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1 Introduction 

This chapter of the Cloncurry METAL project reporting builds on previous work from the Uncover 
Cloncurry Project to present new data for the SWAN-Mount Elliot Cu-Au system from sampling of 
three new drillholes. This SWAN-Mt Elliot dataset, like the other Cloncurry METAL datasets includes 
multiple datasets, such as petrophysical data, radiometrics, as well as mineralogical and 
geochemical data. Given the complex mineralogy of the SWAN deposit, this report is focused on the 
application of high-resolution mineralogical data from SEM-based mineral mapping techniques 
(TIMA-SEM) with continuous downhole hyperspectral datasets (HyLogger3TM) to unravel the 
complex alteration history of the SWAN-Mount Elliot System. The textural information and low 
detection limits of the TIMA-SEM data provide insights into the alteration mineralogy paragenesis, 
and this in combination with continuous downhole Hylogger3TM datasets, provides a unique 
opportunity to scale these relationships to the deposit scale to improve the understanding of 
potential fluid pathways and controls on mineralization. The observations made in this report 
underpin the findings and exploration applications that will be synthesized in the forthcoming 
exploration toolkits.  
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2 Background Geology 

The SWAN-Mount Elliot Cu-Au system is located in the Selwyn region of the Eastern Fold Belt of the 
Mount Isa Inlier (Figure 1). The mineral system is located west of the ~1525-1500 Ma Squirrel Hills 
Granite, and east of the Selwyn shear zone, along with a number of other deposits, including Mount 
Dore (Cu-Au), Merlin (Mo-Re) and Starra (Cu-Au) (Figure 1). These deposits are hosted in the 
Maronan Supergroup, in or close to the contact between the Kuridala-Selwyn and Marimo-Stavely 
domains, proximal to the N-striking Selwyn shear zone in a region with moderately to steeply 
dipping NW and NNW-striking fabrics (Duncan et al., 2014). Figure 2 summarizes the regional 
tectonics, structures, stages of hydrothermal alteration, and mineralization history as they relate to 
the deposits of the Selwyn region.  

The SWAN deposit has a total resource of 317.7 mT at 0.56 wt.% Cu and 0.34 g/t Au, and 
mineralization can be found under as little as 8 m of surface cover (Chinova, 2017). The SWAN 
deposit occurs along the moderate- to steeply-NE-dipping Mount Elliot Fault. It is considered the 
equivalent of the Selwyn shear, due to its location at the major stratigraphic boundary between the 
Soldiers Cap Group (Toole Creek Volcanics) and the Stavely Formation metasediments, which host 
the bulk of the mineralization (Duncan et al., 2014) (Figure 3, Figure 4). Mount Elliot mineralization 
occurs ~900 m to the east in the Soldiers Cap Group. It has produced 24800 tonnes of Cu and 34,000 
oz of gold through open cut and stoping, to a depth of ~360 m since its discovery in 1898 and has a 
total resource of 24.8 mT at 0.94 wt. % Cu and 0.5 g/t Au (Chinova, 2017).  
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Figure 1. Map of the regional geology showing the location of the major deposits in the Eastern Succession, 
including SWAN to the east of the Squirrel Hills Granite (modified from Austin et al., 2021a).  
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Figure 2. Condensed tectonic, metasomatic and metallogenic history of the Cloncurry District mineral system, and 
the processes that occurred in the deposits of the Selwyn region (modified from Austin et al., 2021a). 

 

The Stavely Formation was deposited between 1675 and 1610 Ma (Foster and Austin, 2008; Figure 
2) and comprises variably calcareous, sandstone-siltstone dominated metasedimentary rock and 
iron formations. The lower units of the Stavely Formation comprise the footwall of the SWAN 
deposit and are dominated by marbles and variably calcareous sedimentary rock and comprise a 
more massive-dominated calc-silicate overlain by banded calc-silicate (Figure 4). Banded calc-
silicates are common throughout the SWAN deposit and exhibit fine scale (< 10 cm) light and dark 
layers described as dominated by diopside-actinolite-calcite-chlorite-magnetite-scapolite-
tremolite-titanite-anhydrite and biotite-quartz-hematite stained albite respectively (Wang and 
Williams, 2001; Duncan et al., 2014). The Soldiers Cap Group occurs in the hanging wall of the Mt 
Elliot fault, and comprises a sequence of metasiliciclastic rocks including amphibolite, carbonaceous 
metasediments, and metabasites. Parts of the Soldiers Cap Group near to SWAN have been 
metamorphosed to quartz-mica schists and phyllites with a gradational contact over 10-30 m (Wang 
and Williams, 2001; Duncan et al., 2014). 

Both the Mount Elliot and SWAN orebodies are part of a widespread mineralization event, which 
postdates peak metamorphism and ductile deformation, and are proposed to be related to the 
intrusion of regional batholiths related to the Squirrel Hills Granite between ~1525 and 1500 Ma 
(Duncan et al., 2014, Figure 2). Regional metamorphism at SWAN reached amphibolite facies 
conditions, with peak metamorphism related to the Isan Orogeny and D2 compression ca. 1600 Ma. 
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This was followed sodic- and sodic-calcic alteration during the D4 brittle-ductile transition along with 
magnetite-related IOCG mineralization (Wang and Williams,1996; Duncan et al., 2014; Patterson et 
al., 2016, Figure 2).  

 

 

Figure 3. Simplified geological map of the Mount Elliot-SWAN area (mapped at 1:10,000 scale and modified from 
Duncan et al., 2014) showing the location of the drill hole collars for sampled drillholes with respect to the 
orebodies, as well as the location of the cross section in Figure 6. 

 

The Mt Elliot deposit sits to the east of the Mt Elliot fault, entirely in the Soldiers Cap Group on a 
NNW trending shear system (Figure 3). It is defined by what has been described as ‘skarn-like’ 
alteration and breccia body bounded by a footwall shear comprising locally garnet-bearing quartz-
mica schists, and a hanging wall phyllites and carbonaceous slates (Duncan et al., 2011, 2014; Wang 
and Williams, 2001, Figure 4). The main producing orebodies occur as NW-trending, NW-dipping 
stopes and are dilational in character (Wang and Williams, 2001). The orebody shows a ’skarn-like’ 
alteration mineral assemblage comprising clinopyroxene, diopside-hedenbergite, actinolite, 
magnetite, biotite, andraditic garnet, scapolite, calcite, and apatite (Little, 1997; Wang and Williams, 
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2001). Ore minerals include chalcopyrite, pyrite and pyrrhotite, which fill vugs (Chinova, 2015; Wang 
and Williams, 2001). The lowermost unit of the mine sequence is a metabasalt, which comprises 
massive to vesicular flows, and whose internal fabric is truncated against the Stavely Formation to 
the west (Duncan et al., 2014; Valenta, 2018).  

 

 

Figure 4. Interpreted geological cross sections at Mt Elliot and SWAN showing the distribution of rock types (A,C) 
and distribution of alteration (B,D) (from Duncan et al., 2014). 
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The general SWAN deposit stratigraphy can be separated into the hanging wall schists and 
metabasites of the ca. 1675-1650 Ma, Soldiers Cap Group (Foster and Austin, 2008), the calc-silicate 
breccia body and calcareous metasediments of the upper Stavely Formation, and finally, the 
footwall marbles of the lower Stavely Formation (Figure 4). The ore body plunges about 70 degrees 
to the north and extends to a depth of 1300 m (Chinova, 2015). The Stavely Formation is intruded 
by the 200-400 m diameter, steeply plunging, SWAN diorite to the southwest of near-surface 
mineralization. This has been proposed to be a key control on the brecciation and mineralization at 
SWAN, focussing brecciation in the brittle calc-silicate units between the rigid diorite and the 
hanging wall schists (Murphy et al., 2017). Mineralization is described as chalcopyrite-pyrite 
occurring as intergrowths with calc-silicate minerals (Duncan et al., 2014). The entire mine 
stratigraphy is crosscut by ~1190 Ma dikes, which post-date the main hydrothermal alteration event 
(Duncan et al., 2014).  

There are several hydrothermal alteration stages described at SWAN-Mt Elliot, with the earliest 
being regional sodic alteration which is followed by localized potassic metasomatism. This is 
followed by what is described as a high-temperature calc-silicate event and subsequent 
retrogressive calc-silicate alteration which are separated by fracturing and brecciation and 
characterized by assemblages of diopside-magnetite-titanite-calcite and actinolite-scapolite-
magnetite-epidote-calcite-chlorite, respectively (Little, 1997; Wang and Williams, 2001; Duncan et 
al., 2014). This second and larger event is proposed to be related to ore formation and brecciation 
(Garrett, 1992; Fortowski and McCracken, 1998; Little, 1997; Wang and Williams, 2001). There are 
also massive magnetite-sulphide- and sulphide-carbonate veins described as petrogenetically late 
in the lower zones of both SWAN and Mt Elliot (Duncan et al., 2014). 

Mineralization at both Mt Elliot and SWAN is proposed to be associated with post-D4 dextral and 
reverse movement along the NNW-striking Mount Elliot fault across a sinistral fault jog. Orebody 
geometry has been proposed to be controlled by the orientation of the Mount Elliot Fault with 
mineralization overprinting any ductile features (Duncan et al., 2014).  

A significant role in controlling mineralisation is attributed to early silicification and sodic alteration 
events for producing units of low permeability and generating overpressure resulting in the breccia 
zones observed at SWAN (Little, 1997; Wang and Williams, 2001; Duncan et al., 2014).  An in-depth 
summary of the regional and mine scale geology as well as existing geoscience data sets and 
research on the SWAN-Mt. Elliot system can be found in Chapter 4 of the Northwest Minerals 
Province Atlas (Valenta, 2018). 
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3 Geophysical Signature 

At the SWAN deposit, several geophysical exploration criteria for IOCG-style mineralisation are 
observed in magnetic and radiometric datasets. The SWAN deposit is consistent with a typical 
magnetite-series IOCG and has several features in common with the Ernest Henry System (Austin et 
al., 2019, 2021b). A broad magnetic high sits over the mineralised breccia (Figure 5a), and is rimmed 
by a medial alteration footprint comprised of zones with elevated magnetic susceptibility which 
appear to be structurally controlled by N-S trending structures/strata. The bullseye magnetic 
anomaly (indicating a magnetite breccia) coincides with a clear structural control, in the form of a 
NW-trending shear zone, mapped by the first vertical derivative of the magnetic data (Figure 5b) 
which truncates the N-S structural grain (likely S2). The NW-trend is consistent with the orientation 
of the ore zones, suggesting a genetic link.  

Radiometric data (Figure 5c) show a diffuse uranium anomaly that is spatially coincident with the 
magnetic anomaly. The central diffuse radiometric anomaly is rimmed by a halo of higher amplitude 
linear magnetic anomalies around some of which are coincident sharp uranium radiometric 
anomalism. Our studies on Starra suggest that high Uranium radiometric anomalism coincident 
indicate the interaction of oxidised fluids during mineralisation. These high susceptibility, high 
Uranium linear zones host several mineral prospects, but may also have acted as fluid pathways, 
in/out of the brecciated, mineralised zone. The SWAN deposit therefore is another example where 
the geophysical zonation is far more prescriptive of magnetite series IOCG mineralisation than a 
simple bullseye. 
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Figure 5. Geophysical imagery over SWAN: A. reduced to pole magnetics, with linework identifying the interpreted 
zonation of the system B. second vertical derivative magnetics, highlighting truncation of the N_S structural grain 
by a NW-trending shear/fault zone, and; C. ternary radiometric image, where K: Th: U = Red: Green: Blue. 
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4 Methods 

Cloncurry METAL sampling at SWAN builds upon 56 legacy samples from the Uncover Cloncurry 
Project through sampling of three additional drill holes in the SWAN-Mount Elliot ore system. The 
Uncover Cloncurry samples were systematically selected over ~600 m from drillhole MEQ1215, 
which was drilled into the hanging wall basalts and schists of the SWAN system, dipping to the south 
west through the main breccia body and calc-silicate alteration.  

The new Cloncurry METAL holes were selected in an effort to generate a representative E-W cross 
section through the SWAN system intersecting the distal and proximal alteration zones as well as 
the main ore/breccia body. Three drill cores were sampled: MEQ-95-208, MEHQ071130 and 
MEHQ07105 (Figure 7).   

Drillholes MEHQ07105 and MEHQ071130 are to the east of MEQ1215 and are scissored holes, which 
cut through the main breccia body from the East and West respectively, and MEQ-95-208 is collared 
approximately 900 m to the East and intersects the Mount Elliot orebody.  

The most westerly, and most densely sampled hole is drillhole MEHQ071130, with 52 samples from 
a depth of 178 m to 1491 m. This drill hole intersects the SWAN footwall marbles, brecciated ore 
zone and ends in the SWAN hanging wall. Only 8 samples were selected from drill hole MEHQ071105 
from a depth of 81 m to 791 m, where it intersects the SWAN hanging wall marbles, into the 
brecciated and calc-silicate altered ore zone, and footwall marbles.  

13 samples were selected from MEQ-95-208 which is the most easterly hole, and is sampled from 
~195 m depth in the Mt Elliot Hanging wall phyllites and silicified shales, through a ‘skarnoid’ ore 
zone and into footwall sillimanite schist at 378 m.  

Each sample collected was in the form of a standard 2.5 cm petrophysical round which was analysed 
by a suite of analytical techniques. The detailed methods for the sample preparation and analysis 
are described in Part 1 of the Cloncurry METAL report (Austin et al., 2021a). The TIMA-SEM data 
presented in this report were acquired using a Tescan Mira field emission gun (FEG) SEM that is 
paired with 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 
polished core blocks. Automated mineralogy from TIMA-SEM, quantifies the modal mineral 
abundance for minerals with >0.01 volume % and provides textural context for all minerals. The step 
size between two measurements was 10 microns, resulting in an analysis time of approximately 2 
hours per sample. After acquisition, the data are processed using TIMA software and a deposit-
specific, spectra-matching mineral library was developed for SWAN through an iterative process to 
reduce misclassifications. As a part of this process, challenging phases were investigated and 
validated further using an Oxford EDS detector and these results informed the mineral composition 
constraints utilized in the SWAN library.  

In addition to the Cloncurry METAL datasets, several other existing datasets were included in this 
study including HyLogger3TM datasets, as well as the Chinova drill hole database which includes 
logging and assay data for the SWAN and Mt. Elliot Deposits.  
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HyLogger3TM datasets were generated using the HyLogger3TM at the Geological Survey of 
Queensland in Brisbane. The HyLogger3TM instrument enables the simultaneous collection of 
hyperspectral reflectance spectra in the visible near infrared (VNIR; 350–1000 nm), SWIR (1000–
2500 nm) and TIR (6000–14,500 nm) wavelength ranges as a 1 cm resolution line scan down the 
centre of the core (Hancock and Huntington, 2010; Schodlok et al., 2016). The three collected 
wavelength ranges allow for rapid mapping of all major rock-forming minerals based on spectral 
absorption features related to specific molecular bonds or ions (Hancock and Huntington, 2010). 
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.  

Hyperspectral data were processed using The Spectral Geologist (TSGTM) software, which also allows 
for integration with geochemical data and interrogation of the data using a suite of CSIRO-
developed scalars. The down hole summary plots were generated using The Spectral Assistant (TSA) 
to identify minerals and their abundances for the SWIR and TIR regions of the spectrum (Berman et 
al., 1998, 2011). TSA is a general unmixing algorithm and is trained on a subset of commonly 
occurring minerals. Minerals are reported as a fraction of the overall spectral fit which is not a 
reflection of the total mineralogy of the sample.  

 

 

Figure 6. Cross Section through the SWAN ore system looking to the northwest (see location in Figure 3), showing 
the major lithologies and contacts inferred from drilling, and the position of the Cloncurry METAL drillholes with 
respect to the Mount Elliot fault (A), a 250 m thick slice through the drilling database showing the distribution of 
logged lithologies along that cross section (B), and the METAL drillholes in that 250 m thick slice with the outlines of 
the modelled breccia body, Cu shell and SWAN diorite as they occur in that 250 m thick slice through the Leapfrog 
model.  
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Figure 7. Sample coverage of the SWAN-Mount Elliot ore systems showing the drillholes, logging, and sample 
density (with pXRF results) with respect to the breccia and 0.6 eqCu grade shells modelling from the Chinova drill 
hole database in Leapfrog Geo, which plunges to the north at roughly 70 degrees. 
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5 Results 

5.1 Bulk Mineralogy  

The TIMA-SEM mineralogy results identified 86 mineral phases which occur at >0.01 wt % 
abundance in the samples from SWAN-Mount Elliot. The ten most abundant mineral phases across 
the entire sample suite are albite, clinopyroxene, magnetite, K-feldspar, calcite, quartz, scapolite, 
actinolite, chalcopyrite, and hornblende respectively. Figure 8 provides high level overview of the 
mineralogy of the system at the mineral group level.  

 

Figure 8 Summary of the TIMA-SEM mineralogy by mineral group. The minerals in a group are listed in order of 
abundance and the colour assigned to that mineral group corresponds to the TIMA-SEM panorama color for the 
most abundant mineral in that group.  

When split by the mineral system zones identified during sampling, there are notable differences 
between the distal-medial regions and the proximal-ore regions of the system as identified during 
sampling. While albite remains the most abundant mineral phase distal and proximal to ore, the 
remainder of the bulk assemblage is distinctly different, both in terms of major and trace 
mineralogy. Figure 9 summarizes the 20 most abundant mineral phases in the distal-medial and 
proximal-ore samples (apart from albite which is most abundant in both). The distal-medial 
assemblage is dominated by K-feldspar, quartz, scapolite, calcite, hornblende, clinopyroxene, 
actinolite and biotite, while the proximal-ore assemblage is dominated by magnetite, 
clinopyroxene, calcite, K-feldspar, scapolite, chalcopyrite and actinolite. Calcite, K-feldspar, 
scapolite and quartz remain major components of both assemblages, and the ore assemblage has 
abundant magnetite and chalcopyrite. There are also distinct differences in the relative abundance 
and mineralogy of clinopyroxene and amphibole species, in which the distal-medial region is 
characterized by hornblende, clinopyroxene and actinolite in similar abundance with almost no 
diopside, while the proximal-ore region is dominated by clinopyroxene with lesser actinolite and 
diopside and little to no hornblende. The proportion of diopside in the distal-medial samples in 
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Figure 9 is skewed by one sample with 49% diopside. With that sample removed, the proximal-ore 
samples contain three times more total diopside than the distal-medial samples.  

 

Figure 9 Summary of the TIMA-SEM mineralogy of SWAN-Mt Elliot samples grouped by the system zonation 
identified in the sampling (Distal-Medial and Proximal-Ore). The 20 most abundant minerals for each group of 
samples are presented.  

The minor mineralogy of the two zones both include contributions from smectite, alumosilicates, 
clinochlore, titanite, and chamosite in similar abundance. However, the proximal-ore zone also 
comprises epidote species (clinozoisite, epidote, allanite) as well as apatite, and anhydrite. The 
distal-medial zone contains more feldspar species (oligoclase, andesine), as well as muscovite and 
sillimanite-andalusite which are major mineral phases in the sampled schist units.  

5.2 Drillhole Scale Mineralogy  

5.2.1 Mount Elliot - MEQ-95-208  

13 TIMA-SEM samples were collected from MEQ-95-208, which is collared ~900 m east of the main 
SWAN orebody in the Mount Elliot deposit and dips to the south/southwest through the Soldiers 
Cap Group. The drill hole intersects the Mt Elliot hanging wall phyllites and silicified shales, an ~80 
m wide ore zone comprising units logged as ‘skarn’, ‘skarnoid’ and ‘brecciated skarn’ rocks and 
finishes in ~90 m of footwall quartz-mica-sillimanite schists (Figure 7).  
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Hanging wall and Footwall 

The hanging wall samples (SWAN101-103) are dominated by an assemblage of fine-grained quartz-
K-feldspar-albite with variable biotite, muscovite and chlorite content, and minor pyrite and 
pyrrhotite concentrated in laminae parallel to the main foliation. The samples exhibit a moderate 
foliation and a trend of increasing plagioclase (albite) content downhole, which is also reflected on 
the larger scale in the HyLogger3TM data (Figure 10). This is accompanied by a decrease in K-feldspar 
across the three samples. The HyLogger3TM data also indicate an increase in chlorite spectral 
contribution and decrease in white mica towards mineralization (Figure 10, Figure 11).   

 

Figure 10. Summary of the HyLogger3TM data TSA results for MEQ-95-208 (binned to 1 m intervals), assays and the 
TIMA-SEM data for the footwall and hangingwall regions of the drill hole showing key mineralogical and textural 
relationships towards the ore zone. Sample locations are annotated as circles coloured by the logged lithology. NB – 
the TIMA -SEM legend is only displaying the 13 most abundance phases. 
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The mineralogy of the footwall schist samples (SWN110-113) is dominated by quartz, muscovite, 
and biotite with locally developed garnet, staurolite and andalusite (Figure 10). All of the schist 
samples contain trace scapolite, and the sample closest to ore (SWN110) also contains allanite. 
There is systematic change in the mineralogy observed from sample SWN110 which sits just outside 
the ore zone and comprises < 10% muscovite with >17% albite, and >11% biotite to most distal 
sample (SWN113) which is dominated by quartz and muscovite (> 50%). This transition is seen across 
4 TIMA samples over ~50 m and is also observed in the HyLogger3TM dataset where there is a 
decrease in plagioclase feldspar and biotite (SWIR dark mica) spectral contribution and increase in 
quartz and white mica spectral contribution downhole (away from mineralisation). This trend can 
be replicated using the SWIR data collected on the TIMA rounds using well established scalars 
related to relative abundance of white mica (2200D) and chlorite/biotite (2250D) (Figure 11). 

 

 
Figure 11 Downhole spectral contribution of amphibole, white mica and biotite as determined by TSA overlain by 
relevant scalar outputs from handheld ASD measurements showing trends related to proximity to the ore zone in 
the hanging wall phyllite and footwall schists.  

Ore Zone 

The central portion of the drillhole is described as ‘skarnoid’ (weak skarn alteration) and 
‘pseudobreccia skarn’ in the logging. Three samples were taken from the central mineralized section 
of the hole (SWN104-7), and one from a section logged as ‘pseudobreccia skarn’ (SWN108) (Figure 
12). Samples SWN106 and SWN107 are in an unmineralized section of the ore zone and comprise 
mineralogical assemblages more similar to the upper phyllite (quartz, muscovite, biotite, albite) with 
a higher metamorphic grade assemblage including garnets and alumosilicates (SWN106) and 
sillimanite-andalusite (SWN107). Two of the TIMA-SEM samples occur in a mineralized section of 
the ore zone (SWN104-5) and are characterized by an assemblage of calcite, smectite, 
clinopyroxene, albite, chlorite, and K-feldspar with minor titanite, apatite, and magnetite. These two 
samples are in the ore zone/proximal to mineralization but are not strongly mineralized, although 
SWN104 contains some minor chalcocite (0.3 wt%) in SWN104. Both SWN104 and SWN105 contain 
abundant smectite (27 and 18 wt%), which was further investigated using Oxford detector and 
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confirmed to be a Fe-Mg rich smectite phase based on chemistry and texture. In both samples, the 
smectite appears to be overprinting clinopyroxene and actinolite. SWN104 also shows evidence for 
magnetite breakdown to iron-rich chlorite (chamosite) and titanite (Figure 12). The ASD data for 
these samples also confirms the presence of a smectite phase based on the SWIR regions TSA 
results, as does the HyLogger3TM results.  

The only strongly mineralized TIMA-SEM sample in drillhole MEQ-95-208 is SWN108, which is in a 
unit logged as ‘pseudobreccia skarn’ and is described in the logging as massive sulphide in marble. 
The core imagery and Hylogger3TM data show that it occurs in a ~5 m thick zone of brecciation at 
the contact of a microdiorite intrusion. The sample is from a ~ 5 cm thick section of massive sulphide 
infill between a quartz-carbonate clast and the contact with the intrusion. This sample has a 
brecciated or fractured texture (Figure 12) where the larger fractures in the chalcopyrite are bornite- 
and quartz-filled. Similar fracturing is observed in SWN011 and SNW130, SWN131 respectively 
(Figure 18).  

The mineralized ‘pseudobreccia skarn’ sections of the drillhole (230-250 m, 257-270 m, and 280-295 
m) are distinct in their hyperspectral mineralogy signature and are characterized by a strong 
amphibole SWIR signature and minor carbonate identified in the SWIR and TIR (Figure 10, Figure 
12). The mineralized zones also have a strong sulphate signature, which is an artifact of the quality 
of the core in which the sulphides have weathered to sulphate. The unmineralized sections of the 
ore zone are characterized by an assemblage of quartz, plagioclase, biotite, chlorite, and white mica 
which is reflected in the TIMA-SEM mineralogy of SWN106 and SWN107, which are silicified and 
albitized (Figure 12). Both samples show a strong fabric, and mineralogy similar to the footwall 
schists, but are both finer grained. For example, the euhedral almandine garnet in SWN106 are sub 
mm and oriented with the sample fabric with respect to the coarse grained and sheared 1-3 mm 
scale garnets in SWN110. 

The contact between the mineralization and the footwall schist is marked by a microdiorite intrusion 
and was sampled for TIMA-SEM (SWN109) (Figure 12). This sample comprises an assemblage of fine-
grained albite, K-feldspar, quartz, biotite, calcite with minor magnetite, titanite and clinochlore in 
which the igneous textures are preserved. Trace phases include apatite, scapolite, and allanite.  A 
similar texture and mineralogy can be observed in sample SWN005 from MEQ1215, which is logged 
as a microdiorite (Figure 20). This intrusive unit can be distinguished in the HyLogger3TM data based 
on its strong biotite and carbonate signature in the SWIR corresponding with a K-feldspar signature 
in the TIR. When the hyperspectral results are viewed in more detail in the core imagery, this 
intrusion also contains variable amphibole, and the margins of the intrusion have a stronger SWIR 
chlorite signature than the central portion of the intrusion from which the TIMA-SEM sample was 
taken.  
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Figure 12. Summary of the HyLogger3TM data TSA results for MEQ-95-208 (binned to 1 m), assays, and the TIMA-
SEM data for the inter-ore zone and ore zone of the drill hole, showing key mineralogical and textural relationships. 
Sample locations are annotated as circles coloured by the logged lithology. NB – the TIMA-SEM legend is only 
displaying the 13 most abundance phases. 

 

5.2.2 SWAN – MEHQ071105 

Drillhole MEHQ071105 was sampled at only 8 intervals over ~800 m for TIMA-SEM analysis, 
however, had 1-meter interval assay down the hole, and like the other Cloncurry METAL drill cores 
there is an accompanying HyLogger3TM dataset, which provides continuous hyperspectral 
mineralogy. The hole is collared in the Soldiers Cap Group quartz-mica schists and is drilled to the 
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east-northeast (270 deg) at a moderately steep angle (~60 deg), intersecting the Mount Elliot fault 
and continuing into the marbles and banded calc-silicates of the Stavely Formation. Mineralization 
occurs primarily in the brecciated sections of the Stavely Formation. However, the section of the 
drillhole which intersects the Mount Elliot fault is also mineralized (Figure 13). The schist at the top 
of the hole was not sampled as it comprises highly weathered and friable material, characterised by 
a hyperspectral signature dominated by kaolinite and white mica with minor quartz (Figure 13).  

Hanging Wall and Footwall Marble 

The TIMA-SEM samples collected from marbles of the upper Stavely Formation (SWN173-170), 
below the schist and fault zone, are characterized by a sodic-calcic assemblage dominated by albite, 
calcite, clinopyroxene, actinolite and titanite with variable K-feldspar (Figure 13). This is also 
reflected in the hyperspectral mineralogy in an assemblage dominated by calcite, plagioclase (albite) 
and amphibole with variable chlorite, scapolite, and pyroxene. There is 5-10 cm scale banding visible 
in the HyLogger3TM core tray imagery, where the TIR signature of the darker bands is an assemblage 
of biotite, K-feldspar, scapolite, and amphibole, and the lighter bands are characterized by more 
carbonate, plagioclase, pyroxene. These bands are sometimes boudinages or even brecciated. The 
TIMA-SEM mineralogy shows a systematic increase in the contribution of calc-silicate minerals to 
the upper marble assemblage downhole from SWN173 to SWN171 in which actinolite abundance 
changes from <1% to >7%, and clinopyroxene from 0% to >17% respectively. This increase in 
pyroxene signature is observed downhole towards the breccia zone at ~200 m depth.  

The TIMA-SEM mineralogy in the samples from the lower part of the Stavely Formation (SWN168, 
SWN166) is similar to the upper part in that there is significant calcite, clinopyroxene and actinolite. 
There is, however, a greater K-feldspar contribution and less albite, both of which are also reflected 
in the HyLogger3TM data, and also a different trace mineral assemblage in the TIMA-SEM data. This 
trace mineral assemblage identified by TIMA-SEM includes anhydrite, barite, allanite, diopside, and 
clinozoisite.  SWN168 is taken from the top of this unit, near the contact with the main breccia zone 
and is dominated by calcite K-feldspar, clinozoisite, quartz, albite and actinolite. This sample 
contains texturally late anhydrite and barite in addition to scapolite and epidote group minerals.  
Sample SWN166 is from a weakly mineralized section at the bottom of the hole and is dominated 
by K-feldspar, clinopyroxene, actinolite and calcite with minor diopside. This weakly mineralized 
lower zone is distinct in that epidote group minerals are also reported in the SWIR hyperspectral 
data (Figure 13). 
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Figure 13. Summary of the Hylogger3TM data binned to 2m intervals for MEHQ071105 and the TIMA-SEM data 
showing key mineralogical and textural relationships. Sample locations are annotated as circles coloured by the 
logged lithology. NB – the TIMA-SEM legend is only displaying the 13 most abundance phases. 
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Central Banded Albitised Schistose Unit 

This drillhole also intersects a ~125 m thick and largely unmineralized unit at ~290 m which is 
described as banded (fine grained) albitised rock with thin schistose layers (often weakly brecciated) 
in between two mineralized brecciated units. This unit has a distinct hyperspectral signature which 
is dominated by albite and amphibole with lesser carbonate than the marble units in the hole. The 
top ~75 m of this unit has variable spectral contributions from scapolite and pyroxene, which is 
concentrated in veins and brecciated sections. The bottom ~50 m of the unit has a strong quartz 
and amphibole hyperspectral signature. This strong silica signature is distinct in the drillhole and is 
accompanied by a loss of the carbonate spectral signature. This unit is also characterized by a strong 
scapolite and K-feldspar spectral signature and an increase in pyroxene contribution towards the 
footwall breccia unit.  

One TIMA-SEM sample was taken from the very top of this massive albitized unit and is from within 
a few meters of the overlying mineralized breccia unit. This sample (SWN170) is mineralized (1.25% 
chalcopyrite) and is dominated by an assemblage of albite and actinolite with lesser K-feldspar, 
biotite and calcite (Figure 13). Chalcopyrite occurs as infill in the silicate minerals and is associated 
with minor bornite which also occurs as infill or at the margins of chalcopyrite as a rim. Other minor 
and trace phases associated with the mineralization include apatite, titanite, clinochlore, scapolite, 
and allanite.  

Breccia Hosted Ore Zones 

Copper mineralization in MEHQ071105 is intersected in a breccia zone from 260 to 300 m just below 
a marble unit with a distinct pyroxene and scapolite hyperspectral signature at the breccia contact 
(Figure 13). The top half of the breccia zone has a more amphibole and feldspar dominated 
hyperspectral signature with variable scapolite and a lower copper grade than the bottom ~50 m 
which has a stronger carbonate signature and variable pyroxene. Sample SWN170 was taken just 
below this mineralized breccia, is weakly mineralized, and is described further detail in the previous 
section. 

The drillhole also intersects a nearly 200 m thick mineralized breccia unit from (420 – 600 m). This 
unit is characterized by hyperspectral signature dominated by lesser albite and carbonate than the 
overlying albitised unit. It has a distinct pyroxene-carbonate spectral signature and a strong spectral 
contribution from prehnite and epidote. This zone is mineralized throughout with the exception of 
a crosscutting microdiorite intrusion at ~513-523 m. The microdiorite intrusion can be distinguished 
in the hyperspectral data by a strong chlorite, white mica, epidote signature in the SWIR, and K-
feldspar, quartz in the TIR, and is massive with only mm scale fractures and veinlets. This 
microdiorite occurs just above a unit logged as an amphibolite intrusion at ~528-439 m, which is 
weakly mineralized and was sampled for TIMA-SEM (SWN169). The TIMA-SEM assemblage is 
dominated by scapolite, actinolite, smectite, hematite, hornblende and titanite in an igneous fabric 
(Figure 13). This unit is distinct in the hyperspectral data due to the high scapolite and amphibole 
content, is crosscut by cm-scale coarse grained calcite-amphibole±epidote and pyroxene-scapolite-
calcite veinlets which are apparent in the core imagery and Hylogger3TM datasets (e.g. tray 134).  

MEHQ071105 also intersects a strongly mineralized unit at ~700 m (Figure 13). This unit is 
bookended by two sections of marble with a strong TIR quartz signature, and assemblage comprising 
of brecciated K-feldspar rich clasts in a calc-silicate matrix dominated by amphibole, calcite, 
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pyroxenes, albite, and scapolite based on the HyLogger3TM core imagery and data. Sample SWAN 
167 is taken from one of the K-feldspar rich zones in this breccia unit, and is dominated by K-
feldspar, albite, quartz and actinolite with minor biotite and calcite. Mineralization occurs as 
chalcopyrite infill overprinting pyrite (Figure 13). This sample also contains minor apatite, 
clinoziosite, scapolite, fluorite, clinopyroxene, allanite and epidote.  

5.2.3  SWAN - MEHQ071130 

Drill hole MEHQ071130 is the most sampled drill core of the new METAL drillholes, with 52 TIMA-
SEM samples across ~1200 m depth (Figure 14). The hole exclusively intersects the Stavely 
Formation, traversing the structural footwall of the deposit. It is drilled to west-northwest (80 
degrees) dipping at a moderately steep angle (~70 degrees), which is almost directly along plunge 
of the Stavely Formation in that area. The drill hole intersects ~700 m of the SWAN main breccia 
orebody and meter to tens of meters thick intrusive units, both in the middle and the base of the 
main breccia body. These intrusive units are logged as either microdiorite or undifferentiated 
intrusives and are clearly highlighted in the Hylogger3TM data by the scapolite-rich sections at ~432 
m, 838 m, 882 m, 1230 m and 1300 m depth (Figure 14).  

Footwall Marbles 

The top unit of drillhole MEHQ071130 is a ~250 m thick section logged as marble which is 
characterized by decimeter- to meter-scale dark and light bands with a hyperspectral signature 
dominated by carbonate with variable amphibole, K-feldspar, and dark mica (biotite) (Figure 14). 
The top ~100 m is more carbonate dominated and a larger spectral contribution from plagioclase 
feldspar is observed downhole towards the breccia unit (Figure 14, Figure 17). The banding observed 
in the HyLogger3TM core photos comprises two main assemblages identified in the hyperspectral 
mineralogy; the darker bands are K-feldspar and biotite dominated with variable scapolite and 
pyroxene, and lighter bands are carbonate dominated which sometimes contain very coarse grained 
amphiboles (Figure 14; Figure 35). This section was heavily sampled for TIMA-SEM, and samples 
SWN117, 121, 123, and 125 in Figure 14 provide a summary of the assemblages and texture 
observed in the upper/footwall marble. Samples SWN117 and SWN125 (Figure 14) are examples of 
the carbonate dominated bands and show the pseudomorphic replacement of feldspars by 
scapolite. Both are dominated by an assemblage of calcite with variable scapolite, biotite, K-
feldspar, actinolite, clinopyroxene, and diopside. Minor phases include apatite, epidote, andesine 
and anorthite. Sample SWN121 is an example of one of the more K-feldspar rich assemblages and 
is dominated by K-feldspar, albite, clinopyroxene, actinolite and scapolite. While not shown in the 
TIMA-SEM mineral map, a Cl-rich apatite has been identified in some of these assemblages through 
further investigation in the TIMA-SEM software. 
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Figure 14. Summary of the Hylogger3TM data TSA results for MEHQ071130 (binned to 2m) and the TIMA-SEM data, 
pXRF and assay Cu values for the marble sections of the drill hole showing key mineralogical and textural 
relationships. Sample locations are annotated as the large pXRF circles colored by the logged lithology. NB – the 
TIMA-SEM legend is only displaying the 13 most abundance phases and several very high Cu assay values (>10 %) 
were omitted from the ore interval at ~600 m to allow for better visualization of the ore zones. 

The upper marbles also include a ~25 m section from ~425-450 m logged as banded, albitised 
schistose rock which stands out in the hyperspectral data due to its scapolite and amphibole rich 
hyperspectral signature (Figure 14). It occurs near the margin of a microdiorite intrusion and some 
minor brecciation and is more similar in its spectral signature to the undifferentiated intrusives at 
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the base and middle of the breccia zone encountered deeper in the hole. It is also more similar to 
amphibolite intrusion in MEHQ017705 (SWN169) which also occurs adjacent to a microdiorite, 
than it is to the banded albitised rock in MEHQ071105 (Figure 13, 300-400m).  The core imagery 
shows that this section is massive in nature and is cut by cm scale calcite-amphibole veins, and 
was sampled for TIMA-SEM (SWN123). The TIMA-SEM assemblage is dominated by scapolite, 
hornblende, quartz and albite with lesser actinolite, magnetite and alumosilicates and smectite, 
and is weakly mineralized with 0.02% chalcopyrite, and trace pyrite, apatite, allanite, and epidote 
phases (allanite, clinozoisite, epidote). Overall, the mineralogy and texture resemble what is seen 
in SWN169 (Figure 13) and SWN145 (Figure 18) but with more albite.  

The upper marbles are also intruded by a microdiorite (SWN124) which occurs near the margin of 
the main breccia ore body and is texturally and mineralogically similar to the microdiorite in drill 
holes MEQ1215 and MEQ-95-208, although coarser grained than SWN109 (Figure 12). The 
mineralogy is dominated by albite, K-feldspar, and quartz which is also reflected in the 
hyperspectral data (~460 m) by minor calcite, chlorite, biotite, and magnetite. The minor and trace 
mineralogy includes apatite, fluorite, scapolite, allanite and pyrite.  

The basal margin of the breccia orebody is marked by two ~40 m thick units logged as 
undifferentiated intrusive. These intrusives are characterized by a strong scapolite and amphibole 
hyperspectral signature, which is reflected in the TIMA-SEM data in sample SWN161 (Figure 14) 
which is dominated by scapolite, hornblende, and actinolite, and is similar - both mineralogically 
and texturally - to SWN123. The sample also comprises minor alumosilicates, albite, K-feldspar, 
chlorite, and magnetite and appears have retained some igneous textures. Magnetite occurs as 
disseminated in the matrix and also in mm scale veinlets with pyrite. This sample also contains 
minor garnet (andradite and almandine), epidote minerals, as well as a veinlet albite-calcite-K-
feldspar. The instrusive units are variably cut by minor cm to ten cm scale veins of calcite-
amphibole-epidote which stand out in the drill core imagery and cm scale Hylogger3TM datasets.  

The basal portion of the Stavely Formation marble encountered in drillhole MEHQ071130 comprises 
a slightly different hyperspectral signature than upper marbles, more closely resembling the lower 
sections of the upper marble in that they are less carbonate dominated and there is a strong 
plagioclase and K-feldspar signature. This is also reflected in the TIMA-SEM data from that unit 
which is characterized by less calcite and biotite and a stronger clinopyroxene contribution and the 
presence of oxidized sulphate species anhydrite. Samples SWN158, 162, and 165 (Figure 14) provide 
a summary of the assemblages observed in the TIMA-SEM data which are generally dominated by 
K-feldspar-biotite, scapolite, albite, and actinolite with variable clinopyroxene.  

Sample SWN163 (1413.9 m) is from a ~50 m section from ~1400-1450 m in the lower marble, which 
has a strong hyperspectral pyroxene signature (Figure 14). As the standard TIMA-SEM mineral 
library was identifying the sample as dominated by actinolite, its composition was investigated 
further using an Oxford EDS detector. Further investigation confirmed that the primarily mineral in 
this sample is diopside, and the composition of this diopside and clinopyroxene determined by the 
Oxford detector was used to constrain the TIMA-SEM library mineralogy indexing for pyroxenes. 
The resulting SWAN TIMA-SEM library includes diopside (which allows for more Ca-Mg), 
clinopyroxene (more Fe and Na and less Ca-Mg than diopside) and endmember hedenbergite.  
SWN163 is dominated by the dark green diopside (CaMgSi2O6) in Figure 15 in which the grain 
boundaries are altered to or overprinted by a more Fe- and Na-rich clinopyroxene composition, 
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which is seen clearly in the BSE images. This clinopyroxene is subsequently overprinted by a Mg-rich 
actinolite and crosscut by calcite and anhydrite veinlets/fracture fill (Figure 15).  

 

 

Figure 15. TIMA-SEM image for sample SWN163 in drill hole MEHQ071130. The SEM BSE image on the right displays 
primary diopside being altered to a more Fe- and Na-rich clinopyroxene. 

This ~50 m section of the lower marbles is also characterized by a strong sulphate hyperspectral 
signature, which when investigated further was determined to be the result of intense anhydrite 
veining, with veins up to 10 cm wide (~1433m), the traces of which is seen in the TIMA-SEM data 
(e.g., SWN162, 158, 163 in Figure 14, Figure 15). The sulphate reported in the Hylogger3TM data is 
gypsum, as anhydrite was not included in the spectral reference library while processing, however 
there is clearly a contribution from both gypsum and anhydrite throughout this section of the 
drillhole in which anhydrite dominates veining as shown in Figure 16. The bulk hyperspectral 
signature of the unit is dominated by amphibole, carbonate, and sulphate in the SWIR and pyroxene, 
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sulphate, quartz in the TIR.  The veins are primarily coarse-grained anhydrite and calcite, with 
coarse-grained euhedral amphiboles at the vein margins, and the wall rock is pyroxene dominated 
(Figure 16). 

In addition to the distribution of sulphate/anhydrite, other macro scale mineralogical trends 
observed in the HyLogger3TM data from the upper and lower marbles are also apparent in the TIMA-
SEM data and are summarized in Figure 17 and Figure 19. This includes changes in the feldspar 
mineralogy in which the lower regions are more albite rich with respect to the top regions which 
have a stronger K-feldspar signature. Biotite dominates the upper Stavely Formation with respect 
to chlorite and white mica (Figure 17) and decreases towards the ore zone which is accompanied by 
an increase in chlorite towards the ore zone over about 200 m. This can be seen in both the TIMA-
SEM and HyLogger3TM data but is not well resolved in the ASD data from the TIMA rounds.  

The TIMA-SEM and the hyperspectral data both show a general trend in the abundance of apatite, 
which increases from the marbles towards the breccia zone (Figure 19). Furthermore, the spectral 
contribution of epidote increases towards the breccia zone in both the upper and lower marbles, 
which is clearly visible both the TIMA-SEM and HyLogger3Tm datasets (Figure 19). Other key trends 
include the broader zone of Fe oxide around the main Cu mineralization and the steady increase in 
apatite (and P in the pXRF data) towards mineralization, as well an increase in scapolite and 
amphibole towards the ore zone where scapolite is only trace, and actinolite is a minor phase. This 
proximal relationship between scapolite, amphibole and mineralization is seen throughout the 
HyLogger3TM datasets as well (Figure 14).  
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Figure 16 Core imagery with HyLogger outputs (TIR TSA Groups) for tray 375 of drill core MEHQ071130 showing the 
anhydrite veining in a pyroxene dominated section of the breccia zone as well as the spectra from one of the veins 
with an anhydrite reference spectra confirming the presence of anhydrite.   
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Figure 17. Summary of downhole TIMA-SEM mineralogy for drillhole MEHQ071130 in the context of the structural 
and system zonation (HW – hangingwall, red – ore zone, IOZ – inter-ore zone, FW – footwall, green – distal, yellow – 
medial, orange – proximal. 

Ore Zone 

The ore (breccia) zone in MEHQ071130 is ~600 m thick and characterized by a spectral signature 
dominated by plagioclase and calc-silicate minerals, primarily pyroxene, amphiboles, epidote, and 
prehnite. The most strongly mineralized portions of the breccia coincide with the strongest 
pyroxene hyperspectral signatures at the top of the breccia zone, and bottom ~100m (Figure 17, 
Figure 18). The upper region of the breccia also contains some vein hosted mineralization.  

The TIMA-SEM mineralogy in the breccia zone is dominated by magnetite and clinopyroxene with 
minor pyrite, albite, calcite, allanite, epidote, and K-feldspar. Figure 18 provides a summary of the 
ore mineralogy and textures from the TIMA-SEM data. SWN128 is an example of massive vein 
hosted mineralization nearly entirely comprises intergrown pyrite and magnetite which are 
overprinted by chalcopyrite (Figure 18). This section of the drill core is severally degraded and 
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what remains of the veining is dominated by calcite and sulphates resulting from oxidizing 
sulphides. SWN129 shows mineralization occurring in the breccia matrix where chalcopyrite is 
infilling between magnetite, pyrite and clinopyroxene. This sample also contains minor bornite as 
well as significant epidote, apatite and allanite. The relationship with magnetite and pyrite with 
chalcopyrite infill or pyrite replacement is observed throughout the ore zone, as is the association 
of allanite intergrown with clinopyroxene grains (SWN129, SWN155) (Figure 18).  

SWN130 is another example of massive vein hosted mineralization, showing a similar brecciated 
texture as the ore sample from MEQ95-208 (Figure 12). This is one of two such samples in this drill 
hole (also SWN131) which are dominated by quartz and chalcopyrite where magnetite and pyrite 
are only minor constituents. SWN134 is from the margins of the highly veined zone of 
mineralization in the pyroxene-rich breccia groundmass. The sample is dominated by magnetite, 
intergrown with clinopyroxene where chalcopyrite occurs as infill. Minor phases include actinolite, 
diopside, clinochlore, calcite, apatite, and allanite.  

The lower regions of the breccia zone are mineralogically similar in their TIMA-SEM data to the 
upper regions which are dominated by clinopyroxene, magnetite, pyrite, apatite, allanite, with the 
exception being of the presence of anhydrite (Figure 18, SWN150, 153, 155). Regions of the 
breccia proximal to mineralization (e.g., SWN 155 Figure 18) or inter-ore zone (IOZ)  samples show 
components of the ore assemblage but in general are more albite dominated with higher 
amphibole and epidote mineral content, which is also reflected in the hyperspectral data on the 
meter scale (Figure 17, Figure 18, Figure 19). These proximal samples are also characterized by less 
magnetite and pyrite. The higher epidote content and association of apatite with mineralization 
can also be observed in the hyperspectral data (Figure 19), as can the relationship between 
pyroxene and amphibole content in which pyroxene dominates the main ore zones. The TIMA-
SEM data provides further insights into the distribution of epidote species with respect to 
mineralization and is summarized in Figure 17. It shows that allanite occurs only in the ore zones, 
epidote occurs in the ore zones and in proximal regions, but clinozoisite is the dominant species in 
the proximal region (Figure 17).  

The breccia zone also contains several units logged as undifferentiated intrusives at ~900 m, which 
can be distinguished by their strong scapolite hyperspectral signature (Figure 18). These units were 
sampled at two intervals and the TIMA-SEM data confirm that they are dominated by scapolite and 
contain variable amounts of actinolite and clinopyroxene, as well as albite, titanite, hematite and 
biotite. SWN145 is actinolite-dominated (19.85%) with less clinopyroxene (1.5%) and minor (0.04 
%) chalcopyrite mineralization, and SWN144 is clinopyroxene dominated (~17%) with lesser 
actinolite (1.78%) (Figure 17). These units are mineralogically and texturally similar to 
undifferentiated intrusives at the base of the breccia zone and the amphibolite in MEHQ071105 
(SWN169, Figure 13). They are also crosscut by cm to meter scale and variably mineralized, coarse-
grained veins of pyroxene-apatite-scapolite, and calcite-actinolite-±anhydrite±chalcopyrite, 
sometimes with a crack-seal texture in which pyroxene veins are overprinted by calcite-anhydrite-
amphibole (e.g., Figure 27). 
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Figure 18. Summary of the Hylogger3TM data TSA results for MEHQ071130 (binned to 2m), TIMA-SEM data, and 
pXRF and assay Cu values, for main breccia ore zone in the drill hole showing key mineralogical and textural 
relationships. Sample locations are annotated as the large circles and are coloured by the logged lithology. NB – the 
TIMA-SEM legend only displays the 13 most abundance phases and several very high Cu assay values (>10 %) were 
omitted from the ore interval at ~600 m to allow for better visualization of the ore zones. 
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Figure 19 Downhole plot showing the distribution of plagioclase, chlorite, pyroxene, amphibole, epidote and apatite 
mineral groups derived from the Hylogger3TM data (determined by TSA) as bar graphs binned to 5 m, overlain by the 
TIMA-SEM mineral results for those minerals. All are normalized to the highest value to show the relative trends.  
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5.2.4 SWAN - MEQ1215 

 

Drillhole MEQ1215 was sampled in the Uncover Cloncurry project and is collared in the amphibolites 
and schists of the Soldiers Cap Group which comprise the structural hanging wall of the SWAN 
deposit. This dataset contains the most proximal hanging wall samples.  The drillhole intersects the 
Mt. Elliot Fault which marks the contact between the Soldier Cap Group and the Stavely Formation, 
and is distinguished by a unit of schist intruded by a ~60m thick unit logged as microdiorite at ~460 
m. The hanging wall amphibolites are variably mineralized and the main SWAN ore zone in the 
Stavely Formation is encountered at ~600 m, which is characterized by a strong hyperspectral 
signature of pyroxene and epidote in the HyLogger3TM data (Figure 20). The 56 TIMA-SEM 
measurements for this Uncover Cloncurry drillhole (Patterson et al., 2016) (Figure 21) were 
reprocessed using an updated mineral library, which identified pervasive scapolite alteration across 
the igneous units encountered in this drill hole which was previously misclassified as andesine,as 
well as pyroxenes which were misclassified as amphibole. The HyLogger3TM results were also 
reprocessed with scapolite and diopside species included in the reference library. While the 
Hylogger3TM data overreports scapolite in the schist units at the 110 m, 425 m and 574 m, its 
presence is confirmed in the other regions of the hole by the TIMA-SEM data. As the schist units are 
simple to identify based on their quartz-white mica-chlorite(biotite) signature, scapolite was left in 
the TSA library as its presence in other regions of the stratigraphy was deemed relevant for 
understanding alteration and fluid pathways.  

Hanging Wall 

The upper part of drill hole MEQ1215 comprises the most distal section of the SWAN hanging wall 
amphibolites intersected in the sample suite. The distal regions of the massive amphibolite are 
dominated by an assemblage of albite, hornblende and actinolite with variable contributions of 
quartz, magnetite, K-feldspar, and calcite in which igneous textures are preserved (Figure 20, 
SWN001). Trace mineralogy includes scapolite, chlorite, epidote group minerals, apatite, minor 
chalcopyrite (0.03%) and pyrite. The hyperspectral signature of the distal regions reflected this and 
is dominated by albite and amphibole in the TIR but is largely aspectral in the SWIR with variable 
amphibole and chlorite (Figure 20).  

Calc-silicate alteration assemblages with a hyperspectral signature comprising pyroxene, scapolite, 
epidote and amphibole appear lower in the stratigraphy near ~180 m below schist unit (SWN006). 
Like other schist units encountered at SWAN and Mt-Elliot (Figure 10), the schist in MEQ1215 can 
be distinguished in the hyperspectral data by a strong white mica and quartz hyperspectral 
signature. The schist TIMA-SEM mineralogy here is similar to what is observed in the MEQ-95-208 
footwall (Figure 10) approaching the ore zone, where the assemblage comprises quartz-muscovite-
biotite-annite--sillimanite with minor staurolite and trace scapolite. The schist is intruded by a thin 
microdiorite unit (SWN005) which resembles sample SWN109 in MEQ-95-208 (Figure 12) and 
comprises fine-grained albite, K-feldspar, calcite, clinochlore with minor scapolite and magnetite. 
The ~15 m thick breccia unit which sits below the schist stands out in the hyperspectral data because 
of its SWIR epidote and carbonate signature.  
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Figure 20. Summary of the HyLogger3TM data TSA and assay results for MEQ1215 (binned to 1m) and TIMA-SEM 
samples for the structural hanging wall portion of the drillhole, showing key mineralogical and textural 
relationships. Sample locations are annotated as the large circles, coloured by the logged lithology. NB – the TIMA-
SEM legend is only displaying the 13 most abundance phases. 

Below this breccia, there is a ~15 m section of massive scapolite altered amphibolite whose 
hyperspectral signature is dominated by scapolite and amphibole (Figure 20). The TIMA-SEM data 
for SWN008 shows that this unit maintains a similar texture to the overlying amphibolite samples 
(SWN001) but overprinted by scapolite such that scapolite rather than albite dominates, and 
actinolite occurs in greater quantity than hornblende. In the core imagery and hyperspectral data, 
this unit is massive in texture and is cut by cm scale calcite-pyroxene-actinolite veinlets in ~1 m 
reddish sections in which K-feldspar and albite dominate the spectral signature, contrasting with 
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the dark amphibole-scapolite-pyroxene wall rock. The gangue minerals associated with Cu-
sulphides observed in the amphibolite upper mineralized zone (from 220-230 m) are shown in 
samples SWN013 and SWN017 (Figure 20) and comprise clinopyroxene with magnetite and pyrite 
with infilling chalcopyrite. Coarse grained allanite and apatite is also common in this unit, as is minor 
bornite. Apatite content downhole increases towards the mineralized section of amphibolite, as 
does the proportion of K-feldspar with respect to other plagioclase species (Figure 21). This 
mineralized section is also marked by a change in amphibole species, from hornblende in the distal 
unaltered amphibolite to actinolite in the mineralized section (Figure 21) and is brecciated with 
heavily degraded core. In regions of fresher core (e.g., 250 m) the clasts are generally more K-
feldspar-albite dominated and the matrix is pyroxene and amphibole dominated. On the macro 
scale, the hyperspectral mineralogy of this section of mineralization is characterized by albite, 
scapolite, amphibole, with variable pyroxene, epidote and carbonate, where the carbonate occurs 
as veining. The most strongly mineralized pyroxene and magnetite-rich units in this section are tens 
of meters in thickness (SWN013 and SWN017) and between them are more massive albite-rich units 
(SWN014). The latter can be resolved in the hyperspectral mineralogy data by their strong SWIR 
chlorite signature and TIR plagioclase signature and lack of scapolite signature. The TIMA-SEM data 
from one of these sections is shown in SWN014 (Figure 20) and is dominated by massive albite with 
lesser actinolite, K-feldspar, clinopyroxene, and clinochlore.  
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Figure 21. Summary of downhole TIMA-SEM mineralogy for drillhole MEQ1215 in the context of the structural and 
system zonation (HW – hanging wall, red – ore zone, IOZ – inter-ore zone, FW – footwall, green – distal, yellow – 
medial, orange – proximal). 

This mineralized zone is underlain by a thick unit of massive amphibolite from ~306-380 m, which is 
scapolite altered and characterized in the hyperspectral data by strong amphibole signature in the 
SWIR and TIR, similar to the amphibolite that sits above the mineralization. The TIMA-SEM 
mineralogy for this section is also similar to what is seen in the overlying section (SWN008) and is 
dominated by hornblende, scapolite, albite and actinolite, in variable distributions with minor 
magnetite, calcite, titanite and oligoclase (Figure 20, Figure 21).  

This lower section of amphibolite contains a section of vein hosted mineralization at ~380 m which 
comprises cm to meter scale pink carbonate veins with coarse grained amphibole, pyroxene and 
chalcopyrite visible in the core imagery and hyperspectral data (Figure 22). The TIMA-SEM data from 
this section (SWN023 and SWN024) is dominated by calcite and massive chalcopyrite associated 
with minor pyrite and magnetite. The vein margins comprise coarse grained clinopyroxene and 
amphibole which is infilled by chalcopyrite. The wall rock through this section has a hyperspectral 
signature dominated by amphibole, albite and quartz with lesser biotite (Figure 22). SWN025 (Figure 
20) sits just below this section of veining in a scapolite-rich region of the amphibolite and is 
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dominated by scapolite and clinopyroxene with magnetite, amphiboles, biotite and calcite. The 
sample is weakly mineralized with 0.03% chalcopyrite that occurs in a mm scale clinopyroxene-
magnetite veinlet with pyrite, actinolite, magnetite and apatite (left side of TIMA-SEM image in 
Figure 20).  

This zone of massive veining sits just above a section of schist that separates the amphibolite from 
the underlying Stavely Formation calc-silicates. These schists are distinct in the hyperspectral data 
due to their strong white mica signature and have similar TIMA-SEM mineralogy to sample SWN006 
(quartz-mica-sillimanite-biotite-staurolite, see Figure 20). A microdiorite (Figure 20, 450-540 m) 
intrudes the schist and is characterized by a hyperspectral signature dominated by quartz and albite 
with variable K-feldspar. In TIMA-SEM data, this microdiorite is mineralogically similar to SWN005 
which sits higher in the stratigraphy (Figure 20) but is coarser grained. The hyperspectral data 
indicate that the margins of the microdiorite are more K-feldspar rich than the central portions, and 
the TIMA-SEM sample closest to the margin is most K-feldspar rich (SWN028) with contains minor 
(0.25%) chalcopyrite mineralization associated with barite.  

 

 

Figure 22 Core imagery of drill core MEQ1215 with HyLogger3TM outputs (TIR TSA Groups) for trays 121 and 122 
showing the massive carbonate veining and the TIMA-SEM samples of vein hosted mineralization from that section.  

Footwall 

Drillhole MEQ1215 intersects the Stavely Formation footwall calc-silicates at ~590m and continues 
through about 200 m of variably altered, brecciated and mineralized banded calc-silicates. This 
unit is distinct in its hyperspectral signature which is dominated by plagioclase, pyroxene, epidote 
and variable amphibole, carbonate, K-feldspar and epidote (Figure 23). The top ~60 m of the 
Stavely Formation comprises banded calc-silicates with a strong fabric in which the TIR signature 
of the pinkish bands are characterized by more plagioclase, K-feldspar, and amphibole, in which 
the darker bands are more pyroxene-dominated. This section also shows a strong aspectral SWIR 
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signature, which is related to the high magnetite content that is reflected in the TIMA-SEM data in 
SWN034, SWN037, SWN038 in Figure 23 and summarized in Figure 21.  

SWN034 is an example of mineral assemblages proximal to mineralization in the banded calc-
silicates where the banding is preserved on <cm scale and is dominated by fine-grained albite, 
hematite, clinopyroxene with chalcopyrite infill associated with epidote and clinozoisite. SWN037 
and SWN038 occur in brecciated sections of calc-silicate and are coarser grained and dominated 
by clinopyroxene and magnetite. In both, chalcopyrite occurs as infill with between magnetite and 
clinopyroxene, and allanite is the primary epidote mineral. The magnetite in SWN038 appears 
brecciated with calcite and chalcopyrite infill. This brecciated zone also includes a ~15 m wide 
microdiorite intrusion at ~668 m depth. The TIMA-SEM samples from this unit (SWN054 and 
SWN055) are mineralogically and texturally similar to the microdiorites that intruded higher in the 
stratigraphy (SWN005, Figure 20). The hyperspectral data and core imagery show that the 
microdiorite contains variably K-feldspar and is crosscut by 1-5 cm scale calcite veins. The TIMA-
SEM samples are largely albite, K-feldspar, quartz, biotite, calcite, and magnetite, and like the 
microdiorite at ~440 m, the TIMA-SEM sample which contains more K-feldspar and biotite is also 
weakly mineralized (0.02 % chalcopyrite, 0.01 % molybdenite).  

The calc-silicates below this logged zone of brecciation are similar to the calc-silicates above it in 
that there is a strong fabric of cm scale dark-light banding characterized dominated by pyroxene, 
plagioclase, K-feldspar, magnetite and minor scapolite. This zone is recorded in sample SWN040 
(~725 m), showing the groundmass of a brecciated section proximal (within 2 m) to massive 
sulphide mineralization and 10-50 cm scale pink carbonate±actinolite veins with ~5 cm clots of 
chalcopyrite (tray 225).  SWN040 contains lesser clinopyroxene, is less mineralized and contains 
coarse grained allanite and epidote.  

The Stavely Formation below ~750 m is characterized by a more massive texture overall, which is 
brecciated and porous/vuggy in regions, and by a TIR hyperspectral signature that is more 
plagioclase-dominated with lesser pyroxene, and a strong epidote SWIR signature and plagioclase 
TIR signature (Figure 23). This is also reflected in the TIMA-SEM data and shown for samples 
SWN056 and SWN044 in Figure 23 and on the drillhole scale in Figure 21. SWN056 is dominated by 
clinopyroxene and albite with chalcopyrite, magnetite and pyrite and epidote. This sample also 
contains ~0.8% andradite (Figure 23). SWN044 shows this same assemblage with lesser pyroxene 
and more clinozoisite with respect to epidote. This sample also shows the porous/vuggy and 
brecciated nature of the rock encountered in this region, which manifests as holes (white regions) 
in the TIMA-SEM data. The increase in clinozoisite with respect to other epidote group minerals 
away from intense mineralization continues to sample SWN045 (Figure 23) and is shown on the 
drillhole scale in Figure 21. SWN045 is dominated by albite, clinozoisite, K-feldspar and actinolite 
with lesser hornblende and clinopyroxene and trace mineralization (0.01 % chalcopyrite) and is 
proximal to the main ore zone. 

The base of this large, mineralized section of calc-silicates (~830 m) is marked by a ~30 m thick unit 
logged as banded albitized schistose rock with a microdiorite at its base. This unit is massive in 
texture and is distinct in its hyperspectral signature due to a strong chlorite SWIR signature as well 
as TIR signature dominated by amphibole and K-feldspar, and scapolite at its base. Sample 
SWN047 (Figure 23) is from the basal section and is primarily scapolite, actinolite, clinopyroxene, 
with lesser hornblende and clinochlore. The mineralogy, and in particular the hornblende content 
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of this sample, closely resemble samples logged as undifferentiated intrusive in MEHQ071130 
(SWN169, SWN145 Figure 14) and SWN123 (Figure 14). Like SWN047 these samples are proximal 
to a microdiorite intrusion (Figure 23).  

 

Figure 23 Summary of the HyLogger3TM data TSA and assay results for MEQ1215 (binned to 1m) and TIMA samples 
for the structural footwall portion of the drillhole, showing key mineralogical and textural relationships. 
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5.3 Textural Observations 

This section summarizes the key textural relationships observed in the TIMA-SEM data, some of 
which were alluded to in section 5.2, to provide evidence for the timing of different mineral 
assemblages.  

Albite is the most abundant mineral in the TIMA-SEM data by two-fold with clinopyroxene as the 
second most abundant. Albite occurs ubiquitously throughout the deposit in variable abundance 
in both distal and proximal regions of the system. In the distal regions, it is a major component of 
both the amphibolite and the phyllite assemblages in the hanging wall of SWAN and Mount Elliot 
in which primary textures are preserved (SWN001 and SWN102 in Figure 24). In these units, 
hornblende is the dominant amphibole in the amphibolite, and there is a variable K-
feldspar±biotite over print (SWN001, SWN102) and minor mineralization (SWN001) observed 
(Figure 24). In the Stavely Formation marbles and calc-silicates, albite is massive in texture and is 
variably crosscut, brecciated, and replaced by clinopyroxene, actinolite-titanite, calcite, and K-
feldspar (SWN160, SWN171  Figure 24).  

K-feldspar is also ubiquitous throughout the deposit and occurs in three main textural contexts. In 
distal to medial regions it overprints albite, often with biotite, ranging from a moderate overprint 
as seen in SWN102 (Figure 24), to pervasive as observed in the Stavely banded calc-silicates 
±biotite and scapolite, where it is variably brecciated and overprinted by amphiboles and 
clinopyroxene (SWN121 Figure 25). K-feldspar also occurs with calcite as mm scale veinlets which 
crosscut all proximal to medial assemblages (SWN160, SWN171 Figure 24, and SWN046 Figure 25). 
K-feldspar is also a component of the microdiorite intrusion assemblages, although to variable 
degree across a given intrusion (e.g., SWN109, Figure 12, SWN005, Figure 20, SWN137, Figure 28).  

Scapolite occurs in at least trace amounts in nearly every sample. However, abundant scapolite is 
generally restricted to regions which are medial or proximal to mineralization in the amphibolite in 
MEQ1215 (SWN007 Figure 20, SWN025 Figure 25) and calc-silicate units (e.g., SWN117, SWN125, 
SWN046 in Figure 25). Scapolite is also a primary phase in the undifferentiated intrusive which 
occur in or at the margins of the main breccia zones of MEHQ071105 (SWN169 Figure 13) and 
MEHQ071130 (SWN161, SWN145 Figure 14). In the medial/distal banded calc-silicate units, the 
pseudomorphic replacement of feldspars by scapolite is observed in which the cores of the nearly 
euhedral scapolite grains contain andesine, anorthite, and K-feldspar (SWN117, Figure 25). This 
sample (SWN117) is characteristic of the light bands, in the banded calc-silicates at the top of 
MEHQ071130, and SWN121 characteristic of the dark bands. In these regions, scapolite is often 
texturally related to K-feldspar as in SWN121 (Figure 25) and crosscut by minor clinopyroxene and 
actinolite.  
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Figure 24 TIMA-SEM panoramas showing the distribution and abundance of mineral phases in albite rich samples 
from the distal (with respect to mineralization) amphibolite and phyllite (SWN001 and SWN102), as well as medial 
and proximal calc-silicates (SWN160, SWN171) in which key textural relationship are annotated in close ups of 
smaller regions of the sample.  
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The regions of pervasive scapolite which occur more proximal to mineralization, such as SWN025 
and SWN046 (Figure 25). They have a higher magnetite content and are also crosscut or 
brecciated by actinolite and clinopyroxene veinlets, some of which are mineralized (SWN025 
Figure 25).  SWN025, a pervasively altered amphibolite shows a mixture of actinolite and 
hornblende in the ground mass, and a cross cutting coarse-grained clinopyroxene-magnetite-
pyrite-apatite veinlet in which the clinopyroxene is overprinted by actinolite which is texturally 
related to minor chalcopyrite mineralization. In this sample magnetite also is disseminated in the 
groundmass. SWN046 is another example of pervasive scapolite alteration proximal to 
mineralization, and while logged as calc-silicate, it more closely resembles the undifferentiated 
intrusives according to its mineral assemblage, where the most notable difference from the calc-
silicate assemblage is the presence of hornblende. It shows this same crosscutting relationship in 
which clinopyroxene veinlets crosscut scapolite and magnetite and are related to titanite which is 
overprinting magnetite. In this example, actinolite is overprinting clinopyroxene, which is also 
observed in other proximal (SWN171, Figure 24) as well as ore samples (Figure 26).  

Clinopyroxene is the second most common mineral in the TIMA-SEM dataset. There are also two 
other pyroxene minerals in the dataset, diopside which occurs in minor amounts, as well as trace 
hedenbergite. The compositional constraints on diopside in the TIMA-SEM library were generated 
from SWN163 (Figure 15) using an Oxford EDS detector and was constrained to allow for more Ca 
and Mg than clinopyroxene. The chemical constraints on hedenbergite were set very strictly 
around the endmember composition (CaFeSi2O6) and this phase occurs in >0.1% in only two 
samples. Clinopyroxene is the compositionally intermediate phase and shows a characteristic 
textural relationship with diopside (Ca-Mg rich pyroxene) in which diopside is found in the cores of 
coarse-grained pyroxenes which have a clinopyroxene rim (more Fe and Na-rich endmember). This 
is shown clearly in the SEM images in Figure 15, and is observed across multiple samples, where 
coarse grained clinopyroxene have a more Ca and Mg (diopside) rich core and Fe rich rim (e.g., 
SWN134 in Figure 18, SWN155 Figure 26). Overall, the samples in or proximal to the mineralization 
zone contain three times more diopside than the distal samples (with SWN163 removed).  

In samples from the main ore zones, coarse grained clinopyroxene is generally intergrown with 
coarse grained magnetite, pyrite, and often allanite (SWN017, SWN155, Figure 25). This 
assemblage is most often found with mineralization but is texturally overprinted by chalcopyrite, 
and as shown in Figure 25, in which chalcopyrite occurs mostly as infill but also clearly crosscuts 
and overprints magnetite (e.g., SWN041, SW044 Figure 28), clinopyroxene (e.g., SWN017, 
SWN153), and pyrite (SWN117, SWN153, SWN155)(Figure 26). This assemblage of magnetite and 
pyrite being overprinted by chalcopyrite is observed ubiquitously (e.g., SWN001 Figure 24, 
SWN025 Figure 25, SWN128,129,134 Figure 18, SWN38,39,44 Figure 23).  

The copper mineralogy across the sampled regions of the deposit is dominated by chalcopyrite, 
with minor bornite observed as rims on chalcopyrite in samples from the upper parts of the 
deposit. Apart from SWN108 from MEQ-95-208 (Figure 12), all these samples are pervasively 
altered to smectite, alumosilicates and chlorite which overprints the ore assemblages (e.g., 
SWN117 Figure 26) is texturally the latest assemblage observed and generally is only observed in 
the upper brecciated zones of the drillholes. Two samples contain 0.03 % chalcocite SWN104 
(MEQ-95-208 Figure 12) and SWN053 (MEQ1215), and both samples are also pervasively 
overprinted by smectite ± alumosilicates ± chlorite.  
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Figure 25 TIMA-SEM panoramas showing the distribution and abundance of mineral phases in K-feldspar and 
scapolite-rich samples from medial (with respect to mineralization) calc-silicates (SWN117, SWN121) and proximal 
amphibolite (SWN001 and SWN102), as well as medial and proximal calc-silicates (SWN160, SWN171) in which key 
textural relationship are annotated in close ups of smaller regions of the sample. 
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Figure 26 TIMA-SEM panoramas showing the distribution and abundance of mineral phases in ore samples from 
different ore zones in drill cores MEQ1215 and MEHQ071130 in which key textural relationship are annotated in 
close ups of smaller regions of the respective sample 
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Chalcopyrite is texturally related and synchronous with epidote and actinolite (e.g., SWN155, 
SWN041 Figure 26, SW044 Figure 28), which show clear overprinting relationships with allanite 
and clinopyroxene respectively. Epidote occurs as overprinting rims on allanite (e.g., SWN037 
Figure 23, SW044 Figure 28), crosscuts allanite, magnetite, and clinopyroxene (SWN155 Figure 26), 
and occasionally occurs as epidote-calcite veinlets (SWN155 Figure 26). This same assemblage of 
actinolite±epidote±calcite overprinting clinopyroxene-magnetite±allanite is also seen in samples 
proximal to the ore zone in calc-silicates and amphibolites (Figure 25). Calcite is common 
throughout the deposit and occurs as infill or veinlets with K-feldspar in more distal to proximal 
regions (e.g., SWN160, SWN 171 Figure 24, Figure 25) and anhydrite in the ore zones (SWN153, 
SWN155 Figure 26). This textural relationship between anhydrite, calcite, actinolite, and 
chalcopyrite is observed on the TIMA-SEM scale, as well as the core scale (Figure 27). The core 
imagery and hyperspectral data confirm the presence of coarse-grained 
calcite±anhydrite±actinolite±chalcopyrite veinlets, most of which are in the deeper regions of the 
deposit, however they also occur in MEQ1215 at ~384 m, ~633 m and~725 m. In general, the 
calcite is white to pink in color and anhydrite is pinkish-purple, making it difficult to distinguish 
between them in the core imagery, however, the hyperspectral mineralogy confirms the presence 
of anhydrite (e.g., Figure 16). More obvious purple anhydrite is observed in MEQ071130 (Figure 
27) but is spectrally similar to the pinker anhydrite. This small section of core shows calcite-
anhydrite-actinolite veinlets which have re-activated pre-existing coarse grained pyroxene veinlets 
in a crack-seal fashion, in which clinopyroxene is altered to amphibole at the vein margins. This 
textural relationship with calcite±anhydite±actinolite±chalcopyrite overprinting clinopyroxene is 
also seen on the TIMA-SEM sample scale, both in the main ore zones (Figure 26 SWN153 and 
SWN155) and also in less mineralized proximal zones (SWN158 Figure 28).  

The drill holes sampled intersect several types of intrusive units, which most commonly occur at 
lithological contacts or at the margins of regions of brecciation. In general, the intrusive units 
encountered in the 4 drill holes can be split into two main types, microdiorites which are 
dominated by an assemblage of albite, quartz, K-feldspar, calcite, biotite, magnetite, chlorite, 
titanite, and more mafic intrusions logged as amphibolites, undifferentiated intrusives, and 
possibly misclassified units (SWN047 Figure 21, SWN123 Figure 14) which comprise primarily 
scapolite, actinolite, magnetite, hornblende, clinopyroxene, and titanite. The microdiorites are 
largely unmineralized, with some minor chalcopyrite in two samples, and minor scapolite in every 
sample. SWN137 is typical of the microdiorites encountered in that it has some minor overprinting 
chlorite and calcite, but it is unique in that it also has minor allanite and pyrite (Figure 28). The 
more mafic intrusions are also generally unmineralized, but minor mineralization occurs in 
SWN145 (Figure 28). SWN145 retains its igneous texture but has been entirely replaced by 
scapolite, actinolite, and clinopyroxene. Scapolite is pervasive and clinopyroxene appears to be 
overprinted by actinolite, and titanite overprints magnetite. Chalcopyrite occurs as infill and also 
in association with minor pyrite (Figure 28). 
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Figure 27 Core imagery of drill cores MEQ1215 and MEHQ071130 showing calcite-anhydrite-actinolite-chalcopyrite 
veins from SWAN in the hanging wall amphibolite, main breccia body and footwall marbles/calc-silicate. Reported 
mineralogy is from the HyLogger3TM data.  
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Figure 28 TIMA-SEM panoramas showing the distribution and abundance of mineral phases in samples proximal to 
the main ore zones, including samples of proximal microdiorite and undifferentiated intrusions 
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5.4 Radiometric Signatures 

Previous work by CSIRO as a part of the Cloncurry METAL Project investigated 52 samples from, 
drillhole MEQ1215 which intersects Cu mineralization in four intervals (Patterson et al., 2016). This 
work identified a U spike in the radiometric signal correlated with mineralization that was 
proposed to be related to the intrusion of the Mt Dore granite to the South of SWAN.  

This U-rich radiometric signal spike is also observed in the Cloncurry METAL Project drillholes with 
the highest U concentrations coinciding within the main ore zones encountered in each hole 
(Figure 29). In drillhole MEHQ017730, a trend of increasing U2/K values can be observed for 
several hundred meters above the main orebody. In general, the U2/K trend towards ore is also 
mirrored in the TIMA apatite content (a well-known U trap), and pXRF PO4 values (a proxy for 
apatite) (Figure 17). With the exception of the anomalously high U2/K values (>7), U2/K shows 
very good correlation with apatite content. The highest U2/K values (>7) occur in the mineralized 
amphibolite in hole MEQ1215 and two samples in MEHQ071130. Samples with anomalously high 
U2/K values exist in or near the main ore zones and are albite and clinopyroxene rich with high 
epidote-clinozoisite, and hydrothermal magnetite, pyrite, and chalcopyrite (Figure 30). Other 
samples in this zone with high U2/K are also magnetite-rich and contain coarse grained allanite 
(SWN011, SWN012), or are overprinted by texturally late anhydrite (SWN146 - ~4% anhydrite). In 
general, the ore zones deeper in the system seen in drill cores MEQ1215 and MEH071130 show 
larger U2/K anomalies with values peaking at >5, which is not observed in the shallower holes.   

Samples with low U2/K values are generally distal to the orebodies, such as SWN001 which is one 
of the most distal samples with respect to mineralization, and comprises a metamorphic 
amphibole dominated assemblage with igneous magnetite, and is not overprinted by subsequent 
alteration, just later calcite veining. Other distal low U2/K samples are typically K-feldspar 
dominated (SWN114) or a muscovite rich assemblage like in the units of mica schist in MEQ1215 
(SWN032) or proximal samples in MEQ-95-208 (SWN101 and SWN113) (Figure 30).  
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Figure 29 Downhole summary of the U2/K radiometric values with respect to the system zonation (HW – 
hangingwall, red – ore zone, IOZ – inter ore zone, FW – footwall, green – distal, yellow – medial, orange – proximal) 
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Figure 30 TIMA-SEM images of samples with anomalously high U2/K (SWN013 and SWN149) and samples with 
low/background U2/K values (SWN001 and SWN114) 

 

5.5 AMS Results 

The AMS data for the SWAN deposit, filtered to remove all non-oriented samples, are shown in 
Figure 31. Overall whilst the data is certainly poorly clustered, it does vaguely define a steep ESE-
plunging lineation, which is consistent with the overall plunge of the breccia body. The data were 
further refined by removing samples with negligible susceptibility and very low anisotropy (Figure 
32). Removal of the spurious results produced better clustering, and define an overall NW-
trending, steeply NE-dipping inferred magnetic foliation, parallel with a NW-striking fault 
interpreted from the 1st vertical derivative aeromagnetic data and the NW-oriented architecture 
of the mineralised zones of the deposit. The NW-striking girdle defined by the K1 and K2 vectors, 
associated with the subhorizontal NE and SW clusters of the K3 vector information is indicative of 
a planar AMS fabric developing NE-SW shortening. This corresponds with AMS fabrics preserved in 
the footwall of the Starra deposit (McFarlane et al. 2021), and the shallow SW-dipping D3 
magnetic fabrics preserved at Ernest Henry (Austin and McFarlane, 2021). The samples included in 
this subset include a variety of mineral assemblages, metasomatic overprints, and ore samples, 
reflected in the broad range of measurement magnetic susceptibilities for the SWAN samples. The 
lack of a consistent correlation between alteration style and the NW-foliation defined therefore 
appears to be consistent with a pre-mineralisation fabric. It maps ground preparation, and the 
orientation of the feeder structure, which focussed fluids and the partially controlled the 
localisation of the breccia during mineralisation.  When the calculated declination and inclination 
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of the magnetic foliation for each sample is plotted down hole, two contrasting orientation are 
highlighted. Footwall, hanging wall and ore zone samples from samples in MEHQ071130 display 
steeply dipping, NW-striking foliations. In contrast, hanging wall and ore zone samples from 
MEQ215 display a calculated subhorizontal magnetic foliation, potentially indicative of resetting of 
the AMS during extension.   

The top of drillhole MEHQ71130 in the Stavely Formation is characterized by upright NW-trending 
fabrics. This hole was drilled to west-northwest (80 degrees) dipping at a moderately steep angle 
(~70 degrees), which is almost directly parallel to the Stavely Formation, sub-parallel to the strong 
foliations and bedding observed in core photography. The fabric is clearly boudinaged in places 
(Figure 35), indicating that here at least the upright NW-trending foliation is consistent with 
vertical stretching. The vertical stretching is consistent with a vertical NW-trending fault zone 
under NW-oriented shortening, implying D3  

 

 

Figure 31: All oriented AMS data from all measured drill cores of the SWAN deposit. Top panel is a stereonet (lower 
hemisphere) in which K1 (the principal lineation direction) is shown by blue squares, K2  (intermediate) is shown by 
green triangles, and K3 (short axis) is shown by pink circles. Lower left panel is a plot of P (anisotropy factor) vs Km 
(magnetic susceptibility) and lower right panel is a plot of L (lineation factor) vs F (foliation factor). 
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Figure 32: Figure 33: AMS data for the SWAN deposit filtered to remove 1) non-oriented samples, 2) samples with 
negligible susceptibility and 3) very low anisotropy. Data presented as for Figure 31. 
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Figure 34 Summary of the filtered anisotropic AMS data plotted in Leapfrog coloured by the deposit structural 
context with the logging and modelling breccia and ore shells for context.  

 

 

 

Figure 35 Core imagery with HyLogger3TM outputs (TIR TSA Groups) and TIMA-SEM Panoramas for samples SWN116 
and SWN117 (MEQH071130) showing the macroscale orientation of the drillhole with respect to the Stavely 
Formation fabric, and the strong mineralogical fabric preserved at microscopic scale  
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6 Discussion 

6.1 SWAN Alteration Paragenesis 

The mineralogical results from the SEM-based mineral mapping from the four sampled drill cores 
largely supports a mineral paragenesis for the SWAN-Mt Elliot system similar to that described by 
others, in which two stages of ‘skarn-like’ calc-silicate mineralogy overprints the regional sodic 
alteration and potassic metasomatism, in which the second hydrothermal event is larger and 
related to ore formation (Wang and Williams, 2001; Little, 1997; Duncan et al., 2014; Fortowski 
and McCracken, 1998). However, the high sensitivity to trace mineral phases, mineral chemistry, 
and textural constraints provided by the SEM-based mineral mapping, as well as the drill core 
scale HyLogger3TM datasets and core imagery, provide new insights into the mineralogical 
assemblage of each of these events.  

The first two events; regionally described albitization and potassic metasomatism (K-feldspar and 
biotite) (Little, 1997; Duncan et al., 2014; Wang and Williams, 2001), are observed ubiquitously 
across the deposit to variable degrees and are best visualized in the most distal portions of the 
system in the upper Stavely Formation (MEQ071130 Figure 14) or Soldier Cap Group (e.g., 
MEQ1215 Figure 20, MEQ-95-208 Figure 10) where they are not overprinted by subsequent 
events. More massive albitization is localized within discrete packages in the Stavely Formation 
(e.g., 300-400 m in MEHQ017705 Figure 13) and SWAN hanging wall amphibolites (SWN014 
MEQ1215 Figure 20), at the margins of brecciated and mineralized zones, where they are 
sometimes weakly mineralized and strongly overprinted by later calc-silicate assemblages (e.g., 
SWN171 Figure 24). Potassic metasomatism is described as localized and postdating albitization 
(Duncan et al., 2014), and this is also observed in these datasets where there is considerable 
variability in the degree of the potassic metasomatism, which manifests as an assemblage of K-
feldspar±biotite overprinting albitization in the calc-silicates of the Stavely Formation (e.g., Figure 
25, Figure 13), and is a major component of the darker layers in the distal banded calc-silicates 
(e.g., Figure 35).  

As noted by previous authors, there are several generations of amphibole observed at SWAN 
(Wang and Williams, 2001; Duncan et al., 2014), and the TIMA-SEM data show two main 
amphibole species, hornblende and actinolite. Hornblende is observed as a part of the 
metamorphic assemblage in the distal amphibolite’s in MEQ1215 (e.g., SWN001 Figure 20) and 
undifferentiated intrusive units (e.g., SWN161 Figure 18), which agrees with the amphibolite 
mineralogy described by Wang and Williams, 2001, in which igneous textures are preserved and 
the mineral assemblage is largely hornblende and plagioclase. Actinolite is observed as a minor 
component of these assemblages as well as occurring as an overprinting component of a later 
hydrothermal assemblages. Actinolite in the hanging wall amphibolites generally occurs in greater 
proportion in regions more proximal to mineralization which are commonly also heavily scapolite 
metasomatized with abundant titanite with some igneous textures remaining (e.g., SWN008 
Figure 20). This resembles the ‘skarn altered’ amphibolite assemblage described by Wang and 
Williams, 2001 which comprise clinopyroxene, scapolite, albite and titanite where some igneous 
texture remains. However, in MEQ1215, scapolite occurs at the margins of the mineralized regions 
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with actinolite (e.g., Figure 20), and the main calc-silicate assemblage comprises clinopyroxene, 
magnetite, pyrite, epidote with less actinolite (SWN113, SWN117, Figure 20). 

Actinolite is described as a late component of both previously proposed ‘skarn-alteration’ 
assemblages at SWAN following clinopyroxene formation (Little, 1997; Wang and Williams, 2001; 
Duncan et al., 2014), and textural evidence from the TIMA-SEM data indicates that actinolite does 
follow clinopyroxene in the ore zones and proximal regions, most often overprinting it as an 
alteration product (e.g. Figure 15, SWN158 Figure 28) and/or part of the main mineralizing 
assemblage texturally associated with chalcopyrite at the margins of clinopyroxene (Figure 26). 
This is in line with Ar-Ar ages for actinolite (1510±2 Ma) associated with the mineralizing event 
(Wang and Williams, 2001) which agree with molybdenite mineralization ages (Re-Os) of ~1515 
Ma (Duncan et al., 2011), all of which are roughly synchronous with the intrusion of the Williams 
batholith (Wang and Williams, 2001 and Duncan et al., 2011). The two calc-silicate assemblages 
reported at SWAN have previously been described as high temperature calc-silicate alteration 
(diopside-magnetite-titanite-calcite) and a later retrogressive calc-silicate alteration (actinolite-
scapolite-magnetite-epidote-calcite-chlorite) (Wang and Williams, 2001; Little, 1997; Duncan et 
al., 2014). The textural relationships in the TIMA-SEM support two stages of calc-silicate alteration, 
the first characterized by pyroxene and the second by actinolite and provide further insights into 
the assemblages associated with each event.   

The TIMA-SEM data provides evidence for two dominant clinopyroxene chemistries, diopside 
(more calcic) and clinopyroxene (more sodium and iron rich), however, the presence of two 
distinct pyroxene-bearing calc-silicate assemblages is not clear. There is, however, a clear zonation 
in coarse grained pyroxenes which shows a change from the diopside phase which is more calcic 
(CaMgSi2O6) to clinopyroxene which contains more sodium and iron. The presence of diopside is 
consistent with the observations of Wang and Williams, 2001 in which diopside is a key 
component of the proposed high-temperature prograde event, and the variability in pyroxene 
chemistry may reflect a change in fluid conditions during the prograde alteration event rather than 
two pyroxene forming events. The first calc-silicate event has been described as diopside-
magnetite-titanite-calcite (Wang and Williams, 2001), and the textural relationship between 
pyroxene and magnetite is one that is ubiquitous in the TIMA-SEM dataset, where coarse grained 
pyroxene and magnetite occur intergrown in the main breccia and orezones (e.g., Figure 26).  

The spatial relationship with pyroxene and ore is also apparent on the drill core scale in the 
hyperspectral TIR data (e.g., Figure 19, Figure 20), but, on the TIMA-SEM scale (Figure 26), and 
even the core imagery scale (Figure 27) it is apparent that this is a spatial relationship and not a 
timing relationship as chalcopyrite overprints and crosscuts the clinopyroxene-magnetite 
assemblage (Figure 26). That is not to say, however, that the presence of the clinopyroxene-
magnetite assemblage was not critical in the mineralisation process, both in generating porosity 
and permeability in the stratigraphy for later Cu-rich fluids during the brecciation which 
accompanied the coarse-grained pyroxene-magnetite assemblage, and also by providing a 
favourable reactive host rock for Cu sulphide formation.   

While mineralization at SWAN has been reported to be chalcopyrite-pyrite, which both generally 
overprint magnetite and occur as intergrowths with calc-silicate minerals (Little, 1997; Wang and 
Williams, 2001; Brown et al., 2009; Duncan et al., 2014), the TIMA-SEM does not entirely support 
this observation. The TIMA-SEM data in this study clearly shows a textural relationship between 
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pyrite and magnetite (and allanite and clinopyroxene) which is overprinted, infilled, and crosscut 
by later chalcopyrite (Figure 26). In many cases, chalcopyrite formation appears to be overprinting 
and texturally related to the breakdown of pyrite and magnetite (e.g., SWN128, Figure 18), which 
are likely Fe and S sources for chalcopyrite formation and is a characteristic sulphide relationship 
observed In IOCG systems (Schlegel et al., 2017). 

In general, copper mineralization is primarily breccia-hosted but it has also been described in 
massive magnetite-sulfide and carbonate-sulphide veins in the lower parts of the deposit which 
have been described as generally paragenetically late (Duncan et al., 2014). The drillholes in this 
study intersect several sections of calcite-anhydrite-chalcopyrite veining (e.g., Figure 27), which 
may be the same veins described by Duncan et al., 2014 as they occur in the lower parts of the 
deposit and are similar mineralogically, aside from the anhydrite, which is difficult to identify in 
the core imagery. In general, these veins also contain coarse grained amphiboles, and the TIMA-
SEM results provide evidence for syn-main stage mineralization timing for anhydrite-calcite-
actinolite-chalcopyrite veining which is reflected in micro-scale textural relationships between 
calcite-anhydrite-chalcopyrite in nearby breccia samples (e.g., SWN158 Figure 28). There are also 
late calcite-molybdenite veins (~1355 Ma) reported at SWAN (Duncan et al., 2011), however, the 
TIMA-SEM data showed >0.01% Mo in only two microdiorite samples, and no molybdenite was 
observed in the core imagery or hyperspectral data in the regions of calcite veining.  

Chalcopyrite is the dominant copper ore mineral encountered, however, in the upper zones of the 
deposit it may be replaced by bornite at its margins, or in association with minor bornite and 
chalcocite, something that is not observed in the TIMA-SEM data for samples in the lower parts of 
the deposit. With the exception of SWN108 (Figure 12), which is a massive sulphide breccia, the 
bornite and chalcocite bearing samples are all pervasively overprinted by texturally late chlorite ± 
alumosilicates ± calcite (e.g., SWN017 Figure 26) which represents a late retrograde alteration 
event crosscutting and overprinting all other assemblages. There is also a significant amount of Fe-
Mg rich smectite observed in many of these same samples, but most likely representants a late 
weathering product. Based on the available TIMA-SEM mineralogy and textural relationships, a 
revised alteration assemblage paragenesis is proposed for SWAN and is summarised in FIGURE and 
discussed below.  
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Figure 36 Summary of the mineral paragenesis observed in the TIMA-SEM data for SWAN.  

The lower amphibolite facies metamorphic assemblage for the hanging wall amphibolites 
comprises hornblende, albite, andesine, with lesser biotite, quartz, magnetite, and titanite, while 
the Stavely formation interbedded carbonate-rich metapsammite, metapelites and calc-arenites 
comprises a metamorphic assemblage of calcite, dolomite, quartz, biotite, muscovite, feldspars. 
These assemblages are overprinted by regional sodic alteration which is characterized by variable 
and locally lithologically controlled albitization and silicification. This is subsequently overprinted 
by localized potassic metasomatism which is most strongly observed in the Stavely Formation with 
addition of K-feldspar, biotite ± muscovite. The first calc-silicate alteration event generated 
brecciation and resulted in a coarse-grained pyroxene-magnetite-pyrite-allanite assemblage in the 
brecciated zone. This event was associated with pervasive scapolite alteration of feldspars, which 
most strongly manifests at the margins of the brecciation and into the host rock with actinolite 
which overprints the metamorphic hornblende. Minor apatite and titanite are also associated with 
this event as well as the main copper mineralizing event. The main copper mineralizing event is 
characterized by chalcopyrite, which is associated with pyrite and magnetite breakdown, epidote 
which replaces allanite, actinolite which replaces pyroxene, and minor anhydrite, calcite, and K-
feldspar, and chamosite. The latest stage of alteration is a late retrograde alteration in which 
chlorite, alumosilicates and titanite form from the breakdown of amphibole, magnetite, pyroxene, 
feldspars, and scapolite. This is also accompanied by calcite. The last minerals formed in the 
system are smectites, which occur primarily in the upper parts of the deposit in regions of intense 
brecciation and alteration and are likely the result of much later low temperature 
alteration/weathering processes.  
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6.2 Mount Elliot Mineralization  

Mineralization encountered in MEQ-95-208 occurs in three discrete 10-15 m brecciated units with 
a strong amphibole SWIR signatures and TIR sulphate signatures, in which the core was heavily 
degraded and unsampled. Therefore, the main breccia mineralization assemblage and textures 
were difficult to distinguish. The breccia-hosted mineralization has previously been described as 
open-space fill of chalcopyrite, pyrite, pyrrhotite, magnetite, diopside, hedenbergite, actinolite, 
calcite, scapolite, epidote, and andraditic garnet (Wang and Williams, 2001; Brown et al., 2010). 
The disparate sampling of this drill core doesn’t show all of these mineral assemblages in the 
TIMA-SEM data. However, samples proximal to ore (SWN104 and SWN105 (Figure 12)), while 
relatively unmineralized and heavily overprinted by retrograde chlorite-alumosilicate-calcite 
alteration, do include clinopyroxene and magnetite. The clinopyroxene appears to be replaced by 
actinolite, which is texturally related to titanite, supporting the alteration paragenesis described 
for SWAN. Both samples also contain trace amounts of hedenbergite, andradite garnet and 
epidote, which agrees with Wang and Williams, 2001 (Figure 12).  

The only ore/breccia sample from MEQ-85-208 analysed by TIMA-SEM was SWN108 is from a ~ 5 
cm thick massive sulphide infill between ~5 cm quartz-carbonate-amphibole (based on 
hyperspectral mineralogy) clasts near the contact of a microdiorite intrusion (SWN109 (Figure 12)). 
This sample (SWN108) is interesting in that while it is massive sulphide, it has a brecciated or 
fractured texture in which the fractured chalcopyrite shows evidence for replacement by bornite 
and minor pyrite (Figure 12). The larger fractures in the chalcopyrite are bornite and quartz filled. 
This replacement of, or transition from chalcopyrite (CuFeS2) to bornite (Cu5FeS4), indicates a 
change in the Cu:Fe:S ratio of the system. This sort of chalcopyrite-bornite rim relationship and 
fracturing of chalcopyrite by late quartz is also observed several other samples including SNW130 
and SWN131 (MEHQ071130, Figure 18). These brecciated massive sulphide samples also occur 
proximal to (just above) a microdiorite intrusion (SWN137 Figure 28), in a ~5 m thick zone of 
brecciation and provides another example of the association with high grade mineralization and 
reactivated points of rheological weakness.  

Each package of Cu mineralization in MEQ-95-208 is separated by massive units with strong 
plagioclase and quartz hyperspectral signatures (Figure 12), which is consistent with the 
observations of Garret (1992) in which the breccias are contained in envelopes of silicification and 
fracture-controlled undeformed hematite-stained albite, recrystallized quartz, scapolite, and 
sericite. The TIMA-SEM data from these samples also show evidence of this albitization (SWN107 
Figure 12) as well as silicification (SWN106, SWN107  Figure 12) and the hyperspectral data also 
shows a strong SWIR white mica signature data (Figure 12) in between the breccia units.  

Like the Cu mineralization zones, the hanging wall and footwall of MEQ-95-208 were also sparsely 
sampled, but in combination with the hyperspectral data, show some characteristic zoning 
towards the main ore zone which may have exploration applications. The sodic alteration (addition 
of, or replacement by, albite) observed in the hanging wall phyllites (Figure 10) is consistent with 
the documented regional albitization, which along with a decrease in white mica towards 
mineralization observed in the hyperspectral data (Figure 11) is also reported at Eloise and Ernest 
Henry (Schlegel et al., 2021 and Birchall et al., 2021). The change in mineralogy towards the ore 
zone with the appearance of staurolite and sillimanite in the central zone implies an amphibolite 
facies metamorphic grade with higher temperature/pressure towards the central shear. This is 
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also observed in the central portion of the drillhole, which is described as ‘skarnoid’ (weak skarn 
alteration) and ‘pseudobreccia skarn’, where the TIMA-SEM data indicates that some of the 
‘skarnoid’ sections (SWAN106) are sections of the upper phyllite with a higher metamorphic grade 
assemblage in which garnets and alumosilicates are stable, rather than exhibiting ‘skarn-like’ 
mineralogy observed in the most mineralized section which is dominated by Na-Ca phases 
including albite, calcite and clinopyroxene (SWN104-105) (Figure 12). 

6.3 Fluid Pathways and Alteration Zonation  

At SWAN, several authors have proposed that fluid overpressure and crack-seal processes played 
an important role in formation of the ore deposit (Little, 1997; Wang and Williams, 2001; Duncan 
et al., 2014), which is supported by the drill hole scale distribution of brecciation and 
mineralization with respect to regions of rheological contrast, many of which show evidence for 
re-activation by fluids and multiple intrusions. The role of crack seal-processes can also be 
observed on the sample scale in crack-seal style veining (e.g., Figure 27). 

Zones of brecciation and strongest mineralization are proximal to and/or bounded either by 
intrusive units (MEHQ017730 Figure 14), massive units which are pervasively albitised, silicified, or 
scapolite altered (MEQ-95-208 Figure 10, MEHQ071105 Figure 13, MEQ1215 Figure 20), 
lithological contacts (MEQ-95-208 Figure 10), or some combination of those factors (MEQ1215 
Figure 20). Low permeability barries such as the massive silicified and albitised sections between 
mineralization in MEQ-95-208 (Figure 12), and the thick albitised section of MEHQ071105 at ~300-
400 m with its silicified base (Figure 13) have been proposed to have generated fluid overpressure 
leading to veining and breccia formation (Duncan et al., 2014).  

Many of these regions of rheological weakness or contrast occur either within or at the margins of 
breccia zones and show clear evidence for re-activation through multiple generations of intrusions 
and alteration assemblages. For example at ~500 m in MEHQ071105, the main mineralized breccia 
zone is intruded by an ~10 m thick mafic intrusion which is pervasively scapolite altered, and a 
later microdiorite (Figure 13), and at ~450 m in  MEQ071130 the margin of the breccia zone is 
proximal to a scapolite altered mafic intrusion (SWN123 logged as calc-silicate) and a microdiorite 
(Figure 14). All the mafic intrusions encountered in sampling are pervasively scapolite altered, and 
several are also overprinted by later skarn mineralogy (e.g., SWN144) or minor copper 
mineralization (e.g., SWN155 Figure 28). Regions of pervasive scapolite alteration proximal to 
mineralization are also observed at the margins of mineralization in the upper amphibolite of 
MEQ1215 (Figure 20, Figure 21), the margins and unmineralized centre of the breccia zone in 
MEHQ071130 (Figure 17,Figure 18), and proximal to - but not in the mineralized regions of - 
MEHQ71105 (Figure 13).  

In addition to the spatial relationship of mineralization with pervasively scapolite altered mafic 
intrusions, there are also regions of massive mineralization proximal to microdiorite intrusions 
such as the massive sulphides (SWN108) in MEQ-95-208 (Figure 12) and massive sulphide veining 
(SWN130) in MEQ071130 (Figure 18). These intrusions, logged as microdiorites (e.g., SWN109 
Figure 12, SWN005 Figure 20, SWN137 Figure 28) may be what are described as trachyandesite 
dikes which crosscut the SWAN and Mt. Elliot mineralized breccias and are geochemically similar 
to the Squirrel Hills granite (Wang and Williams, 2001; Drabsch, 1998). They are reported as very 
weakly mineralized, and not strongly altered by ‘skarn’ assemblages (Duncan et al., 2011), which is 
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consistent with the TIMA-SEM dataset. The mineralogy of these units is described as fine to 
medium grained aphyric to weakly porphyritic and primarily albite ± K-Feldspar with lesser quartz, 
titanite, calcite, magnetite, pyrite and chalcopyrite (Drabsch, 1998; Wang and Williams, 2001; 
Duncan et al., 2011) reflects the TIMA-SEM mineralogy of these units.  

The spatial relationship between these dikes and mineralization has been identified in the past 
and their proximity to mineralization, isotopic data (S, C, O), alteration mineralogy and zonation, 
and metal enrichment had been used to suggest their timing is syn-mineralization, and that they 
may represent a magmatic-dominated fluid (and sulfur) source for the mineralization at Mount 
Elliott (Garrett, 1992; Little, 1997; Marshall et al., 2006; Wang and Williams, 2001). However, more 
recent work by Duncan et al., 2011 indicates that they may be much younger with ages as young 
as 1090±2 Ma.  

Fluid sources and compositions proposed for IOGC deposits world-wide are genetically diverse 
with magmatic and non-magmatic fluid, and metal reservoirs invoked (e.g., Groves et al., 2010; 
Schlegel et al., 2017). The role of saline fluids in the mineralization at SWAN was established by 
Wang and Williams (2001) and this is further supported by the pervasive scapolite observed 
proximal to mineralization, in which Cl-rich scapolite (marialite) is the dominant Cl phase, with 
over 2% Cl (pure endmember is 4%). Cl-rich apatite has also been confirmed in at least one 
sample, and apatite is shown to be a key phase in the deposit zonation, showing a halo of 
increasing apatite for up to several hundred meters from the ore zones (Figure 17, Figure 19, 
Figure 21). Cl-rich phases are common throughout other deposits in the Cloncurry district, usually 
occurring in hornblende, biotite, apatite, scapolite and pyrosmalite, and Cl-rich fluids are known to 
be capable of carrying Cu through the crust (Baker, 1998). The proximity of these scapolite rich 
units to regions of mineralization, concentrated at regions of lithological and mechanical 
heterogeneity, such as the scapolite altered mafic intrusions at lithological contacts, may indicate 
fluid pathways which could channel mineralizing fluids into the breccia bodies and is consistent 
with previous work (Oliver et al., 2004; Mark et al., 2006).  

There is also significant Uranium radiometric anomalism associated with mineralization at SWAN 
which shows in increase of U2/K towards ore for up to several hundreds of meters. Work at Starra 
by McFarlane et al. (2021) indicates that that high Uranium radiometric anomalism could be used 
in conjunction with magnetic susceptibility and strain mapping (using AMS) as a proxy for mapping 
oxidising feeder structures throughout the district. The anomaly at SWAN is also coincident with 
an increase in apatite towards ore, which could be mapped using pXRF phosphorus values. The 
presence of oxidized fluids and the possible role of large-scale chemical gradients in mineralization 
is suggested by the presence of anhydrite veining restricted to the deeper parts of the system 
including the main footwall hosted orebodies. This anhydrite is texturally related to the main 
copper mineral assemblage on the TIMA-SEM and vein scale where it occurs as massive calcite-
anhydrite-actinolite veins, indicating a possible role for oxidised, S-bearing, CO2-rich fluid or brine, 
at least in the lower parts of the system.  

Deposit-scale mineral zonation is also observed in the distribution of copper phases across the 
entire SWAN-Mt. Elliot drillhole database, in which bornite (and chalcocite) is only reported in the 
upper regions of deposit, either above or in the top regions of the breccia shell, down to depths of 
~500 m.  This may reflect a paucity of reduced sulphur in the upper parts of the system for forming 
chalcopyrite or is simply the result of late alteration restricted to those regions. The drill hole scale 
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distribution of epidote and clinozoisite also indicates the possible presence of larger scale 
physicochemical gradients at SWAN. Changes in the distribution of clinozoisite and epidote which 
may be function of changes in redox, or possibly other fluid conditions such as temperature, CO2 
or sulphur activity, and in general, epidote is a higher temperature and more oxidized endmember 
of epidote series minerals (Bird and Spieler, 2004). Both epidote and clinozoisite are found with 
the chalcopyrite ore assemblage in variable amounts. When visualizing their distribution 
downhole, epidote is the dominant species in the main ore zones in which is overprints earlier 
allanite, while clinozoisite dominates proximal to the ore zones or more weakly mineralized 
regions which do not contain a strong earlier calc-silicate (pyroxene-magnetite-allanite-pyrite) 
overprint (Figure 17, Figure 21). Texturally epidote and clinozoisite are a part of the same 
assemblage, but their relative distribution may indicate changes in the physicochemistry of the 
broader alteration system and has been mapped in other mineral systems using hyperspectral 
mineralogy as an exploration vector (Roach et al, 2011).  

The distribution of bulk clinopyroxene and amphibole downhole also shows a similar ore to 
proximal macro scale relationship, in which the most strongly mineralized ore zones are pyroxene 
dominated, and the proximal and distal regions which are overprinted by the first calc-silicate 
assemblage are more actinolite dominated (Figure 17, Figure 21). This may reflect a broader scale 
temperature gradient during the prograde calc-silicate alteration event in which the brecciated 
core of the system was the primary fluid conduit in which the coarse-grained clinopyroxene-
magnetite formed and was hotter than the margins of the system. While the spatial relationship 
between pyroxene and Cu mineralization is not a temporal relationship, the clinopyroxene-
magnetite assemblage and the brecciation generated during its formation played a key role in the 
mineralisation process, both in generating porosity and permeability in the stratigraphy for later 
Cu-rich fluids, and also by providing a favourable reactive host rock for Cu sulphide formation. This 
broader distribution of calc-silicate alteration, epidote, and apatite distribution also indicates that 
while lithological and mechanical heterogeneities played a critical role in focussing fluids and 
generating brecciation and space for coarse grained clinopyroxene, magnetite, and pyrite, and the 
mineralizing event that followed, that hydrothermal footprint is more extensive than the main 
breccia bodies.  
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7 Summary 

This work combines the high-resolution capabilities of SEM-based mineral mapping from four drill 
holes at SWAN-Mt Elliot with continuous downhole hyperspectral HyLogger3TM datasets to 
present an updated alteration paragenesis and provide context on larger scale alteration haloes 
and controls on mineralization. The updated paragenesis incorporates new textural information 
indicating that the prograde calc-silicate breccia assemblage which is dominated by coarse-grained 
clinopyroxene – magnetite – pyrite ± allanite and actinolite (proximal to main breccia zones) is 
clearly overprinted and crosscut by chalcopyrite mineralization, which is texturally related to 
epidote, calcite, actinolite, apatite and titanite ± anhydrite and clinozoisite (proximal to main 
mineralization zones). Calcite-anhydrite-actinolite-chalcopyrite veins have been identified in the 
lower regions of the deposit and in some cases overprint clinopyroxene veinlets in a crack-seal 
fashion. The drill core scale hyperspectral data supports the key role of regions of rheological 
contrast, generated by early albitization and silicification, existing lithological contacts, and 
intrusions, in the ore genesis.  

Reactivation and over pressuring at these rheological boundaries were critical for focusing fluid 
flow and generating breccia bodies that host high-grade mineralization. While the copper 
assemblage clearly overprints and crosscuts the prograde calc-silicate mineral assemblages, there 
is a district-/large-scale spatial relationship between pyroxene and mineralization observed in the 
TIMA-SEM and hyperspectral data. This suggests that formation of the coarse-grained calc-silicate 
assemblage (pyroxene-magnetite-pyrite-allanite) including subsequent brecciation and rheology 
played an important role in rock preparation for Cu-sulphide emplacement by generating space 
and facilitating chalcopyrite precipitation from the sulphate and CO2-rich mineralizing fluid.  

The alteration mineral footprint associated with copper sulphides extends beyond the breccia 
shows characteristic zonation in the distribution of scapolite, apatite, epidote species, and 
actinolite and clinopyroxene, which may be related to physicochemical changes in the system such 
as redox and temperature and are mappable using TIMA-SEM and hyperspectral methods. There is 
also a radiometric signature which extends beyond the mineralization and into the medial to distal 
regions that can be traced by U2/K and apatite content (TIMA-SEM and TIR) and P (pXRF). This 
macro-scale alteration zonation may be useful moving forward for understanding redox gradients 
and fluid flow, as well as vectoring to ore in SWAN-type systems.  

Based on the sparsely sampled data from MEQ-95-208, the alteration paragenesis from SWAN and 
the role of rheological contrasts for focusing skarn and mineralizing fluids holds true for Mt. Elliot 
as well. And although the alteration footprint of those events is much more discrete and restricted 
to the breccia bodies in this hole, there are mineralogical trends identified in both the footwall and 
hanging wall which can be mapped using hyperspectral methods. These may represent increasing 
temperature and/or metamorphic grade towards the central ore zone shear and mineralization, 
resulting in the breakdown of hydrous phases such as white mica and chlorite and precipitation of 
biotite-sillimanite-almandine in the footwall schists.  



66  |  CSIRO Australia’s National Science Agency 

8 References  

Austin, J., Björk, A., Patterson, B., 2019. Structural controls of the Ernest Henry IOCG deposit: 
Insights from integrated structural, geophysical and mineralogical analyses. ASEG Extended 
Abstracts 2019, 1-5. 

Austin, J.R., Birchall, R., Stromberg, J., Patterson, B., Björk, A., Dhnaram, C., Lisitsin, V., Walshe, J., 
Gazley, M.G., Le Gras, M., Shelton, T.D., Spinks, S., Pearce, M., Schlegel T., and McFarlane, H. 
2021a. The Cloncurry METAL Geodatabase mk1: The World’s first 100% scale integrated 
geodatabase. Part I: Cloncurry METAL Final Report 2018/21. CSIRO, Australia. 

Austin, J.R. and McFarlane, H. (2021). Tectono-metasomatic history and structural controls of the 
Ernest Henry Iron Oxide Copper-Gold (IOCG) deposit: Insights from integrated mineralogy 
and magnetic fabric studies: Part II of Cloncurry METAL final report 2018/2021. CSIRO, 
Australia. 

Austin, J. R., Patterson, B., Birchall, R., Björk, A., Walshe, J., Schlegel T., Stromberg, J., McFarlane, 
H., Shelton, T.D. and. Pearce, M. (2021b) Metasomatic controls on petrophysical zonation in 
IOCG mineral systems: An example from Ernest Henry, Cloncurry Mineral District: Cloncurry 
METAL Final Report 2018/21: Part III. CSIRO, Australia.  

Baker, T. (1998). "Alteration, mineralization, and fluid evolution at the Eloise Cu-Au deposit, 
Cloncurry District, Northwest Queensland, Australia." Economic Geology 93(8): 1213-1236.  

Berman, M., Bischof, M., Huntington, J.F., 1999. March. Algorithms and software for the 
automated identification of minerals using field spectra or hyperspectral imagery. In 
Proceedings of the 13th International Conference on Applied Geologic Remote Sensing (Vol. 
1, pp. 222-232).  

Berman, M., Bischof, L., Lagerstrom, R., Guo, T., Huntington, J., Mason, P, 2011. An unmixing 
algorithm based on a large library of shortwave infrared spectra. CSIRO Mathematics, 
Informatics and Statistics, Tech. Rep. EP117468. 

Bird, D. K. and Spieler, A. R. 2004. Epidote in geothermal systems. Reviews in Mineralogy & 
Geochemistry, 56: 235–300.  

Duncan RJ, Stein HJ, Evans KA, Hitzman MW, Nelson EP and Kirwin DJ, 2011. A New 
Geochronological Framework for Mineralisation and Alteration in the Selwyn‐Mount Dore 
Corridor, Eastern Fold Belt, Mount Isa Inlier, Australia: Genetic Implications for Iron Oxide 
Copper‐Gold Deposits. Bulletin of the Society of Economic Geologists 106(2), 169‐192. 

Duncan et al, 2014: Structural and Lithological Controls on Iron Oxide Copper-Gold Deposits of the 
Southern Selwyn-Mount Dore Corridor, Eastern Fold Belt, Queensland, Australia.  Economic 
Geology, v. 109, pp. 419–456. 

Fortowski, D.B., McCracken S.J.A, 1998. Mount Elliot copper-gold deposit. Australian Institute of 
Mining and Metallurgy Monograph 22:755-782. 



 

SWAN and Mount Elliot Cu-Au System:  |  67 

Foster, D.R.W., Austin, J.R., 2008. The 1800 to 1610 Ma stratigraphic and magmatic history of the 
Eastern Succession, Mount Isa Inlier, and correlations with adjacent Paleoproterozoic 
terranes. Precambrian Research 163, 7–30. 

Garret, S.J.M., 1992. The geology and geochemistry of the Mt Elliot Cu-Au deposit, northwest 
Queensland. MSc Thesis, Univ Tasmania, Hobart 

Groves, D.I., Bierlein, F.P., Meinert, L.D. and Hitzman, M.W., 2010. Iron oxide copper-gold (IOCG) 
deposits through Earth history: Implications for origin, lithospheric setting, and distinction 
from other epigenetic iron oxide deposits. Economic Geology, 105(3), pp.641-654. 

Hancock, E.A., and Huntington, J, 2010. The GSWA NVCL HyLogger: Rapid mineralogical analysis for 
characterizing mineral and petroleum core. Geol. Survey Western Australia Record 2010 
(17), 21p. 

Little, G.A., 1997. Structural evolution and paragenesis of alteration and mineralization at Mt Elliot 
Cu-Au Mine, northwest Queensland. BSc (Hons) Thesis, James Cook Univ, Townsville 

Mark, G., Oliver, N.H.S. and Carew, M.J., 2006. Insights into the genesis and diversity of epigenetic 
Cu–Au mineralisation in the Cloncurry district, Mt Isa Inlier, northwest 
Queensland. Australian Journal of Earth Sciences, 53(1), pp.109-124. 

McFarlane, H. B., Austin, J. R., Schlegel , T. U., Birchall, R., Bjork, A., Stromberg, J., Walshe, J. 
Shelton, T.D. and Pearce, M. (2021) Starra 276: Redox Gradients and Structural controls: 
Integrated petrophysical, structural and mineralogical analysis: Part V: Cloncurry METAL 
Final Report 2018/2021 CSIRO, Australia. 

McGeough, M.A. and Faulkner, I.L., 2017: Selwyn mineral field, in Australian Ore Deposits (ed: G N 
Phillips), pp. 513 – 518.  (The Australian Institute of Mining and Metallurgy: Melbourne). 

Murphy, T., Hinman, M., Donohue, J., Pirlo, M., Valenta, R., Jones, M. & Pratt, A., 2017, Deep 
Mining Queensland: Prospectivity Analysis in the Southern Cloncurry Belt, Queens-land, 
Australia: DNRM-GSQ Commissioned Industry Study. 

Oliver, N.H., Cleverley, J.S., Mark, G., Pollard, P.J., Fu, B., Marshall, L.J., Rubenach, M.J., Williams, 
P.J. and Baker, T., 2004. Modeling the role of sodic alteration in the genesis of iron oxide-
copper-gold deposits, Eastern Mount Isa block, Australia. Economic Geology, 99(6), pp.1145-
1176. 

Patterson, B., Austin, J., Gazley, M., Walshe, J., 2016. The SWAN Cu-Au deposit: Integrated 
petrophysical and geochemical analyses, In: Gazley, Michael, editors. Uncover Cloncurry. 
North Ryde: CSIRO; 2016. https://doi.org/10.4225/08/5858209427c32 

Roache, T.J., Walshe, J.L., Huntington, J.F., Quigley, M.A., Yang, K., Bil, B.W., Blake, K.L. and 
Hyvärinen, T., 2011. Epidote–clinozoisite as a hyperspectral tool in exploration for Archean 
gold. Australian Journal of Earth Sciences, 58(7), pp.813-822. 

Schlegel, T.U., Wagner, T., Boyce, A. and Heinrich, C.A., 2017. A magmatic source of hydrothermal 
sulfur for the Prominent Hill deposit and associated prospects in the Olympic iron oxide 
copper-gold (IOCG) province of South Australia. Ore Geology Reviews, 89, pp.1058-1090 

Shodlock, M.C., Whitbourne, L.B., Huntington, J.F., Mason, P., Green, A,. Berman, M., Coward, B., 
Connor, D., Wright, W., Jolivet, J., Martinez, M, 2016. HyLogger-3, a visible to shortwave and 



68  |  CSIRO Australia’s National Science Agency 

thermal infrared reflectance spectrometer system for drill core logging: functional 
description. Aust. J. Earth Sci. 63 (4), 1–12. 

Valenta, R., 2018. NW Queensland Mineral Province Deposit Atlas Report - The Selwyn Region Cu-
Au-Mo Deposits. DNRME-GSQ Commissioned Study and Report. 

Wang S and Williams PJ, 2001. Geochemistry and origin of Proterozoic skarns at the Mount Elliot 
Cu‐Au (‐Co‐Ni) deposit, Cloncurry district, NW Queensland, Australia. Mineralium Deposita 
36, 109‐124. 





70  |  CSIRO Australia’s National Science Agency 

 

 
 

Acknowledgements 

This project was developed in consultation between CSIRO and the Geological Survey of Queensland in early 
2018 and set up as a collaboration between CSIRO and GSQ. It was funded by GSQ under the Strategic Resources 
Exploration Program of Queensland Government (2017-2021) and co-funded (in-kind) by CSIRO. In addition to 
direct project funding, GSQ undertook acquisition, transportation and sampling of drill core used by the project, 
HyLogger core scanning and interpretation, and multi-element geochemistry. We acknowledge the 
contributions of our collaborators, the Sustainable Minerals Institute (University of Queensland) and Centre for 
Ore Deposit and Earth Sciences (University of Tasmania), and operators Chinova Resources. 

 

As Australia’s national science 
agency and innovation catalyst, 
CSIRO is solving the greatest 
challenges through innovative 
science and technology. 

CSIRO. Unlocking a better future 
for everyone. 

Contact us 
1300 363 400 
+61 3 9545 2176 
csiroenquiries@csiro.au 
csiro.au 

For further information 
 
Dr Jessica Stromberg  
CSIRO Mineral Resources 
Mineral Footprints  
+61 8 6436 8985 
Jessica.stromberg@csiro.au 
 

 


