 10-15%. Rusty appearance.   

 

13AB2026A 

Foliation (clast 
defined): 
300°/86º 

Sharp contact: 
305º 

Fragmental felsic volcanic unit. Fragments are felsic in origin, 
flattened and vary in length from 2-12 cm long. Clasts are 
white to light grey. Groundmass has 15-20% Fsp phenocrysts 
and 5% Qz phenocrysts (all ~1 mm size). Top portion is 
brecciated with more rusty patches and slightly larger 
fragments (5-15 cm long). Sharp upper contact with 
gossanous felsic braccia.  

Local 
silicification and 
sericitization 

13AB2027A 

Lower contact: 
concealed by 

lake 

Mafic/intermediate pillowed flow. Pillows are rounded to 
slightly oval, less flattened (length to width = 4:3) than pillows 
described above. Pillow cores and have <5% Qz+Fsp±Cb 
amygdales and <5% vesicles. Selvages are 3-4 cm wide, 
devitrified and Bt rich.   
 
 
Possible flow top breccias form distinct and continuous layers 
with somewhat variable thicknesses. Clasts and fragments in 
breccias are flattened (length to width = 5:1 to 7:1). Breccia 
fragments have 5-7% round Fsp and Qz amygdales.  

 

NE 

SW 
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Appendix D: Sample Location 

Table D.1: Location and classification for regional, Sharrie Lake and Turnback Lake rock samples. NAD 

83, Zone 12. 

2012 Regional Samples 

Sample Rock Name Location UTM Easting UTM Northing 

12-YK-01 Rhyolite Point Lake 440408 7214163 
12-YK-02 Basalt Beniah Lake 446013 7021370 
12-YK-03 Rhyo-dacite Beniah Lake 446044 7021655 
12-YK-04 Gabbro dyke MacKay Lake 488753 7097441 
12-YK-05 Gabbro dyke MacKay Lake 488753 7097441 
12-YK-06 Qtz-Fsp porphyry dyke MacKay Lake 488754 7097462 
12-YK-07 Rhyolite MacKay Lake 489120 7097374 
12-YK-08 Basalt MacKay Lake 489871 7097509 
12-YK-09 Rhyolite MacKay Lake 488697 7097414 
12-YK-10 Basalt Patterson Lake 395392 6974599 
12-YK-11 Pl-porphyry dyke Patterson Lake 395392 6974599 
12-YK-12 Andesite Fenton Lake  400330 6983017 
12-YK-13 Rhyolite Fenton Lake 400399 6982960 
12-YK-14 Basalt Fenton Lake 400667 6982809 
12-YK-15 Rhyolite Snare River 570969 7092393 
12-YK-16 Pl-porphyry dyke Snare River 570969 7092393 
12-YK-17 Andesite Snare River 570509 7093724 
12-YK-18 Rhyo-dacite Snare River 570488 7093938 
12-YK-19 Rhyolite Sharrie Lake 394257 6945581 
12-YK-20 Basalt Sharrie Lake 395224 6946338 
12-YK-21 Qtz-Fsp porphyry dyke Sharrie Lake 395393 6946266 
12-YK-22 Rhyolite Sharrie Lake 395245 6946184 
12-YK-23 Andesite Sharrie Lake 393327 6946418 
Cl-221 Rhyo-dacite DEB deposit 484599 7119500 
12lo3003a Basalt Bridge Lake 738935 7017351 
12lo3006b Rhyo-dacite BB deposit 805873 7003542 
12lo3009a Dacite Sunset Lake 745245 6972953 
12lo3009b Andesite Sunset Lake 745221 6972896 
HMB-12-051b Basalt Garde Lake 748617 6972035 
HMB-12-052a Rhyolite Sunrise deposit 429951 6975230 
HMB-12-052b Rhyo-dacite Sunrise deposit 429951 6975230 
HMB-12-056 Rhyo-dacite Old Canoe Lake 776319 7050872 
HMB-12-058a Rhyo-dacite Snare River 571585 7089545 
HMB-12-058b Rhyo-dacite Snare River 571572 7089518 
HMB-12-059 Rhyo-dacite Indin Lake 584204 7118807 
HMB-12-070 Rhyo-dacite Yellowknife 637822 6935186 

2013 Sharrie and Turnback Samples 

Sample Rock Name Location UTM Easting UTM Northing 

13BW1007B Rhyolite Sharrie Lake 403704 6942327 
13BW1007C Rhyolite Sharrie Lake 403518 6942401 
13BW1007D Basalt Sharrie Lake 403516 6942401 
13BW1009A Rhyolite Sharrie Lake 402755 6942616 
13AB2015A Rhyolite Sharrie Lake 395822 6943894 
13AB2017A Rhyolite Sharrie Lake 394247 6945008 
13AB2018A Rhyolite Sharrie Lake 394073 6945591 
13AB2019A1 Andesite Sharrie Lake 394726 6945409 
13AB2019A2 Andesite Sharrie Lake 394727 6945409 
13AB2020A Andesite Sharrie Lake 394665 6945628 
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Table D.1 continued… 

Sample Rock Name Location UTM Easting UTM Northing 

13AB2021A Basaltic-Andesite Sharrie Lake 395290 6946174 
13AB2021B Rhyolite Sharrie Lake 395290 6946174 
13AB2023A Andesite Sharrie Lake 395277 6946219 
13AB2025A Basalt Sharrie Lake 395288 6946256 
13AB2025B Basalt Sharrie Lake 395288 6946256 
13AB2026A Rhyolite Sharrie Lake 395304 6946315 
13AB2026B Rhyolite Sharrie Lake 395304 6946315 
13AB2027A Andesite Sharrie Lake 395304 6946370 
13AB2028A Rhyolite Sharrie Lake 400179 6942819 
13AB2029A Andesite Sharrie Lake 400159 6942798 
13AB2030A Basaltic-Andesite Sharrie Lake 400053 6942677 
13AB2031A Basaltic-Andesite Sharrie Lake 399361 6943585 
13AB2032A Andesite Sharrie Lake 399253 6943532 
13AB2033A Rhyolite Sharrie Lake 399227 6943483 
13AB2039A Andesite Sharrie Lake 399672 6941635 
13BW1214A Rhyolite Turnback Lake 412761 6951090 
13BW1214B Basalt Turnback Lake 412801 6951066 
13BW1215A Rhyo-Dacite Turnback Lake 413132 6951008 
13BW1215B Basalt Turnback Lake 413231 6950945 
13BW1216A Rhyolite Turnback Lake 413396 6950851 
13AB2212A Basalt Turnback Lake 415523 6951585 
13AB2213A Rhyolite Turnback Lake 415362 6951285 
13AB2214A Basalt Turnback Lake 415528 6950423 
13AB2215A Rhyolite Turnback Lake 415578 6950258 
13AB2216A Basalt Turnback Lake 415630 6950239 
13AB2217A Rhyolite Turnback Lake 416217 6954587 
13AB2218A Basalt Turnback Lake 410209 6951339 
13AB2219A Rhyolite Turnback Lake 411854 6949616 
13AB2220A Basalt Turnback Lake 411931 6949672 
13AB2221A Rhyolite Turnback Lake 412525 6949393 
13AB2221B Basalt Turnback Lake 412275 6949757 
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Appendix E: Geochemistry 
 

Table E.1: Major oxide and trace element analyses from the 2012 regional collection and the 2013 Sharrie and Turnback collection with rock types 
and locations provided. Major oxides were analysed using XRF for the regional samples and ICP-AES for the Sharrie and Turnback samples. 
Trace and rare earth elements were analysed by ICP-MS.  

2012 Regional Collection 

Sample Rock Name Location SiO2 Al2O3 CaO Fe2O3 K2O MgO MnO Na2O P2O5 TiO2 LOI Total 
   12-YK-01 Rhyolite Point Lake 75.38 12.1 1.11 2.07 5.06 0.83 0.02 2.06 0.00 0.1 0.52 99.25 
   

12-YK-02 Basalt Near Beniah Lake 48.24 13.51 8.42 17.85 0.19 6.5 0.23 1.96 0.13 1.61 0.18 98.82 
   12-YK-03 Rhyo-dacite Near Beniah Lake 65.1 17.56 4.69 2.61 2.17 1.74 0.06 4.38 0.14 0.52 0.7 99.67 
   

12-YK-04 Gabbro-dyke MacKay Lake 46.75 16.83 11.28 9.27 1.06 10.09 0.15 1.11 0.03 0.43 2.29 99.29 
   12-YK-05 Gabbro-dyke MacKay Lake 47.31 16.74 10.04 8.72 1.91 10.67 0.15 1 0.03 0.4 2.7 99.67 
   12-YK-06 Qtz-Fsp porphyry dyke MacKay Lake 68.88 15.32 3.43 3.75 1.41 1.11 0.04 3.94 0.10 0.4 0.53 98.92 
   

12-YK-07 Rhyolite MacKay Lake 77.51 12.09 0.40 1.65 0.64 0.29 0.01 6.13 0.02 0.13 0.37 99.24 
   12-YK-08 Basalt MacKay Lake 47.69 15.28 11.19 13.19 0.42 7.63 0.21 1.87 0.07 0.83 0.95 99.32 
   

12-YK-09 Rhyolite MacKay Lake 76.14 10.33 1.55 2.34 6.93 0.65 0.05 0.3 0.01 0.13 0.52 98.95 
   12-YK-10 Basalt Patterson Lake 49.15 13.4 11.68 15.65 0.25 5.39 0.23 1.14 0.15 1.59 0.74 99.37 
   

12-YK-11 Pl-porphyry dyke Patterson Lake 48.1 13.59 10.73 16.01 0.27 6.24 0.24 1.52 0.11 1.29 0.75 98.84 
   

12-YK-12 Andesite Fenton Lake 59.5 12.55 7.35 8.68 0.16 3.42 0.17 3.67 0.36 1.18 1.86 98.9 
   12-YK-13 Rhyolite Fenton Lake 73.65 12.92 1.25 2.75 2.89 0.91 0.05 2.84 0.02 0.15 1.54 98.97 
   

12-YK-14 Basalt Fenton Lake 53.37 15.69 9.59 9.33 0.3 4.73 0.17 2.92 0.10 1.21 2 99.41 
   12-YK-15 Rhyolite Snare River 71.21 14.74 2.30 1.91 2.31 0.69 0.07 3.38 0.12 0.49 1.93 99.16 
   

12-YK-16 Pl-porphyry dyke Snare River 39.85 8.33 8.25 19.04 2.47 11.28 0.21 1.28 0.59 4.06 3.44 98.81 
   12-YK-17 Andesite Snare River 54.03 15.38 6.89 11.29 0.42 4.37 0.27 3.62 0.47 1.23 1.24 99.21 
   12-YK-18 Rhyo-dacite Snare River 64.04 17.22 6.16 3.32 0.87 0.83 0.14 3.57 0.12 0.52 2.45 99.23 
   

12-YK-19 Rhyolite Sharrie Lake 80.67 8.88 0.06 1.25 7.19 0.14 0.02 0.28 0.01 0.06 0.5 99.06 
   12-YK-20 Basalt Sharrie Lake 52.47 17.61 7.70 8.21 0.45 4.45 0.17 4.61 0.29 1.75 1.05 98.76 
   

12-YK-21 Rhyo-dacite dyke Sharrie Lake 71.91 14.4 1.70 1.82 1.68 0.31 0.02 5.08 0.04 0.15 1.98 99.09 
   12-YK-22 Rhyolite Sharrie Lake 73.27 14.24 0.56 2.34 4.61 1.1 0.02 0.9 0.01 0.13 1.89 99.07 
   

12-YK-23 Andesite Sharrie Lake 65.64 13.6 3.37 6.55 0.25 2.61 0.08 5.21 0.21 0.92 0.62 99.06 
   

Cl-221 Rhyodacite DEB deposit 63.45 16.86 2.13 3.73 2.29 1.46 0.04 4.12 0.12 0.44 4.51 99.15 
   12lo3003a Basalt Bridge Lake 48.72 14.67 10.10 14.42 0.35 5.07 0.27 2.98 0.21 1.55 0.62 98.96 
   

12lo3006b Rhyo-dacite BB Deposit 60.14 15.77 11.17 4.1 1.13 1.35 0.21 2.11 0.07 0.32 2.56 98.93 
   12lo3009a Dacite Sunset Lake 64.57 14.16 2.18 7.93 3.22 2.29 0.39 1.04 0.12 0.44 2.62 98.96 
   

12lo3009b Andesite Sunset Lake 59.55 14.4 5.63 7.77 1.39 5.63 0.10 3.11 0.17 0.7 0.94 99.39 
   HMB-12-051b Basalt Garde Lake 48.37 13.2 7.61 15.14 1.04 8.42 0.37 2.27 0.08 0.92 1.82 99.24 
   HMB-12-052a Rhyolite Sunrise Deposit 82.19 8.18 0.15 1.78 2.25 2.12 0.06 0.04 0.01 0.05 1.9 98.72 
   

HMB-12-052b Rhyo-dacite Sunrise Deposit 51.18 8.82 17.51 1.18 2.92 0.4 0.23 1.33 0.03 0.17 15.22 98.99 
   HMB-12-056 Rhyo-dacite Old Canoe Lake 70.18 17.42 0.72 1.72 3.88 1.11 0.03 1.26 0.09 0.49 2.46 99.36 
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Sample Rock Name Location SiO2 Al2O3 CaO Fe2O3 K2O MgO MnO Na2O P2O5 TiO2 LOI Total    

HMB-12-058a Rhyo-dacite Snare River 66.43 14.94 4.86 4.69 1.75 0.49 0.09 3.41 0.22 0.67 1.98 99.53 
   

HMB-12-058b Rhyo-dacite Snare River 62.25 12.96 7.97 9.94 1.27 1.52 0.66 0.81 0.19 0.58 0.63 98.75 
   HMB-12-059 Rhyo-dacite Indin Lake 71.08 18.19 0.36 7.43 0.07 0.58 0.30 0.07 0.22 0.83 0.23 99.36 
   

HMB-12-070 Rhyo-dacite Yellowknife 63.88 14.81 1.68 4.79 2.34 2.64 0.05 4.48 0.16 0.49 3.76 99.08 
    

 

2012 Regional Collection Trace Elements 

Sample Ba Be Bi Cd Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Li Lu Mo Nb 
 

12-YK-01 1120.2 2.96 0.07 0.10 136.13 0.8 255 1.61 <2 9.94 4.71 0.68 21.83 11.62 10.35 1.77 69.01 38.3 0.57 1.8 30.18 
 

12-YK-02 20.8 0.51 0.10 0.33 11.57 50.3 69 0.03 149 5.90 3.74 1.29 20.67 5.00 1.10 1.25 3.97 12.2 0.53 0.54 4.65 
 

12-YK-03 382.6 1.18 0.15 0.24 44.74 15.5 159 0.62 47 2.40 1.25 1.06 22.45 2.79 4.28 0.45 22.58 14.4 0.19 2.57 5.17 
 

12-YK-04 40.1 0.64 1.54 0.17 4.25 52.4 498 6.53 163 1.63 1.03 0.39 15.27 1.35 0.56 0.34 1.78 34.8 0.16 0.24 0.96 
 

12-YK-05 45.8 0.29 1.26 0.11 3.39 49.3 500 8.51 9 1.51 0.98 0.38 13.30 1.21 0.36 0.33 1.31 36.1 0.14 0.25 0.86 
 

12-YK-06 349.6 1.36 0.24 0.07 25.56 7.8 248 4.33 30 1.46 0.80 0.63 21.01 1.57 3.55 0.27 12.67 32.7 0.12 2.53 6.3 
 

12-YK-07 57.6 2.18 0.28 0.24 73.3 1.8 190 1.63 22 5.98 3.64 0.80 15.56 6.35 6.10 1.19 35.60 9.3 0.57 1.24 12.5 
 

12-YK-08 24.8 0.30 0.01 0.09 6.60 55.8 236 0.16 143 3.26 2.11 0.83 16.66 2.70 0.34 0.69 2.36 4.7 0.29 0.77 2.07 
 

12-YK-09 610.3 0.94 0.91 0.30 93.9 0.6 153 1.60 17 14.08 8.19 2.26 16.09 13.13 4.96 2.81 41.88 8.9 0.98 1.1 20.66 
 

12-YK-10 35.3 0.56 0.19 0.12 15.94 41.7 172 0.27 50 6.12 3.92 1.40 19.74 5.16 1.36 1.29 6.02 3.2 0.54 0.88 4.8 
 

12-YK-11 45.6 0.39 0.13 0.15 11.87 54.1 157 0.16 27 4.72 2.99 1.04 19.24 4.12 0.81 1.01 4.59 6.2 0.43 0.47 3.38 
 

12-YK-12 45.3 0.57 0.06 0.15 42.74 42.6 237 0.10 31 5.91 3.50 1.66 16.08 5.81 4.09 1.19 18.67 3.8 0.5 0.7 10.09 
 

12-YK-13 639.7 2.02 0.14 0.09 108.95 1.9 231 7.46 18 5.82 3.37 0.88 18.31 6.09 6.18 1.15 60.10 18.1 0.5 1.77 10.58 
 

12-YK-14 124.2 0.49 0.02 0.10 9.76 54.3 361 0.37 101 3.64 2.20 0.84 18.57 3.25 1.12 0.75 3.70 8.8 0.29 0.74 2.88 
 

12-YK-15 468.8 1.28 0.09 0.04 56.14 8.4 177 0.55 11 2.74 1.40 1.00 18.28 3.09 4.47 0.51 30.91 15.3 0.19 1.62 7.25 
 

12-YK-16 590.8 3.93 0.11 0.16 127.30 82.7 >600 16.81 193 7.21 2.64 4.52 23.33 11.41 7.37 1.14 53.32 31.1 0.22 2.9 69.82 
 

12-YK-17 87.4 0.62 0.07 0.17 66.18 31.1 197 0.29 48 6.05 3.61 1.66 17.25 6.41 4.43 1.23 27.93 12.3 0.52 0.78 9.97 
 

12-YK-18 294.2 1.24 0.10 0.18 46.80 7.8 268 1.34 31 2.97 1.52 1.09 19.29 3.55 4.95 0.53 25.01 26.9 0.23 1.7 7.32 
 

12-YK-19 659.1 1.24 0.10 0.02 55.56 1.0 214 1.11 8 5.02 3.06 0.66 14.24 4.72 4.56 1.01 27.12 3.2 0.47 2.59 10.99 
 

12-YK-20 110.9 0.74 0.10 0.19 26.65 65.9 205 3.22 62 5.15 3.16 1.28 18.91 4.86 2.34 1.06 11.48 15.2 0.45 0.56 7.55 
 

12-YK-21 732.6 1.99 0.04 0.07 27.75 2.5 192 0.99 3 1.19 0.55 0.49 23.48 1.67 3.57 0.21 15.97 12.8 0.07 1.3 7.06 
 

12-YK-22 669.7 3.1 0.49 0.17 189.86 0.5 152 5.61 4 16.97 9.46 2.11 32.58 18.06 11.06 3.27 93.98 36.7 1.38 1.23 25.33 
 

12-YK-23 144 0.81 0.07 0.14 44.36 22.4 149 0.22 30 4.25 2.50 1.07 15.08 4.52 4.80 0.84 20.14 4 0.38 1.57 8.72 
 

Cl-221 405.2 1.67 0.02 0.03 60.41 11.7 77 3.49 28 2.19 1.18 0.84 27.95 2.80 5.27 0.42 31.54 47.1 0.16 0.61 7.03 
 

12lo3003a 73.5 0.79 0.11 0.11 17.61 44.3 159 0.12 26 6.01 3.77 1.30 18.84 5.05 1.79 1.26 6.48 5.1 0.54 0.63 5.97 
 

12lo3006b 170.7 1.57 0.09 0.76 57.07 6.8 272 1.43 14 5.66 3.51 1.42 23.70 5.70 3.78 1.16 27.44 19.6 0.5 2.35 9.94 
 

12lo3009a 368.3 1.02 0.20 0.50 30.64 15.2 120 1.61 55 2.18 1.24 0.91 17.19 2.58 3.80 0.42 15.57 59.7 0.18 1.33 5.74 
 

12lo3009b 268.9 0.95 0.09 0.13 36.61 27.0 333 1.98 14 3.52 2.09 1.03 17.70 3.60 3.40 0.71 16.63 22.1 0.3 1.37 6.11 
 

HMB-12-051b 154.6 0.65 0.12 0.27 6.50 63.4 131 0.79 169 3.61 2.34 0.74 16.03 2.95 1.08 0.79 2.33 94.4 0.33 0.34 2.17 
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Sample Ba Be Bi Cd Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Li Lu Mo Nb 
 

HMB-12-052a 169.6 0.77 0.089 5.48 45.87 0.5 137 1.36 3 5.46 3.19 0.29 12.51 5.25 4.67 1.08 15.71 28.6 0.45 1.9 12.34 
 

HMB-12-052b 703.3 1.66 0.097 0.03 51.57 1.3 63 0.78 <2 5.70 3.85 0.68 12.00 4.48 4.09 1.22 25.94 6.2 0.59 0.43 8.21 
 

HMB-12-056 405.7 1.04 0.08 0.03 32.67 4.1 159 6.89 3 1.54 0.80 0.60 24.15 1.84 3.77 0.28 15.62 91 0.13 1.74 3.45 
 

HMB-12-058a 460 1.3 0.116 0.08 58.09 10.9 166 0.56 27 3.70 2.00 1.29 19.57 4.17 2.79 0.71 29.99 11.9 0.22 2.09 10.35 
 

HMB-12-058b 164.1 1.55 0.109 0.09 47.35 13.0 131 0.49 57 3.12 1.90 1.08 16.11 3.38 3.44 0.63 24.85 19.3 0.26 2.02 9.12 
 

HMB-12-059 40.5 0.32 0.085 0.05 100.48 8.6 486 0.47 21 4.40 2.23 1.92 8.98 5.78 5.31 0.79 48.07 12.9 0.32 4.38 10.7 
 

HMB-12-070 418.5 0.96 0.078 0.01 58.10 13.5 110 1.40 22 2.23 1.20 1.05 18.40 2.86 3.54 0.41 31.15 24 0.16 0.6 3.46 
 

Reconnaissance Suite - Trace Elements continued… 

Sample Nd Ni Pb Pr Rb Sb Sc Sm Sn Sr Ta Tb Th Ti Tl Tm U V W Y Yb Zn Zr 

12-YK-01 58.88 3 31.5 15.67 146.78 <0.04 1.5 12.71 6.25 43 1.7 1.76 26.95 633.56 0.65 0.63 5.16 <10 <0.5 43.41 3.89 109.54 283 

12-YK-02 10.88 47 19.7 1.90 0.67 0.47 46.9 3.67 0.63 75 0.3 0.86 0.38 9608.56 0.01 0.54 0.09 380.65 <0.5 33.76 3.52 144.87 36 

12-YK-03 18.49 16 18.1 4.96 44.62 0.17 9.5 3.31 2.20 200 0.5 0.39 6.47 2723.75 0.86 0.18 2.02 73.27 <0.5 12.66 1.21 141.59 171 

12-YK-04 3.19 249 5.7 0.63 83.47 0.10 29.1 1.02 3.43 90 <0.2 0.24 0.23 2519.70 0.70 0.16 0.06 167.62 <0.5 9.55 1.03 98.72 20 

12-YK-05 2.70 272 2.5 0.54 173.18 0.20 28.1 0.92 1.09 69 <0.2 0.22 0.18 2250.66 1.26 0.14 0.05 147.94 <0.5 8.72 0.91 77.25 11 

12-YK-06 10.15 9 7.2 2.74 59.68 0.07 6.1 1.92 2.28 234 0.6 0.25 7.96 2521.69 0.38 0.12 1.92 54.27 1.04 8.11 0.76 59.77 138 

12-YK-07 33.61 3 11.2 8.57 30.53 0.05 3.5 6.89 2.67 25 1.1 0.97 21.34 804.92 0.20 0.54 6.22 <10 0.99 34.34 3.66 29.94 185 

12-YK-08 5.93 161 1.3 1.09 4.30 0.50 40.1 1.94 0.62 113 <0.2 0.47 0.18 4984.23 0.02 0.31 0.04 282.45 <0.5 18.85 2.02 82.45 6 

12-YK-09 51.31 <3 14.5 12.04 113.79 0.23 1.7 12.45 5.45 20 1.4 2.16 15.43 829.50 0.59 1.14 3.08 <10 1.25 75.62 7.18 52.7 164 

12-YK-10 12.74 57 1.9 2.49 1.82 0.51 39.6 4.07 1.02 108 0.3 0.90 0.52 9764.22 0.02 0.57 0.13 385.27 0.63 35.75 3.73 111.19 37 

12-YK-11 9.60 75 2.5 1.89 2.37 0.32 42.1 3.07 1.31 97 0.2 0.70 0.45 7984.75 0.01 0.44 0.12 345.97 0.81 27.64 2.89 117.28 28 

12-YK-12 24.42 66 2.9 5.63 2.46 0.38 24.2 5.65 1.48 135 0.6 0.91 2.71 7372.31 0.02 0.50 0.85 165.56 0.53 33.04 3.32 141.03 179 

12-YK-13 40.27 3 14.3 11.48 129.82 0.15 5.5 7.08 3.75 78 1.0 0.95 31.35 974.33 0.93 0.49 5.63 <10 1.50 32.79 3.33 53.77 210 

12-YK-14 7.95 112 2.4 1.55 17.42 0.12 41.2 2.52 0.92 125 0.2 0.54 0.38 7432.66 0.07 0.32 0.09 338.43 <0.5 20.42 2.00 78.96 40 

12-YK-15 20.86 15 4.5 5.93 49.05 0.12 8.7 3.57 1.90 174 0.6 0.46 9.10 3153.18 0.52 0.20 2.40 70.07 1.69 14.12 1.29 17.53 181 

12-YK-16 73.11 425 5.8 16.87 136.56 0.07 23.4 14.48 3.90 350 4.1 1.44 4.54 >12000 0.96 0.31 1.05 340.61 0.94 29.12 1.72 178.69 316 

12-YK-17 34.91 82 3.2 8.51 8.39 0.19 25.6 6.75 1.47 134 0.5 0.95 2.84 7554.93 0.03 0.52 0.69 183.61 <0.5 35.34 3.47 137.71 200 

12-YK-18 19.81 27 9.3 5.19 21.94 0.19 9.6 4.00 1.79 419 0.6 0.52 7.87 3293.46 0.12 0.22 2.10 86.81 0.52 14.89 1.48 50.32 187 

12-YK-19 23.89 4 20.0 6.29 104.29 0.53 2.7 5.18 2.77 40 1.0 0.76 18.35 372.82 0.56 0.47 6.29 <10 0.58 26.9 3.10 8.26 132 

12-YK-20 16.37 148 13.1 3.68 21.28 0.11 36.4 4.23 1.42 205 0.4 0.80 1.52 10835.97 0.21 0.45 0.52 282.25 0.69 29.19 2.92 171.18 94 

12-YK-21 10.96 3 15.1 2.98 54.09 0.07 2.1 2.08 1.54 212 0.9 0.21 8.17 917.47 0.23 0.08 3.69 15.46 0.77 6.25 0.47 49.00 119 

12-YK-22 90.74 <3 30.4 22.61 187.45 0.05 2.1 20.18 9.69 42 2.2 2.75 41.52 802.09 0.78 1.39 19.14 <10 3.91 84.91 9.15 63.71 319 

12-YK-23 21.92 22 8.6 5.49 11.06 0.10 15.7 4.79 1.42 117 0.6 0.71 7.61 5743.52 0.07 0.37 2.82 161.49 <0.5 23.80 2.50 71.89 197 

Cl-221 22.59 14 7.0 6.43 62.68 2.79 6.4 3.74 2.79 186 0.7 0.38 16.29 2500.96 0.22 0.17 3.53 55.27 <0.5 12.35 1.09 43.25 206 

12lo3003a 13.05 90 2.8 2.65 3.08 0.13 36.1 3.93 0.98 121 0.4 0.88 1.00 9367.92 0.02 0.55 0.24 355.02 <0.5 34.88 3.68 99.11 66 

12lo3006b 27.84 10 68.4 7.04 28.26 3.25 8.4 6.10 4.32 153 0.8 0.90 6.21 1929.06 12.48 0.52 1.66 25.36 0.95 34.41 3.44 358.06 139 
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Sample Nd Ni Pb Pr Rb Sb Sc Sm Sn Sr Ta Tb Th Ti Tl Tm U V W Y Yb Zn Zr 

12lo3009a 13.47 20 10.6 3.56 83.01 0.23 9.0 2.77 2.37 42 0.6 0.36 3.54 2701.97 0.54 0.18 1.56 65.72 <0.5 13.11 1.18 427.34 164 

12lo3009b 16.57 100 5.8 4.15 31.16 0.05 17.2 3.54 1.45 193 0.5 0.55 4.05 4328.20 0.13 0.30 1.17 127.15 <0.5 20.23 1.98 88.63 144 

HMB-12-051b 5.81 130 208.3 1.05 30.95 0.18 42.4 2.01 0.26 58 <0.2 0.52 0.36 5543.12 0.19 0.35 0.09 285.49 0.54 21.10 2.26 222.95 38 

HMB-12-052a 24.63 <3 168.5 6.08 75.19 2.49 1.4 5.78 2.52 7 1.0 0.87 12.27 336.33 2.76 0.47 2.64 <10 5.82 25.73 3.10 1484.04 131 

HMB-12-052b 21.01 3 9.5 5.76 104.5 0.88 3.7 4.31 3.05 161 1.1 0.83 18.21 931.62 0.40 0.59 7.05 <10 0.92 39.12 4.00 12.76 150 

HMB-12-056 12.53 14 9.7 3.36 89.97 0.70 7.1 2.22 1.58 106 0.3 0.26 3.36 2663.20 0.70 0.12 0.81 68.61 0.60 7.77 0.80 22.92 155 

HMB-12-058a 24.52 4 10.7 6.59 42.21 0.40 9.0 4.73 3.10 188 0.8 0.61 7.41 4183.29 0.26 0.27 1.43 55.35 0.93 20.20 1.63 61.56 117 

HMB-12-058b 19.83 9 9.1 5.33 31.05 0.14 6.2 3.85 1.22 237 0.7 0.51 6.23 3593.24 0.23 0.27 2.08 44.38 <0.5 19.64 1.74 63.12 143 

HMB-12-059 45.14 26 7.1 11.89 1.98 0.35 11.9 8.05 1.93 104 0.8 0.80 15.05 4108.02 0.05 0.32 4.36 57.06 15.40 20.81 2.12 <8 197 

HMB-12-070 23.52 20 4.8 6.47 29.49 5.78 8.6 3.88 0.89 251 0.3 0.39 7.32 1707.45 0.12 0.17 2.35 62.83 <0.5 11.8 1.09 64.91 147 

 

2013 Sharrie and Turnback Collection – Major Oxides 

Samples Rock Name Location SiO2 Al2O3 CaO Fe2O3 K2O MgO MnO Na2O P2O5 TiO2 Cr2O3 SrO BaO LOI Total 

13BW1007B Rhyolite Sharrie Lake 90.2 5.42 0.16 0.59 3.17 0.07 <0.01 0.79 <0.01 0.05 <0.01 <0.01 0.06 1.18 101.69 

13BW1007C Rhyolite Sharrie Lake 86.1 6.93 2.81 1.72 1.06 0.70 0.06 0.59 <0.01 0.06 <0.01 <0.01 0.03 1.08 101.14 

13BW1007D Basalt Sharrie Lake 50.6 13.85 8.16 13.65 0.23 4.75 0.21 3.17 0.22 2.58 0.02 0.03 <0.01 0.65 98.12 

13AB2015A Rhyolite Sharrie Lake 82.3 9.87 0.08 0.38 5.42 0.08 <0.01 1.64 0.01 0.08 <0.01 <0.01 0.14 0.44 100.44 

13AB2017A Rhyolite Sharrie Lake 81.6 10.10 0.20 0.62 3.42 0.06 0.01 3.61 0.01 0.08 0.01 0.01 0.09 0.52 100.34 

13AB2018A Rhyolite Sharrie Lake 78.7 10.60 1.33 2.44 2.53 1.85 0.04 2.11 0.01 0.08 <0.01 <0.01 0.03 1.21 100.93 

13AB2019A1 Andesite Sharrie Lake 61.2 13.60 8.90 5.59 0.25 2.83 0.11 4.17 0.12 0.72 0.02 0.03 0.03 3.29 100.86 

13AB2019A2 Andesite Sharrie Lake 40.1 18.55 5.39 16.15 4.41 8.16 0.15 1.60 0.10 1.07 0.03 0.02 0.15 2.53 98.41 

13AB2020A Andesite Sharrie Lake 60.3 14.15 5.61 7.71 2.29 2.30 0.23 2.96 0.27 1.08 <0.01 0.01 0.04 2.94 99.89 

13AB2021A Basaltic-Andesite Sharrie Lake 51.4 15.30 9.29 6.92 0.18 4.93 0.02 5.76 0.22 1.06 0.01 0.02 0.01 3.33 98.63 

13AB2021B Rhyolite Sharrie Lake 82.3 8.98 2.03 1.17 1.04 0.30 0.05 2.66 <0.01 0.08 <0.01 <0.01 0.01 1.57 100.19 

13AB2023A Basaltic-Andesite Sharrie Lake 47.1 14.05 11.80 7.56 0.35 4.45 0.35 4.94 0.16 0.94 0.01 0.02 0.02 5.82 98.02 

13AB2025A Basalt Sharrie Lake 52.7 18.05 9.37 8.74 0.25 3.97 0.20 4.35 0.29 1.98 0.03 0.02 0.01 1.20 101.16 

13AB2025B Basalt Sharrie Lake 48.9 17.20 12.25 7.47 0.15 3.27 0.19 4.45 0.23 1.86 0.02 0.02 <0.01 3.40 99.41 

13AB2026A Rhyolite Sharrie Lake 81.7 8.89 0.94 1.64 2.47 1.82 0.02 0.34 <0.01 0.09 <0.01 <0.01 0.04 1.63 99.58 

13AB2026B Rhyolite Sharrie Lake 57.5 16.85 6.40 6.89 1.21 2.28 0.11 4.11 0.14 1.14 0.02 0.02 0.02 2.47 99.16 

13AB2027A Andesite Sharrie Lake 61.3 15.40 4.02 6.68 0.85 4.21 0.09 5.30 0.24 1.01 0.01 0.01 0.05 1.02 100.19 

13AB2028A Rhyolite Sharrie Lake 76.7 12.05 0.28 2.47 6.11 0.23 0.04 1.60 0.01 0.15 <0.01 0.01 0.16 1.12 100.93 

13AB2028B Rhyolite Sharrie Lake 77.6 11.75 0.66 2.89 5.26 0.20 0.04 1.72 0.02 0.16 <0.01 0.01 0.14 1.45 101.9 

13AB2029A Andesite Sharrie Lake 63.3 12.15 2.52 11.70 2.43 1.48 0.24 3.04 0.60 1.49 <0.01 0.01 0.06 0.90 99.92 

13AB2029B Andesite Sharrie Lake 64.3 11.75 3.02 12.35 1.97 1.43 0.26 2.74 0.48 1.52 <0.01 0.01 0.07 1.17 101.07 

13AB2030A Basaltic-Andesite Sharrie Lake 56.2 14.40 7.89 8.87 0.23 5.74 0.18 3.73 0.15 1.17 0.02 0.02 0.01 0.99 99.6 

13AB2031A Basaltic-Andesite Sharrie Lake 52.8 14.30 9.64 11.50 0.06 4.99 0.20 2.60 0.20 1.28 0.01 0.02 <0.01 1.61 99.21 

13AB2032A Andesite Sharrie Lake 55.2 15.35 3.85 16.00 1.97 2.38 0.23 3.41 0.85 1.98 <0.01 0.03 0.03 0.60 101.88 

13AB2033A Rhyolite Sharrie Lake 83.1 9.10 0.54 0.56 2.95 0.16 0.01 2.83 0.01 0.11 <0.01 0.01 0.12 1.20 100.7 
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Samples Rock Name Location SiO2 Al2O3 CaO Fe2O3 K2O MgO MnO Na2O P2O5 TiO2 Cr2O3 SrO BaO LOI Total 

13AB2039A Andesite Sharrie Lake 63.8 12.55 5.39 7.76 0.10 2.91 0.18 3.95 0.22 1.36 <0.01 0.02 0.02 0.87 99.13 

13BW1214A Rhyolite Turnback Lake 76.4 13.55 0.94 2.66 1.59 1.54 0.04 3.30 <0.01 0.14 0.01 0.02 0.06 1.70 101.95 

13BW1214B Basalt Turnback Lake 48.0 16.10 9.33 13.80 4.29 2.76 0.25 1.04 0.02 2.81 0.43 0.02 0.06 0.68 99.59 

13BW1215A Rhyo-Dacite Turnback Lake 74.1 14.45 2.07 1.75 0.42 4.93 0.03 1.48 <0.01 0.19 0.05 0.03 0.06 0.99 100.55 

13BW1215B Basalt Turnback Lake 46.5 15.10 10.4 13.85 6.30 2.33 0.20 0.40 0.04 2.12 0.28 0.01 0.01 0.96 98.5 

13BW1216A Rhyolite Turnback Lake 77.1 12.05 0.30 1.87 0.86 3.46 0.02 3.25 <0.01 0.13 <0.01 <0.01 0.06 1.25 100.35 

13AB2212A Basalt Turnback Lake 49.9 13.60 8.57 13.15 5.45 2.87 0.16 0.11 0.02 3.63 0.64 0.05 0.01 0.59 98.75 

13AB2213A Rhyolite Turnback Lake 77.2 12.45 1.30 2.73 1.02 1.63 0.05 3.09 <0.01 0.19 0.01 0.02 0.06 1.62 101.37 

13AB2214A Basalt Turnback Lake 54.2 12.40 9.01 12.60 5.21 2.14 0.20 0.18 0.02 2.41 0.27 0.02 0.01 0.73 99.4 

13AB2215A Rhyolite Turnback Lake 80.8 9.28 0.68 2.37 0.94 0.30 0.02 2.29 <0.01 0.14 <0.01 <0.01 0.06 1.96 98.84 

13AB2216A Basaltic-Andesite Turnback Lake 48.3 15.65 7.80 13.10 8.70 2.57 0.17 0.13 0.04 1.26 0.21 0.02 <0.01 1.10 99.05 

13AB2217A Rhyolite Turnback Lake 79.6 10.55 0.47 2.46 0.50 3.65 0.05 1.93 <0.01 0.17 0.01 0.02 0.09 1.04 100.54 

13AB2218A Basaltic-Andesite Turnback Lake 56.6 16.10 7.54 7.94 4.29 4.29 0.13 0.85 0.01 1.20 0.23 0.01 0.03 0.99 100.21 

13AB2219A Rhyolite Turnback Lake 88.3 5.85 1.54 1.47 0.56 1.08 0.02 0.83 <0.01 0.05 0.01 0.01 0.05 0.64 100.41 

13AB2220A Basalt Turnback Lake 50.1 15.90 10.05 12.6 4.77 3.13 0.22 0.16 0.03 2.66 0.39 0.04 0.01 0.73 100.79 

13AB2221A Rhyolite Turnback Lake 78.3 11.45 0.97 1.40 1.08 1.93 0.03 2.85 <0.01 0.08 <0.01 <0.01 0.05 1.43 99.57 

13AB2221B Basalt Turnback Lake 41.9 18.20 11.45 12.95 7.50 1.41 0.19 0.61 0.04 2.27 0.51 0.02 <0.01 1.86 98.91 

Sharrie and Turnback Collection – Trace Elements 

Samples Ag As Ba Cd Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Li Lu Mo Nb 

13BW1007B 56.6 634 483 4.4 12.4 2 <10 0.64 83 1.94 1.52 0.41 7.9 1.69 4.0 0.43 6.2 <10 0.26 1 9.2 

13BW1007C <0.5 <5 221 <0.5 56.9 1 10 2.18 12 4.35 2.95 0.51 11.6 4.31 4.3 0.96 29.4 30 0.49 1 8.5 

13BW1007D <0.5 <5 34.3 <0.5 13.9 53 180 1.06 77 6.28 3.26 1.71 22.5 5.98 3.7 1.31 4.2 20 0.46 <1 5.3 

13AB2015A <0.5 <5 1200 <0.5 75.6 1 10 1.06 13 6.71 4.18 0.76 11.6 6.13 6.2 1.50 38.8 <10 0.71 <1 13.5 

13AB2017A <0.5 <5 831 <0.5 86.2 <1 40 1.60 14 7.22 4.35 0.88 19.2 7.24 5.6 1.50 43.2 <10 0.57 <1 13.5 

13AB2018A <0.5 <5 220 <0.5 107.5 <1 <10 8.72 41 8.33 5.24 1.02 16.6 8.37 5.7 1.74 55.4 30 0.72 <1 12.6 

13AB2019A1 <0.5 <5 275 <0.5 33.1 24 130 0.42 60 2.95 1.76 0.89 11.3 3.34 3.1 0.68 16.4 10 0.24 <1 5.1 

13AB2019A2 <0.5 6 1360 0.5 41.5 50 200 5.30 108 3.00 1.87 1.23 28.3 3.61 4.3 0.74 20.4 60 0.33 <1 7.5 

13AB2020A <0.5 <5 433 <0.5 62.7 20 20 1.72 32 5.69 3.48 1.52 20.6 5.65 8.1 1.37 30.0 30 0.59 <1 12.0 

13AB2021A <0.5 13 51.9 <0.5 28.9 51 100 0.50 125 4.35 2.21 1.18 16.7 3.63 3.0 1.01 12.8 <10 0.38 <1 5.9 

13AB2021B 0.6 51 116 0.9 91.3 <1 <10 1.42 33 8.78 6.51 1.14 11.0 8.34 6.4 2.13 43.7 10 1.10 5 14.7 

13AB2023A <0.5 8 169.5 0.5 27.7 33 100 0.98 33 4.93 3.13 1.19 19.4 3.70 2.7 1.09 12.5 10 0.63 <1 5.4 

13AB2025A <0.5 5 85.9 <0.5 26.5 60 180 0.22 57 5.18 3.09 1.26 19.5 4.54 3.6 1.12 9.8 10 0.47 <1 7.9 

13AB2025B <0.5 <5 38.9 <0.5 26.2 63 180 0.23 79 3.87 2.22 1.39 21.4 3.85 3.1 0.96 10.8 10 0.53 <1 7.3 

13AB2026A <0.5 <5 355 <0.5 117.5 1 <10 3.35 5 6.53 3.34 1.15 14.3 7.77 6.2 1.33 59.1 20 0.57 <1 13.5 

13AB2026B <0.5 <5 171 1 30.3 53 140 3.77 126 3.29 1.75 1.17 21.5 3.44 3.3 0.77 13.2 20 0.26 <1 6.6 

13AB2027A <0.5 <5 458 <0.5 45.6 28 100 3.56 58 4.33 2.67 1.12 13.4 4.23 3.9 1.02 20.9 20 0.41 <1 7.7 

13AB2028A <0.5 <5 1480 <0.5 99.0 <1 10 1.05 6 10.45 7.06 1.49 25.8 10.15 9.2 2.45 53.5 10 1.06 <1 17.7 
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Samples Ag As Ba Cd Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Li Lu Mo Nb 

13AB2028B <0.5 6 1235 <0.5 25.1 1 <10 1.45 405 5.63 5.00 0.86 22.6 3.29 9.2 1.65 11.0 10 0.91 <1 18.4 

13AB2029A <0.5 <5 532 <0.5 53.2 16 <10 6.41 32 7.17 4.64 1.97 21.3 6.38 7.3 1.73 25.0 30 0.79 1 12.7 

13AB2029B <0.5 <5 623 <0.5 26.6 17 10 4.69 151 7.20 5.06 1.52 25.9 4.82 6.7 1.66 11.8 20 0.79 2 12.9 

13AB2030A <0.5 5 55.8 <0.5 22.0 34 180 0.19 47 3.67 2.37 1.51 16.2 3.10 2.4 0.78 9.4 10 0.36 <1 4.7 

13AB2031A <0.5 <5 33.9 <0.5 31.2 41 130 0.08 78 4.60 2.51 1.34 18.6 4.26 3.2 0.98 14.9 10 0.41 1 6.2 

13AB2032A <0.5 6 281 <0.5 74.4 19 10 7.54 7 12.10 6.89 3.50 29.8 12.4 9.5 2.66 32.9 30 1.22 2 17.3 

13AB2033A <0.5 <5 1090 <0.5 79.6 1 <10 0.38 18 5.75 3.38 1.41 16.7 6.04 6.5 1.33 38.9 <10 0.52 1 12.6 

13AB2039A <0.5 5 139 <0.5 36.5 25 20 0.12 16 4.75 2.67 1.47 13.8 4.41 5.8 1.07 16.5 10 0.46 <1 8.3 

13BW1214A <0.5 <5 516 <0.5 67.3 <1 <10 13.10 4 12.25 7.25 2.02 27.0 9.34 10.0 2.57 29.9 50 1.11 <1 36.3 

13BW1214B <0.5 5 506 <0.5 39.4 58 110 21.00 24 6.51 3.40 2.13 21.6 6.56 4.6 1.33 14.6 50 0.45 1 16.8 

13BW1215A <0.5 <5 491 <0.5 28.6 1 10 0.92 33 1.07 0.52 0.57 20.2 1.85 3.3 0.24 19.3 20 0.08 <1 3.5 

13BW1215B <0.5 <5 80 <0.5 23.7 58 280 0.88 123 4.83 2.78 1.68 20.3 5.22 3.4 1.03 8.5 10 0.40 <1 7.8 

13BW1216A <0.5 <5 525 <0.5 54.6 <1 <10 0.33 10 7.28 4.81 0.61 20.6 3.79 8.5 1.73 15.8 20 0.89 <1 19.5 

13AB2212A <0.5 <5 85 <0.5 77.5 50 120 0.05 22 9.00 4.48 3.06 23.3 11.00 6.9 1.66 27.1 <10 0.56 1 17.4 

13AB2213A <0.5 <5 520 <0.5 103.5 <1 <10 3.47 19 9.57 5.70 1.50 20.7 8.81 9.4 1.96 49.8 20 0.86 <1 20.2 

13AB2214A <0.5 <5 63 <0.5 27.0 44 180 0.24 9 5.96 3.14 1.90 19.0 6.41 3.7 1.21 9.5 10 0.47 <1 8.1 

13AB2215A <0.5 <5 576 <0.5 99.0 4 <10 1.88 3 8.00 5.06 1.10 16.6 8.03 8.5 1.62 43.3 30 0.79 4 17.1 

13AB2216A <0.5 <5 38 <0.5 25.9 43 270 0.26 85 4.69 3.05 1.36 16.5 4.42 2.5 1.06 10.3 20 0.55 1 5.2 

13AB2217A <0.5 <5 816 <0.5 65.7 <1 <10 3.60 17 6.81 4.81 0.71 13.8 4.43 8.5 1.77 16.7 20 0.84 <1 18.8 

13AB2218A <0.5 <5 295 <0.5 48.9 27 70 1.24 28 4.33 2.41 1.08 20.3 4.25 4.7 0.90 24.6 10 0.36 <1 8.1 

13AB2219A <0.5 <5 478 <0.5 62.0 <1 10 3.39 4 6.59 4.14 1.16 7.1 6.59 4.5 1.49 26.6 10 0.58 2 20.5 

13AB2220A <0.5 <5 49 <0.5 33.7 33 240 0.47 21 6.16 3.19 2.06 20.9 6.56 4.5 1.20 12.0 <10 0.45 <1 12.4 

13AB2221A <0.5 <5 507 <0.5 221.0 <1 10 0.95 17 17.55 8.89 3.78 23.0 19.65 8.5 3.62 108.5 20 1.22 <1 35.4 

13AB2221B <0.5 <5 37 <0.5 37.3 34 290 0.43 13 6.22 3.50 2.07 21.9 6.53 3.8 1.31 15.8 10 0.46 1 11.1 

Sharrie and Turnback Collection – Trace Elements Continued 

Samples Ni Nd Pb Pr Rb Sc Sm Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zn Zr 

13BW1007B <1 5.1 3680 1.33 65.7 1 1.25 2 25 0.8 0.28 7.43 18.5 0.25 2.95 <5 1 9.9 1.95 
153
0 114 

13BW1007C 3 23.1 9 6.15 41.7 2 4.65 2 33 0.8 0.67 15.30 <0.5 0.45 4.17 <5 <1 25.5 2.92 14 121 

13BW1007D 104 11.4 4 2.12 3.5 25 4.35 1 275 0.3 1.05 0.63 <0.5 0.41 0.18 352 <1 31.2 2.99 139 129 

13AB2015A 1 29.1 9 8.49 122.0 2 6.17 3 20 1.2 1.09 19.70 <0.5 0.58 7.07 <5 1 33.8 4.10 7 177 

13AB2017A 1 34.6 14 9.34 100.0 2 7.13 4 50 1.3 1.27 21.60 <0.5 0.58 6.09 <5 1 34.4 3.64 30 171 

13AB2018A 1 39.2 31 11.35 119.0 2 8.94 3 55 1.2 1.45 20.20 <0.5 0.70 7.94 <5 1 46.0 4.66 114 159 

13AB2019A1 72 14.5 7 3.84 15.4 21 2.85 1 217 0.4 0.55 5.55 <0.5 0.25 1.94 147 <1 18.2 1.71 61 117 

13AB2019A2 122 17.4 8 4.68 131.0 22 3.30 2 196 0.6 0.61 8.19 0.6 0.28 3.40 264 1 18.8 2.21 164 174 

13AB2020A 15 27.3 17 7.20 70.6 17 5.99 2 90.3 1 0.96 13.55 <0.5 0.51 3.92 104 1 33.3 3.8 102 308 
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Samples Ni Nd Pb Pr Rb Sc Sm Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zn Zr 

13AB2021A 67 15.7 11 3.56 4.2 30 3.53 2 182.5 0.5 0.68 3.78 <0.5 0.43 1.38 233 2 24.5 2.62 89 121 

13AB2021B 1 40.5 79 10.60 35.0 1 8.40 5 65.3 1.4 1.39 22.00 <0.5 0.99 8.89 <5 2 58.8 7.03 268 173 

13AB2023A 58 13.7 13 3.33 10.1 30 3.45 2 192.0 0.4 0.72 3.44 <0.5 0.47 1.18 239 <1 29.3 3.44 147 113 

13AB2025A 129 15.5 6 3.37 2.8 37 3.58 1 203.0 0.4 0.81 1.66 <0.5 0.38 0.47 314 2 27.1 2.71 129 123 

13AB2025B 144 15.0 4 3.71 1.7 37 3.86 1 191.5 0.4 0.71 1.63 <0.5 0.55 0.41 304 1 21.3 2.18 109 118 

13AB2026A <1 47.5 17 12.95 94.2 2 8.41 3 35.5 1.1 1.17 20.70 <0.5 0.42 5.58 <5 1 28.8 3.65 70 172 

13AB2026B 101 15.2 12 3.71 36.9 23 3.23 2 176.5 0.4 0.56 4.82 <0.5 0.27 1.38 217 1 16.5 1.71 398 123 

13AB2027A 75 22.4 10 5.64 35.1 20 4.77 2 90.8 0.5 0.75 4.07 <0.5 0.41 1.01 170 <1 25.8 2.82 91 164 

13AB2028A <1 50.8 33 13.5 143.0 2 10.60 6 59.1 1.8 1.90 27.50 0.5 0.91 9.64 <5 3 63.1 7.00 98 284 

13AB2028B 50 11.4 34 2.90 158.5 1 2.96 71 65.2 1.8 0.84 19.60 <0.5 0.84 8.60 <5 4 43.9 6.09 88 302 

13AB2029A 1 26.4 16 6.28 75.7 23 5.95 3 70.9 1.0 1.11 11.95 <0.5 0.72 7.21 21 1 44.4 4.64 130 285 

13AB2029B 18 13.6 19 3.31 60.2 22 3.71 25 77.1 1.0 1.00 9.22 <0.5 0.81 3.97 24 2 47.1 5.58 156 276 

13AB2030A 60 11.8 7 2.99 4.3 32 2.78 1 152.5 0.3 0.54 1.41 <0.5 0.33 0.38 308 <1 22.5 2.10 97 97 

13AB2031A 86 15.1 6 3.59 0.9 29 3.85 1 165.5 0.4 0.75 4.13 <0.5 0.35 1.40 261 1 24.6 2.69 106 132 

13AB2032A 19 39.8 22 9.42 82.4 43 10.35 2 221.0 1.3 2.06 11.80 0.7 1.04 5.04 74 2 69.6 7.40 199 395 

13AB2033A 2 31.7 50 8.81 50.9 1 6.07 3 112.5 1.3 1.01 20.20 <0.5 0.56 7.41 <5 1 30.0 3.41 15 202 

13AB2039A 27 19.0 9 4.41 1.8 23 3.81 2 169.0 0.5 0.80 5.04 <0.5 0.41 1.54 238 1 27.9 2.77 85 236 

13BW1214A <1 33.2 27 8.28 115.0 2 8.00 7 193.5 2.5 1.84 24.00 <0.5 1.17 5.61 <5 1 61.2 7.16 98 289 

13BW1214B 119 25.4 6 5.70 65.5 32 6.74 1 187.5 0.9 1.14 1.35 0.6 0.53 0.34 321 2 32.8 3.36 152 185 

13BW1215A 2 11.3 17 3.47 47.5 2 1.94 1 278.0 0.4 0.24 2.65 <0.5 0.05 0.98 16 1 6.8 0.54 50 121 

13BW1215B 156 17.2 5 3.77 15.1 33 5.04 1 122.0 0.4 0.80 0.66 <0.5 0.35 0.22 283 1 26.4 2.64 147 125 

13BW1216A 1 13.3 19 3.91 69.2 3 3.79 4 25.0 1.7 1.00 28.00 <0.5 0.80 8.33 <5 1 44.9 5.47 25 243 

13AB2212A 94 52.0 6 11.70 0.7 26 11.25 2 452.0 1.6 1.72 1.29 <0.5 0.54 0.33 315 <1 43.3 3.41 178 263 

13AB2213A 1 47.6 38 12.75 152.5 4 9.58 5 160.0 1.5 1.60 17.75 0.5 0.85 5.15 <5 1 51.5 5.98 118 310 

13AB2214A 92 19.8 3 4.04 1.7 24 5.63 1 183.0 0.4 0.97 1.09 <0.5 0.47 0.31 258 <1 33.2 3.10 137 137 

13AB2215A 1 42.1 9 11.15 51.5 3 8.94 3 50.1 1.4 1.28 16.30 <0.5 0.79 4.63 7 2 45.1 5.75 34 269 

13AB2216A 120 16.8 3 3.52 1.2 27 4.03 1 165.5 0.3 0.79 1.08 <0.5 0.47 0.22 260 <1 28.7 3.09 95 95 

13AB2217A 1 19.0 34 4.94 51.0 4 4.30 4 174.5 1.4 0.98 14.95 <0.5 0.75 4.81 <5 1 45.7 5.70 96 321 

13AB2218A 56 23.1 13 6.00 26.7 21 4.68 1 151.0 0.5 0.70 5.85 <0.5 0.36 1.13 225 <1 23.8 2.64 100 189 

13AB2219A <1 31.0 23 7.76 20.8 1 7.61 2 73.6 1.3 1.20 13.30 <0.5 0.56 3.35 <5 1 36.7 3.72 29 117 

13AB2220A 66 23.7 12 5.06 1.4 33 6.01 1 332.0 0.7 1.11 0.85 <0.5 0.42 0.62 305 1 33.6 3.15 135 172 

13AB2221A 1 102.0 65 26.10 91.5 1 21.40 6 50.9 2.4 3.15 24.10 <0.5 1.38 6.40 <5 1 98.6 8.16 99 209 

13AB2221B 94 25.3 13 5.01 12.5 36 6.38 1 198.5 0.6 1.15 1.85 <0.5 0.55 0.44 291 <1 34.6 2.90 106 155 
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Table E.2: Representative isotopic analyses from the 2012 Regional collection and the 2013 Sharrie and 
Turnback collection. 

Reconnaissance Suite (2012) 

Sample 12-YK-07 12-YK-08 12-YK-10 12-YK-13 12-YK-14 12-YK-15 12-YK-17 12-YK-19 12-YK-20 
Rock Type Rhyolite Pillow Basalt Pillow Basalt Rhyolite Basalt Rhyolite Andesite Rhyolite Pillow 

Basalt 
Location MacKay 

Lake 
MacKay 

Lake 
MacKay 

Lake 
Fenton 
Lake 

Fenton 
Lake 

Snare 
River 

Snare River Sharrie Lake Sharrie 
Lake 

Age (Ma)
1
 2671 2671 2671 2690 2690 2674 2674 2680 2680 

Nd
2 

32.31 5.45 12.23 42.08 7.53 19.58 34.51 22.79 15.79 
143

Nd/
144

Nd(mes)
3 

0.511502 0.512909 0.512613 0.510982 0.512632 0.511082 0.511324 0.511527 0.511933 
εNd

0 
-22.16 5.28 -0.48 -32.30 -0.12 -30.35 -25.62 -21.68 -13.75 

Sm
2 

7.02 1.86 3.88 7.57 2.41 3.40 6.76 5.11 4.12 
147

Sm/
144

Nd 0.1314 0.2061 0.1918 0.1087 0.1932 0.1049 0.1184 0.1355 0.1576 
143

Nd/
144

Nd(int)
4 

0.509186 0.509277 0.509234 0.509053 0.509203 0.509232 0.509236 0.209131 0.509147 
Error (2-sigma) 4E-6 2E-6 2E-6 5E-6 4E-6 8E-6 1.3E-5 3E-6 3E-6 
εNd

T 
0.27 2.06 1.22 -1.85 1.09 1.25 1.33 -0.57 -0.26 

TDM 2959 3945 3411 3066 3514 2823 2837 3063 3170 

 
Sample 12-YK-23 CL-221 12lo3006b 12lo3009a 12lo3009b HMB-12-052a    
Rock Type Pillow 

Andesite 
Rhyolite Rhyodacite Dacite Andesite Rhyolite    

Location Sharrie 
Lake 

DEB 
Deposit 

BB Deposit Sunset 
Lake 

Sunset 
Lake 

Sunrise 
Deposit 

   

Age (Ma) 2680 2700 2667 2673 2673 2673    
Nd

 
20.99 21.89 27.31 9.07 16.92 25.13    

143
Nd/

144
Nd(mes) 0.511521 0.511004 0.511635 0.511427 0.511510 0.511667    

εNd
0 

-21.79 -31.87 -19.56 -23.62 -22.00 -18.93    
Sm

 
4.59 3.64 6.00 1.86 3.69 6.00    

147
Sm/

144
Nd 0.1323 0.1007 0.1328 0.1238 0.1318 0.1444    

143
Nd/

144
Nd(int) 0.509182 0.509211 0.509299 0.509245 0.509186 0.509121    

Error (2-sigma) 2E-6 4E-6 4E-6 6E-6 2E-6 2E-6    
εNd

T 
0.44 1.51 2.39 1.48 0.33 -0.96    

TDM 2954 2822 2761 2833 2956 3149    
          

Sharrie and Turnback Suite (2013) 

Sample 13BW1007
C 

13BW1007D 13AB2019A1 13AB2021A 13AB2021B 13AB2023A 13AB2025A 13AB2026A 13AB2027A 

Rock Type Rhyolite Basalt Pillow 
Andesite 

Basaltic-
Andesite 

Rhyolite Andesite Basalt Rhyolite Andesite 

Location Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Sharrie Lake Sharrie Lake Sharrie 
Lake 

Age (Ma) 2680 2680 2680 2680 2680 2680 2680 2680 2680 
Nd

 
24.25 11.78 15.29 14.27 42.97 13.58 15.18 48.20 21.16 

143
Nd/

144
Nd(mes) 0.511234 0.513132 0.511461 0.511759 0.511472 0.511823 0.512011 0.511233 0.511504 

εNd
0 

-27.39 9.64 -22.96 -17.15 -22.75 -15.91 -12.24 -27.41 -22.12 
Sm

 
4.75 4.44 3.28 3.43 9.28 3.37 4.08 9.41 4.47 

147
Sm/

144
Nd 0.1183 0.2279 0.1297 0.1454 0.1306 0.1501 0.1624 0.1181 0.1276 

143
Nd/

144
Nd(int) 0.509141 0.509103 0.509167 0.509187 0.509162 0.509169 0.509140 0.509145 0.509247 

Error (2-sigma) 4E-6 4E-6 3E-6 4E-6 5E-6 4E-6 4E-6 4E-6 4E-6 
εNd

T 
-0.36 -1.11 0.14 0.54 0.05 0.18 -0.40 -0.30 1.71 

TDM 2978 191 2972 2995 2984 2060 2335 2971 2826 

          
Sample 13AB2028

A 
13AB2029A 13AB2030A 13AB2031A 13AB2032A 13AB2033A 13BW1214A 13BW1214B 13AB2213A 

Rock Type Rhyolite Andesite Pillow Basalt Basaltic-
Andesite 

Andesite Rhyolite Rhyolite Basalt Rhyolite 

Location Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Sharrie 
Lake 

Turnback 
Lake 

Turnback 
Lake 

Turnback 
Lake 

Age (Ma) 2680 2680 2680 2680 2680 2680 2670 2670 2670 
Nd

 
50.96 27.31 12.32 14.65 39.50 32.32 31.78 26.47 49.22 

143
Nd/

144
Nd(mes) 0.511514 0.511630 0.511886 0.511753 0.511887 0.511399 0.511552 0.511192 0.511424 

εNd
0 

-21.92 -19.66 -14.67 -17.26 -14.64 -24.18 -21.19 -14.15 -23.69 
Sm

 
11.06 6.46 3.10 3.62 10.33 6.76 7.59 6.68 10.13 

147
Sm/

144
Nd 0.1312 0.1431 0.1520 0.1494 0.1581 0.1264 0.1443 0.1525 0.1245 

143
Nd/

144
Nd(int) 0.509195 0.509101 0.509199 0.509112 0.509092 0.509164 0.509010 0.509225 0.509231 

Error (2-sigma) 5E-6 5E-6 8E-6 2E-6 3E-6 4E-6 3E-6 2E-6 2E-6 
εNd

T 
0.68 -1.17 0.76 -0.94 -1.34 0.08 -3.21 1.03 1.13 

TDM 2927 3167 3001 3188 3321 2966 3392 2963 2862 
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Table E.2 continued… 

Sample 13AB2214
A 

13AB2219A 13AB2220A 

Rock Type Basalt Rhyolite Basalt 
Location Turnback 

Lake 
Turnback 

Lake 
Turnback 

Lake 

Age (Ma) 2670 2670 2670 
Nd

 
19.42 32.91 22.37 

143
Nd/

144
Nd(mes) 0.512294 0.511586 0.512076 

εNd
0 

-6.70 -20.52 -10.96 
Sm

 
5.55 6.99 5.98 

147
Sm/

144
Nd 0.1729 0.1284 0.1615 

143
Nd/

144
Nd(int) 0.509248 0.509324 0.509231 

Error (2-sigma) 7E-6 3E-6 3E-6 
εNd

T 
1.48 2.96 1.13 

TDM 3024 2708 2999 
1
Age assumed in initial ratio calculation, unpublished data after M. A. Hamilton, 2014. 

2
Isotope dilution measurement (ppm). 

3
Measured 

143
Nd/

144
Nd 

ratio. 
4
Calculated initial 

143
Nd/

144
Nd. 
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