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Abstract: Typical greisen-type ore samples from northeastern Tasmania were investigated for
their critical metal potential. The samples contain zinnwaldite (KLiFeZ* Al(A1SizO;0)(EOH),),
a lithium-bearing mica that is prone to excessive breakage during conventional processing,
leading to the generation of very-fine-sized particles (i.e., slimes, <20 um), eventually ending
up in tailings and resulting in lithium (Li) loss. To assess whether the natural grain size
of valuable minerals could be preserved, the samples were processed using electric pulse
fragmentation (EPF). The results indicate that EPF preferentially fragmented along mica-rich
veins, maintaining coarse grain sizes, although a lower degree of liberation was observed in
fine-grained, massive samples. In addition, the critical metal distribution within zinnwaldite
was examined using laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS) techniques. The results reveal differences in Li content between groundmass zinnwaldite
and vein-hosted zinnwaldite and that the zinnwaldite contains the critical elements rubidium
(Rb), cesium (Cs), and rare earth elements (REEs: La, Ce, Pr, and Nd). Vein-hosted zinnwaldite
has a higher average Li content, whereas groundmass mica contains higher concentrations
of Rb, Cs, and REEs. Both mica types host inclusions of bismuth—copper—thorium-arsenic
(Bi-Cu-Th-As), which are more abundant in vein-hosted mica. In some of the samples, Bi, Cu,
Th, and REEs also occur along the mica cleavage planes, as well as in mineral inclusions. The
Li, Rb, and Cs grades are comparable to those of European deposits, such as Cinovec and the
Zinnwald Lithium Project.

Keywords: lithium; zinnwaldite; critical metals; electric pulse fragmentation

1. Introduction

Lithium (Li) is a vital component of modern technologies, particularly for rechargeable
batteries used in transportation and energy storage. The demand for Li is rising rapidly,
while the supply remains limited and concentrated in a few countries. For example, Aus-
tralia, Chile, and China together account for 90% of global production [1,2]. As a result, Li
is listed as a critical mineral by Australia, the European Union, and the United States [3-5].
Lithium can be extracted from various natural sources, including Li-bearing micas hosted
in greisen-type deposits, such as the well-known Zinnwald deposit in Europe. The samples
from eastern Tasmania, included in this study, are greisen-type with Li occurring within
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zinnwaldite (KLiFe* Al(AlSi3O10)(FOH),), a Li-bearing mica. The Li grades of these sam-
ples are similar to those reported for European deposits that have been historically mined
or are currently under development, such as Cinovec (0.48% Li,O; ~2230 ppm Li, [6]) and
the Zinnwald Lithium Project (0.54% LiO; ~2500 ppm Li, [7]).

Zinnwaldite is a soft mineral that tends to break during conventional comminution,
generating ultra-fine particles (<20 um) that are difficult to recover using typical flotation
methods and often end up in tailings. Although modified flotation processes have had
some success in recovering the fine material (e.g., Cinovec [8]), Li losses remain significant.
Coarse-grained mica is generally more amenable to processing, offering advantages such
as reduced energy requirements for liberation, lower losses of valuable minerals to slimes
(<10 pm), and reduced environmental impact of tailings, e.g., [9]. To explore this, this study
employed electric pulse fragmentation (EPF), a technique that promotes fragmentation
along grain boundaries and limits fine production [10-12]. Previous studies [13,14] have
shown that EPF can preserve delicate mineral textures, such as surface growth features of
platinum-group minerals, pyrite molds of microfossils, and separation of fossils from an
asphalt matrix, while improving mineral liberation, including in cases where mechanical
methods produce up to 45% fines (<80 um) compared to only 5% with EPF [12]. Although
the feasibility of using electric pulses for fragmentation to produce mineral separation
has been investigated since at least the late 1960s, e.g., [13,14], interest has resurged since
the 1990s [10,11,15-18]. A detailed development summary is provided in [15,17]. Key
advantages of EPF over mechanical fragmentation methods include the following: pre-
serving the natural grain size of minerals, minimizing fine generation, and producing
fewer multi-mineral grains. This study investigates whether EPF can effectively liberate
zinnwaldite in Tasmanian greisen ores without producing excessive fines.

A second objective was to assess the distribution of valuable additional elements
in zinnwaldite and to determine potential differences between vein-hosted and ground-
mass occurrences. To achieve this, laser ablation inductively coupled plasma mass spec-
trometry (LA-ICP-MS) was used to quantify these elements, including rubidium (Rb),
cesium (Cs), rare earth elements (REEs), and bismuth (Bi), which may have potential as co-
or by-products.

2. Materials and Methods
2.1. Samples

Samples were collected from historic workings near the former Aberfoyle mine in
northeastern Tasmania [19-21]. These were provided to the Centre for Ore Deposits and
Earth Sciences (CODES), University of Tasmania (UTAS), for analysis; they are interpreted
to be part of the Gipps Creek Granite (Ben Lomond Batholith). The samples consist
predominantly of quartz, topaz, and mica & tourmaline. Those tested using EPF include
the following: hard, dense rock described in the field as finely crystalline, massive greisen
(GM10339, GM10365); and finely crystalline, massive greisen cross-cut by vein-forming
coarsely crystalline mica (GM10358). The samples were originally large rock blocks, which
were cut into cubes for the comminution experiments—example images are provided in
Section 3. imilar material was also used to determine the optimal processing parameters
for EPF.

2.2. Geochemistry

Geochemical data from a regional exploration program (provided by [21]) indicate
that the Li values in the samples correlate with elements such as Cs, Fe, Mn, Rb, Sc, T1, and
Zn (Figure 1). Among these, Cs and Rb are classified as critical elements in the USA, while
Sc is listed as critical in both Australia and the USA [3,5]. The Li, Rb, and Cs grades of these
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samples are comparable to those of deposits in Europe that have been historically mined
or are currently under development, such as Cinovec and the Zinnwald Lithium Project,
eg., [67,22].
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Figure 1. Geochemical analysis results for rock samples from the Aberfoyle area. Samples used in
the EPF experiments are highlighted using large, colored symbols. The dataset has beenfiltered to
display only samples with > 500 ppm Li (n = 35). Plots show the following: (a) Li vs. Cs; (b) Li vs. Fe;
(c) Li vs. Mn; (d) Li vs. Rb; (e) Li vs. S; and (f) Li vs. Zn.

2.3. Methods
2.3.1. Comminution—Electric Pulse Fragmentation (EPF)

Fragmentation was performed using an SELFRAG Lab unit (SELFRAG AG, Kerzers,
Switzerland), installed at the University of Liege (ULiege), within the ‘Georesources, Min-
eral Engineering and Extractive Metallurgy’ (GeMMe) group (Figures 2 and 3; [23]). This
laboratory-scale system, as well as larger-scale devices (up to 8000 tpa), uses high-voltage
electrical pulses in a dielectric medium to fragment solid composite materials, exploiting
differences in electrical conductivity between materials. This typically results in liberation
along grain boundaries. More details on SELFRAG operation can be found, for example,
in [18] and on the SELFRAG website [23]. The samples were cut to ensure they would
fit into the process vessel (maximum size: 4 X 4 x 4 cm), which was used in a closed
configuration to retain all sample material within the vessel. During the fragmentation,
deionized water was used as the dielectric medium to facilitate electrical discharge and
minimize sample contamination.



Minerals 2025, 15, 462 4 0f 15

Process vessel with
sample submerged
o—{—q. .

4 in water

Marx Generator

Discharge electrode

Ground electrode

Transformer

Lifting table

Figure 2. Schematic diagram of the SELFRAG Lab unit (adapted from [18]).

Process vessel
containing sample
submerged in water

s

Figure 3. SELFRAG Lab unit installed at the GeMMe research group, University of Liege. (a) Unit in
operational mode with the doors closed. (b) Unit with the doors open and lifting table lowered for

sample loading.
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Parameters including voltage, electrode gap, pulse rate, and number of electrical
pulses can be adjusted in the SELFRAG Lab unit. Several pieces of each sample were tested,
with the first pieces used as calibration samples to determine the appropriate experimental
settings. The final settings are shown in Table 1, alongside the available range for each
parameter. The experimental settings were chosen to retain the natural size of coarse
minerals while still ensuring substantial rock breakage. Each fragmented sample was
recovered in full by filtering the process and rinse water. Finally, the samples were dried
overnight in a low-temperature (~65 °C) forced-air drying oven.

Table 1. Experimental settings used in the SELFRAG Lab unit for each sample, along with the
available range for each parameter.

Electrode Gap Pulse Rate Number of
Sample Voltage (kV) (mm) (Hz) Pulses
GM10339 120 30 5 60
GM10358 120 30 5 30
GM10365 200 40 5 10
Range 90 to 200 10 to 40 1to5 1 to >1000

2.3.2. Mineralogy—Scanning Electron Microscope (SEM)-Based Automated Mineralogy

Coarse-sized material was embedded in resin mounts, polished, and analyzed using
an FEI MLA 650 SEM, equipped with two Bruker XFlash 5030 detectors, operating at 20 kV
and 7 nA, at the Central Science Laboratory, University of Tasmania, Australia. Miner-
alogical data (e.g., size, liberation, and association) were obtained using the automated
Advanced Mineral Identification and Characterization System (AMICS) software, version
3.3.0.1701 [24].

2.3.3. Element Distribution—LA ICP-MS

The resin mounts used for mineralogy were analyzed using LA-ICP-MS at the CODES
Analytical Laboratories, University of Tasmania. Spot analyses were conducted on a
Resolution SE laser ablation system with an ATL ATLEX-I LR ArF excimer laser operating at
a wavelength of 193 nm and pulse width of ~5 ns, coupled with an Agilent 8900 quadrupole
mass spectrometer. The analyses were performed in time-resolved mode. The sample
ablation was performed in a He atmosphere flowing at 0.35 L/min and immediately
combined with Ar flowing at 1.05 L/min. Before each analysis, 5 pre-ablation shots
were used to ‘clean’ the surface of any contaminants, followed by a 20 s “washout’ delay.
Each analysis began with a 30 s blank gas measurement, followed by a further 60 s of
analysis time when the laser was switched on. The ablation spot size was set to a 30 um
diameter with the frequency set at 5 Hz and a laser fluence of 3.5 J/cm?. The trace element
abundances were calibrated against the NIST612 glass using values of [25], and secondary
standard corrections using analyses of the glasses BCR-2G and GSD-1G based on [26]
preferred values. The primary standard NIST612 was analyzed at a beam size of 60 um and
10 Hz frequency, while the secondary standards GSD-1G and BCR-2G were analyzed at
the same conditions as the zinnwaldite. The standards were run throughout the analytical
session for drift correction, calibration, quantification, and secondary correction.

The ICPMS was tuned to maximize sensitivity while maintaining a U/Th of
~1.05 during a line scan (3 pm/s) ablation of the NIST612 glass. The production of molecu-
lar oxide species (i.e., 22TR16Q/ 232Th) was maintained at levels below 0.2%, while doubly-
charged ion species production (i.e., #Ca?* /4*Ca*) was kept under 0.2% while ablating the
line scan with a 40 um round beam at 10 Hz and a 3.5 J/cm? laser beam fluence.
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The following isotopes were measured in the zinnwaldite and the primary and sec-
ondary standards: ’Li, *Be, % Na, 2*Mg, ¥ Al, #Si, >'P, °Cl, ¥K, ¥Ca, #'Ti, #Tj, 'V, *3Cr,
55Mn, 57Fe, 59CO, 60Ni, 65Cu, 66Zl’1, 71Ga, 72Ge, 75AS, 85Rb, 8851.’ 89Y, 9OZI', 93Nb, 95M0, 107Ag,
109Ag, 1185 1218h, 133Cs, 137Ba, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu, 157Gd, 15Tb, 163Dy,
1651 166py 169 172y}, 1751y 178pf 181, 182\ 197 Ay 205T] 206pp, 207p}, 208p}, 209B;
232Th, 238U. Data reduction was performed according to the methods established by [27]
using LADR v1.1.07 software [28]. Quantification was performed using 27 Al as the internal
standard element, normalizing all measured cations to the oxide total of 100%, with oxygen
calculated stoichiometrically rather than being measured. The data were filtered by select-
ing time intervals from the 60 s acquisition that did not include mixing with other minerals.
The remaining intervals were then sub-divided to identify those containing inclusions. The
interval selection was performed visually via the LADR software.

2.3.4. Element Mapping—LA ICP-TOF-MS

Major and trace element maps of zinnwaldite were produced using laser ablation
inductively coupled plasma time-of-flight mass spectrometry (LA-ICP-TOF-MS) at CODES
Analytical Laboratories, University of Tasmania. The laser ablation system used for the
mapping consists of the same resolution SE laser ablation system used for the spot analyses
coupled to a Tofwerk (Thun, Switzerland) icpTOF R time-of-flight mass spectrometer.
However, a smaller-volume funnel PEEK tubing was used to mix the He plus ablated
sample with Ar, and PEEK tubing with a 1 mm inner diameter was used to transport the
sample aerosol to the plasma. This hardware configuration allowed the signal to wash out
to <10% of the maximum intensity within 100 ms. The sample ablation was performed
in a He atmosphere flowing at 1.0 L/min and immediately combined with Ar flowing at
1.05 L/min in the small-volume funnel. A fluence of 3.5 ]J/cm?, a laser repetition rate of
10 Hz, a square spot size of 9 pm by 9 pm, and a scan speed of 90 um/s were used on
all samples and reference materials in the line-scan mode. The mass spectrometer was
triggered by each individual laser pulse to collect and sum 2000 full mass spectra, resulting
in a total acquisition time of 60 ms for each data point. Under these parameters, each laser
pulse corresponds to a single data point, which makes up a single map pixel without any
overlapping pixels.

The ICP-TOF-MS was tuned to maximize sensitivity while maintaining a U/Th of
~1.05 during a line scan (3 pm/s) ablation of the NIST612 glass. The production of
molecular oxide species (i.e., 232Th160 /232Th) was maintained at levels below 0.7%, while
doubly-charged ion species production (i.e., #Ca?* /#*Ca*) was kept under 0.2%.

The spectral baseline for each data point was calculated and subtracted from each
data point using Tofwerk’s Tofware software, running in Igor Pro v. 7 (WaveMetrics,
Portland, OR, USA), and a total of 62 peaks were integrated and exported as time series of
counts per second for each of the following isotopes: 2Na, 24Mg, 27 Al, 295, 31p, 345 35(],
39K 43Ca, #Ca, 5S¢, 9Ti, 51V, 3Cr, 5Mn, 56Fe, 57Fe, Co, ONi, $3Cu, ©67n, 71Ga, "2Ge,
75 As, 77Se, $5Rb, 83Sr, 87Y, 91Zr, %3Nb, %Mo, 1°Ag, 111Cd, 1185n, 1218b, 125Te, 137Ba, 139La,
140Ce, 141py, 146Nd, 147Sm, 153Euy, 157Gd, 159Tb, 163Dy, 165Ho, 19Er, 169Tm, 172Yb, 1751y,
178Hf, 181Ta, 182W, 197 Ay, 203T1, 206Pb, 207Pp, 208pp, 209Bj, 232Th, 238U. Note that data for
mass-charge ratios less than 20 have not been obtained due to the extremely short flight
times of these ions within the mass analyzer. Data reduction was performed using LADR
software [28]. Element abundances for all elements, except K, were calibrated against
analyses of NIST610 using the values of [25], while K was calibrated against BCR-2G
glass using the [26] preferred value. The quantification was performed using > Al as the
internal standard element, normalizing all measured cations to an oxide total of 91.79%,
with oxygen calculated stoichiometrically. The total accounts for the inability to measure Li
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and H, where the stoichiometric value of OH for pure zinnwaldite and the average Li,O
content from the spot analyses were implemented. For each map, a grid of pixel values in
elemental weight percent was exported from LADR for each element. The maps were then
constructed using an in-house script written in Python.

3. Results
3.1. Electric Pulse Fragmentation (EPF)

The EPF technique successfully fragmented the greisen samples, as illustrated in
Figure 4, which shows example images of the results before and after EPF. From the images,
it is clear that the original coarse size of the mica grains in the cross-cutting veins was
preserved (Figure 4b). article size distribution analyses show that 79 to 89% of the sample
mass remained in size fractions >250 um after EPF; for two samples, 68 to 74% of the mass
was retained in the >1.18 mm fraction (Table 2; Figure 5).

e GM10365

\‘

Figure 4. Example images of samples before (a—c) and after (d-f) EPF. Breakage conditions are
provided in Table 1. Images (a—c): ~4 x 4 cm rock cubes. Images (d—f): the tray is 200 mm wide.
GM10339 and GM10365: hard, dense, finely crystalline massive greisen; GM10358: finely crystalline
massive greisen cross-cut by vein-forming coarsely crystalline mica.

Table 2. Mass percentage of each size fraction after dry sieving of EPF products. Bold values indicate
the size fractions that account for the majority of the mass in each sample.

Sieve Size % Mass GM10339 GM10358 GM10365
4 mm 115 39.7 58.2
2 mm 117 17.8 10.8
1.18 mm 10.4 10.9 5.5
500 pm 24.3 12.8 6.1
250 pm 21.2 8.2 3.2
125 um 148 6 8.8
63 um 34 23 47

<63 pm 27 21 2.7
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Figure 5. Cumulative mass percentage of EPF products after dry sieving.

3.2. Mineralogy—Abundance, Liberation, and Association
3.2.1. Abundance

SEM-based automated mineralogy shows that the samples consist mainly of zin-
nwaldite, quartz, topaz, and muscovite-illite + tourmaline (schorl). The mineral propor-
tions are summarized in Table 3 and illustrated in Figure 6.

Table 3. Weight percentages of minerals in the grain mounts shown in Figure 6.

Mineral (Weight %) GM10339 GM10358 GM10365
Zinnwaldite 27.43 42.28 12.25
Quartz 59.3 48.88 37.24
Topaz 11.53 7.81 1.68
Tourmaline (schorl) 0.01 0 44.16
Muscovite-illite 0.26 0.27 3.06
+ GM10358

( o “iv @ l

L& \
% .’{5&; - & > ‘
~ % - - \% < "Ej
o g 1 oS : e &
Bt 0D w57
AR &%
L3R _‘ ) ‘
T ﬁ =4
: ;xtk oul \ ‘ 5
< @ ¥/
o d
50 ——
< 40 mZinnwaldite M Tourmaline (schorl)
£ 30 Quartz W Muscovite-illite
]
= 20 M Topaz
o b 1
0 . - -
GM10339 GM10358 GM10365

Figure 6. Examples of automated mineralogy results for 25 mm diameter grain mounts. (a—c): images
of grain mounts. (d) Bar graph illustrating the weight percentage of minerals in the grain mounts.
Corresponding data are provided in Table 3.
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3.2.2. Liberation

Although the images in Figure 6 are illustrative and not representative, they confirm
that at least some of the Li-bearing mica (zinnwaldite) is liberated. This is most evident in
sample GM10358, where vein-hosted zinnwaldite shows ~61% of grains falling into the
95-100% liberation class (Figure 7). Grain size distribution data (Figure 8) further support
this, indicating that only ~29% of the Li-mica grains in GM10358 are smaller than 1200 pum.

—

GM10339 emmmm(GM10358 emmmm=(GM10365

NP AN o0 INCPRS m\Q NN N SN NI NN SN D\Q NN N e
OSSR RS PSP A AP S &S
x4 (-4 kg (x4 (x4 4 k4 (4 IX & i 4 (x4 (4 k4 o
P X cr y P X cr y P X cr y P X cF y P X A X P X Py y s y P y cF X ot o+
QR o O NN QR o A NN o NS S NN Q© NS A0
R S N R S S A S U

Figure 7. Example plot of liberation data for Li-bearing mica (zinnwaldite). The x-axis represents
liberation classes in 5% increments.

GM10339 e GM10358 e===GM10365

Size (um)

Figure 8. Example plot showing the cumulative grain size distribution of Li-bearing mica (zin-
nwaldite) for the samples shown in Figure 6. The x-axis represents the sieve size series used in the
AMICS analysis. Coarse grains dominate in all samples.

3.2.3. Association

Zinnwaldite is associated with quartz, topaz, and muscovite-illite in all samples
(Figure 9; Table 4). In GM10358, a higher proportion of zinnwaldite exhibits free surface
(i.e., it appears liberated, at least in two dimensions), and this mineral shows a slightly
stronger association with topaz. In contrast, in GM10365, zinnwaldite is primarily associ-
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ated with schorl (tourmaline). GM10339 additionally shows zinnwaldite associated with
fluorite.

= 80 GM10339 mGM10358 mGM10365
= 70
T 60
S 50
2 = 40
52 % [
5 £ 20
g 10
E 0
i 2 A A <& & N
x AN Q o & Q> %
) N
<<‘\Q’ \»"JQ
Q\

Figure 9. Mineral associations of zinnwaldite in each sample. The graph shows the percentage
of total zinnwaldite surface area associated with either a free surface or another mineral based on
two-dimensional SEM-AMICS analysis. Corresponding data are provided in Table 4.

Table 4. Percentage of the total zinnwaldite surface area in each sample associated with either a free
surface or specific minerals in each sample based on two-dimensional SEM-AMICS analysis.

Free Muscovite- . Tourmaline
Sample Surface Quartz Topaz Tlite Fluorite (Schor)
GM10339 11.19 31.37 23.31 7.40 2.15 0.08
GM10358 29.74 9.58 13.14 8.47 0 0.08
GM10365 7.06 26.99 0.45 19.47 0 30.47

3.3. Element Distribution
3.3.1. SEM-AMICS Data

SEM-based automated mineralogy data indicate that zinnwaldite accounts for up to
~68% of the fluorine (F) content in the samples, with the remainder hosted by topaz, fluorite,
and muscovite-illite (Figure 10).

80
0 GM10339 mGM10358 m GM10365
< 60
g 50
E 40
5 30
2 20
10
O | |

Fluorite Muscovite-illite Topaz Zinnwaldite

Figure 10. Distribution of F among mineral phases in the analyzed samples based on SEM-AMICS

data. Zinnwaldite accounts for the highest proportion of total F, followed by topaz, fluorite, and
muscovite-illite.
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3.3.2. LA-ICP-MS Data

The LA-ICP-MS spot analyses reveal the following trace element ranges in zinnwaldite
in the Tasmanian greisen samples: 8000-16,100 ppm Li (1.7%-3.5% Li,O); 4000-11,900 ppm
Rb (0.4%-1.3% Rb,0); and 100-1300 ppm Cs (0.01%—-0.1% Cs,0). The element concentra-
tions differ between the vein-hosted and groundmass mica (Figure 11). Groundmass mica
generally exhibits a wider range of values and contains higher Rb, Cs, and REE (La, Ce, Pr,
and Nd) contents but lower Li compared to vein-hosted zinnwaldite. The distribution of
elements within zinnwaldite is heterogeneous. For instance, Rb is typically uniformly dis-
tributed, whereas in at least some mica samples, REEs are enriched along cleavage planes
and in inclusions (Figure 12). Some Li-bearing mica also contains Bi, which is also enriched
along cleavage planes and in inclusions (Figure 12d). These inclusions primarily consist of
Bi-Cu-Th-As (Figure 13) and are more commonly found in vein-hosted zinnwaldite than in
groundmass mica (Figure 14).

19,000 b
18,000 ® Groundmass — @ Groundmass
17.000 ® vein ® Vein
16,000
15,000 10

— 14,000 —

£ 13000 3

£ 12000 a

£ 11,000 2

2 10,000 a 1

2 9000 2

4 8000 . iy

Q7,000 5}

< 6000 E <

50001 o 01
4,000
3,000
2,000
1,000 i |
0 -- 001
7Li 85Rb 133Cs 139La 140Ce 141Pr 146Nd

Figure 11. Plot showing the range of Li, Rb, and Cs values (a) and REEs (b) measured in LA-
ICP-MS spots within Li-bearing mica from vein-hosted and groundmass occurrences. Black circles
indicate mean values for each group. Open circles and open triangles indicate outliers and far
outliers respectively.
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Figure 12. LA-ICP-MS element distribution maps for a representative groundmass zinnwaldite
grain. (a) Reflected light image of the analyzed grain; (b) Rb distribution; (c) La distribution; and
(d) Bi distribution.
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Figure 13. Example of LA-ICP-MS spot analysis of vein-hosted mica showing multiple
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Figure 14. Results of LA-ICP-MS spot analyses of inclusions within Li-bearing mica. A total of five
inclusions were identified in groundmass mica and 27 inclusions in vein-hosted mica. Black circles
indicate mean values for each group. Open circles indicate outliers.



Minerals 2025, 15, 462

13 of 15

4. Summary and Conclusions

This study investigated hard, dense, finely crystalline greisen and greisen cross-cut
by coarsely crystalline mica veins from northeastern Tasmania. The samples are predom-
inantly composed of quartz, topaz, and mica + tourmaline (Figure 6). Lithium occurs
in zinnwaldite, a Li-bearing mica present both in the groundmass and in cross-cutting
veins. The zinnwaldite also hosts the critical elements Rb and Cs (Figure 11), with grades
comparable to those of well-documented deposits. For instance, zinnwaldite from the
Degana deposit contains ~5000 to 8000 ppm Rb and ~90 to 300 ppm Cs with Li content from
~3400 to 6100 ppm [29], while samples from the Cinovec deposit contain ~2.0-4.4 wt% Li,O
and 0.8-1.9 wt% Rb,O [30].

EPF was selected as the comminution method due to its reported ability to promote
breakage along grain boundaries and enhance mineral liberation [10-18]. By adjusting the
operating parameters, EPF effectively fragmented the study samples and liberated and
preserved the coarse-grained nature of zinnwaldite. Visual inspection and SEM-based
mineralogical analyses of the fragmented samples indicate that at least some breakage
occurred along the mineral boundaries, particularly in coarsely crystalline mica, thereby
preserving its natural coarse-grained size (Figure 4). While not fully representative, SEM-
based mineralogical analyses clearly show that at least some of the mica is liberated.
For example, for coarsely crystalline mica, ~61% of the zinnwaldite is 95-100% liberated
(Figure 7). However, EPF performance is known to vary with rock texture, mineralogy, and
physical properties [16,18], so a more extensive test program is recommended.

SEM-based automated mineralogy indicates that Li occurs within zinnwaldite. LA-
ICP-MS spot analyses reveal Li concentrations of 8000 to 16,100 ppm, with vein-hosted
zinnwaldite generally showing higher Li content than groundmass mica. Groundmass
mica, in turn, showed higher contents of Rb, Cs, and REEs (La, Ce, Pr, and Nd; Figure 11).
SEM-AMICS data indicate that zinnwaldite hosts up to 68% of the sample’s fluorine (F)
content, with additional F present in topaz, fluorite, and muscovite-illite (Figure 10).

Trace elements within zinnwaldite display heterogeneous distribution. For example,
Rb is typically uniformly distributed, whereas REEs and Bi tend to occur along cleavage
planes and in Bi-Cu-Th-As mineral inclusions (Figure 12). These inclusions are more
abundant in vein-hosted zinnwaldite than in groundmass zinnwaldite (Figure 14).

In summary, zinnwaldite-bearing greisen from northeastern Tasmania contain critical
metal grades (Li, Rb, and Cs) comparable to those of economically significant European
deposits. Additionally, zinnwaldite hosts elevated levels of REEs and Bi, which have the
potential to be co- or by-products. While further work is needed, these samples may be
suitable for recently developed leaching processes designed for extracting Li from Li micas,
such as the combined L-Max® and LOH-Max® processes, developed by [31], which are
currently being tested by [32], or the CO; leaching (COOL) process [33].
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