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Summary

Underground samples were collected from the Tanco pegmatite in southeastern Manitoba in
early May 2022 to investigate the textural varieties of spodumene and Li mineralization trends. Thin-
section petrography, cathodoluminescence imaging, electron probe microanalysis, and laser-ablation
inductively coupled plasma—mass spectrometry (LA-ICP-MS) were done at the University of Manitoba
in late May 2022. Preliminary observations show four distinct groups of spodumene textures at Tanco:
1) classic spodumene and quartz intergrowths (SQUI) as shown by elongated unidirectional texture;
2) micro-SQUI with symplectic radial texture, replacing the classic SQUI; 3) equant SQUI, which forms
larger, stubby, equant interlocking crystals; and 4) primary platy spodumene that is not necessarily
associated with quartz. Cathodoluminescence imaging revealed a complex internal zonation sequence
within the SQUI. Preliminary LA-ICP-MS results showed that the classic and micro-SQUI are geochemi-
cally similar, whereas equant SQUI has a highly variable trace-element composition. Future work will
include subsequent LA-ICP-MS studies to determine the geochemical variability, which defines the
zonation within the spodumene.

Introduction

The genesis and significant economic potential of pegmatites make them a fascinating field of
study in economic geology. The Li-Cs-Ta (LCT) Tanco pegmatite in southeastern Manitoba represents
one of the most economically important and fractionated pegmatitic bodies in the world. It has been
the subject of numerous studies that have contributed significantly to understanding of pegmatite
petrogenesis (Cerny, 2005).

This project was initiated in August 2021 when two weeks of fieldwork were completed at the
Tanco mine in order to collect a variety of drillcore and subsurface samples (Breasley et al., 2021).
Preliminary visualization of spodumene and quartz intergrowths (SQUI) using X-ray computed tomog-
raphy (micro-CT) was presented at AME Roundup 2022 (Breasley et al., 2022a). The bulk of Li miner-
alization at Tanco occurs as SQUI, which may have formed by the breakdown of petalite (Cerny and
Ferguson, 1972). Rietveld analysis of SQUI indicates that they can consist of up to 80% spodumene
and 19.1% quartz (Breasley et al., 2022a). This contradicts the hypothesis of an idealized breakdown
of petalite, which should result in a SQUI vol. % ratio of ~60% spodumene and ~40% quartz.

This project aims to better constrain the different types of SQUI, analyze proportional variability
of spodumene and quartz within these types, and characterize compositions and timing of formation
of additional Li-bearing minerals. Analysis of the compositional variability of SQUI (using X-ray com-
puted tomography, electron backscatter diffraction, and powder X-ray diffraction Rietveld methods)
will reveal information on their crystallization history. The results from this study are expected to help
explain the notable lack of abundant petalite within the Li-rich zones of the pegmatite examined here.
Furthermore, studying variability of the SQUI groups at Tanco is of economic importance to the min-
eral processing protocols for different styles of mineralization.

Due to unprecedented high-water levels in the region, access to the Tanco mine as initially planned
did not take place. Fieldwork conducted at the Tanco mine in early May 2022 consisted of subsurface
sampling instead. A range of subsurface samples were collected to investigate the textural variability
of Li mineralization, enrichment in different zones, and spatial trends within the pegmatite. The work
carried out at the University of Manitoba involved analysis of the samples collected in 2021, including
thin-section petrography, cathodoluminescence (CL) imaging, electron probe microanalysis (EPMA),
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and laser-ablation inductively coupled plasma—mass spectrom-
etry (LA-ICP-MS). These analytical results were presented at the
Goldschmidt 2022 meeting (Breasley et al., 2022b), and are sum-
marized in this report.

Geological setting

The Tanco pegmatite is part of the Bernic Lake group of
pegmatites of the Cat Lake-Winnipeg River pegmatite district
in southeastern Manitoba (Figure GS2022-4-1). This district is
situated in the southern limb of the Bird River greenstone belt
(2.75-2.72 Ga; Gilbert, 2006). Rock assemblages within the belt
are separated into northern and southern assemblages constitut-
ing part of the Archean Superior province.

The Bernic Lake formation (2724.6 +1 Ma; Gilbert, 2008) is
a 2 by 45 km, dominantly mafic, volcanic-rich unit. It is located
in the southern assemblage of the Bird River greenstone belt
and hosts the Tanco gabbro, into which the Tanco pegmatite
was emplaced. The Tanco gabbro crystallized at 2723.1 +0.8 Ma
and was subsequently metamorphosed along with surrounding
lithologies of the region in an amphibolite-grade Abukuma-style
system (Cerny, 2005; Gilbert, 2008; Kremer, 2010). The Tanco
gabbro and Bernic Lake formation are hypothesized to have

formed during a single episode of magmatism because of their
similar ages and spatial relationships (Kremer, 2010). Gilbert
(2006, 2007, 2008) provided detailed descriptions of the various
lithologies of the Bird River greenstone belt.

The extensive Cat Lake—Winnipeg River pegmatite district
is divided into two subdistricts: the Winnipeg River and the Cat
Lake—Maskwa Lake subdistricts (Cerny et al., 1981). The Bernic
Lake pegmatite group that hosts the Tanco pegmatite forms part
of the Winnipeg River subdistrict. The multiple pegmatites of the
Bernic Lake group are notably enriched in Li, however Li enrich-
ment in the Tanco pegmatite far exceeds the volume and grade
of mineralization of the other Li-rich pegmatites of the group.

Tanco pegmatite

The morphology of the Tanco pegmatite intrusion is bilo-
bate, with maximum dimensions of 1520 m in length, 1060 m
in width and 100 m in thickness (Cerny, 2005). Uranium-lead
tantalite dating (Camacho et al., 2012) showed an intrusive age
of 2641 3 Ma, similar to a U-Pb zircon age of 2647.4 +1 Ma
reported by Kremer (2010). These data are concurrent with the
hypothesized reactivation of the Bernic Lake shear zone during
the period of ca. 2650-2640 Ma, which facilitated emplacement
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Figure GS2022-4-1: Location and local geology surrounding the Tanco pegmatite (dashed red outline; Stilling et al., 2006) in southeastern Manitoba.
Adapted from Breasley et al. (2021) and Gilbert (2008). Abbreviation: MORB, mid-ocean—-ridge basalt.
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of the igneous body along the west-trending fault system in the
surrounding area (Kremer, 2010; Martins et al., 2013).

The Tanco pegmatite is classified as a petalite subtype, attrib-
uted to complex LCT pegmatites (Cerny and Ercit, 2005). The
mineralogy of the Tanco pegmatite lacks considerable petalite;
spodumene is the dominant Li aluminosilicate phase. Spodu-
mene and quartz intergrowths that form the bulk of Li mineral-
ization are hypothesized to have formed via the breakdown of
petalite as a re-equilibration reaction. The pegmatite has a per-
aluminous composition that is generally depleted in Fe, Mg and

Ca (Stilling et al., 2006). Other Li minerals used to classify pegma-
tites, such as lepidolite, amblygonite-montebrasite and primary
spodumene, are also present (Cerny, 2005).

Mineralized zones

Tanco has been divided into nine major mineralized zones
(zones 10 to 90), which contain several subzones differentiated
on the basis of their differences in mineralogy, geochemistry and
textures (Figure GS2022-4-2). The nature of zonation and geo-
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graphical location of the zones at Tanco reveals information on
the evolution of the pegmatite melts and Li mineralization over
time. Previous works (Cerny et al., 1998; Cerny, 2005; Stilling et
al., 2006) presented detailed descriptions of these zones. In this
report we present an overview of the Tanco zones detailed in the
literature and in historical core logs written by Tanco mine geolo-
gists, and include descriptions of several subzones.

Zone 01 (overburden): Lake and till sediments.

Zone 05 (host rock): The host rock is generally called amphib-
olite, but it is much more diverse and gabbroic in composition in
some areas. The amphibolite host rock surrounding Tanco com-
prises 54% Fe-hornblende, 37% plagioclase (An,,), 4% ilmenite,
1% apatite and 4% quartz, with minor epidote, biotite, chlorite
and almandine (Morgan and London, 1987). It was subjected to
multiple metasomatic events during crystallization of the Tanco
pegmatite (Morgan and London, 1987).

Zone 10 (border zone): The border zone is a fine-grained
contact zone with amphibolite, representing portions of the
Tanco pegmatite that crystallized first. It is composed of a very
thin band of quartz and albite, which locally penetrates the host
rock. This zone, less than 30 cm thick, is the least geochemically
evolved section of the pegmatite (Stilling et al., 2006).

Zone 20 (wall zone): The wall zone consists of simple peg-
matite that is roughly representative of the bulk composition of
the Tanco pegmatite. The mineralogy of this zone is composed
predominantly of megacrystic microcline-perthite, quartz, albite
and curvilamellar lithian muscovite. Minor components include
beryl, tourmaline, muscovite, lithian muscovite and perthite.
Some notable features of this zone include red perthite, exo-
contact tourmaline growths perpendicular to the contact with
country rock, and white beryl. This zone hosts giant potassium
feldspar phenocrysts in a medium-grained groundmass. Aplitic
bands are commonly found in the footwall of the wall zone. This
zone is up to 35 m thick in the footwall (Cerny, 2005).

Zone 22 (simple pegmatites): Isolated blebs of pegmatites
are simple in mineralogy, and not enriched in metals. They are
commonly found above and below the main mineralized Tanco
body, within the country rock.

Zone 30 (aplitic albite zone): This zone consists of albite,
quartz and muscovite, with minor tantalum oxides, beryl, apatite,
tourmaline, cassiterite, ilmenite, zircon and sulphides. This zone
is generally pale blue-white and contains dark brown and black
clots of remobilized Ta/Nb—bearing minerals. The blue colour is
attributed to micro-scale blades of massive albite. This zone is of
particular interest due to its distinctive textures that include mul-
tiple undulatory layered growths and fracture infill structures.
The banded nature represents progressive crystallization fronts.
Zone 30is >16 m thick in some areas. Another interesting feature
of this zone includes the presence of a ‘beryl fringe’ at contact
zones with other units (Stilling et al., 2006) and the typical asso-
ciation with Ta and Nb mineralization. Some spatial trends of this
zone include ragged lenses of mineralization in the eastern area

of the pegmatite, where they are found beside the wall zone,
grading locally into zone 60 (Cerny et al., 1998). In the western
side of the Tanco deposit, zone 30 is found throughout zone 60
and in contact with zones 40 and 20 (Cerny et al., 1996).

Zone 36 (aplitic albite — muscovite and quartz after micro-
cline (MQM) zone): In this zone, the abundance of zone 30 aplite
is greater than zone 60 MQM secondary alteration. The rock
in this zone is typically green or white, with coarser crystalline
growth than the massive blue albite. This zone often contains
beryl and is associated commonly with Ta mineralization.

Zone 39 (aplitic albite — lepidolite zone): Zone 30 albite is
more abundant in this zone than zone 90 lepidolite.

Zone 40 (lower intermediate (mixed) zone): This zone is
highly internally variable and is often used to describe chaotic
zones in historical drillcore. Common components include micro-
cline-perthite, albite, quartz, spodumene (with SQUI crystals up
to 2 m in length) and amblygonite. Minor components include
lithian muscovite, lithiophilite, lepidolite, petalite, and tantalum
oxides. This zone can be distinguished from zone 50 (see below)
by the notable abundance of feldspars. Zone 40 is medium- to
coarse-grained, remarkably heterogeneous, and can be up to
25 m in thickness. Radial fans of albite and mica commonly sur-
round the feldspar-dominant minerals (Cerny et al., 1996).

Zone 45 (low-grade spodumene zone): This zone rep-
resents the mixed zone but is more enriched in SQUI. It has a
higher sodium content than zone 50, with common blue-white
aplite bands and patches. Thin-section analysis revealed a highly
complex internal mineralogy, indicative of high-temperature
remobilization processes, including relatively high-temperature/
pressure spodumene phases. However, multiple generations of
aplite are found at Tanco, therefore it is unknown whether the
aplites in zone 45 are genetically linked to those in zone 30.

Zone 50 (upper intermediate (spodumene) zone): Major
components in this zone include giant crystals of spodumene and
quartz (in multiple co-existent textural forms) and amblygonite.
Minor components include microcline-perthite, pollucite, lithio-
philite, petalite, eucryptite, tantalum oxides, albite and lithian
muscovite. Historical drill logs suggest the presence of minor
quartz pods, triphylite and apatite. This zone is up to 24 m thick,
and generally has a gradational contact with zone 40. The lack
of albite and mica differentiates this zone from zone 40. Vugs
are commonly found in this zone (Cerny et al., 1996), which is
the most enriched in Li and is known for containing the largest
spodumene crystals within the Tanco deposit.

Zone 60 (central intermediate (MQM) zone): This zone is
hypothesized to be entirely metasomatic in origin and displays
a variety of colours, including green, yellow and brown. It is the
main zone of Ta mineralization, and commonly contains mixtures
of zones 30 and 90. Major components include microcline-per-
thite, quartz, albite and muscovite. Minor components include
beryl, tantalum oxides, zircon, ilmenite, spodumene, sulphides,
lithiophilite, apatite and cassiterite. This zone is medium- to
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coarse-grained. It is up to 45 m thick with notably sharp contacts
that locally are seen to grade into zones 30 and 90 (Cerny et al.,
1996).

Zone 63 (MQM (aplitic albite) zone): This zone is a mixture
between zones 60 and 30. MQM is found as green, coarser mica-
ceous domains with blue aplitic albite and common white beryl.
MQM is found in greater abundance in this zone than in the
aplitic albite zone.

Zone 69 (MQM (lepidolite) zone): This is a mix of zones 60
and 90, with MQM in greater quantities than lepidolite. Lepido-
lite can range from fine micro-crystals to fine interlocked equant
growths.

Zone 67 (quartz-rich MQM zone): This is a mixture of
zones 60 and 70 (the quartz zone), with quartz being the domi-
nant mineral.

Zone 70 (quartz zone): Zone 70 comprises massive mono-
mineralic quartz lenses. It is difficult to distinguish in drillcore
from quartz pods present in other zones and can contain minor
amblygonite and spodumene. A distinctive feature of this zone
is that it is often surrounded by a potassium feldspar cap that
contains crystals of SQUI oriented normal to the contact. Zone 70
represents a truly highly evolved pegmatitic ‘core’ and is found in
the eastern side of the Tanco deposit. Pink quartz of this zone is
noted to contain minor petalite (Stilling et al., 2006).

Zone 80 (pollucite zone): This zone is almost entirely com-
posed of monomineralic pollucite. Minor components include
quartz, spodumene, petalite, muscovite, lepidolite, albite, micro-
cline and apatite. This zone is geochemically part of zone 50 and
is gradational between them, although it is large enough in scale
to be defined as a new unit. It hosts a remarkably pure (75%) pol-
lucite unit and is commonly crosscut by late veins of lepidolite,
quartz and feldspar. This zone comprises several lens-like bodies
found above zone 50. The largest segment of this zone is found in
the eastern portion of the Tanco pegmatite (Cerny et al., 1996).

Zone 58 (low-grade pollucite zone): This zone is found sur-
rounding zone 80. Common components include pollucite mixed
with SQUI, potassium feldspar, quartz, amblygonite and petalite.

Zone 90 (lepidolite zone): This zone is hypothesized to have
formed from metasomatism, with purple lithian muscovite hav-
ing replaced primary feldspar. Microlite is the dominant tantalum
mineral found intermixed with MQM alteration in this zone. Thin-
section microscopy and scanning electron microscopy (SEM)
imaging revealed microlite crystals to be highly internally zoned.
Dominant minerals include lithian muscovite, lepidolite and
microcline-perthite. Minor components include albite, quartz,
beryl, tantalum oxides, cassiterite and zircon. This zone is <18 m
thick and is composed predominantly of fine-grained micas. It is
economically important because of high concentrations of rubid-
ium and cesium micas, and tantalum and niobium oxides. This
zone forms two major bodies that trend east-west, along with
multiple smaller bodies found within zone 60 (Cerny et al., 1996).

Zone 93 (lepidolite—aplitic albite zone): This is a mixture of
zones 90 and 30. Lepidolite is found in greater abundance here
than in the aplitic albite zone.

Zone 96 (lepidolite-MQM zone): This zone contains a mix of
zones 90 and 60, with the lepidolite being the main mineraliza-
tion.

Zone 99 (potassium feldspar zone): This zone is typically
composed of massive potassium feldspar crystals, and contains
minor amblygonite-montebrasite.

Lithium at Tanco

Lithium is a critical element because it plays a major role in
the global transition to green energy sources as a vital compo-
nent in rechargeable batteries. Studying the nature of mineral-
ization and Li distribution is therefore key to understanding the
behaviour and mechanism of concentration of this important
element.

The Li aluminosilicate relationships at Tanco can be
explained by a reaction path that shows the nature of primary
Li mineral crystallization (London, 1986, 1990, 2008; Cerny et
al., 1998). The crystallization path shows an initial primary pet-
alite phase that crystallized from a hydrous granitic melt. As the
melt cooled, it crossed the petalite-spodumene reaction bound-
ary, where the bulk of petalite is hypothesized to have broken
down into SQUI. The crystallization path then shows a period of
primary spodumene growth, followed by a transition to primary
eucryptite growth as the spodumene-eucryptite reaction bound-
ary is crossed at 270°C and 1.8 kbar (180 megapascals (MPa); Fig-
ure GS2022-4-3).

Extensive re-equilibration of spodumene to eucryptite did
not occur, due to the presence of exsolved CO, liquid and lack of
hydrated fluids, which inhibit breakdown of spodumene (Cerny
and London, 1983). Cerny and Ferguson (1972) found that the
SQUI at Tanco had similar bulk composition to petalite, and
therefore concluded that all spodumene and quartz intergrowths
at Tanco were a result of the breakdown from petalite. The vari-
able coarseness of SQUI, reduction in volume during recrystalli-
zation (18.6%), and subsequent silica migration are hypothesized
to explain the deviations from the petalite composition (Cerny
and Ferguson, 1972).

There are multiple Li-bearing minerals at Tanco, such as
lithian mica, which are abundant in the lepidolite zone (zone 90).
Little research has taken place to assess the Li distribution
between these mineral phases, which could have economic
value.

Lithium-bearing minerals

The Tanco pegmatite is well known for its extensive mineral-
ogy, with in excess of 100 minerals having been identified (Cerny,
2005; Martins et al., 2013). This report addresses and describes
the Li-bearing mineral phases. A full description of the other
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minerals at Tanco may be found in Cerny et al. (1996) and Cerny
(2005). A summary of these mineral descriptions can be found in
Breasley et al. (2021).

Silicates

Li aluminosilicates

Petalite occurs in zones 50 and 80 (Cerny and Ferguson,
1972). Petalite is uncommon in the Tanco pegmatite and is
thought to have been mostly replaced by SQUI (London, 1986,
1990; Cerny et al., 1998).

Spodumene is typically milky white in colour, except near
the contacts with gabbroic rafts where it can be pale green. It
ranges in size from micro-SQUI texture to megacrysts up to 2 m
long (Cerny and Ferguson, 1972). Cerny and Ferguson (1972)
described three different types of spodumene at the Tanco
pegmatite: 1) secondary breakdown product of petalite into
SQUI; 2) primary spodumene; and 3) spodumene that has bro-
ken down and recrystallized into spodumene and quartz. The
recrystallized type of spodumene is distinct from SQUI and
occurs as coarser crystals that lack the intimate intergrowth
textures shown by SQUI. Lithium is currently being mined at
Tanco from zones 40 and 50, where 90% of the spodumene is
SQUI.

Eucryptite at Tanco is grey to pink, with a distinct red-orange
fluorescence in ultraviolet light (Cerny, 1972). Crystals are up to
4 cm long and are intergrown with SQUI or in crosscutting vein
structures.

Tourmaline

Tourmaline is easily distinguishable and abundant in many
zones. In zones 10, 20, 30 and 60, the tourmaline crystals tend to
be brown or black, and locally are green in colour. Pink and green
tourmalines are found in zones 40 and 50 (Selway et al., 2000b).
Tourmalines present a detailed geochemical evolution series and
are also found in contact zones with the country rock (Selway et
al., 2000a).

Elbaite is a common Na-Li—-bearing tourmaline at Tanco. It
can be found in a variety of colours, including pink (locally rubel-
lite), green and blue (due to iron content; Selway et al., 2000b).

Rossmanite (the X-site-vacant variety of tourmaline) is pres-
ent at Tanco, often found as either core or rim of evolved zoned
elbaite in zone 40 or 50 (Selway et al., 2000b).

Micas

A wide variety of micas are present in nearly all zones of the
Tanco pegmatite. There are noticeable changes in the growth
habits of micas, from curvilinear ‘ballpeen’ crystals to normal
micaceous books (Figure GS2022-4-4). The mica crystallography
and chemistry at Tanco were described by Rinaldi et al. (1972)
and were investigated in relation to Ta mineralization by Van Lich-
tervelde et al. (2008). Micas at Tanco exist as a substitution series
of dioctahedral muscovite (which contains Al>Li) to trioctahedral
lepidolite (which contains Li>Al; Van Lichtervelde et al., 2007).

Although zone 90 is termed the lepidolite zone, the domi-
nant mineral in this zone is fine equant growths of lithian mus-
covite. These purple equant intergrowths show the highest
Li contents on average out of all the micas at Tanco (7% Li,O;
Van Lichtervelde et al., 2008). True lepidolite (trilithionite-polyli-
thionite) is found in association with lithian muscovite in zone 90.

Other silicates

Holmquistite occurs in association with epidote, chlorite,
albite, calcite, titanite, iron/titanium oxides and quartz in country
rock close to contacts with the pegmatite.

Holmaquistite is interpreted to have been formed in a late-
stage crystallization event, as veins crosscut the previously
metasomatically altered country rock. Holmquistite in the Tanco
country rock is interpreted to have replaced actinolite (London,
1986).

Phosphates

Amblygonite-montebrasite

Mineral phases from the amblygonite-montebrasite series
occur as large primary crystals up to 1.5 m in size but can also be
present as smaller tabular aggregates (1-3 cm in size). Montebra-
site can be present as a secondary phase along grain boundaries
and fractures (Cerna et al., 1972). Amblygonite occurs in three
main zones of Tanco as white, pink and yellow crystals with vari-
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Figure GS2022-4-4: Images of micas from Tanco showing different growth habits: a) pale purple lithian muscovite crystallized in mesh of mica books

(1-3 cm); b) ballpeen mica growth habit of muscovite.

able fluorine content (4-6.8%; Cerna, 1970). Fluorine content is
associated with the colour sequence of amblygonite at Tanco,
with decreasing fluorine content leading to a transition from pink
to white to yellow in the amblygonite (Cerna, 1970). Where in
its primary form, amblygonite is commonly replaced by fluorine-
poor montebrasite via late-stage hydrothermal alteration (Cern4,
1970; Cerna et al., 1972).

Lithiophosphate and lithiophilite

Lithiophosphate is found as a secondary assemblage from
hydrothermal alteration of zone 50 (Simpson, 1974). Lithiophos-
phate can be found in crystals up to 5 cm in size and is often
found in association with quartz, cesian analcime and cookeite as
cavity infills (Cerny, 1972). Lithiophilite is found in a series with
triphylite in zones 10 through to 60 (Cerny et al., 1996). It occurs
as coarse brown-orange crystals up to 40 cm in size.

Tancoite

Tancoite is an orthorhombic-dipyramidal anhydrous phos-
phate discovered at Tanco (Ramik et al., 1980). It is typically
found in association with lithiophosphate and apatite in zone 50,
within secondary hydrothermal vugs.

Clay minerals
Generally, clays at Tanco formed only as a result of second-
ary breakdown reactions and hydrothermal alteration.

Cookeite is often found as a breakdown product of spodu-
mene and is associated with muscovite. Cavities in zones 40 and

50 host cookeite and it is also found as an epitaxial growth on
earlier phases in zones 50 and 60 (Cerny, 1972).

Preliminary results

Petrography

Thin-section petrography was used to devise a textural
grouping scheme for the spodumene at the Tanco mine from
zone 50 (Breasley et al., 2022b).

1) Classic SQUI (Figure GS2022-4-5a, b) shows elongated spod-
umene and quartz laths, which are intimately intergrown and
have a dominant singular orientation. The modal composi-
tion is highly variable, with a range of spodumene to quartz
ratios visible in thin section. The crystals show prominent
cleavage and lack internal mottling. Classic SQUI contains a
varied suite of crystal sizes, grouped here into fine (<0.5 cm),
medium (0.5-1 cm), and coarse (>1 cm). Classic green SQUI
occurs proximal to gabbroic rafts and wallrock, which formed
green crystals from Fe contamination. Petalite parental skel-
etal crystals, which are hypothesized to have broken down
into classic SQUI, locally create bounding structures for ori-
ented growth observed in hand sample, and were previously
noted in the literature (Cerny and Ferguson, 1972).

2) Micro-SQUI crystals (Figure GS2022-4-5c, d) are milky white,
massive, and microcrystalline in hand sample. This SQUI vari-
ety represents symplectic intergrowth of internally mottled
spodumene (with abundant inclusions of quartz, zircon and
mica) and quartz. The characteristic habit forms localized
radial, elongated fans of symplectite (100-600 um in length)
and commonly textures of very fine intergrowths with no
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Figure GS2022-4-5: Photomicrographs and schematic representations of different varieties of spodumene-quartz intergrowth (SQUI; adapted from
Breasley et al., 2022b): a) PPL image of classic SQUI; b) digitization of representative classic SQUI showing strong crystallographic orientation of
growth (orange dashed line); ¢) PPL image of micro-SQUI, d) digitization of representative micro-SQUI showing radial symplectic growth (highlighted
by orange arrows); e) PPL image of equant SQUI, f) digitization of representative equant SQUI showing interlocking boundaries with surrounding crys-

tals. Abbreviations: PPL, plane polarized light; Qz, quartz; Spd, spodumene.

obviously elongated crystals of spodumene (<20-50 pum in
length). Samples have a high internal textural variability and
are in both sharp and gradational breakdown contacts with
classic SQUI. In thin section, the micro-SQUI texture is inter-
preted to represent fluid-flow pathways, with microcrystal-
line reprecipitation of minerals (Figure GS2022-4-5c).

3) Equant SQUI (Figure GS2022-4-5e, f) shows angular crystal
boundaries, and spodumene and quartz are not intimately
intergrown. Spodumene crystals grew contemporaneously
with quartz, and crystals are in planar contact. Spodumene
contains micro inclusions of quartz, eucryptite and mica that
lack preferred orientation.

4) Primary spodumene forms larger platy crystals of monomin-
eralic spodumene. It is locally found in association with
quartz, but commonly occurs as large monomineralic
masses.

Cathodoluminescence imaging and electron probe
microanalysis

The use of cathodoluminescence (CL) imaging revealed
highly complex internal zoning within spodumene grains (Fig-

ure GS2022-4-6). The internal zoning can be caused by trace-
element variations within the spodumene, as well as structural
variations (Wise and Brown, 2019). Electron probe microanaly-
sis (EPMA) of the spodumene showed minimal variation of bulk
elements between spodumene from all sample groups. The sili-
cate values of all EPMA points were averaged for internal LA-ICP-
MS calibration.

Laser-ablation inductively coupled plasma-mass
spectrometry

Trace-element compositions of spodumene were deter-
mined using a combination of LA-ICP-MS points and linear abla-
tions. Due to mass interferences, two ablations were used per
point and line to minimize data error (low resolution: 55 um,
and medium resolution: 80 pum). Similar CL-zoned regions were
selected for each resolution, to maximize comparability of points
between low and medium resolutions. The external standard
used was NIST 610 synthetic glass; the internal standard used
was silicate values from EPMA. A known ‘unknown’ of BCR basalt
(400 ppm Li) was also used as an internal standard. The low-res-
olution data acquisition included analyses for Li, Be, Mg, Al, Mn,
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Figure GS2022-4-6: Cathodoluminescence (CL) and backscattered electron (BSE) imagery of different spodumene samples (all photos are at the same
scale): a) sample 22 Sl SQUI A showing classic SQUI and second generation of micro-SQUI growth (blue symplectite fan); b) BSE image of classic and
micro-SQUI showing notable lack of zonation; ¢) sample 91-14 B4C1 C showing micro-SQUI texture; d) BSE image of micro-SQUI; e) sample 91-9 B4C1
K showing equant SQUI with chaotic zonation; f) BSE image of equant SQUI. Abbreviations: Qz, quartz; Spd, spodumene.
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Co, Ni, Zn, Rb, Zr, Sn, Cs, Ba, Hf, Ta and Tl. Medium-resolution
measurements included Na, K, V, Cr, Fe, Ge and Nb.

Preliminary results

Classic and micro-SQUI are generally geochemically similar
when found adjacent to one another in thin section but show dif-
ferent concentrations of Mn, Sn and Ge. Green classic SQUI show
highest Fe contents in all of the classic SQUI category. Equant
SQUI show little geochemical trace-element similarities to classic
and micro-SQUI.

Future work

Subsequent studies will further utilize micro-CT to visualize
and quantify the variable proportions of spodumene to quartz
in SQUI. Breasley et al. (2021, 2022a) showed that the density
differences between spodumene and quartz crystals are suffi-
cient to provide contrast on micro-CT scans in 2-D and 3-D to
an impressive level of detail. This method will be developed and
used to create 3-D renderings of the different groups of SQUI
presented in this report. Origins and formation conditions of the
spodumene, and textural and geochemical variability of the dif-
ferent groups will be examined and delineated. The abundance
of SQUI at Tanco provides a unique opportunity to constrain this
information.

Studying the variety of Li-bearing minerals will give insight
into the Li partitioning between crystalline phases during melt
crystallization and subsequent metasomatism. Microprobe analy-
sis, LA-ICP-MS, and powder X-ray diffraction will aid in this part of
the study, as well as the attempt to identify petalite.

Economic considerations

Pegmatites are lucrative exploration targets because of their
potential to host significant enrichments of critical elements (Lin-
nen et al., 2012). Lithium, cesium and tantalum are all recognized as
critical minerals by the Government of Canada (2021). This project
focuses on lithium, which is currently used mainly in rechargeable
batteries (U.S. Geological Survey, 2022). This battery technology will
undoubtedly play a significant role as the world transitions to a decar-
bonized economy (Zubi et al., 2018). Therefore, studying pegmatites
that contain economic quantities of these elements will be key to
maintaining the economic competitiveness and resource security
of Canada into the future. Minor associations of other economically
important elements at Tanco are notable, such as Be and Rb.

The province of Manitoba has multiple sources of Li associ-
ated with Li-bearing pegmatites and brines (Manitoba Geological
Survey, 2022). The Tanco pegmatite, which is the focus of this
study, is the most economically viable. The research avenues
detailed in this report explore the nature of Li mineralization and
distribution trends within Tanco, which will have implications for
targeting and understanding Li sources elsewhere. Future work
will help confirm the trends seen in the mine and allow the quan-
tification of Li in different minerals to show the behaviour of the

highly volatile nature of this element during primary crystalliza-
tion and post-crystallization remobilization.
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