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1 Introduction & Geological Setting 

This part of the Cloncurry METAL project aims to expand previous work conducted on the Eloise Cu-
Au camp as part of the Uncover Cloncurry project. In the Uncover Cloncurry project, sampling was 
limited to drill holes (ED60 and ED62) from the Eloise Deeps deposit/ore body (Figure 1). The 
Cloncurry METAL project has expanded the Eloise sample suite to include three additional 
deposits/ore bodies: Macy (drill hole MA03E), Chloe (drill hole EN003) and Middle West (drill hole 
EAM130), see Figure 1. In addition to the infill samples obtained to enhance the Uncover Cloncurry 
dataset, a deep drill hole (ED126) cross-cutting the main ore body at Eloise Deeps was sampled. 

The samples selected at each of the ore bodies represent all lithologies in each deposit. The sampling 
attempted to capture the distal to proximal alteration footprints across the four ore bodies, as well 
as intersect the various lode styles at each of the deposits. 

 

Figure 1. Illustration showing the location and spatial distribution of several ore bodies (Chloe, Macy, Middle West, 
and Eloise Deeps) at the Eloise Cu-Au deposit together with all drill holes which were sampled during this study. 
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The Eloise Cu-Au deposit is hosted in Proterozoic rocks of the Eastern Fold Belt in the Mount Isa 
Inlier, approximately 60 km southeast of the town Cloncurry in northwest Queensland (Fig. 2). The 
world-class base metal (Cu-Pb-Zn-Ag) endowment of the Mount Isa Inlier is well-known, however 
mineral exploration in the Eastern Fold Belt; and in particular the Cloncurry District, did not start 
until the mid-1980s to- early-1990s (Baker and Laing, 1998). Today, the Eastern Fold Belt is known 
for its numerous deposits (Baker and Laing, 1998), including world-class deposits such as the Ernest 
Henry (Cu-Au) iron oxide copper-gold deposit, and the Cannington (Pb-Zn-Ag) Broken Hill-type 
deposit (Davidson, 1998). A range of ore deposit styles are found in the Eastern Fold Belt and a 
spectrum of deposit styles can be recognised across the region. There are thought to be four main 
groups with the following mineral associations: iron oxide-apatite (IOA) deposits, magnetite- or 
hematite-dominated iron oxide copper-gold (IOCG) deposits and iron sulphide copper-gold deposits 
(ISCG) (Williams et al., 1998; Austin and Blenkinsop, 2009; Little, 2019), including an array of skarn-
like deposits that sit under the IOCG/ISCG terminology (Williams and Heinemann, 1993; Roache et 
al., 2005; Lilly and Taylor, 2019), and Broken Hill-type (BHT) deposits. The Eloise Cu-Au deposit is 
probably best approximated as an ISCG-type deposit (Little, 2019).  

 

Figure 2. Geological map of the Eastern Succession showing the locations of major ore deposits including the Eloise 
Cu-Au deposit located to the east of the Cloncurry Fault and north of the Altia deposit along the Levuka trend (from 
Austin et al., 2021). 
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The pre-mining resource of Eloise was estimated by Minotaur Exploration in 2017 as 10 Mt at 3.2 % 
Cu and 0.7 % g/t Au (Gow et al., 2020). The six ore bodies are hosted in strongly foliated Proterozoic 
meta-sedimentary rocks including psammites and schists, which have been intruded by a coarse-
grained gabbro that were subsequently metamorphosed to amphibolite facies assemblages 
(Hodkinson et al., 2003). The Elrose and Levuka ore bodies (Elrose, Levuka) (Figure 1) are sub-vertical 
and dip to the east (Baker, 1998). The Eloise Deeps ore body (Eloise Deeps) is a sub-vertical, down-
plunge extension of Elrose and Levuka. The Chloe ore body (Chloe) is located south of Levuka and is 
intersected by the Median Fault (Figure 1) the Macy ore body (Macy) is located north of Eloise West, 
intersecting the Middle Fault along strike and west of Chloe (Figure 1). Middle West is located north 
of Lode 40 and southwest of Macy (Figure 1). The ore mineral assemblage in each ore body is 
dominated by chalcopyrite associated with pyrrhotite; quartz and carbonate are the most common 
gangue minerals (Hodkinson et al., 2003). The ore bodies at Eloise are clearly zoned. Magnetite and 
pyrite dominate the south at Eloise Deeps, pyrrhotite dominates in the northwest ore bodies, and 
chalcopyrite + pyrrhotite-rich assemblages are recognised in the main ore body at Eloise (Baker, 
1998). Magnetite is present in variable amounts, however its importance for mineralisation is 
debated (Hodkinson et al., 2003). Chalcopyrite and gold mineralisation is associated by quartz, 
calcite, actinolite ± hornblende (Cl-rich), chlorite (chamosite) alteration and may or may not be 
associated with pyrrhotite, pyrite, and magnetite.  

Within the ore bodies the sulphides display a range of textures including brecciated textures in the 
main ore zones, late-stage epithermal colloform textures of pyrite (Baker, 1998). Prolonged faulting, 
pre- and syn-mineralisation, has resulted in sulphide minerals commonly exhibiting brecciated 
textures across multiple scales (Hodkinson et al., 2003). A more detailed summary of the regional 
and deposit geology as well as existing datasets for the Eloise deposit can be found in the Chapter 
7 of the Northwest Minerals Province Atlas (Valenta, 2018).  

The sulphides in the main ore zones show a range of different textures such as 
brecciation/Durchbewegung, which in part developed during pre- to syn mineralisation faulting, but 
also late stage colloform textures of pyrite (Baker 1998; Hodkinson, Grimsley et al. 2003). 
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2 Sampling and Methods 

The Eloise component of the Cloncurry METAL project comprised a total of 58 samples. Six drill holes 
(Figure 1) were selected because they intersect four of the four ore bodies and the stratigraphy at 
Eloise. The sampling strategy focussed on the selection of the most representative intervals from 
each drill hole, which include variations in lithology and mineralised zones. While actual sampling 
intervals varied, the average interval between two consecutive samples at Eloise is about 30 m. 
Protocols for sample preparation and summaries for each analytical method used at Eloise are 
described in Part 1 of the final Cloncurry METAL report (Austin et al., 2021). The methods discussed 
in this report include Scanning Electron Microscope (SEM), Anisotropy of Magnetic Susceptibility 
(AMS), HyLogger3, and portable X-ray fluorescence (pXRF). The mineral abbreviations used in this 
report are after Whitney and Evans (2010). 

 

2.1 Portable-XRF Analyses 

Portable-XRF (pXRF) measurements were acquired on 1-inch diameter, TIMA SEM sample surfaces, 
after grinding but prior to polishing. Thus, the multielement composition was measured from the 
area which subsequently was analysed by the TIMA SEM technique. The data were collected using 
an Olympus Vanta pXRF instrument, which has a 50 kV, 4-Watt rhodium (Rh) and tungsten (W) X-
ray tube and a large-area silicon drift X-ray detector. The instrument was operated in the 3-beam 
GeoChem mode (10 kV, 40 kV and 50 kV), at 15 seconds per beam.  

The measurements were checked against 5 known standards at the beginning and end of each pXRF 
run to ensure consistency over time, however the data presented in this report is uncalibrated 
against these standards as the internal instrument calibration is satisfactory. The instrument drift 
was also monitored each day by repeating one unique standard and a blank every 20 analyses. 

 

2.2 TIMA Scanning Electron Microscope (TIMA SEM) 

Quantitative mineralogy measurements were acquired on polished sample surfaces using a Tescan 
Mira field emission gun (FEG) SEM that is paired with a Tescan Integrated Mineral Analyser (TIMA) 
software. The Tescan Mira FEG SEM is equipped with 3 EDAX silicon drift energy dispersive X-ray 
detectors that are used to X-ray map the sample surface. The entire system, known as a TIMA SEM, 
is located at the Australian Resources Research Centre (ARRC) in Kensington, Western Australia. 
Automated mineralogy from TIMA SEM, quantifies the modal mineral abundance for minerals with 
>0.0001 volume % (vol.%) and provides textural context for all minerals. The TIMA SEM provides 
detailed textural information as well as spatially resolved quantitative mineralogy. Spatially resolved 
quantitative mineralogy is particularly useful when calibration of qualitative mineral mapping 
methods, such as hyperspectral mineralogy, is required. The scanning resolution was 10 microns, 
resulting in an analysis time of approximately 2 hours per sample. The data were processed using 
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the TIMA software. Minerals were identified using a and a deposit-specific, spectra-matching 
mineral library. The Eloise TIMA mineral library contains 150 minerals, which have been generated 
from international standards from Web Mineral’s Mineralogy Database (Barthelmy, 2012), which 
often include Energy Dispersive Spectroscopy (EDS) analyses (acquired with an Oxford detector on 
the TIMA SEM), or microprobe standards to quantify them with. Spectra matching searches and 
spectra quantification calculators in the TIMA software can also be used to identify minerals. The 
spectra quantification method requires an input area that contains 20,000 (or more) counts. For the 
Eloise samples, this equates to a minimum area of 200 µm, or 20 pixels. The spectra quantification 
method was used to identify scapolite and Cl-rich hornblende. Figure 3 displays scapolite spectra 
from Eloise Deeps sample ED62-124.89 (ELO141A), including a Cl-K (Cl K-line) element map from the 
corresponding area and normalised quantification values in weight % (wt.%). Similarly, for the Cl-
rich hornblende, Figure 4 displays hornblende-Cl spectra from Macy sample MA03E-419.33 
(ELO112A), including Cl-K element map and normalised quantification values in weight %.  

Unclassified spectra appear as black pixels in the mineral maps presented in this report. If the grain 
boundaries between two minerals falls within one pixel, the signal will be mixed. Therefore, if the 
software is unable to match it to a discrete mineral, it will label the pixel as ‘unclassified’. 



10  |  CSIRO Australia’s National Science Agency 

 

Figure 3. Scapolite (Scp) sample from Eloise Deeps drill hole ED62-124.89 a) area analysed for quantification of 
scapolite spectra shown on Cl-K element map. The scapolite spectra are show with elements identified. 
Corresponding quantification values are shown below the Cl-K element map and are normalised in wt.%. 
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Figure 4. Hornblende-Cl (Hbl-Cl) sample from Macy drill hole MA03E-419.33 (ELO112A) a) area analysed for 
quantification of hornblende-Cl spectra, also shown on Cl-K element map. b) the hornblende-Cl spectra with 
elements identified. Corresponding quantification values are shown at the bottom of the figure and are normalised 
in wt.%. 
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2.3 HyLogger Hyperspectral Mineralogy 

In addition to the Cloncurry METAL datasets, several other existing datasets were included in this 
project including HyLogger3 datasets provided by the Geological Survey of Queensland through the 
AuScope Discovery Portal. Hyperspectral Mineralogy were generated using the HyLogger3 
instrument at the Geological Survey of Queensland in Brisbane. The instrument enables the 
simultaneous collection of hyperspectral reflectance spectra in the visible near infrared (VNIR; 350–
1000 nm), short wave infrared (SWIR; 1000–2500 nm) and the thermal infrared (TIR; 6000–14,500 
nm) bandwidths at a 1 cm resolution line scan down the centre of the drill core (Hancock and 
Huntington, 2010; Shodlock et al., 2016). The three wavelength ranges allow the rapid detection of 
mixed spectra of major rock-forming minerals based on spectral absorption features related to 
specific molecular bonds or ions (Hancock and Huntington, 2010), which subsequently needs to be 
deconvoluted to quantify minerlas. The VNIR can be used to characterise iron oxides and REE, 
whereas the SWIR is sensitive to hydroxyl-bearing minerals including white mica and chlorite as well 
as carbonates. The TIR is used to characterise nominally anhydrous minerals such as quartz and 
feldspars. 

Spectral data were processed using The Spectral Geologist (TSG) software, which also allows for 
integration with geochemical data and interrogation of the data using a suite of CSIRO developed 
scalars. Down hole summary plots (Figure 45 and Figure 47) identify minerals and their relative 
abundances for the SWIR and TIR regions of the spectrum (Berman et al., 1999; Berman et al., 2011). 
The Spectra Assistant (TSA) is a general unmixing algorithm and is trained on a subset of ~150 
commonly occurring minerals. Minerals are reported as a fraction of the overall spectral fit, 
therefore the results should not be assumed as ‘representative’ of the bulk mineralogy of the 
sample. 

As the Eloise Deeps drill hole ED126 and Chloe drill hole EN003 were sampled the most thoroughly 
for TIMA SEM, and have HyLogger3 datasets to accompany the TIMA data, they are the only drill 
holes presented in this report. The user TSA data are presented at 1 m binned intervals. 

 

2.4 Anisotropy of Magnetic Susceptibility (AMS) 

The anisotropy of magnetic susceptibility (AMS) defines the directional variability, or ellipsoid, of 
the magnetic susceptibility of a rock, capturing information about its texture or petrofabric (Nagata, 
1961; Rochette et al., 1992; Biedermann et al., 2015). The non-destructive technique reflects the 
grain shape of magnetite or the crystallographic preferred orientation and alignment of Fe-bearing 
minerals, thus defining the magnetic fabric. Measurements of AMS tensor data are acquired using 
an AGICO MFK1-A Kappabridge magnetometer. Each measurement yields the relative intensity, 
declination, and inclination of the maximum (K1), intermediate (K2) and minimum (K3) principal 
susceptibilities, as well as the mean susceptibility. These are used to define the three semi-axes of 
the susceptibility ellipsoid, comparable to finite-strain directions (Borradaile, 1991; Závada et al., 
2017). The AMS ellipsoid is geographically corrected relative to drill-hole or surface sample 
orientation and can be visualised using stereonets. The AMS data is processed in the AnisoftTM 4.2 
software (Chadima and Jelinek, 2009), to assess the quality clustering of tensor data and calculate 
the key parameters to describe the type of magnetic fabric. Outlined by Jelinek (1981), the degree 
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of anisotropy (P) within the sample is the ratio of K1 to K3 (P=K1/K3). A rock with a high P value is 
highly anisotropic whereas one with P≈1 is isotropic and does not show a magnetic fabric. Other 
quantitative parameters of anisotropy include the degree of magnetic lineation (L=K1/K2) and the 
degree of magnetic foliation (F=K2/K3), as well as are Pj, the corrected degree of anisotropy, which 
takes the shape parameter into consideration. The ellipsoid shape parameter (T) is defined by the 
equation: T = (2η2 - η1 - η3)/(η1 - η3). Where η1 = ln K1, η2 = ln K2, η3 = ln K3 (Jelinek, 1981). A 
prolate ellipsoid (-1 <T<0), associated with a high L value, indicates a linear anisotropy, whilst an 
oblate ellipsoid (0<T<+1) is associated with a high F value and a planar/foliation (F) dominant 
anisotropy (Jelinek, 1981). Further details on the data acquisition, processing and handling can be 
reviewed in Austin et al., 2021b.  
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3 Results 

3.1 TIMA SEM Results 

At Eloise, 72 minerals were identified with ≥0.001 vol.%. The 37 most abundant minerals (>0.01 
vol.%) are listed in Figure 5, with the corresponding abundance of each mineral group is illustrated 
in one 100 % stacked bar graph. 

 

 

Figure 5. Eloise TIMA SEM mineral abundances grouped by major mineral type and plotted on a stacked bar graph. 
The colours reflect the most abundant mineral in the group’s TIMA library colour, i.e., quartz in the ‘oxides’ group. 
Within each group, the order of the minerals reflects the most abundant to the least abundant (left to right). 

 

The key minerals and mineral groups shown in Figure 5, are considered in the context of their 
respective drill holes in Figure 6. While the sampling density (~30 m, see Section 2) of TIMA samples 
was relatively low in this project, trends in key minerals and mineral groups are visible. Significant 
mineral zonation patterns are located adjacent to mineralised zones in each of the drill holes, and 
hydrothermal alteration halos can be seen trending towards the mineralised zones. Mineral 
zonation patterns around ore zones include increases in pyrrhotite, scapolite, amphibole, 
carbonates, apatite, biotite, muscovite, K-feldspar, chlorite, and amphibole (Figure 6). Further, 
hydrothermal alteration resulting in compositional changes in chlorite and biotite can be seen with 
increasing proximity to ore. The chlorite and biotite minerals become more chamosite and annite 
rich and this is reflected in the chamosite/clinochlore ratio and the annite mineral column shown in 
Figure 6.  

Significant variations in the key mineral assemblages occur between Eloise ore deposits. Eloise 
Deeps contains less chlorite, muscovite, K-feldspar, and quartz compared to the other ore bodies. 
Scapolite alteration is highest at Eloise Deeps and Middle West. Low values (<1 vol.%) for scapolite 
exist at Macy and Chloe, however, Cl-rich hornblende and pyrosmalite are more abundant at Macy 
and Chloe. Apatite alteration is also higher at the Eloise Deeps and Middle West deposits. The Chloe 
deposit contains the most K-feldspar and muscovite, and the least calcite and magnetite alteration. 
Generally, magnetite and pyrite are most abundant in the south and decrease towards the north. 
Further, magnetite + pyrite ± quartz ± calcite alteration is zoned across the camp. Magnetite- and 
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pyrite-dominant alteration assemblages are found at the Eloise Deeps and Macy deposits, and 
pyrite-dominant alteration assemblages are found at Middle West and Chloe (Figure 6). Magnetite 
alteration is non-existent in the given samples from Middle West. While magnetite is not absent 
from mineralised samples at Chloe, it is only found in trace quantities, unlike Macy and Eloise Deeps 
(note: magnetite in sample EN003-93.74 is unrelated to mineralisation). In addition to magnetite 
and pyrite zoning across the camp, there is a significant increase in the abundance of white mica 
precipitation from Eloise Deeps (south) to north/northeast (Macy/Chloe), see Figure 6. Further, 
Macy and Chloe (MA03E-259.93 and EN003-279.60 respectively) are the only deposits that recorded 
trace gold (<0.001 vol.%) in the TIMA SEM data (Figure 7). 

The alteration paragenesis described in Figure 7, outlines the key mineral assemblages based on the 
Eloise TIMA SEM dataset. Some of the most paragenetically important minerals in the chalcopyrite-
rich ore zones at Eloise include pyrrhotite, biotite (± annite), hornblende (± Cl-rich), quartz, calcite, 
chlorite (± chamosite), actinolite ± (trace) ferrogedrite, (trace) tremolite, muscovite, K-feldspar (as 
infill in veins), ilmenite, rutile, allanite, pyrosmalite, tourmaline, hyalophane, ankerite, siderite, 
pentlandite, sphalerite, cobaltite, (trace) bornite, anhydrite, barite, Ca-rich telluride ± gold. Textural 
relationships found in the mineral phase maps, provide critical timing information that underpin the 
alteration paragenesis (Figure 7). The paragenetic relationships observed in the TIMA SEM dataset 
will be discussed in detail the following section. 
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Figure 6. Key TIMA SEM mineral zoning patterns of the most abundant and paragenetically important minerals at 
Eloise and Cu (ppm) from pXRF. The colour scales are determined by the minimum (no shade) and maximum 
(darkest shade) values for a given mineral for each respective drill hole. 
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Figure 7. Summary of the Eloise Cu-Au camp alteration paragenesis. 
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3.1.1 Paragenetic Relationships & Key Zoning Patterns 

Albitisation Event (Stage 1) 

Pervasive albitisation occurs in all ore bodies in variable intensities and predates mineralisation 
(Figure 7). Albitisation is a metasomatic process that results in the addition of albite, for example 
via the replacement of plagioclase. Sampling at Macy, Middle West and Eloise Deeps best capture 
intervals that preserve evidence of pervasive alteration.  

Distal to mineralisation, meta-arkosic arenite sample from Macy (MA03E-165.98), shown in Figure 
8, is almost entirely replaced by albite, except for some quartz and accessory minerals such as 
ilmenite, titanite, apatite, chlorite, biotite, and muscovite. The dominant chlorite mineral is 
clinochlore (Mg-rich), however chamosite is present in low quantities (<1 vol.%). There are also low 
quantities (<1 vol.%) of alteration minerals and sulphides such as apatite, calcite, scapolite, 
pyrophyllite and pyrite (Figure 8). 

At Middle West, evidence of albitisation is also present (Figure 9). This meta-arkosic arenite interval 
(EAM130-63.86) is medial to mineralisation and contains more quartz and less feldspar than the 
previously mentioned albitised Macy sample in Figure 8. It is also crosscut by two successive veins, 
the first vein displays a hornblende and apatite alteration halo, the second comprises calcite, biotite, 
chlorite, and chalcopyrite in the vein, with a minimal chlorite alteration halo. The dominant chlorite 
mineral in this sample is chamosite (Fe-rich), however clinochlore exists in similar concentrations 
(0.83 versus 0.6 vol.%). Alteration minerals such as calcite, apatite, scapolite, pyrosmalite and 
pyrophyllite also exist in this sample in low quantities (<5 vol.%). 

Eloise Deeps amphibolite sample, ED126-92.5 (Figure 10), also preserves evidence of albitisation, 
and is located proximal to mineralisation. The interval possesses minor mineralisation (chalcopyrite 
+ pyrrhotite) overprinting the wall rock and exhibits a mild foliation. Clinochlore is the dominant 
chlorite mineral and alteration minerals apatite, scapolite and Cl-rich hornblende are present in low 
quantities (<1 vol.%). 

At Chloe, the albitisation is not as well captured in the sampling, however, it is still evident. Medial 
to mineralisation, meta-arkosic arenite sample EN003-272.68 (Figure 11) displays an albite- and 
quartz-rich rock that has subsequently been overprinted by biotite, muscovite, K-feldspar, and 
chlorite. Medial to mineralisation, meta-arkose sample EN003-93.74 appears to be one of the least-
altered samples taken from Chloe (Figure 12). However, alteration minerals such as calcite, apatite, 
tourmaline, and scapolite still exist in small quantities (<0.5 vol.%). This meta-arkose sample shown 
exhibits the most magnetite of all samples taken from the Chloe drill hole. 
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Figure 8. TIMA SEM derived mineral map of meta-arkosic arenite sample MA03E-165.98 (ELO124A) from the Macy 
deposit showing pervasive albitisation (Stage 1). 

 

Figure 9. TIMA SEM derived mineral map of meta-arkosic arenite sample EAM130-63.86 (ELO130A), which has been 
albitised. The albite- and quartz-rich rock has been crosscut by two successive veins, one with hornblende ± apatite 
alteration and the other with calcite, biotite chlorite and chalcopyrite. 
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Figure 10. TIMA SEM mineral map of amphibolite sample ED126-92.95 (ELO142A), which retains evidence of 
albitisation. This sample also has minor mineralisation (chalcopyrite and pyrrhotite). 

 

Figure 11. TIMA SEM mineral map of meta-arkosic arenite sample EN003-272.68. This albite- and quartz-rich rock 
has been overprinted by biotite, muscovite, K-feldspar, and chlorite. 
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Figure 12. TIMA SEM mineral map of meta-arkose sample EN003-93.74 (ELO100A) from the Chloe deposit showing 
abundant plagioclase and detrital micas including biotite, muscovite, and minor amounts of magnetite and apatite. 
The rock does not show signs of pervasive albitisation (Stage 1). 

 

Mg-Fe-K-Ca-Cl Alteration (Stage 2) 

An assemblage comprising hornblende ± biotite ± quartz ± apatite ± scapolite (Cl-rich) ± K-feldspar 
± andesine ± epidote group minerals, is commonly observed overprinting albitised rocks. The Eloise 
Deeps amphibolite sample (ED62-32.68) in Figure 13 is proximal to mineralisation and displays 
pervasive hornblende, biotite, and scapolite alteration. The minor plagioclase in the sample may be 
a relic metamorphic mineral (of amphibolite facies metamorphism of a mafic protolith), which 
appears to be hydrothermally altered to scapolite. The scapolite mineral classification in the TIMA 
SEM library contains a significant Cl threshold, therefore the scapolites observed in this dataset are 
Cl-rich. The dominant chlorite in this sample is clinochlore. Large apatite grains are present, and 
sulphides, pyrrhotite and pyrite, exist in low quantities (1.61 and 0.03 vol.% respectively). 

Distal to mineralisation, Middle West amphibolite sample EAM130-0.3 (Figure 14), likely represents 
the least altered amphibolite sample in the dataset. While this interval appears the least 
hydrothermally altered (post metamorphism), as compared to other samples, scapolite alteration 
is still observed overprinting metamorphic andesine. This scapolite alteration may be accompanied 
by other minerals associated with this assemblage such as hornblende, biotite, and quartz. 
Chamosite is the dominant chlorite mineral and other alteration minerals such as calcite, Cl-rich 
hornblende and apatite exist in low quantities (<2 vol.%). 

Proximal to mineralisation, the meta-arkosic arenite sample from Eloise Deeps (ED126-239.53) in 
Figure 15, exhibits biotite, K-feldspar ± scapolite alteration, which is a common assemblage 
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observed overprinting meta-arenite-type samples from Eloise Deeps. The sample is crosscut by a 
small veinlet, which comprises K-feldspar, calcite, and chlorite. Scapolite precipitation appears to 
increase towards the vein.  

A similar, proximal to mineralisation, example is the meta-arkosic arenite; Eloise Deeps sample 
ED62-67.18 (Figure 16). This meta-arkosic arenite exhibits more pervasive scapolite alteration and 
the plagioclase minerals are more calcic (andesine and anorthite). Silvialite (a SO4- ± CO2-rich 
scapolite) accompanies the scapolite alteration. The sample exhibits mild pyrrhotite and 
chalcopyrite mineralisation in low quantities (0.05 vol.%). 

At the Macy and Chloe deposits, pervasive scapolite alteration is not observed in our samples. 
However, biotite, K-feldspar, hornblende ± quartz ± apatite ± scapolite assemblages are observed. 
Meta-arkosic arenite sample EN003-272.68 (Figure 11) from the previous section, is an example of 
this biotite, K-feldspar, quartz, and minor scapolite alteration.  

Further, sample MA03E-0.55 from the Macy Deposit provides an example of biotite, hornblende, 
quartz, and apatite alteration with minor scapolite (Figure 17). This sample is pervasively altered by 
biotite and hornblende and is mineralised, containing 2.5 vol.% of chalcopyrite. Large apatite grains 
and other sulphides, pyrrhotite and sphalerite, are also present. 

 

 

Figure 13. TIMA SEM mineral map of amphibolite sample ED62-32.68 (ELO010A) from the Eloise Deeps deposit 
showing pervasive hornblende, biotite, and scapolite alteration, with minor mineralisation (pyrrhotite + 
chalcopyrite). 
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Figure 14. TIMA SEM mineral map of least-altered amphibolite sample EAM130-0.3 (ELO219A) from Middle West, 
which primarily displays scapolite and biotite alteration. 

 

Figure 15. TIMA SEM mineral map of meta-arkosic arenite sample ED126-239.53 (ED126-239.53) from Eloise Deeps, 
which displays biotite, K-feldspar ± scapolite alteration overprinting the quartz- and plagioclase-rich wall rock. 
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Figure 16. TIMA SEM mineral map of meta-arkosic arenite sample ED62-67.18 (ELO149-2A). Scapolite and biotite 
are overprinting the quartz- and plagioclase-rich wall rock. 
 

 
Figure 17. TIMA SEM mineral map of meta-arkosic arenite sample MA03E-0.55 from the Macy deposit. This sample 
is mineralised (chalcopyrite + pyrrhotite) with biotite, hornblende, quartz, and apatite alteration with minor 
scapolite. 
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Magnetite-Pyrite & Mineralisation (Chalcopyrite-Gold ± Pyrrhotite) and Key Zoning Pattens 
Surrounding Mineralisation (Stage 3 & Stage 4) 

 

The paragenetic relationships observed in this dataset suggest alteration comprising minerals 
magnetite + pyrite ± quartz ± calcite occurs prior to mineralisation. This assemblage is subsequently 
overprinted by alteration and ore minerals such as chalcopyrite, pyrrhotite, quartz, calcite, chlorite 
(Fe-rich), actinolite, K-feldspar (typically in veins), muscovite, hornblende (including Cl-rich 
hornblende), annite (Fe-rich biotite), ilmenite, allanite, tourmaline, pyrosmalite, hyalophane, 
ankerite, siderite, pentlandite, sphalerite, anhydrite, barite ± gold. Accessory phases such as 
galena, bismuth and tellurides have also been observed in small quantities (<0.0001 vol.%).  

These two hydrothermal alteration events are observed cross cutting and/or replacing 
paragenetically earlier assemblages described in the previous sections. Many of the silicate 
alteration minerals listed in these stages show zoning adjacent to mineralisation. This zoning, and 
the associated paragenetic relationship results, are discussed in the following section and are 
separated by deposit for simplicity. 

 

Eloise Deeps 

The Eloise Deeps ore zones show chalcopyrite, pyrrhotite, quartz, biotite (± annite), hornblende (± 
Cl-rich hornblende), actinolite, chlorite (chamosite), muscovite, pyrosmalite, pentlandite and 
cobaltite. Paragenetically earlier, magnetite + pyrite ± quartz ± calcite alteration, appears zoned 
with respect to the ore zone. Magnetite ± pyrite-rich zones are located adjacent to high-grade ore, 
and pyrite-only zones are found distal to ore. Other mineral zoning around the Eloise Deeps ore 
zones include minerals such as pyrrhotite, plagioclase, K-feldspar, quartz, scapolite, apatite, 
carbonates, epidotes, biotite, muscovite, chlorite, amphibole, and pyrosmalite (Figure 18). Samples 
from drill hole ED126 (45, 67.45, 162, 205.6 and 271.61 m), which are highlighted in bold in Figure 
18, are representative intervals showing alteration and assemblages that are present within the ore 
zones as well as proximal and medial to ore. Sample ED62-89.75 (also in bold in Figure 18), was also 
selected to support the magnetite-pyrite alteration position in the paragenesis.  
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Figure 18. Key TIMA SEM mineral zoning patterns across Eloise Deeps drill holes and Cu (ppm) from pXRF. Bold 
denotes samples presented in the Eloise Deeps paragenetic relationships section. The colour scales are determined 
by the minimum (no shade) and maximum (darkest shade) values for a given mineral for each respective drill hole. 
Mineral group names with (S) following have been summed. 

 

TIMA SEM sample ED126-45 (Figure 19), which is located proximal to the mineralised zone in the 
drill hole, has the highest concentration of pyrite in the drill hole (see Figure 18). This sample has 
minor Cu mineralisation (0.02 vol.%) and, chlorite, K-felspar, muscovite, annite, pentlandite and 
pyrrhotite are observed overprinting quartz, biotite, and pyrite. Chamosite (Fe-rich) is the dominant 
chlorite and there is an increase in apatite and annite (Fe-rich biotite) as compared to other samples 
in the drill hole. The change to a more Fe-rich chlorite is also reflected in the chamosite/clinochlore 
ratio shown in Figure 18. Further, muscovite, quartz, and biotite zoning adjacent to mineralisation 
is clear, this is also reflected in meta-arkosic arenite sample ED126-239.53, shown in the previous 
section (Figure 15), which also located adjacent to mineralisation, but in the footwall. 

The low-grade, mineralised breccia sample ED126-67.45 (Figure 20) has the second highest 
concentration of pyrite in the drill hole (Figure 18). This interval is pyrrhotite-rich, and pyrite appears 
to be replaced by pyrrhotite. Durchbewegung textures are present; brecciated, and reworked 
minerals clasts that were described as paragenetically earlier, such as scapolite and hornblende, are 
abundant. Calcite concentration is less than 1% and can be observed overprinting scapolite and 
hornblende, as well as occurring as infill. This sample contains the highest concentration of apatite 
and significant scapolite and hornblende with respect to other samples intersected in this drill hole 
(Figure 18). Further, this sample has very little quartz, feldspar, carbonate, white mica, and chlorite. 
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Figure 19. TIMA SEM mineral map of proximal to high-grade ore sample ED126-45 (ELO145A) from Eloise Deeps. 
Chlorite, K-feldspar, muscovite, annite and pentlandite are overprinting quartz, biotite, and pyrite. 
 

 
Figure 20. TIMA SEM mineral map of low-grade mineralised breccia sample ED126-67.45 (ELO144A) from Eloise 
Deeps. Pyrrhotite is overprinting pyrite. Durchbewegung-style textures are present. Paragenetically earlier, 
reworked scapolite and hornblende clasts have been overprinted by calcite and pyrrhotite. 
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Low-grade-mineralised, magnetite-calcite-amphibole gneiss sample ED126-162 (Figure 21), has the 
highest concentration of magnetite in the drill core. This sample shows replacement of magnetite 
by calcite and siderite, and sulphidation of magnetite to pyrrhotite and chalcopyrite. Due to the 
overprinting textures by calcite and Fe-sulphides, magnetite appears to be paragenetically earlier 
than mineralisation (Cu ± Po ± Au). This interval also contains the second highest concentrations of 
calcite and amphibole in the drill hole, and while found in low amounts, the dominant chlorite 
mineral is chamosite (Figure 18). The dominant amphibole is actinolite and is the highest 
concentration of actinolite found in the drill hole. Pyroxene and garnet minerals (hedenbergite and 
andradite respectively) are present in low quantities in this interval (≤0.1 vol.%). 

High-grade chalcopyrite-pyrrhotite ore sample ED126-205.6 (Figure 22) reflects the most Cu-
mineralised sample selected in the drill hole. The massive chalcopyrite-pyrrhotite sample has 
brecciated clasts of quartz, magnetite, and hornblende intergrown with biotite, chlorite, and minor 
calcite infill. It is entirely devoid of feldspar, and with exception to the biotite and hornblende clasts, 
minor clinochlore, actinolite and annite; most other silicates associated with the mineralisation 
event are absent. Apatite and pentlandite are present in small amounts (<0.1 vol.%).  

Meta-arkosic arenite sample ED126-271.61 (Figure 23) is located in the hanging wall of ED126 and 
is crosscut by a vein with minor pyrrhotite-chalcopyrite mineralisation. The sulphides (pyrrhotite 
and chalcopyrite) are overprinting pyrite and magnetite. Calcite and hornblende are also 
overprinting pyrite. Pyrrhotite and chalcopyrite overprinting magnetite textures are shown further 
in mineralised Eloise Deeps sample ED62-97.75 (Figure 24). Pyrosmalite precipitation has occurred 
in a veinlet adjacent to the mineralised vein and cobaltite is shown intergrown with mineralisation. 
The biotite in the wall rock is being replaced by chlorite and overall, the biotite is becoming more 
annite-rich. 
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Figure 21. TIMA SEM mineral map of low-grade mineralised magnetite-calcite gneiss sample ED126-162 (ELO140A). 
Magnetite is being overprinted by calcite, siderite, pyrrhotite and chalcopyrite. 

 

Figure 22. TIMA SEM mineral map of high-grade, chalcopyrite-pyrrhotite ore sample ED126-205 (ELO137A). The 
sample has brecciated clasts of quartz, magnetite, and hornblende intergrown with biotite, chlorite, and minor 
calcite infill. 
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Figure 23. TIMA SEM mineral map of meta-arkosic arenite sample ED126-271.61 from Eloise Deeps. Magnetite and 
pyrite are being replaced by pyrrhotite and chalcopyrite. 

 
Figure 24. TIMA SEM mineral map of mineralised vein sample ED62-89.75 (ELO14A2) from Eloise Deeps. Magnetite 
is being replaced by pyrrhotite and chalcopyrite, and pyrosmalite precipitation has occurred in a veinlet adjacent to 
the mineralised vein. Cobaltite is intergrown with mineralisation. 
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Middle West 

The Middle West ore zone is characterised by alteration and ore minerals such as chalcopyrite ± 
minor pyrrhotite, biotite, annite, quartz, hornblende (including Cl-rich hornblende), chlorite 
(chamosite), muscovite, siderite, pyrosmalite, actinolite, epidote, sphalerite, allanite and actinolite. 
Paragenetically earlier, pyrite ± calcite ± quartz alteration, appears zoned around the ore zone 
(Figure 25). Other patterns in mineral zonation around the Middle West ore zone include minerals 
such as plagioclase, K-feldspar, quartz, scapolite, apatite, carbonates, epidotes, biotite, muscovite, 
chlorite, amphibole, and pyrosmalite (Figure 25). Magnetite is absent from Middle West and 
pyrrhotite abundance is low. Higher concentrations of apatite exist in the ore zone at Middle West 
as compared to the other ore bodies. Similarly, to Macy and Chloe, the abundance of muscovite 
medial to mineralisation are an order of magnitude higher when compared to Eloise Deeps. Like the 
other deposits, quartz, biotite, and amphibole zonation occurs towards mineralisation, however 
calcite concentrations are significantly lower, similar to Chloe. TIMA SEM samples EAM130-115.84 
and EAM130-137.77 are representative samples of alteration and assemblages that are present 
proximal to and within the ore zone of the given dataset (Figure 26 and Figure 28 respectively).  

 

 

Figure 25. Key TIMA SEM mineral zoning patterns across the Middle West drill hole and Cu (ppm) from pXRF. Bold 
denotes samples presented in the Middle West paragenetic relationships section. The colour scales are determined 
by the minimum (no shade) and maximum (darkest shade) values for a given mineral for the drill hole. Mineral 
group names with (S) following have been summed. 

 

Middle West ore sample EAM130-115.84 (Figure 26), is dominated by biotite, quartz, chalcopyrite, 
and apatite, with minor hornblende and annite. Some of the largest apatite grains observed in this 
dataset are present and siderite is found adjacent to chalcopyrite. While precipitated in very small 
quantities, epidote group minerals (clinozoisite ± epidote), have become more REE-rich and 
therefore have changed composition to allanite. This ore sample contains minor chamosite, 
pyrrhotite, pyrosmalite, actinolite, Cl-rich hornblende and sphalerite (<0.2 vol.%). 

Low-grade mineralised, proximal to ore, meta-arkosic arenite sample EAM130-126.88 (Figure 27) 
displays K-feldspar, chlorite, chalcopyrite, and calcite overprinting quartz, biotite, apatite, pyrite, 
and epidote group minerals. Minor scapolite and tourmaline also exist in this interval. 

Epidote group minerals are more abundant away from mineralisation in medial-to-ore biotite schist 
sample EAM130-137.77 (Figure 28). Chlorite, K-feldspar, and muscovite are overprinting biotite, 
quartz, and epidote group minerals. Scapolite alteration is present in this interval and Cl-rich 
endmember marialite is also present. The sample has very low-grade mineralisation (chalcopyrite = 
0.02 vol.%) and calcite occurs as infill. 
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Figure 26. TIMA SEM mineral map of chalcopyrite and biotite ore sample EAM130-115.84 from Middle West. This 
sample displays large apatite grains and siderite has precipitated adjacent to chalcopyrite mineralisation. REE-rich 
allanite is also observed replacing clinopyroxene. 

 

Figure 27. TIMA SEM mineral map of proximal-to-ore, low-grade mineralised meta-arkosic arenite sample EAM130-
126.88 (ELO132A) from Middle West. K-feldspar, chlorite, chalcopyrite, and calcite are overprinting quartz, biotite, 
apatite, pyrite, and epidote group minerals. 
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Figure 28. TIMA SEM mineral map of medial-to-ore, low-grade mineralised biotite schist sample EAM130-137.77 
(ELO133A) from Middle West. Chlorite, K-feldspar, and muscovite are overprinting biotite, quartz, and epidote 
group minerals. 
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Macy 

The mineralisation at Macy is characterised by mineral assemblages such as chalcopyrite ± 
pyrrhotite, quartz, muscovite, hornblende (± Cl-rich hornblende), biotite (± annite), actinolite, 
chlorite (chamosite), muscovite, ilmenite, allanite, pyrosmalite, sphalerite ± gold. Similarly, to Eloise 
Deeps, paragenetically earlier magnetite + pyrite ± quartz ± calcite alteration, appears zoned around 
the ore zone. Magnetite + pyrite zoning is located adjacent to mineralisation at the bottom of 
MA03E, however, the high-grade ore zone in the upper part of the drill hole (surrounding sample 
MA03E-23.33), has pyrite-only zoning. Overall, both magnetite and pyrite are less abundant at Macy 
than at Eloise Deeps (Figure 29). Other mineral zoning around the Macy ore zones include minerals 
such as pyrrhotite, plagioclase ± K-feldspar, quartz, scapolite, apatite, calcite (lower only) epidote, 
biotite, chlorite, amphibole, and pyrosmalite (Figure 29). Samples from drill hole MA03E (2.7, 23.33, 
95.4, 387.88, 408.46 & 419.33), which are highlighted in bold in Figure 29, are representative 
intervals showing alteration and assemblages that are present within the ore zones as well as 
proximal and medial to ore. 

 

 

Figure 29. Key TIMA SEM mineral zoning patterns across the Macy drill hole and Cu (ppm) from pXRF. Bold denotes 
samples presented in the Macy paragenetic relationships section. The colour scales are determined by the 
minimum (no shade) and maximum (darkest shade) values for a given mineral for the drill hole. Mineral group 
names with (S) following have been summed. 

 

Proximal to Cu-mineralisation sample MA03E-2.7 (Figure 30), is characterised by pyrrhotite, biotite, 
quartz, hornblende, calcite, chamosite, with minor amounts of apatite, pyrite, annite, actinolite and 
chalcopyrite. Pyrrhotite and chalcopyrite are replacing pyrite and calcite that subsequently infilled 
cavities and voids. Pyrrhotite is also replacing hornblende. This interval has the highest 
concentration of apatite in the drill hole (see Figure 29). While mineralisation is present, it is low-
grade (0.24 vol.% chalcopyrite).  

The ore vein sample MA03E-23.33 (Figure 31) shows 3.55 vol.% chalcopyrite and is the highest-
grade interval sampled at the Macy deposit. Chalcopyrite and pyrrhotite are replacing pyrite, and 
chlorite is replacing hornblende and biotite. Muscovite is replacing plagioclase in the wall rock and 
calcite occurs as infill. Sphalerite also occurs as infill, adjacent to chalcopyrite and pyrrhotite. This 
sample contains the highest concentration of quartz in the drill hole (Figure 29) and one of the 
highest chamosite/clinochlore ratios. 
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Low grade mineralised meta-arkosic arenite sample MA03E-95.4 (Figure 32), shows localised 
alteration zoning. The bottom right-hand side of the sample contains more Ca-rich plagioclase 
(oligoclase and andesine), pyrrhotite, pyrite, magnetite, hornblende (± Cl-rich hornblende) and 
titanite. The upper left-hand side of the sample contains more Na-rich plagioclase (albite), 
pyrrhotite, chalcopyrite, calcite, and ilmenite. This sample also contains the highest 
chamosite/clinochlore ratio in the drill hole and the second highest scapolite and apatite 
concentrations in the drill hole (Figure 29). Pyrrhotite and chalcopyrite are replacing pyrite and 
magnetite and ilmenite is replacing titanite. Sphalerite is also located with chalcopyrite 
precipitation. 

Calcite-magnetite gneiss sample MA03E-387.88 (Figure 33), contains the highest concentration of 
magnetite in the entire drill hole. The sample is located proximal to mineralisation and contains very 
low-grade mineralisation (0.42 vol.% chalcopyrite). This sample is very similar to Eloise Deeps 
sample ED126-162 (Figure 21), however there is less magnetite in the Macy sample (21.47 vol.% 
versus 7.5 vol.%). Pyrrhotite and chalcopyrite are overprinting magnetite in this sample and like 
ED126-162, the dominant amphibole is actinolite. Calcite occurs as infill, calcite and siderite are 
overprinting magnetite, hornblende, and quartz. Also, similarly to ED126-162, hedenbergite and 
andradite exists in low quantities in this interval. 

Mineralised biotite schist sample MA03E-408.46 (Figure 34), is dominated by biotite and hornblende 
and contains a mineralised vein with 8.39 vol.% chalcopyrite. Magnetite is being replaced by 
chalcopyrite, pyrrhotite, chlorite and pyrosmalite. Hornblende is being overprinted by chalcopyrite 
and actinolite, and biotite is being overprinted by chlorite. In addition to this, the biotite in the 
sample is becoming more annite rich and overall, this sample contains the highest concentration of 
biotite in the drill hole (Figure 29). Ilmenite also appears to be stable and is overprinting biotite in 
the wall rock. 

Medial to mineralisation, quartz-chlorite-albite-magnetite gneiss sample MA03E-419.33 (Figure 35), 
contains the highest amount of Cl-rich hornblende in the entire sample suite. The textural 
relationships suggest that chlorite (chamosite ± clinochlore) is replacing hornblende (Cl-rich) and 
biotite). The sample is magnetite rich, and magnetite is being replaced by pyrrhotite and ilmenite. 
A low amount of pyrosmalite is also present (0.05 vol.%). 
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Figure 30. TIMA SEM mineral map of proximal-to-ore, low-grade mineralised sample MA03E-2.7 (ELO127A). 
Pyrrhotite and chalcopyrite are overprinting pyrite, with calcite infill. 

 

Figure 31. TIMA SEM mineral map of high-grade ore sample Maa03E-23.33 (ELO126A) from the Macy deposit. 
Chalcopyrite and pyrrhotite are replacing pyrite, and chlorite is overprinting hornblende and biotite. 

 



 

Results of integrated TIMA mineralogy and hyperspectral studies  |  37 

 

Figure 32. TIMA SEM mineral map of low-grade mineralised meta-arkosic arenite sample MA03E-95.4 (ELO125A), 
showing localised mineral zoning patterns about the dashed line. 

 

Figure 33. TIMA SEM mineral map of proximal-to-ore magnetite-calcite gneiss sample MA03E-387.88 (ELO117A) 
from the Macy deposit. Pyrrhotite and chalcopyrite are overprinting magnetite. Calcite occurs as infill and is 
overprinting magnetite, hornblende, and quartz. 
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Figure 34. TIMA SEM mineral map of mineralised biotite schist sample MA03E-408.46 (MA03E) from the Macy 
deposit. Magnetite is being replaced by chalcopyrite, pyrrhotite, chlorite and pyrosmalite. 

 

Figure 35. TIMA SEM mineral map of medial to mineralisation quartz-chlorite-albite-magnetite gneiss sample 
MA03E-419.33 (MA03E) from the Macy deposit. This sample displays the most abundant Cl-rich hornblende in the 
sample suite. 
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Chloe 

Chloe ore zones are characterised by chalcopyrite, (trace) bornite, pyrrhotite, quartz, K-feldspar (± 
hyalophane), chlorite (± chamosite), muscovite, biotite, hornblende (± Cl-rich hornblende), 
actinolite, ankerite, rutile, allanite, pyrosmalite, sphalerite, Ca-rich telluride and gold. Mineralisation 
at Chloe is accompanied by more rutile, tellurides, and gold compared to the other deposits (Eloise 
Deeps, Middle West, and Macy) in this study. Paragenetically earlier, pyrite + trace magnetite ± 
quartz ± calcite alteration, appears zoned with respect to the upper ore zone (Figure 36). 

Other mineral zoning, including pyrrhotite, K-feldspar, scapolite, carbonate, biotite, and white mica 
zoning around mineralisation are still observed, despite limited sampling away from mineralised 
zones (Figure 36). K-feldspar, scapolite, and apatite zoning occurs around the lower ore zone, which 
is more consistent with other ore zones at Eloise. The upper ore zone in EN003 differs from other 
ore zones as abundant K-feldspar occurs within the ore zone. The upper ore zone at Chloe also 
contains the highest concentration of white mica as compared to the other ore zones. Samples from 
drill hole EN003 (201.34, 218.3, 242.7, 271.98 & 470.4 m), which are highlighted in bold in Figure 
36, are representative intervals showing alteration and assemblages that are present within the ore 
zones as well as proximal and medial to ore.  

 

 

Figure 36. Key TIMA SEM mineral zoning patterns across the Chloe drill hole and Cu (ppm) from pXRF. Bold denotes 
samples presented in the Chloe paragenetic relationships section. The colour scales are determined by the 
minimum (no shade) and maximum (darkest shade) values for a given mineral for the drill hole. Mineral group 
names with (S) following have been summed. 

 

Mineralised meta-arkosic arenite sample EN003-201.34 (Figure 37), is the second highest-grade 
interval sampled in the drill hole. Chalcopyrite mineralisation is focussed in a vein that crosscuts the 
wall rock. Chlorite (mostly chamosite), K-feldspar and calcite accompany mineralisation in the vein. 
Muscovite is replacing K-feldspar and chlorite is replacing biotite in the wall rock. Apatite is present 
in low quantities (0.17 vol.%) and is being overprinted by calcite. Other alteration minerals such as 
rutile and scapolite, including Cl-rich endmember, marialite, exist in low quantities (≤0.03 vol.%). 
This interval contains the highest concentration of feldspar minerals (Figure 36), as compared to 
other ore samples taken at Eloise. 

Mineralised meta-arkosic arenite breccia sample EN003-218.3 (Figure 38), is the highest-grade 
interval sampled at Chloe (6.78 vol.% chalcopyrite, 0.0001 vol.% bornite). Muscovite and calcite are 
replacing K-feldspar and chalcopyrite is overprinting pyrite. Ankerite and rutile precipitation also 
occur adjacent to chalcopyrite mineralisation in the breccia. An increase in barium-rich phases such 
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as hyalophane and barite is notable. Like Figure 37, this interval contains a significant amount of 
feldspar minerals (Figure 36), as compared to other ore samples taken at Eloise. 

Low-grade mineralised vein in meta-arkosic arenite sample EN003-242.7 (Figure 39), displays one 
of the best examples of chalcopyrite overprinting pyrite. The clear breakdown of pyrite to 
pyrosmalite in this sample is also notable. Further, chalcopyrite, chlorite (chamosite), pyrrhotite, 
and pyrosmalite appear to be overprinting and replacing biotite and quartz, with calcite infill. Ca-
rich tellurides and K-feldspar also exist in the mineralised vein. Biotite in the sample is changing 
composition towards more Fe-rich endmember annite, and further, the annite concentration is 
more abundant around the mineralised vein. Alteration minerals apatite, tourmaline, scapolite and 
annite also exist in low quantities (≤0.19 vol.%). 

Proximal to ore, pyrrhotite-rich, meta-arkosic arenite sample EN003-271.98 (Figure 40) is the only 
mineralised sample from the Chloe deposits that contains magnetite. However, the magnetite 
concentration is very low and appears at the grain boundaries of pyrrhotite. Pyrrhotite, muscovite 
and chlorite are also overprinting the biotite, K-feldspar, and quartz in the wall rock. Biotite appears 
more annite-rich nearer to the pyrrhotite vein. While K-feldspar is being replaced by muscovite in 
the wall rock, K-feldspar is also precipitating adjacent to chalcopyrite and pyrrhotite mineralisation, 
within the quartz-rich, wall rock- and vein-margin. Within the pyrrhotite vein, minor pyrite is being 
overprinted by pyrosmalite and chlorite (chamosite), with calcite as infill. This sample provides the 
best example of pyrosmalite precipitation in the dataset. 

High-grade ore sample EN003-470.4 (Figure 41) is characterised by quartz, biotite (+ annite), 
hornblende (+ Cl-rich hornblende), apatite, pyrrhotite, actinolite, chamosite, calcite and 
chalcopyrite ore. The assemblage associated with mineralisation is similar to that of Middle West 
ore sample EAM130-115.84 (Figure 26). Like many other ore samples at Eloise, biotite is being 
replaced by chamosite as well as becoming more annite-rich and, Cl-rich hornblende, pyrosmalite 
and muscovite also exist in small quantities (≤0.01 vol.%). The significant difference between this 
ore sample and others at Eloise is the abundance of a Ca-rich telluride. The ore zone at Chloe also 
does not contain any cobaltite, which is common in trace quantities at other ore bodies. 
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Figure 37. TIMA SEM mineral map of high-grade ore sample EN003-201.34 (ELO102A) from the Chloe deposit. 
Chalcopyrite mineralisation located in a vein that crosscuts the meta-arkosic arenite wall rock. 

 

Figure 38. TIMA SEM mineral map of high-grade breccia ore sample EN003-218.3 (ELO103A) from the Chloe deposit. 
Muscovite and calcite are replacing K-feldspar and chalcopyrite is overprinting pyrite. 
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Figure 39. TIMA SEM mineral map of a mineralised vein in meta-arkosic arenite sample EN003-242.7 (ELO104A) 
from the Chloe deposit. 

 

Figure 40. TIMA SEM mineral map of proximal-to-ore, massive pyrrhotite vein/meta-arkosic arenite sample EN003-
271.98 (ELO105A) from the Chloe deposit. 
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Figure 41. TIMA SEM mineral map of ore sample EN003-470.4 (ELO110A) from the Chloe deposit. This sample 
contains abundant Ca-rich telluride. 
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3.2 AMS at Eloise 

The main AMS cluster at Eloise plunges 54 degrees toward azimuth 188. The samples from which 
these data are derived are from five samples between (ELS102 and ELS113), all of which are from 
Chloe and Macy (Drillholes EN003 and MA03E respectively), see Figure 42. All the samples are 
breccias with K-feldspar-quartz-chlorite-muscovite alteration, which are also mineralised with 
pyrrhotite and chalcopyrite associated with calcite. 

The clear linear nature of the ore systems suggests a structural intersection model. Based on the 
faults present in the UQ Geoscience Analyst model, and those reported in (Baker and Laing 1998), 
several structures could be interpreted, including the NNE-striking steeply west dipping Western 
Host Shear Zone (part of the Levuka Shear) and the moderately SW-dipping Lunney Fault.  

 

 

Figure 42. Main AMS cluster samples, highlighting mineralised intervals from Chloe (EN003) and Macy (MA03E). It 
would appear that the Stage 4 alteration assemblage is consistent with the structural corridor highlighted by the 
AMS data. 
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Several sub-vertical ESE-trending faults/shears, including the middle and southern faults, are also 
reflected in the AMS data. The rocks that retain these fabrics are captured in sample ELO106 and 
ELO107 (both from Chloe drill hole EN003, see Figure 43). ELO106 is a fine-grained metasedimentary 
rock and ELO107 is an unusual amphibole-rich, chalcopyrite bearing rock. 

 

 

Figure 43. Several sub-vertical ESE-trending faults/shears, including the Middle and Southern faults are reflected in 
the AMS data. Samples that retain these fabrics are from Chloe drill hole EN003. 

 

The ESE-faults do not appear to offset the mineralisation according to the Baker and Laing (1998), 
see (Figure 44). 
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Figure 44. Ore bodies of the Eastern Eloise Mine Sequence after Valenta (2018). None of this information reflects 
the actual architecture of the mineralisation. The Mineralisation has the same trend throughout, but it is modified 
locally by a cross-cutting fault. 
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3.3 HyLogger Results from Eloise Deeps and Chloe 

 

The most abundant, spectrally active minerals at Eloise include chlorite group minerals (SWIR and 
TIR), white micas (SWIR and TIR), carbonates (SWIR and TIR), silica/quartz (TIR), plagioclase (TIR), K-
feldspar (TIR), amphibole (SWIR and TIR) and dark micas or biotite group minerals (SWIR and TIR). 
The results are separated by drill hole and are presented in the following sections. 

 

3.3.1 ED126 (Eloise Deeps) 

The Eloise Deeps drill hole ED126 displays some clear zoning patterns among multiple mineral 
groups in the HyLogger data (Figure 45), including chlorite and dark mica (biotite group), amphibole 
and carbonate (calcite), and plagioclase and silica (quartz).  

The TIR data in Figure 45, shows clear mineral zonation in carbonate, plagioclase, and silica above 
the ore zone (90-130 m). Within this interval, there is an increase in plagioclase and carbonate and 
a decrease in quartz (denoted as silica in the TSG export). This zone also corresponds with scapolite 
alteration, which is shown in Figure 46. While the abundant plagioclase between 90 and 110 m may 
be inherited from the host rock lithology and is unlikely an effect of hydrothermal alteration related 
to mineralisation (see amphibolite sample ED126-92.93 in Figure 45), the carbonate increase is 
consistent with mineralisation and can be seen in the pyrrhotite- and minor-chalcopyrite 
mineralised sample, ED126-124.89 (see Figure 45 and Figure 46).  

The sample with the highest concentration of magnetite, ED126-124.86, is located ~40 m above 
high-grade ore sample ED126-205.57. This sample is also carbonate rich, which is reflected in the 
HyLogger TIR and SWIR data. Further, there also appears to be an increase in amphibole towards 
mineralisation. 

White mica and chlorite (in the SWIR) decrease towards the ore zone and disappear in the ore zone. 
This disappearance of white mica and chlorite is accompanied by an increase in biotite, which 
becomes the dominant mica within and below the ore zone. One other notable pattern is in 
plagioclase zonation, the main ore zone is almost entirely void of plagioclase feldspars. 

Scapolite was identified with the TIMA SEM but was not identified in the HyLogger data. Scapolite 
in the TIMA SEM data is most abundant (6.74 vol.%) in sample ED126-124.89 (see Figure 46 and 
Figure 45). The scapolite grains in this sample are reworked, sub-rounded clasts that are hosted in 
a massive sulphide vein. Considering this concentration of scapolite is not insignificant (i.e., >5% in 
some samples), the data were reprocessed with scapolite scalars in the reference library. As biotite 
has a similar spectral signature to scapolite, biotite needs to be considered in the reprocessing with 
a scapolite scalar. The SWIR (Figure 45) shows a strong biotite signal, and while the TIMA data does 
identify scapolite, it is <10% and is significantly lower in abundance than biotite, which ranged 
between 0 and 19.5 vol.% in the TIMA SEM dataset. Therefore, scapolite was overrepresented when 
reprocessed with the scapolite scalars, which resulted in the misclassification of biotite as scapolite, 
rendering the values uninformative.  
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Figure 45. Summary of the HyLogger data (TIR & SWIR), Cu (pXRF), and a selection of mineral maps for Eloise Deeps 
drill hole ED126. Note: The TIMA legend is only displaying the 13 most-abundant phases. 
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Figure 46. Key TIMA SEM mineral zoning patterns and Cu (ppm) from pXRF across the Eloise Deeps drill hole ED126. 
The colour scales are determined by the minimum (no shade) and maximum (darkest shade) values for a given 
mineral for the drill hole. Mineral group names with (S) following have been summed. 
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3.3.2 EN003 (Chloe) 

The Chloe drill hole EN003 displays some clear zoning patterns between multiple mineral groups in 
the HyLogger data, including chlorites, white micas, and dark micas, and, carbonates (calcite), 
amphiboles and K-feldspar (Figure 47). 

The SWIR data (Figure 47) displays a distinct difference between the two ore zones in the drill hole. 
The mineralisation between 200 and 290 m downhole is associated with abundant chlorite, white 
mica, and variable amounts of biotite. In contrast, the mineralisation between 380 and 470 m) is 
dominated primarily by biotite with variable amounts of chlorite and amphibole. Considering the 
two ore zones in the TIR, K-feldspar further highlights the upper and lower mineralised zones, and 
the abundance of amphibole is more distinct in the lower mineralised zone. Both ore zones are 
highlighted by increases in carbonate in the SWIR, however carbonate zoning around mineralisation 
in the TIR is less clear. Compared to the Eloise Deeps hole, carbonate metasomatism is low at Chloe. 

The depth of the 2250 m feature is used to identify chlorite group minerals. The SWIR demonstrates 
an overall increase in chlorite downhole towards the ore zone in the upper part of the drill hole (~70 
m to ~250 m). In addition, there is a trend in the chemistry of chlorite minerals towards the ore zone 
(Figure 48) from Fe-Mg chlorite to more Fe-rich chlorite. The downhole plots of the HyLogger and 
pXRF data for Chloe drill hole EN003, displays the TSA derived SWIR mineralogy from the HyLogger 
data, pXRF Cu values from TIMA rounds, and the depth of the 2250 nm feature (2250D) down hole. 
The depth of the 2250 nm wavelength feature are coloured by the wavelength of that feature. 
Longer wavelengths (coloured red) denote more Fe-rich chlorite endmembers (i.e., chamosite). The 
data are filtered for samples in which TSA has identified chlorite as the Grp1 mineral phase, this is 
done to reduce noise in the dataset. 

This is consistent with the SEM results where Fe-rich chlorite (chamosite) increases towards the ore 
zone and is the dominant chlorite mineral within the ore zone (Figure 49). Chamosite is associated 
with mineralisation the previous section. Changes in chlorite chemistry, from Mg-Fe-rich chlorite to 
Fe-rich chlorite towards ore, also occurs at Ernest Henry (Schlegel et al. 2021, c.f. their Figure 7).  
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Figure 47. Summary of the HyLogger data (TIR & SWIR), Cu (pXRF), and a selection of mineral maps for the Chloe 
drill hole EN003. Note: The TIMA legend is only displaying the 13 most-abundant phases. 
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Figure 48. Downhole plot of the HyLogger data and pXRF data for Chloe drill hole EN003, showing the TSA derived 
SWIR mineralogy from the HyLogger data, pXRF Cu values from TIMA rounds, and the depth of the 2250 nm feature 
(2250D) down hole, which is coloured by the wavelength of the 2250 nm wavelength feature. 

 

 

Figure 49. Key TIMA mineral zoning patterns for Chloe drill hole EN003 and Cu (ppm) from pXRF. The colour scales 
are determined by the minimum (no shade) and maximum (darkest shade) values for a given mineral for the drill 
hole. Mineral group names with (S) following have been summed. 
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4 Interpretation & Discussion  

The paragenetic relationships observed in this study are interpreted in a revised alteration 
paragenesis. Our revised alteration paragenesis (Figure 7) is, in part, consistent with the published 
paragenesis Baker (1998). However, the magnetite + pyrite alteration predates mineralisation and 
was previously not identified. Further, the addition of Cl-rich minerals including scapolite, Cl-rich 
hornblende and pyrosmalite to the alteration paragenesis is also significant. The revised alteration 
paragenesis for metasomatic events, post-dating metamorphism at Eloise is summarised as:  

 

Stage 1 (Albitisation):   

Albite (sometimes pervasive) ± oligoclase, quartz, apatite, titanite (± rutile) 

Stage 2 (Mg-Fe-K-Ca-Cl Alteration):  

Hornblende (± Cl-rich hornblende), biotite, quartz, apatite, scapolite (Cl-rich), K-feldspar, 
andesine, epidote group minerals 

Stage 3 (Magnetite-Pyrite Alteration):  

 Magnetite + pyrite ± quartz ± calcite  

Stage 4 (Mineralisation):  

Chalcopyrite ± pyrrhotite, biotite (± annite), hornblende (± Cl-rich hornblende), quartz, 
calcite, chlorite (± chamosite), actinolite, (trace) ferrogedrite, (trace) tremolite, muscovite, 
K-feldspar (as infill in veins), ilmenite, rutile, allanite, pyrosmalite, tourmaline, hyalophane, 
ankerite, siderite, pentlandite, sphalerite, cobaltite, (trace) bornite, anhydrite, barite, Ca-
rich telluride ± gold 

 

Albitisation (Stage 1) is observed across each of the deposits at Eloise and is consistent with regional 
albitisation present across the Cloncurry District (Baker, 1998). Albitisation post-dates 
metamorphism and is the first stage of hydrothermal alteration observed at Eloise. Evidence of 
albitisation in the form of mineral assemblages including albite + quartz ± apatite ± titanite (± rutile) 
is widespread and it is observed in all lithological units sampled in this study. Albite altered rocks 
disappear in ore zones, however, an exception is the upper ore zone in the Chloe drill hole, where 
mineralised meta-arenites (Figure 37 and Figure 38) show early albite in the wall rock adjacent to 
mineralisation. This potentially offers a point of difference between Chloe and other ore zones at 
Eloise. 

The Mg-Fe-K-Ca-Cl alteration (Stage 2) is paragenetically later than regional albitisation. This 
alteration varies in its intensity across each ore body (Figure 13 to 17). This is evident when 
comparing Figure 13 (an amphibole rich rock) with other intervals such as meta-arkosic arenite in 
Figure 16. While intense alteration may be located around structures such as faults and micro-cracks 
within a particular lithological unit, the weak to moderate Mg-Fe-K-Ca-Cl alteration appears 
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widespread across all lithologies. Some of the most distal samples (i.e., Figure 14 from Middle West) 
still display evidence of pervasive scapolite alteration. 

Hydrothermal hornblende alteration, across two paragenetic stages, was also described by Baker 
(1998). The EDS data from ‘Stage II’ hornblendes as described by Baker (1998), were ferroan-
pargasite to magnesian-hastingsite in composition and showed low Cl concentration (less than 0.5 
wt.%). The Stage III hornblendes described by Baker (1998) were described as magnesio-hornblende 
in composition. The ‘Stage III’ hornblendes were usually found replacing ‘Stage II’ hornblendes at 
the mineral boundaries or along the cleavages, and like the ‘Stage II’ hornblendes, were reported to 
be Cl-poor (Baker, 1998). The lack of Cl reported in these results lead to the interpretation that 
hornblende alteration at Eloise differed from other deposits in the region. 

The Cl-rich hornblendes identified at Eloise in this study have a chlorine concentration of up to 2.01 
wt.% (Figure 4). Based on the chemistry outlined in Figure 4, the approximate composition of these 
Cl-rich hornblendes is likely ferropargasite to chloro-potassichastingsite. The TIMA SEM mineral 
map shown in Figure 35 displays the most abundant Cl-rich hornblende across the sample suite. The 
textural relationships in this sample suggest that the Cl-rich hornblende, chamosite and pyrrhotite 
are overprinting the wall rock, which form part of the Stage 4 assemblage.  

The previous work by Baker (1998) and the timing relationships interpreted in Figure 35 indicate 
that the Cl-rich hornblendes are consistent with ‘Stage III-type’ hornblendes, despite the assumed, 
slight compositional differences (i.e., chloro-potassichastingsite versus magnesio-hornblende). The 
Cl-rich hornblendes identified in this study have more F, Cl and Fe and less Ca and Mg than the 
hornblendes described by Baker (1998). Other statistically abundant Cl-bearing minerals found at 
Eloise (in this study) include scapolite and pyrosmalite. Identification of Cl-rich minerals at Eloise 
align with the compositional results from fluid inclusions Baker (1998) hyper-saline brines during 
hydrothermal alteration. In addition, Cl-rich minerals such as scapolite, hornblende, pyrosmalite or 
apatite are common amongst other deposits in the Cloncurry District (Schlegel et al. 2021, 
Stromberg et al. 2021 and Baker 1998).  

Magnetite ± pyrite ± calcite ± quartz alteration (Stage 3) is a significant stage in the revised alteration 
paragenesis (Figure 7) and immediately predates mineralisation at Eloise. Baker (1998) and Baker et 
al. (2001), described magnetite and calcite ‘pods’ and a magnetite-rich zone between the Southern 
fault and the Middle fault, and a pyrrhotite-chalcopyrite-rich zone northwest of the Middle fault 
(Figure 1). However, the timing of this alteration was not well understood. The textural relationships 
in the mineral maps, provide a possible link to the timing of the magnetite alteration. The zoning 
occurs as magnetite-pyrite zone in the south (Eloise Deeps) that evolves to an almost pyrite-only 
zone in the northeast (Chloe), all of which predate the chalcopyrite ± pyrrhotite mineralisation event 
(Stage 4).  

The Stage 3 predates mineralisation and may have provided additional sulphur in the form of from 
pyrite for subsequent Cu mineralisation. The TIMA SEM mineral maps demonstrate that magnetite 
and pyrite are consistently replaced by Stage 4 sulphides, chalcopyrite and pyrrhotite (Figures 20-
24, 30 & 39). Replacement of Stage 3 minerals is not limited to sulphides, as other Stage 4 minerals 
have been observed ‘scavenging’ Fe from the earlier magnetite and pyrite. An example of this is 
shown in the Macy sample MA03E-408.46, which displays magnetite being replaced by chlorite, 
pyrosmalite and chalcopyrite, in various locations (Figure 34). The SiO2 and Fe2+ produced during 
the breakdown of biotite to chlorite (Stage 4) may enable precipitation of pyrosmalite, which occurs 
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simultaneously with pyrrhotite and chalcopyrite mineralisation. While biotite is being replaced by 
chlorite in Stage 4, residual biotite may become more annite-rich due to increased Fe2+ in the fluid. 

The pyrrhotite-rich nature of the mineralising assemblage suggests that the mineralising fluid was 
reduced, with H2S as the dominant sulphur species (Baker, 1998). The amount of pyrrhotite is 
unusually high as compared to classic IOCGs such as Olympic Dam (Ehrig et al., 2012), Prominent 
Hill (Belperio et al., 2007 and Schlegel et al. 2017), and Ernest Henry (Mark et al., 2006 and Schlegel 
et al. 2021), where pyrrhotite is typically absent or only occurs locally and in trace amounts. A fluid 
rich in H2S, with a low dissolved Fe content, would seek Fe from magnetite (or pyrite), favouring 
precipitation of pyrrhotite; therefore, the Stage 3 magnetite-pyrite alteration (and previous Fe-rich 
assemblages from Stage 2) are key primers for the subsequent mineralisation event, ultimately 
suggesting mineralisation is a two-stage process. 

Many factors are known drivers of Cu-Au mineralisation from fluids and may include a temperature 
decrease, an increase in pH, a decrease in Cl concentration or an increase in H2S (Barnes 1979). 
Precipitation of Cl-bearing minerals at Eloise has been shown across all ore bodies in this study. In 
addition to the precipitation of Cl-rich minerals, zoning with these minerals has been demonstrated 
at Eloise (Figure 6), possibly indicating camp-scale mineral zoning across the Eloise camp; scapolite 
alteration dominates Eloise Deeps and Middle West, and Cl-rich hornblende and pyrosmalite 
dominate Macy and Chloe. In addition to this mineral zoning, the stability of mineral assemblages 
such as albite + muscovite in the upper ore zone in the Chloe drill hole (Figure 38), may indicate a 
lower temperature part of the system, as compared to other biotite-only assemblages at Eloise 
Deeps. 

Many of the key alteration reactions that occur in Stage 4, may also contribute to sustained ore 
deposition (see section 3.1.1). An acidic fluid reacting with phyllosilicates (Barnes 1979), resulting in 
the breakdown of biotite to chlorite or albite to muscovite, can act to increase fluid pH and drive 
mineralisation (Baker 1998). Alteration of biotite to chlorite is a common reaction observed at 
Eloise. Alternatively, as shown previously in Figure 38 at Chloe, breakdown of K-feldspar by an acidic 
fluid to muscovite + quartz will also neutralise the fluid and possibly driving mineralisation. The 
alteration of K-feldspar to muscovite + quartz is also accompanied by barite precipitation (Figure 
38), due to Ba2+ release from hyalophane reacting with sulphate in the fluid. Further, the breakdown 
of pyrite due to interaction with an oxidised Cu2+-rich fluid, also releases sulphate (Schlegel et al., 
2017) and can act to promote chalcopyrite precipitation.  

While more discreet, the decrease of CO2 in a fluid may also contribute to mineralisation. Titanite in 
the presence of CO2 may alter to ilmenite via the following reaction: CaTiSiO5 + CO2 + FeS + H2O = 
FeTiO3 + SiO2 + CaCO3 + H2S. The Macy sample shown in Figure 32, is possibly displaying a CO2 
gradient at the millimetre-scale. Below the dashed line (Figure 32), plagioclase, pyrrhotite, pyrite, 
hornblende and titanite are dominant and above the line, albite, pyrrhotite, chalcopyrite, calcite 
and titanite are dominant. CO2 metasomatism acts to liberate Ca ions from Ca-silicates, which will 
be precipitated as calcite. The presence of rutile in Chloe breccia sample in Figure 38, may also 
indicate the presence of CO2 in the mineralising fluid. Titanite in the presence of CO2 may alter to 
rutile via the following reaction: CaTiSiO5 + CO2 = TiO2 + SiO2 + CaCO3. Further to activity of CO2, the 
stability of rutile in the upper ore zones at Chloe, may indicate another piece of evidence for a lower 
temperature mineralising system, as compared to other ilmenite-rich ore bodies at Eloise (i.e., 
Macy). 
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Baker (1998) described syn-mineralisation brittle vein sets and faulting, and late-stage epithermal 
veining (Stages IV, V and VI respectively). Stage IV, as described by Baker (1998), include four vein 
sets differentiated by mineralogy: (1) chlorite ± K-feldspar ± calcite ± muscovite ± chalcopyrite ± 
hematite, (2) K-feldspar ± tourmaline ± calcite ± quartz, (3) siderite-hematite ± pyrite, (4) calcite ± 
fluorite ± K-feldspar ± muscovite ± sphalerite ± galena ± arsenopyrite ± pyrite. Baker (1998) 
described these vein sets as clearly post-dating earlier hydrothermal stages and locally brecciated 
sulphides from main stage mineralisation. The paragenetic relationships observed in this dataset 
suggest that vein sets are synchronous with mineralisation (Stage 4). Further, there is no evidence 
for Stage 4 sulphide (chalcopyrite ± pyrrhotite) brecciation. The textures are particularly well 
preserved in Figure 20, suggesting brecciation of earlier hydrothermal minerals scapolite-apatite-
hornblende (Stage 2) and pyrite (Stage 3) has occurred; however, the Stage 4 sulphide (pyrrhotite) 
appears paragenetically later. In addition to Stage 3 pyrite brecciation, evidence for Stage 3 
magnetite brecciation also exists, see Figure 21 and Figure 33.  

The results from the main AMS cluster (Figure 42), while limited to Chloe and Macy, suggest that 
mineralisation post-dates the formation of the structural corridor reflected in those data and is 
coincident with sulphide precipitation and Stage 4 alteration (muscovite-chlorite-quartz). Further, 
it appears that the structural corridor is associated with the Stage 2 potassic (K-feldspar) alteration, 
which is shown to pre-date mineralisation at Eloise. The ESE faults also highlighted by the AMS data 
(Figure 43), according to Baker and Laing (1998), do not offset the mineralisation. Therefore, it is 
possible that these may be early fabrics that pre-date mineralisation as well (Figure 44). 
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5 Conclusion 

The detailed TIMA SEM (mineral mapping) undertaken as part of the Cloncurry METAL project has 
provided a great opportunity to revise the existing alteration paragenesis at Eloise. The revised 
paragenesis has uncovered four key hydrothermal alteration stages post metamorphism. Improved 
clarity around key mineralising assemblages at each deposit as well as camp-scale mineral zoning 
patterns has been achieved. Further, camp-scale, magnetite, and pyrite zoning, has been identified 
as an important precursor to mineralisation, with magnetite- and pyrite-rich assemblages occupying 
the south, and pyrite- and minor-magnetite assemblages in the north to northeast. The mineral 
mapping results have also identified a suite of zoned Cl-rich minerals (scapolite, hornblende and 
pyrosmalite) across the Eloise Camp, which provide new insights into potential controls on 
mineralisation. Further, the chlorine-rich hornblende alteration at Eloise may position Eloise more 
closely with other Cu-Au deposits in the Cloncurry district than previously thought. Major pyrrhotite 
zoning is found adjacent to all chalcopyrite-rich ore zones, with the exception of Middle West, and 
further, accessory sulphide zoning is also seen across the Eloise camp. Pentlandite and cobaltite 
concentrations are highest in the south (Eloise Deeps), and sphalerite concentrations are highest in 
the north to northeast (Middle West, Macy, and Chloe), with Chloe containing no cobaltite. The 
mineral assemblage associated with ore at the Chloe deposit differs to other deposits at Eloise as it 
contains more K-feldspar, muscovite, and chlorite, suggesting lower temperatures associated with 
mineralisation. Key mineral zoning patterns, with potential for mapping large scale alteration 
patterns around mineralisation, have been identified by mineral mapping for each deposit, 
including: K-feldspar, scapolite, white mica, and chlorite. These key minerals have also been 
identified in the HyLogger hyperspectral mineralogy datasets and further, the HyLogger has been 
highlighted as a potential (more cost-effective) exploration tool that can be used to identify Fe-
chlorite zoning, as well as other key mineral changes, such as biotite or feldspar alteration towards 
ore. 
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