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Abstract 

The rare-element pegmatites of the Superior Province host critical metals (Li, Cs, Rb, Ta) 

essential for developing sustainable technologies. In the Separation Lake greenstone belt, Li-bearing 

pegmatites have been interpreted to have intruded in one event at ca. 2640 Ma and been pervasively 

overprinted by a ductile shear fabric, which recrystallized the ore. However, recent investigations 

suggested that these rocks intruded over a ca. 55 Ma period (ca. 2655 to 2601 Ma) and that the fabrics in 

the mineralized dykes are related to magmatic process during emplacement and crystallisation, rather than 

recrystallization. In the current study, a variety of analytical methods such as electron backscattered 

diffraction, in situ U-Pb geochronology and micro-XRF scans are used to correlate the mechanisms and 

timing of pegmatite emplacement with the deformational history of the greenstone belt. New data show 

that S-type granitic magmatism in the greenstone belt had commenced by ca. 2690 Ma and that the fabrics 

in granitic rocks in the marginal zones of the greenstone belt are due to deformation and recrystallization. 

Localized ductile deformation at ca. 2432 Ma post-dated the period of pegmatite crystallization but did 

not deform quartz and plagioclase in the pegmatite wall zones, nor biotite in the metasomatic haloes 

associated with dyke emplacement. Micro-XRF scans and LA-ICPMS transects of the pegmatite wall 

zones show enrichments in Ca and 87Sr* at the country rock interface, indicating open system behaviour 

between the pegmatites and the country rocks during emplacement and at a time after emplacement, 

respectively. The results from this study indicate that the fabrics and geometries of the dykes are 

essentially products of magmatic processes, and that emplacement was facilitated by a fluidization 

mechanism, in which metasomatism coincident with emplacement and crystallisation facilitated localized 

deformation to be imparted on the country rocks upon intrusion.
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1. Introduction 
 

Rare-element pegmatites of the Superior Province are an important resource as they host a variety 

of the critical metals (Li, Cs, Rb, Be, Ta, Nb, Ga, Tl, and Ge; Breaks et al., 2005) that are required to 

develop sustainable technologies (i.e. rechargeable batteries, aeronautical alloys, electrolytic capacitors, 

etc.). The increasing demand for these metals has driven incentives to encourage exploration, most 

notably the Canada-U.S. Joint Action Plan on Critical Minerals Collaboration (NRCAN, 2020) and 

Ontarioôs Critical Minerals Strategy (Ontario, 2022). Out of the above listed elements Li is particularly 

important as itôs a fundamental constituent in rechargeable batteries. Currently over 50% of the current 

global Li reserves are hosted in brine deposits (USGS, 2022), where freshwater demands for Li extraction 

are increasing due to decreasing Li grades in the available deposits (Chordia et al., 2022). Pegmatite-

hosted deposits, however, are becoming increasingly important as modern mining methods, such as those 

employed at the Whabouchi Mine in Quebec, are capable of producing lithium with a low environmental 

footprint (Chordia et al., 2022). In 2021 spodumene (Li pyroxene)-bearing pegmatites supplied over 50% 

of the global Li2O (USGS, 2021). As the market for this metal continues to expand and demands for more 

environmentally sustainable extraction grows, the mandate for clean sources will further promote 

exploration efforts for the deposits hosted in domestic pegmatites. The Separation Rapids pegmatite group 

(SRPG), northern Ontario, Canada hosts the largest undeveloped resource of petalite [LiAl(Si4O10)] and is 

spatially and temporally associated with the Bernic Lake pegmatite group of Manitoba which, in addition 

to Li, also hosts economic quantities of Ta, Cs, Sn and Rb (ĻernĨ et al., 1981). 

In the past, the SRPG and Bernic Lake pegmatite group were assumed to be part of a single 

magmatic event (Tindle and Breaks, 1998; Larbi et al., 1999) at ~2640 Ma (Baadsgard and ĻernĨ, 1993; 

Kremer, 2010; Camacho et al., 2012), but recent investigations by Ching (2024) suggested crystallization 

of the SRPG over a ~50 Ma period (ca. 2649 to 2601 Ma). Pegmatites in both of these belts are often 

interpreted as having experienced significant solid-state deformation (i.e. mylonitized, boudinaged, 
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folded; Breaks et al., 1997; Barclay, 1998; Kremer, 2010) yet the minerals within the SRPG preserve 

primary magmatic textures and show little to no evidence of dynamic recrystallization due to regional-

scale deformation (Ching, 2024). Furthermore, the mineralized intrusions of the Bernic Lake pegmatite 

group are spatially associated with regional deformational corridors (Gilbert et al, 2008; Kremer, 2010) 

and though swarms of syn- to postkinematic pegmatites are typically confined to structures that localize 

the distribution of the dyke-forming melts (Bons et al., 2004; Henderson and Ihlen, 2004; Butler and 

Torvela, 2018), no high-strain zones are associated with the pegmatites of the SRPG.  

Pegmatites in deformed terranes (Bons et al., 2004; Henderson and Ihlen 2004; Kremer, 2010; 

Butler and Torvela, 2018; Ching, 2024) often display strain distribution patterns or microtextures 

inconsistent with post-crystallization deformation and recrystallization (Pennachioni and Mancktelow, 

2018; Passchier and Trouw, 2005). Documentation of deformational textures within pegmatites is scarce 

(Holdworth et al., 2001; Demartis et al., 2013; Brisbin et al., 2012; Alsop et al., 2021), and it is possible 

that textures characteristic of pegmatites (i.e. graphic intergrowths, unidirectional solidification textures, 

etc.) might affect the rheology of these rocks once solidified and cause irregular patterns of strain 

localization. However, in the case of the SRPG, these inconsistencies cannot be explained through strain 

localization alone, as structures of the SRPG that require recrystallization (i.e. mylonitic fabrics, folds, 

drawn boudins; Goscombe et al., 2004; Passchier and Trouw, 2005) preserve magmatic textures and 

minerals show little to no deformation (Ching, 2024). Previous studies have argued that these textural 

inconsistencies arise because structures that resemble those imposed by solid-state deformation are in fact 

due to dyke emplacement (Bons et al., 2004; Butler and Torvela, 2018).  

Very few studies have focussed on the mechanisms by which pegmatite-forming melts propagate 

(Brisbin, 1986; Butler and Torvela, 2018). Emplacement textures related to the propagation of mafic 

magmas are well documented (Pollard et al., 1975; Kattenhorn and Watkeys, 1995; Morris et al., 2008; 

Schofield et al., 2010, 2012; Spacapan et al., 2017), however, these magmas have greatly different 

characteristics (temperatures, compositions, viscosities, volatile contents, etc.) than those that form rare-
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element pegmatites. Rare-element pegmatites typically occur as small, planar intrusive bodies (Brisbin, 

1986) that crystallize from highly evolved granitic melts (London, 2018). Igneous intrusions such as these 

rarely occur as coherent bodies but rather in sheeted, segmented morphologies with discontinuous forms 

that take the shape of magmatic fingers (Pollard et al., 1975; Schofield et al., 2010 and 2012; Magee et 

al., 2019) or collapsed feeders (Bons et al., 2004). The size, geometry and spatial distribution of these 

dykes is dependent on a complex relationship between many factors, such as structural anisotropies in the 

country rock, directed stresses at the time of emplacement, fluid pressure in the pegmatite and tensile 

strength of the host rock (Brisbin. 1986; Bons et al., 2004; Henderson and Ihlen, 2004; Morris et al., 

2008; Magee et al., 2019). Interestingly, the frequency and orientation of emplacement structures can be 

used to infer the direction of magma movement and relative distance from the melt source (Schofield et 

al., 2010 and 2012), which are important aspects for mineral exploration within fractionating magmatic 

systems. 

The contact zones of pegmatites contain important information about the mechanisms of both 

emplacement and tectonic deformation as they represent the interface that crystallization initiates upon 

during emplacement (London, 2018), and where tectonic deformation should be most strongly manifested 

(Pennachioni and Mancktelow, 2018). The first phases to crystallize from pegmatite melts typically 

comprise a fine-grained rind of unidirectionally oriented graphic intergrowths of plagioclase and quartz, 

and crystallization proceeds inward at a rapid rate (Sirbescu et al., 2017; London, 2018). Experimental 

studies show solidification of pegmatitic dykes can be complete within days to weeks after emplacement 

(Sirbescu et al., 2017) and metasomatism of the country rock by leucogranite-related fluids is thought to 

be concomitant with dyke emplacement (Weineberg and Searle, 1999) and the rapid onset of 

crystallization (London, 2018). Changes in the rheological properties of rocks commonly accompany such 

metasomatic alteration (Tullis et al., 1995, Wightman et al., 2006) and may lead to dynamic zones of 

interaction between the altered country rock and rapidly solidifying melt during dyke emplacement. 
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Accurately assessing the mechanism responsible for the microtextures of the Li-bearing dykes of 

the SRPG (i.e. magmatism or deformation) is important for mineral exploration and extraction, as 

recrystallization often results in a reduction in the grain-size and distribution of minerals (Pascchier and 

Trouw, 2005), which are important aspects for the modelling of ore bodies and separation of ore from the 

surrounding groundmass during mining (Aylmore et al., 2018). Structures generated during dyke 

emplacement can resemble textures imposed by solid state recrystallization (Bons et al., 2004; Passchier 

et al., 2005), so detailed textural analyses are often required to determine the mechanism by which the 

intrusions attained their shapes. Furthermore, the physical mechanisms by which pegmatites intrude their 

host rocks remains a contentious topic (Butler and Torvela, 2018), and this case study may help to 

contribute to understanding of emplacement and deformation mechanisms associated with rare-element 

pegmatites in other pegmatite belts around the world.  

The principal objective of this thesis is to determine the mechanism by which the dykes of the 

SRPG attained their shapes without magmatic textures being overprinted by deformation in the solid-

state. Field and lab-based techniques are used to satisfy this objective, by: i) Mapping the relative state of 

strain in the rocks of the SLGB and mapping, in detail, the geometries and orientations of rare-element 

pegmatite intrusions at three outcrops ïthe Big Mack, Snowbank, and Sprinkler Zone pegmatites; ii) 

investigating the meso-scale features and microtextures in the pegmatites and country rocks to determine 

which textures are due to primary crystallization and which reflect deformation; iii) Analysing quartz and 

feldspar crystallographic orientations using electron back-scattered diffraction (EBSD) to assess the role 

of deformation-induced dynamic recrystallization; iv) Determining the U-Pb ages of crystallization of the 

different pegmatites and metamorphic events; and v) determining the Ca content and Sr isotopic signature 

of plagioclase in the marginal zones of the pegmatites to establish the extent of mass exchange between 

the dykes and country rock. 
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2. Geologic Setting 

The Superior Province is a collage of Archean-aged continental and oceanic crustal suites that 

record ages as old as 3.7 Ga (Skulski et al., 2000) and were assembled into a stable craton during five 

tectonic events between 2.7 and 2.6 Ga (Percival et al. 2012). Fragments of continental crust record the 

oldest ages and are often isolated from adjacent continental terranes by younger granite-greenstone 

domains and, in some cases, synorogenic sedimentary sequences (Percival et al., 2007). Ages of 

syntectonic rocks progressively young southwards, indicating that accretion began in the north, with the 

North Caribou terrane (identified by having 3.0-2.8 supracrustal and intrusive rocks) acting as a nucleus 

onto which the other terranes were accreted (Fig. 2.1; Percival and Whalen, 2000; Percival et al., 2012). 

This accretionary phase culminated with the docking of the Minnesota River Valley terrane along the 

southern margin of the proto-Superior craton (Percival et al., 2007). Differing deformational and 

chronological histories of each terrane support their independent development and the boundary zones 

that separate the individual terranes and record long-lived tectonic histories (Beakhouse, 1991; Breaks, 

1991; Percival et al., 2012). Lithoprobe transects have shown that mantle lithospheric features dip gently 

northwards, indicating that subduction zones were active at this time and directed northwards (Percival et 

al., 2012).  

The ~2.7 Ga Uchian Orogeny involved the collision of the North Caribou and Winnipeg River 

microcontinents and the contemporaneous deposition of the turbidite-rich English River Subprovince 

(ERS; Fig. 2.1; Percival et al., 2007). These sedimentary rocks experienced rapid burial and heating that 

resulted in partial melting and the generation of voluminous peraluminous S-type magmas (Breaks, 1991, 

Corfu et al., 1995) and associated rare-element pegmatites with crystallization ages similar to pegmatites 

elsewhere in the Superior Province (Separation Rapids pegmatite group, ca. 2649- 2601 Ma, Ching, 2024; 

Gullwing Lake pegmatite, ca. 2650 Ma, Larbi et al., 1999; rare element-bearing pegmatites, Abitibi and 

Pontiac subprovinces, ca. 2651-2639 Ma; Ducharme et al., 1997). Thus, a specific period of   
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Figure 2.1: Simplified tectonic framework of the Western Superior Province. Red star denotes location of the 

Separation Lake greenstone belt; BRS: Bird River subprovince; ERS: English River subprovince; MRVT Minnesota 

River Valley terrane; MT: Marmion terrane; NCS: North Caribou superterrane; NSS: Northern Superior 

superterrane; P: Phanerozoic cover; QS: Quetico subprovince; US: Uchi subprivince; WRS: Winnipeg River 

subprovince; WS: Wabigoon subprovince; and WwS: Wawa subprovince. After Percival et al., 2007.  
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widespread pegmatite emplacement related to the final stages of amalgamation of the Superior Province 

was suggested (Larbi et al., 1999). 

The Winnipeg River Subprovince (WRS) is an Archean plutonic terrane that records zircon U-Pb 

ages as old as ca. 3317 Ma (Melnyk et al., 2006) and was reworked by extensive Neoarchean intrusive, 

metamorphic, and tectonic events (Percival et al., 2012). Crustal generation in the WRS is thought to have 

occurred in primarily two events (~3050 and ~2880 Ma; Melnyk et al., 2006) and is attributed to the 

fractionation of voluminous mantle-derived tholeiitic magmas to form tonalitic intrusions (Beakhouse, 

1991). Minor metasedimentary and metavolcanic rocks are present as isolated remnants within the 

gneisses and intrusive rocks (Beakhouse, 1991). A period of voluminous magmatism and deformation 

along the southern margin of the WRS is bracketed between ~2717 and 2695 Ma and attributed to the 

collision of the WRS and the Western Wabigoon subprovince (Fig. 2.1; Melnyk et al., 2006). Up to seven 

generations of deformation have been identified in the WRS and the latest episode at ~2650 Ma is 

associated with dextral transpression along southern terrane boundary of the WRS (Melnyk et al., 2006). 

This same structural style is reported along the northern boundary, though the timing is not constrained 

(Hrabi and Cruden, 2006).  

The English River subprovince (ERS) consists primarily of greywackes thought to have been 

deposited as turbidite sequences in a forearc accretionary wedge or back arc basin on the southern margin 

of the North Caribou superterrane prior to its collision with the WRS (Breaks, 1991; Percival et al., 2007). 

Deposition of turbidites here is thought to have occurred between ca. 2714-2698 Ma, based on the age of 

detrital zircon (Davis, 1995) and crosscutting plutonic rocks (Corfu et al., 1995). A thermal episode 

between approximately 2698 to 2691 Ma is associated with heat introduced from the mantle and resulted 

in voluminous granitic intrusions (Breaks, 1991; Corfu et al., 1995). Heat associated with this magmatism 

is interpreted to have contributed to the coincident peak metamorphic conditions, which reached granulite 

facies (Corfu et al., 1995). The main period of fabric development (S2) in the ERS is attributed to this 
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event and is constrained by the age of a pegmatite dyke crosscutting the fabric (2688 Ñ 2 Ma; Corfu et al., 

1995). Metamorphic zircon and monazite U-Pb ages are used to support episodic heat flow and 

metamorphism in the ERS between ca. 2678 and 2669 Ma (Corfu et al., 1995). Titanite U-Pb ages 

postdating the recognized deformation events (ca. 2656 and 2662 Ma) are associated with localized 

greenschist facies retrogression in the eastern ERS (Corfu et al., 1995).  

 The Bird River greenstone belt (BRGB) is situated ~70 km west of the Separation Lake 

greenstone belt (SLGB), along the ERS-WRS subprovincial boundary zone (Fig. 2.1) and previous 

workers have inferred a genetic link between these two belts (Sanborn-Barrie, 1988, Beakhouse, 1991; 

Breaks et al., 2005). These greenstone belts comprise a series of approximately east-trending 

metavolcanic and metasedimentary rock units and associated synvolcanic intrusive rocks (~2743 Ma; 

Houl® et al., 2013) that are separated into two arms by the Archean Maskwa Lake batholith (Wang, 1993; 

Gilbert et al., 2008). The BRGB also hosts the Cat Lake-Winnipeg River rare-element pegmatite field, 

which includes the Tanco pegmatite (ĻernĨ et al., 1981). The individual dykes of this pegmatite field 

appear to be coeval and intruded at ~2640 Ma (Baadsgaard and ĻernĨ, 1993; Kremer, 2010; Camacho et 

al., 2012). D1 deformation is associated with north-side-up shearing during the Uchian Orogeny at ca. 

~2698 (Duguet et al., 2009). S0 and S1 are largely overprinted by D2 deformation (ca. 2684), which is 

associated with the late stages of the same orogenic event (Duguet et al., 2009). A later deformation event 

D3, crosscuts the S2 fabric in a series of faults that are interpreted to represent transpressive dextral strike-

slip deformation and have been active until at least 2645 Ma (Gilbert et al., 2008; Duguet et al., 2009). 

Pegmatitic intrusions in the southern arm of the BRGB are spatially associated with the D3 structures and 

thought to be coeval with this deformational event (Gilbert et al., 2008; Kremer, 2010). Proximal and 

large granitic bodies (Lac du Bonnet batholith, ca. ~2660 Ma; Wang, 1993) are proposed to have kept the 

country rocks at > 500ÁC at the time of pegmatite emplacement (Duguet et al., 2009). 

After amalgamation, the Western Superior Province experienced: i) relatively slow cooling after 

~2669 Ma metamorphism in the ERS (Hanes and Archibald, 2001); ii) emplacement of crust-derived 
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granites (Larbi et al., 1999, Percival et al., 2012); iii) multiple generations of secondary titanite growth 

indicating episodic fluid flow (Corfu, 1988, 1996; Corfu et al., 1995); and iv) reactivation of regional 

scale faults as young as ca. 2645 Ma (Percival et al., 1999; Duguet et al., 2009; Bethune, 2010). A period 

of widespread hydrothermal activity across the Western Superior Province, from ~2680 to 2620 Ma, has 

been suggested based on U-Pb dates of titanite and apatite (Percival and Krogh, 1983; Corfu, 1988; 

Krogh, 1993; Davis et al., 1994; Percival, 1994; Corfu et al., 1995; Moser et al., 1996; Corfu and Stone, 

1998; Percival et al., 2012). Titanite U-Pb ages as young as ~2548 Ma in the WRS may indicate low-

grade hydrothermal processes continued until this time (Corfu et al., 1995).  

The mechanism that resulted in extended duration of elevated temperatures in the Western 

Superior Province following cratonization is not well constrained. Four theories have been proposed to 

explain this: i) continued subduction and underplating (Krogh, 1993); ii) repeated delamination events 

(Moser et al., 1996); iii) magmatic underplating above a mantle plume (Zweng et al., 1993); and iv) 

inversion of a dense and hot lithospheric keel (Percival et a., 2012). Thermal events at ~2450 and ~1800 

Ma are recorded in the 40Ar/39Ar ages of micas in the Western Superior Province (Smith, 2001) and were 

proposed to be associated with the the Matachewan igneous event (Heaman, 1997) and the Trans-Hudson 

Orogen, respectively (Hoffman, 1988). 

2.1 Separation Lake greenstone belt 

The Separation Lake greenstone belt (SLGB) is a ~45 km long by ~2 km wide package of 

supracrustal rocks that was caught between the ERS and WRS during the collision of the Uchi and 

Winnipeg River subprovinces at ~2.7 Ga (Fig. 2.2; Sanborn-Barrie, 1988; Percival et al., 2012). The 

bedrock geology of the SLGB was detailed by Blackburn and Young (2000). The belt comprises a 

package of mafic flows intercalated with iron formation overlain by lesser felsic tuffs, sandstone and 

conglomerate (Blackburn and Young, 2000). The mafic flows dominate the stratigraphy of the belt and are 

commonly pillowed or massive and rarely pyroclastic (Blackburn and Young, 2000). These mafic
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Figure 2.2: Tectonic setting of the Separation Lake greenstone belt, locations referred to in this thesis are noted; Location 94-84 refers to sample site of Pan and 

Breaks (1997); Geology after Blackburn and Young (2000); pegmatite classifications after Breaks and Tindle, (1997, 1999).  
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 volcanic rocks are thought to correspond to a package of volcanic rocks in the BRGB (termed the 

ñsouthern-MORB type rocksò and formerly known as the Lamprey Falls Formation; Beakhouse, 1991) 

that are interpreted to have been deposited between ca. 2844 and 2745 Ma (Wang, 1993; Gilbert et al., 

2008). Lesser volumes of sedimentary and felsic volcanic rocks occur in the northern portion of the 

greenstone belt (Blackburn and Young, 2000). A feldspathic arenite horizon in the central portion of belt 

contains abundant garnet and andalusite porphyroblasts that overgrow the S2 fabric, indicating that 

metamorphic conditions outlasted the main period of fabric development (Blackburn and Young, 2000). 

Peraluminous, S-type granites and rare-element pegmatites commonly intrude the mafic metavolcanic 

rocks (Blackburn and Young, 2000; Breaks et al., 2005). 

2.1.1 Treelined Lake granitic complex 

The Treelined Lake granitic complex is a large and irregularly shaped peraluminous S-type granitic 

mass that lies partially within the Umfreville-Conifer lakes granulite zone of the ERS (Fig. 2.2; Pan and 

Breaks, 1997). The mineralogy of this complex varies from primarily garnet-biotite granite with local 

orthopyroxene in the northeast to muscovite-biotite granite with in situ rare element enriched pegmatitic 

segregations in the southwest, where the complex is in contact with the northern boundary of the SLGB 

(Smith, 2001; Breaks et al., 2005). This progressive change in mineralogy is reported to reflect increasing 

chemical evolution towards the southwest (Breaks et al., 2005). A low eNd value (-2.1) returned from an 

unspecified phase of the complex is consistent with anatexis of crustal rocks (Larbi et al., 1999).  

Similarities in garnet and apatite trace element characteristics between a phase of this complex 

(location 94-84 of Pan and Breaks, 1997; Fig 2.2 ) and the rare-element pegmatites of the SLGB have 

been used to infer a genetic link between the S-type granites of the ERS and the Separation Rapids 

pegmatite group (Pan and Breaks, 1997). Mica 40Ar/39Ar dates of ca. 2432 to 2411 Ma in a topaz-bearing 

pegmatitic segregation at this location are attributed to thermal resetting during the Matachewan igneous 

event (Smith et al., 2001).  
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2.1.2 Skidder Pluton 

The Skidder Pluton is a 0.3 by 1.5 km stock of garnet-muscovite- and biotite-bearing 

peraluminous (S-type) granite cropping out in the northwest portion of the SLGB (Fig. 2.2; Blackburn 

and Young, 2000). The northwestern part of this body contains beryl-type, Ta-bearing pegmatitic 

segregations that grade into the granitic host (Rattler and Wolf pegmatites; Breaks et al., 1999). 40Ar/39Ar 

analyses of biotite in the main body of the Skidder Pluton yield apparent ages that have a stepped profile 

from the core to the rim that ranges from 2.1 Ga in the core to 1.7 Ga along the margins (Smith, 2001). 

2.1.3 Separation Rapids Pluton 

The Separation Rapids Pluton is an ~4 km2 oval shaped peraluminous granitic body that contains 

a core of K-feldspar-phyric, garnet-bearing granite and encompassed by pegmatitic to aplitic leucogranite, 

potassic pegmatite, sodic aplite, coarse-grained granite and albitite (Fig. 2.2; Breaks et al., 2005). The 

peripheral phases of the intrusion locally display a well-defined layering that is often accompanied by 

unidirectional solidification textures (Breaks et al., 2005). The spatial association of this pluton and the 

SRPG, as well as the trace-element characteristics of fluorapatite, K-feldspar and Nb-Ta oxides within it, 

have been used to infer a genetic link between this intrusion, the Treelined Lake granitic complex and the 

rare-element pegmatites of the SRPG (Breaks and Tindle, 1997). U-Pb dates on monazite within the core 

in this body records a primary crystallization age of 2646 Ñ 2 Ma and 2635 Ñ 2 Ma; the younger date 

interpreted as partial thermal reset by later pegmatitic dykes (Larbi et al., 1999). U-Pb geochronology of 

tantalite showing evidence for hydrothermal overprint yields a ca. of 2627 Ma (Smith et al., 2001). 

40Ar/39Ar traverses across muscovite grains in the Separation Rapids Pluton returned apparent ages 

ranging from 2450 Ma in the cores to 1750 Ma in the rim (Smith, 2001). A wide range of ⱦNd values (-2.1 

to +2.0) and high 147Sm/144Nd ratios indicate this pluton was contaminated by assimilation of the crustal 

material into which it intruded (Larbi et al., 1999).  
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2.1.4 The Separation Rapids pegmatite group 

The Separation Rapids pegmatite group (SRPG) extends over 13 km strike length within the 

SLGB (Breaks and Tindle,1999). The intrusions are classified as either beryl-type or petalite-subtype 

pegmatites and are zonally distributed throughout the belt (Fig. 2.2; Breaks and Tindle, 1996; ĻernĨ and 

Ercit, 2005). Trace-element characteristics of the granitic intrusions in the SLGB show progressive 

increases in the degree of fractionation from the Separation Rapids pluton to the petalite-bearing 

intrusions of the SRPG (Breaks and Tindle, 1997). The trace-element characteristics vary between the 

individual intrusions and the K/Rb and K/Cs ratios of K-feldspar in the petalite-zone dykes overlap with 

those of the Bernic Lake pegmatite group in the BRGB (Breaks and Tindle, 1997; ĻernĨ et al., 1981). The 

SRPG is further subdivided into a Fe and Mn suite, based on tantalite-columbite compositions (Tindle and 

Breaks, 1998). Only two pegmatites are assigned to the Mn suite (the petalite subtype Markoôs pegmatite 

and the beryl-type pegmatite 265) and it has been proposed that these intrusions were extracted from a 

different source melt than the Fe suite based on the lack of a continuum of K-feldspar compositions and 

the high F-content of the dyke-forming melts (Tindle and Breaks, 1998, unpublished data). 

The previously mapped exposures of rare-element pegmatites (Breaks and Tindle, 1996, 1997; 

Breaks et al., 1999; Blackburn and Young, 2000) are distributed along the central corridor of the 

greenstone belt (Fig. 2.2). These pegmatites return in situ U-Pb ages that span ~50 Ma (ca. 2649 to 2601 

Ma, deformed aplite near the Big Whopper and Markoôs pegmatite, respectively) and there is no apparent 

correlation between geographic distribution and crystallization age (Ching, 2024). Moreover, the span of 

crystallization ages of ~50 Ma is in stark contrast to the apparent single emplacement age of ~2640 Ma 

for the pegmatites in the BRGB of Manitoba (Baadsgaard and ĻernĨ, 1993; Kremer, 2010; Camacho et 

al., 2012). 
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2.1.4.1 The Big Mack pegmatite 

The Big Mack pegmatite is an east striking complex-type petalite-subtype pegmatite exposed 

over ~80 by 225m (Fig. 4.1.10) and first noted in Breaks et al., (1997). The pegmatite was exposed in an 

overburden stripping program in 1998 (Emerald Fields Resources Corporation, 1998). Historic grab 

samples have yielded up to 6% Li2O and diamond drill intervals have returned up to 1.35% Li2O over 31 

m (Emerald Field Resources Corporation, 1999; Pan-American Energy, 2022). A 5 tonne bulk sample was 

extracted from the dyke in 1999 to test the viability of petalite concentrates for ceramic applications, 

which were found to yield three acceptable glass melts by Corning Laboratory Services (Pan American 

Energy, 2022). In-situ U-Pb geochronology of monazite in the main body of the dyke returned an age of 

2637 Ñ 3 Ma, which is interpreted to represent the time of crystallization (Ching, 2024).  

A thorough review of the mineralogy and mineral chemistry of the main body of the Big Mack 

dyke is provided in Breaks et al. (1999). Up to eight mineralogical zones were identified in the main Big 

Mack body and the dyke contains numerous rare-element minerals that are uncommon in the LCT-type 

pegmatites of the Superior Province, such as bikitaite [LiAlSi2O6(H2O)], eucryptite (LiAlSiO4), and 

chrysoberyl (BeAl2O4; Breaks et al., 1999). The mineral zones are grouped into two principal units: an 

interior phase that is rich in petalite and displays a well-defined planar fabric; and an exterior wall zone 

that extends into the eastern and western tapering ends of the dyke and is characterized by the presence of 

cordierite and the general absence of petalite (Breaks et al., 1999).  

2.1.4.2 The Snowbank pegmatite 

The Snowbank pegmatite (Fig. 4.1.13) comprises a set of northwest striking petalite-bearing 

intrusions that were discovered in 2018 and return Li2O grades up to 2.1% over 1.1 m (Avalon Advanced 

Materials, 2018). In-situ U-Pb geochronology of monazite in a petalite-bearing dyke yielded a 

crystallization age of 2623 Ñ 10 Ma (Ching, 2024). 
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2.1.4.3 The Sprinkler Zone pegmatite 

Pegmatites were first uncovered at the Sprinkler Zone outcrop in 1997 and the most voluminous 

phase of intrusion at the exposure hosts tantalite mineralization (Emerald Field Resources; 1997). A 

diamond drill hole collared by Avalon Advanced Materials (2001; Hole No. 98-49) intersected a 1.5m 

petalite-bearing pegmatite ~80m south of the mapped outcrop that returned 1.03% Li2O over 1.4m.  

2.2 Deformation and metamorphism 

Previous studies have described three deformational events in the SLGB (Sanborn-Barrie, 1988, 

Blackburn and Young, 2000, Hrabi and Cruden, 2006). S0 and S1 are rarely observed (Blackburn and 

Young, 2000). Where present, these fabrics are subparallel to one another and occur at a low angle to the 

dominant fabric (Blackburn and Young, 2000). 

The dominant deformational fabric of the SLGB is attributed to D2 deformation, parallels the 

northern and southern boundary zones, and is axial planar to two large-scale folds that are mapped in the 

northwestern and southern portions of the belt (Fig. 2.2; Blackburn and Young, 2000). In the supracrustal 

rocks of the belt, hornblende and biotite define a mineral lineation (L2) within S2 and plunges vary from 

~90Á to 45Á towards the east or west (Sanborn-Barrie, 1988; Blackburn and Young, 2000). Previous 

workers have proposed that the differing plunge directions are spatially distributed: Sanborn-Barrie 

(1988) placed the SLGB into a domain of westerly plunging lineations along the ERS-WRS subprovincial 

boundary zone; and Blackburn and Young (2000) proposed that the Selwyn Lake Fault (Fig. 2.2) 

separates a northern domain of easterly plunging mineral lineations from a southern domain of westerly 

plunging mineral lineations. A date is not associated with the development of the S2 fabric in the SLGB, 

however this fabric is mapped as continuous across the ERS-WRS boundary (Sanborn-Barrie, 1988). In 

the ERS, Corfu et al., (1995) constrained the development of this fabric to have occurred between 2698 

and 2691 Ma, which overlaps with the timing of the collision of the Uchi and Winnipeg River 

subprovinces (Percival et al., 2012). 
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The Selwyn Lake Fault is considered to be part of a regional-scale structure termed the English 

River Road lineament, which trends along the northern boundary of the SLGB and juxtaposes the 

granulite-grade rocks of the ERS with amphibolite-grade rocks of the SLGB (Sanborn-Barrie, 1988; 

Blackburn and Young, 2000). This proposed structure is not associated with a specific deformation 

episode, however, the juxtaposition of granulite- and amphibolite-grade rocks indicates it is syn- to post-

D2, which is thought to be contemporaneous with granulite-facies metamorphism in the ERS (Corfu et al., 

1995). 

A D3 deformational episode has been proposed based on the presence of small-scale z folds that 

locally overprint S2 (Sanborn-Barrie, 1988; Hrabi and Cruden, 2006). Sanborn-Barrie (1988) associated 

these folds with a shear fabric (S3), that overprints S2 and is characterized by shallow, easterly plunging 

mineral lineations. These z folds are also reported in a K-feldspar phyric granite that is commonly 

intruded along the SLGB-WRS boundary zone (Hrabi and Cruden (2006). Sanborn-Barrie (1988) related 

this D3 event to dextral transpression localized along subprovincial boundary zones; a structural style that 

has been documented elsewhere in the Western Superior Province after the development of the S2 fabric 

in the ERS (Miniss River Fault, <2670 Ma, Bethune et al., 2011; Southern boundary zone of the WRS; 

~2650 Ma, Melynk et al., 2006; Peterson Creek Shear Zone, BRGB, <2645 Ma; Duguet et al., 2009). 

Late, brittle, north trending faults crosscut all lithologies throughout the belt and show varying 

senses and amounts of displacement (Blackburn and Young, 2000). The Fiord Bay Fault crosscuts the 

metavolcanic rocks at the southern extent of the belt and records a dextral offset of up to 3 km (Blackburn 

and Young, 2000). 

Metamorphic conditions in the SLGB reached amphibolite-facies (P Ò 4kbar, T = 500-550ÁC; 

a(H20)  ~ 0.9; Pan, 1995). Metamorphism is interpreted to have occurred at ~2640 Ma based on U-Pb 

dates of monazite in the clastic metasedimentary rocks and titanite in the mafic metavolcanic rocks 

(Ching, 2024). Garnet porphyroblasts show synkinematic rotation and overgrow crenulations folds, 
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indicating peak metamorphic conditions outlasted development of the D2 deformational fabric (Blackburn 

and Young, 2000).  

3. Methodology 

To assess the extent of deformation in the SLGB, sampling was targeted in areas where 

deformation should be localized during regional tectonic events (Pennacchioni and Manktelow, 2018). 

The contact zones of pegmatites were most frequently sampled and were the focus of detailed 

geochemical and isotopic analyses as this is where the bulk of imposed strain should be localized (due to 

the contrasting rheological competencies of the pegmatites and the mafic country rocks Pennachioni and 

Mancktelow, 2018) and where crystallization of these dykes begins (Sirbescu et al., 2017; London, 2018). 

Granitic rocks are the most rheologically similar country rocks to the rare-element pegmatites and were 

also targeted during field work to assess the deformational and magmatic history in a variety of different 

rock types across the greenstone belt. This thesis also aims to investigate the complex magmatic history 

proposed by Ching (2024), so the interior phases of regionally significant granitic (and pegmatitic) 

intrusions were also often targeted for samples that could provide U-bearing minerals suitable for U-Pb 

geochronology.  

3.1 Location, access, and sampling 

The project area is located ~55 km north of Kenora, Ontario and is accessible via all weather 

roads. All terrain vehicles (ATV) were used to navigate the various historic drill and/or logging roads that 

access the mapped area (Fig. 2.2), as well as all three of the detailed outcrops, the Snowbank (UTM 

NAD83 zone 15 5571026mN 384946mE), the Big Mack (UTM 15U 5569900mN 386528mE) and the 

Sprinkler Zone (UTM 15U 5569723mN 387303mE). Transects across the width of the greenstone belt 

were conducted by foot. A motorized boat was used to expedite access to the far northwest portion of the 

study area (i.e. the Rattler pegmatite). 
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The majority of the field work was conducted in May of 2022; however, several shorter field 

visits to specific outcrops were conducted in the Fall of 2021 and 2022. Mapping was conducted using the 

open source mobile QField application on a Samsung S8 tablet. Sample and ñgeostationò locations were 

marked in this GIS software using the deviceôs internal GPS and notes corresponding to these locations 

were recorded in a field notebook. Geostation notes included lithologies, geologic structures, contact 

relations and any other necessary information that was then related to the geographic location to create a 

regional map. Detailed outcrop maps of three pegmatites were also created using QField. Georeferenced 

high-resolution aerial drone images were acquired in the Spring of 2021 and 2022 to accurately reference 

field relations and geologic information. 

Sampling for this program was largely carried out by collecting oriented specimens during the 

summers of 2021 and 2022. A portable diamond-blade rock saw was used to collect samples of structures 

indicating either magmatic or deformational processes at key locations. Specimens were cut orthogonal to 

planar structures, such as the pegmatite contacts or planar fabrics, and where linear features were 

recognised, samples were cut perpendicular to the foliation and parallel to the lineation to accurately 

assess potential kinematic indicators. The cut rock slabs were marked with the locations of sections, and 

then scanned using an Epson paper scanner to produce high-resolution images that recorded the 

orientation of the rocks, prior to being sent to Precision Petrographics (Vancouver, Canada) for 

preparation as polished thin sections. Some samples selected for detailed analytical work were collected 

prior to 2021 by Alfredo Camacho (SP43, SP54b, SP35, SP38a, SP29, SP32, SP39).  

Ninety eight polished thin sections were examined using a Nikon Eclipse 50i POL petrographic 

microscope. Plane-polarized, cross-polarized and reflected light were used to determine the mineralogy 

and texture of each sample. Areas or minerals within the sections that were deemed appropriate for 

quantitative analytical work [laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) 

or electron back-scattered diffraction (EBSD)] were inspected using back-scattered electron (BSE) 

imaging on the scanning electron microscope (SEM) at the University of Manitoba to create high 
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magnification images and capture textures not detectable under the petrographic microscope (e.g. fine-

grained inclusions, fractures, variations in average atomic number, or any other characteristics that may 

have affected the analyses). 

Monazite, xenotime and titanite were selected for in situ U-Pb isotopic analysis. Matching 

reflected light and BSE images of the thin sections ensured the correct grains were placed under the beam 

and revealed the internal structure and chemical heterogeneities of the targeted minerals. Minerals from 

one sample (SP35) were mechanically separated, due to a low population of zircons observed 

petrographically, and a population of eighty-five zircons was analyzed in a grain mount. The majority of 

U-Pb isotopic analyses, JM-22-SR-059c, JM-22-SR-069, JM-22-SR-021, JM-21-SZ-002, JM-22-SR-035, 

JM-22-SZ-018, SP35 and T2, were carried out at the FiLTER facility at University of British Columbia 

Okanagan (UBCO) and the remainder, SP38, SP43 and SP54b, were conducted at the University of 

California, Santa Barbara. A list of sample descriptions, locations and analyses is provided in Appendix A. 

3.2 University of Manitoba 

3.2.1 Scanning electron microscopy 

A FEI Inspect S50 scanning electron microscope (SEM) at the University of Manitoba was used 

to follow-up on areas of interest documented by transmitted microscopy. Electron dispersive spectrometry 

(EDS) using an EDAX Octane Pro was employed to identify phases not recognizable on the basis of their 

optical characteristics as well as identify relative elemental variations in compositionally zoned minerals. 

Backscattered electron imaging was used to image mineral grains suitable for U-Pb geochronology and 

highlight any compositional zonation, inclusions or fractures that may have affected the measured 

isotopic ratios. 
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3.2.2 Electron Microprobe 

 Quantification of major and minor element abundances (Na, Al, Si, K, Ca, Cs, Sr, Fe, O) in 

plagioclase crystals hosted in the marginal zones of pegmatites was done with the Cameca SX100 

microprobe at the University of Manitoba. The instrument operated at 15 KeV and 20 nA and the electron 

beam was defocussed to a width of 20 Õm. Appropriate standards and detector settings were chosen to 

minimize matrix effects (see Appendix B) and optimize element detection limits and data reduction was 

accomplished using the ZAF correction procedure (Pouchu and Pichoir, 1984).  

3.3 University of British Columbia Okanagan 

3.3.1 Electron backscattered diffraction 

Electron backscattered diffraction analyses were carried out on five polished thin sections at the 

Fipke Laboratory for Trace Element Research (FiLTER) at the University of British Columbia Okanagan 

(UBCO) on a Tescan Mira 3 XMU SEM and an Oxford Instruments Symmetry S3 EBSD camera. The 

polished thin sections were covered with a 10 nm carbon coating, mounted on a stage tilted 70Á to the 

primary beam and analyzed in a high vacuum. An accelerating voltage of 30 kV was applied at an 

absorption current of 4.1 nA from a working distance of 22mm. Step size varied between analyses and is 

specified for each sample in Section 4.3. Oxford Instrumentsô HKL software was used to index electron 

backscatter patterns for plagioclase before plotting in Aztec Crystal (versions 34.1) to generate grain maps 

as well as pole figures. 

3.3.2 LA-ICP-MS 

3.3.2.1 U-Pb 

At the UBCO facility the selected minerals were analyzed for U-Pb ratios using two laser 

configurations paired with the same Agilent 8900 triple-quadruple inductively coupled plasma mass 

spectrometer (QQQ-ICP-MS): in situ analyses of monazite, xenotime and titanite were ablated using an 
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ESL NWR193 laser with a TwoVol3 ablation cell whereas the zircon separate of sample SP35 was ablated 

using a Photon Machines Analyte 183 Excimer with a large volume, teardrop ablation cell. Measurements 

were acquired using point analyses on the targeted minerals using beam diameters of 15-30 Õm at 

repetition rates of 6-8 Hz, which yielded fluences between 3-4 J/cm2. Spots were pre-ablated with two 

pulses of the laser to ensure a clean surface, followed by 35s of background signal collection and then 

ablated for 25s. The mass spectrometer was calibrated using NIST610 and typical standard bracketing 

techniques were applied every 10 unknowns to monitor and correct for instrument drift over the analytical 

session as well as downhole fractionation. Data reduction was performed using Iolite v 4 (Paton et al., 

2010, 2011). For the monazite and xenotime analyses Monazite ñ44069ò (Aleinikoff et al., 2006) was 

used as the primary reference material and Bananeira (ñSternò; Palin et al., 2013), TT09 and Trebilcock 

were used as secondary reference materials; for the titanite analyses MKED-1 (Spandler et al., 2016) was 

used as the primary reference material and Mud Tank (Fisher et al., 2020b) and Tory Hill (Fisher et al., 

2020b) were used as secondary reference materials; and for zircon analyses ñ91500ò (Wiedenbeck et al., 

1995) was used as the primary reference material and Plesovice (Slama et al., 2008) was used as the 

secondary reference material. Concordia ages were calculated using uncorrected U-Pb data using IsoplotR 

(Vermeesch, 2018). The full datasets and specific operational settings are available Appendix C. 

Monazite and xenotime trace element data (Si, Y, La, Ce, Pr, Nd, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, 

Lu) were also collected in these analyses and are reported as approximate abundances. Bananeria was 

used as the matrix-matched primary reference standard and stoichiometric P was used as the internal 

calibrant for unknown analyses (Kylander-Clark et al., 2013).  

3.3.2.2 Rb-Sr  

Rb-Sr radiogenic isotope analyses were carried out at the FiLTER facility at UBCO using an ESL 

NWR193 laser with a TwoVol3 ablation cell paired with an Agilent 8900 triple-quadruple inductively 

coupled plasma mass spectrometer (QQQ-ICP-MS) operated in MS/MS mode. The mass spectrometer 

was calibrated in single quadrupole mode using NIST612 prior to being operated in MS/MS mode for 
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Rb/Sr analyses. The Ar nebulizer gas (0.85L/min) and He sample gas (0.3L/min) were mixed using a 

polyprolylene ñYò connector and transmitted through an in-house signal-smoothing device to improve 

sensitivity prior to entering the plasma. N2O gas was used as the carrier as it reacts with Sr to form SrO+ 

to overcome spectral interference with Rb isotopes (Hogmalm et al., 2017) and was added at a rate of 0.3 

mL/min (Redaa et al., 2021, Larson et al., 2023). Axial acceleration of the product ions to the second 

quadrupole was maximized at 2V. Spot locations were pre-ablated with two laser pulses to ensure a clean 

surface prior to being ablated for 25s and then washed out for 20s. Specifications of the spot analyses 

varied between runs but included beam diameters of 50-60 Õm, a repetition rate of 8 Hz and estimated 

fluences of 2.8-3.5 J/cm2 . 

Mineral specific primary and secondary standards were analysed every ~10 unknown analyses to 

monitor and correct for temporal signal drift, laser induced elemental fractionation and matrix correction. 

The primary reference standard for the plagioclase analyses was MRC1 (Apen et al., 2021) and the 

secondary reference standards were MAD (Thomson et al., 2012) and ñ8826ò; the primary reference 

material used for the biotite and amphibole was Mica Mg (Zack and Hogmalm., 2016) with Mica Fe 

(Zack and Hogmalm., 2016) used as a secondary reference material. NIST 610 was used to verify and 

correct for all final 87Sr/86Sr measurements. Data was reduced using the Iolite software program v4 (Paton 

et al., 2011) with an in-house developed data reduction scheme (Larson, 2024). NIST610 was used to 

calibrate the mass spectrometer. Different isotopes and isotopic ratios were selected for analysis in the 

separate runs. Full details on the instrument settings, data collection procedure and measured isotopes are 

available in Appendix D. 

3.4 University of California, Santa Barbara 

UïPb isotope analysis of titanite and monazite were determined at University of California, Santa 

Barbara, following the methods outlined in Kylander-Clark et al. (2013) and Kylander-Clark (2017) The 

laser-ablation split-stream system combines a Photon Machines 193 nm ArF Excimer laser, equipped with 



23 

 

a Hel-Ex ablation cell, with a Nu Instruments HR Plasma high-resolution MC-ICP-MS system for 

collecting U-Pb isotope data, and an Agilent 7700 quadrupole ICP-MS for determining trace-element 

concentrations. The laser parameters for analysis consisted of a 50 Õm spot ablated at ~1 J/cm2 and 5 Hz 

for 12 seconds, following a 20 second baseline and two-shot pre-ablation. Unknowns were bracketed by 

titanite reference material (RM) MKED1 (Spandler et al., 2016); RMs Y1710C5 (Spencer et al., 2013), 

BLR (Aleinikoff et al., 2007), were included occasionally for quality control; they yielded average ages 

within 2% of their accepted values. For element concentrations, 49Ti was used as the internal standard, 

and BHVO was used as the standard for all elements. Raw U-Pb isotope and trace-element data were 

reduced using Iolite v3 (Paton et al., 2011) to correct for instrument drift, laser-ablation-induced down-

hole elemental fractionation, plasma-induced elemental fractionation, and instrumental mass bias. 

3.5 University of New Brunswick 

Micro X-Ray Fluorescence (Õ-XRF) mapping of pegmatite contacts was carried out at the 

University of New Brunswick, Department of Earth Sciences. Maps were generated from polished rock 

slabs that contain pegmatite contacts to determine relative variations in major element abundances (Al, 

Ca, Cl, Fe, K, Rb, Si, Ti) across the contacts. The rock slabs were placed in a vacuum sealed chamber and 

rastered with X-rays produced from a Rh tube operated at 30-50 kV and 300-400 ɛA (Flude et al., 2017) 

at a spot size of 20 ɛm. Characteristic X-ray fluorescence patterns are generated for each pixel and can be 

used to produce single or multielement maps. 
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4. Results  

4.1 Geology 

A 1:7000 scale geologic map was created over an area in the northwestern area of the SLGB 

where the orientation of pegmatite dykes rotates from a northwesterly strike in the west to a westerly 

strike in the east. (Fig.4.1.1). The bedrock geology of the area was documented in several mapping 

programs (Blackburn and Young, 2000; Chastko, 2001; Ching, 2024) so the principal goal of the current 

mapping was to assess the intensity of strain in the country rocks to determine if it could be correlated 

with rare element pegmatite emplacement. Several regionally significant locations outside of the mapped 

area were also visited, described, and sampled (Fig. 2.2; Rattler pegmatite, location 94-84 of Pan and 

Breaks, 1997; outcrop of pegmatite 93-34, Blackburn and Young, 2000). The below sections summarize 

the field and petrographic observations collected during the current work. Samples imaged in the figures 

are labeled in the captions.  

4.1.1 Mafic metavolcanic rocks 

Mafic metavolcanic rocks constitute the majority of the supracrustal rocks in the mapped area 

(Fig. 4.1.1) and occur as pillowed, massive or coarse-grained and display a ductile deformational fabric 

that varies in intensity locally (Fig. 4.1.2a, b). In areas where this fabric is most strongly developed, 

primary textures are completely overprinted and zones containing small-scale z-folds parallel and grade 

into the dominant planar fabric. A mineral lineation defined by aligned amphibole, or locally biotite, is 

often present on foliation surfaces and can range from down-dip to ~45/090. Some regions of the mafic 

country rocks are predominantly coarse-grained, though intrusive contacts rarely separate these domains 

from the more fine-grained or pillowed volcanic rocks. 
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Figure 4.1.1: Geologic map of the study area; Geology after Blackburn and Young (2000), pegmatite traces after Chastko, 2001 and Ching, 2019. Inset in lower 

left hand panel shows location within greenstone belt, as well as the location of sample sites outside of the mapped area; And: andalusite; Hbl: hornblende Bt: 

biotite; TLG: Treelined Lake granitic complex.
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Figure 4.1.2: Textural and mineralogical characteristics of the mafic volcanic rocks (C-E: plane polarized light 

(PPL) photomicrographs, F: cross polarized light (XPL) photomicrograph); A) Z-fold developed in S2 fabric in 

deformed pillow basalt (SR-013); B) Blocky boudins of calc-silicate horizon in basalt with host-infill of boudin 

necks (Snowbank outcrop); C) Euhedral hornblende overgrowing metasomatic biotite adjacent to a rare-element 

pegmatite (BM-011); D) Holmquistite altering euhedral hornblende as well as the metasomatic biotite adjacent to a 

rare-element pegmatite (SB-005); E) Titanite associated with the metasomatic replacement of amphibole by biotite 

at the contact mafic volcanic rocks and a rare-element pegmatite (SZ-018); F) Vesuvianite-rich vein mantled by halo 

of polygonal diopside (SB-004); Amph: amphibole; Bt: biotite; Cal: calcite; CR: country rock; Di: diopside; Ep: 

epidote-group minerals; Hlm: holmquistite; Peg: pegmatite; Pl: plagioclase; Ser: sericite; Ttn: titanite; Ves: 

vesuvianite.  












































































































































































































































































































































