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Cannington, Pegmont and Maronan

Preamble
This chapter presents information relating to 
three Pb-Zn-Ag deposits in the Eastern Suc-
cession of the Northwest Mineral Province.  
The three deposits addressed are Cannington 
Ag-Pb-Zn, Pegmont Pb-Zn-Ag, and Maronan 
Pb-Ag (Cu-Au).  Of the three, Cannington is 
an operating mine and Pegmont and Maronan 
are scoping-stage development projects.

Regional Geology
The Cannington, Pegmont and Maronan De-
posits lie within the Eastern Succession of the 
Mount Isa Inlier, within the Kuridala-Selwyn 
and Soldiers Cap Domains as defined by the 
2010 NWQMEP Project (Fig 5.1).   Rocks in 
the area are interpreted to have accumulated 
in two major successions (Hinman et al, 2018 
and earlier references therein):

•	 The 1790Ma to 1740Ma Cover Se-
quence 2 (CS2) comprising a felsic and 
clastic package of the Argylla Forma-
tion, Boomarra Metamorphics, Bulonga 
Volcanics, Marraba Volcanics, Ballara 
Quartzite and Mitakoodi Quartzite, 
overlain by platformal carbonates and 
related sequences of the Corella For-
mation, and;

•	 The 1720Ma to 1610Ma Cover Se-
quence 3 (CS3) comprising the 1725-
1710Ma calcareous and clastic Stave-
ley formation, the coarsening upwards 
dominantly pelitic  1710-1680Ma 
Kuridala Formation (and potentially 

time-equivalent Starcross and Llewel-
lyn Creek Formations), the more psam-
mitic 1680-1665 Ma sequence termed 
the New Hope Sandstone to the west 
of the Cloncurry Fault and the Mt Norna 
Sandstone to the east of the Cloncur-
ry Fault, and the 1165-1650Ma Toole 
Creek Volcanics to the east of the Clon-
curry Fault and interpreted time-equiv-
alent New Hope Sandstone to the west 
of the Cloncurry fault (Fig 5.2).

The Pb-Zn-Ag deposits in the area occur with-
in CS3,and are interpreted to occur at the tran-
sition from Kuridala/Starcross to New Hope 
Sandstone in the case of Pegmont, and from 
Mt Norna sandstone to Toole Creek Volcanics 
in the cases of Cannington and Maronan (Fig 
5.3).  
Magnetic signatures of this sequence (Figs 
5.4, 5.5) are strongly influenced by the pres-
ence of ubiquitous amphibolites which are 
interpreted to be a mixture of sill-like intrusives 
and volcanic units.  

Regional Deformation
Regional analyses of deformation in the East-
ern Fold Belt of the Mount Isa Inlier have 
been reported by authors including Giles et al. 
2006, O’Dea et al 2006, Blenkinsop et al 2008, 
Spampinato et al 2015, Gibson et al 2016, 
Murphy et al 2017, and Hinman et al 2018.  
There is general agreement that the Eastern 
Fold Belt represents a Proterozoic continen-
tal rift developed on the eastern margin of 
the North Australian Craton which has been 

subjected to high grade metamorphism and 
multiple phases of deformation at mid-crustal 
levels.  
The area hosting Cannington, Pegmont and 
Maronan shows a dominant NNW-trending 
grain (Figs 5.4-5.9) defined by folding with-
in the metasedimentary package, prominent 
NNW-trending faults and shear zones and by 
the preferred orientation of granitoid batho-
liths.  This dominant trend is interrupted by 
NE-trending zones in which those same fea-
tures change to a more NNE to NE orientation, 
such as in the Pegmont and Fairmile areas.
In more detail, the structural-metamorphic 
elements of the area are characterised by the 
following:
D1

•	 Early extensional/thermal event predat-
ing or synchronous with Isan D1 N to 
NW-directed thin-skinned thrusting and 
folding

•	 Intrusion of the sill-like mafic bodies 
(now amphibolites) pre- to syn D1

•	 In the Cannington region, the D1-inter-
preted Cloncurry Overthrust (Hinman 
et al, 2018) forms a discordant but 
broadly layer-parallel contact between 
the overlying Kuridala Formation and 
the underlying Staveley Formation, with 
refolded moderately SSE-dipping D1 
axial surfaces interpreted to occur in 
the hangingwall of the structure.  N- to 
NNW-verging thin-skinned structures 
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have also been recognised elsewhere 
in the Eastern Fold Belt (eg Giles et al, 
2006; Murphy et al 2017)

•	 D1 is synchronous with high grade 
metamorphism, with recognition in the 
Cannington area of syn-anatectic lay-
er-parallel fabrics in migmatitic gneiss, 
synchronous with granoblastic recrys-
tallisation and porphyroblast growth in 
the garnetiferous halo and the Core 
Amphibolite, interpreted to represent 
peak metamorphism of upper amphibo-
lite facies. (DM/M1 of Giles (2000) and 
D1 of Bodon (2002))

D2
•	 This episode was associated with thick-

skinned EW shortening producing NS 
folds and reverse faults.  The majority 
of the macroscopic folds recognised 
in the region are correlated with this 
episode, and they area spatially and 
temporally associated with common 
NNW and NNE-trending dominantly 
west-verging reverse faults

•	 In the Cannington region, this episode 
is interpreted to have produced upright 
and open folding with little or no axial 
planar foliation (DF2 of Giles (2000) 
and D4 of Bodon (2002))

Later Deformation
•	 The region shows abundant evidence 

of later brittle faulting associated with 
continued EW shortening, overlapping 
in time with the Williams-Naraku suite 
of intrusives which are volumetrically 
very significant at the present level of 
exposure.  The regionally distinctive 
Cloncurry Fault (Figs 5.10, 5.11) has 

youngest movement which cuts the 
Squirrel Hills Granite and is interpreted 
to have a sinistral-reverse sense of dis-
placement (Murphy et al 2017), though 
it has also been proposed that it marks 
the position of a much more long-lived 
and complex crustal boundary (eg Aus-
tin and Blenkinsop, 2008).

Regional Mineralisation and Exploration 
Model
Walters et al (2002) summarised the explo-
ration history for Pb-Zn-Ag deposits in the 
Mount Isa Eastern Succession.  The first 
phase of discoveries in the region took place 
in the 1970’s and was based on the identifica-
tion of mineralisation in gossanous outcrops.  
Discoveries in this phase included Pegmont, 
Cowie, Maramungee, Black Rock, Dingo and 
Fairmile.  Study of these deposits (eg Stanton 
and Vaughan, 1979) led to an improved un-
derstanding of their affinities with, and similar-
ities to Broken Hill.  In the 1980s a number of 
companies including Billiton, BHP and Utah 
acquired ground, carried out extensive recon-
naissance and review, and ultimately flew and 
interpreted aeromagnetic surveys leading to 
identification of extensions to prospective base 
metal fairways under Cretaceous cover to the 
east and south of outcropping areas.  These 
programs resulted in a number of discoveries 
including Altia (1985), Eloise (1987), Maronan 
(1988), and Cannington (1990).   All of these 
deposits were associated with a distinctive 
magnetic signature, and new aeromagnetic 
datasets, along with technically-strong teams 
with detailed knowledge of the Broken Hill 
exploration model, were a key factor in this 
round of discoveries.  Subsequent exploration 
for this deposit style in the region has not been 
successful. 

Figure 5.2. Schematic stratigraphy from Hinman et al 
2018 showing the interpreted stratigraphic position of 
Cannington, Maronan and Pegmont and the interpreted 
sedimentary environment and thermal profile.

Figure 5.1. Proterozoic time-space chart from Hinman 
2017.
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Figure 5.3. Solid geology from Hinman et 
al 2018
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Figure 5.4. Colour RTP over greyscale 
1VD RTP
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Figure 5.5. Weaker stretch colour RTP 
over greayscale 1VD RTP
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Figure 5.6. Apparent density over greay-
scale 1VD RTP
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Figure 5.7. Radiometrics RGB = KThU
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Figure 5.8. Aster false colour composite
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Figure 5.9. Radiometrics RGB = KThU
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Figure 5.10. Interpreted seismic sections from Gibson et 
al (2016) showing the interpreted deep crustal architec-
ture for the area encompassing Cannington, Pegmont 
and Maronan
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Figure 5.11. Sections from Blenkinsop et al 2016 for the 
area encompassing Cannington, Pegmont and Maron-
an.  See figure 5.3 for plan view
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Cannington Ag-Pb-Zn deposit

LOCATION

Geological Domain
Kuridala-Selwyn Domain (Figs 5.12, 5.13)

Co-ordinates
Latitude: 20° 43’ 10” S, Longitude: 139° 28’ 
52” E
MGA Zone 54: 491540 E, 7582244 N
(Figs 5.14-5.20)

NATURE OF MINE
Mined Commodities
Ag, Pb, Zn

Mining Method
Underground (1997-present) mining; 

Depth of Mining
800 m (underground)

PRODUCTION AND DIMENSIONS
Mineralised bodies
Ag-Pb-Zn mineralisation occurs in a series of 
broadly stratabound bodies which wrap around 
a core unmineralised amphibolite unit.  Miner-

alisation occurs in two main zones separated 
by a late NW-trending fault.

Dimensions
The overall mineralised zone at Cannington 
has a N-S extent of approximate 1500 metres 
and an E-W extent of approximately 600 me-
tres, and extends from the cover unconformity 
(cover thickness 50-100 metres) to a depth of 
approximately 600 metres below surface.  The 
overall mineralised package is approximately 
30-50 metres thick in the northern part of the 
orebody and up to 200 metres thick in the 
southern part of the orebody. The orebody has 
been divided into a number of ore types on the 
basis of mineralogy, texture and metal con-
tent (Walters and Bailey; 1998, Bo-don, 1998; 
Wright et al, 2017).

Orientation of Mineralised bodies
The Cannington mine consists of two main 
zones separated by a steeply NE-dipping fault, 
the Trepell Fault (Figs 5.21, 5.22).  The south-
ern zone of mineralisation and alteration de-
fines a body dipping approximately 50° toward 
105° of approximately 800m strike extent, up 
to 400m width, and a down-dip extent of up to 
750m.  The northern body has an orientation 
of approximately 35° towards 150° and has 
a strike extent of approximately 750m, and 
maximum width of ore and halo of approxi-
mately 530m, and a maximum downdip extent 
of approximately 900m.  Individual ore types 
lie within those two zones, and are mapped as 

following the outline of a central core amphib-
olite, interpreted by most studies as defining a 
central synform.

Historic Production 
4.3 Mt Pb metal at 8.0% Pb (S&P Market Intel-
ligence 1998-2018)
1.2 Mt Zn metal at 2.2% Zn (S&P Market Intel-
ligence 1998-2018)
619 Moz Ag at 355g/t Ag (S&P Market Intelli-
gence 1998-2018) 

Recent Production
Production reported for the year ending 30 
June 2018 was 2.36 Mt of ore at 194 g/t Ag, 
5.3% Pb and 2.6% Zn, for metal production 
of 12.5Moz Ag, 104,400t Pb, and 41,300t Zn 
(S&P Market Intelligence).

HOST ROCKS
Mine Stratigraphy
Mineralisation at Cannington is hosted in a 
sequence of quartzo-feldspathic/psammopel-
itic gneisses which have a higher proportion 
of garnet and quartzite in proximity to mineral-
ization.  The host sequence is interpreted be 
part of the Soldier’s Cap Group (Fig 5.14) with 
mineralization hosted in the Mt Norna Quartz-
ite formation near the upper transition into 
Toole Creek Volcanics (Hinman et al, 2018).   
Stanley et al (2001) proposed that the original 
host rocks to Cannington were likely to have 
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been “immature mudrocks, feldspathic wackes 
and arkosic arenites.” 

Major Host Rock
The regional rock sequence hosting the Can-
nington Orebody (Fig 5.23) is characterized as 
a migmatitic quartzo-feldspathic gneiss.  The 
sequence is banded with coarse-grained leu-
cocratic layers made up of quartz, K-feldspar 
and plagioclase with lesser biotite, sillimanite 
and garnet, and fine- to medium-grained me-
lanocratic layers made up of quartz, biotite, 
K-feldspar and plagioclase, with lesser garnet 
and sillimanite.  The sequence has a penetra-
tive layer-parallel foliation, and is interpreted 
to represent a metamorphosed sedimentary 
sequence.  The host sequence also contains 
1-10m thick fine- to medium-grained units 
classified as quartzite, which consist of quartz, 
plagioclase and K-feldspar with trace silli-
manite and garnet.

Minor Host Rock
Fe-Mn silicate units are reported to occur in 
the structural hangingwall of the deposit.  They 

can vary from massive to strongly composi-
tionally-banded, and are characterised by the 
assemblage knebelite-magnetite-pyroxferroi-
te-apatite-biotite-garnet (Bodon, 2002).

INTRUSIVE ROCKS IN REGION
Granitoids
No granitoids occur within the mine area, 
though solid geology interpretation of the sur-
rounding area (Hinman et al 2008) suggests 
the presence of the approximately 1500Ma 
Williams Suite granitoids within 10km to the 
south, east and west.

Amphibolites
The Cannington Orebody wraps around a 
central Core Amphibolite, which occurs in both 
Northern and Southern Sections.  It has the 
following characteristics:

•	 Hornblende, plagioclase, quartz, biotite, 
minor ilmenite with trace zircon miner-
alogy (Bodon, 2002).  Scattered acces-
sory apatite (Bailey, 1998)

•	 Fine to medium-grained, with massive 
texture (Bodon, 2002)

•	 Weakly developed single foliation (Bai-
ley, 1998), defined by intergrown meta-
morphic hornblende and plagioclase (± 
biotite) (Giles, 2000)

•	 Compositionally an Fe-rich tholeiite, 
though lacking the extreme Fe-enrich-
ment documented at Broken Hill (Wil-
liams, 1998)

Pegmatites
Bodies and horizons of pegmatite are report-
ed as occurring throughout the mineralised 
sequence and halo at Cannington (eg Bailey, 
1998).  Bodon (2002) summarised the follow-
ing characteristics:

•	 Broadly concordant with stratigraphy 
and the main foliation

•	 Folded and boudinaged
•	 Mineralogy of K-feldspar, plagioclase, 

quartz, with less common biotite, gar-
net and muscovite

•	 Pegmatites near the mineralised lodes 
can contain amazonite (a Pb-bearing 
feldspar) as well as “nebulous” clasts 
of sulphides and/or mineralised and/or 
inner halo lithologies

PETROPHYSICAL PROPERTIES
Density
Witherley and Mackee (2015) summarized the 
contents of a proprietary rock property dataset 
for the Cannington deposit.  The results of this 
study show an expected strong correlation be-
tween Ag grades and density, with ore densi-
ties in the sub-100g/t Ag range corresponding 
to densities between 2.9 and 3.2 g/cm3, and 
high-grade ores such as Nithsdale and Burn-
ham styles corresponding to densities greater 
than 3.5 g/cm3

Magnetic susceptibility and NRM
Witherley and Mackee (2015) also reported 
magnetic susceptibilities for the various ore 
types present in the deposit.  The Pb-rich 
Nithsdale ore type, located in the structural 
footwall of the deposit, has the highest mag-
netic susceptibility at an average of 0.15 x 
10-5 SI.  The more Zn-rich Colwell (structural 
footwall) and Kheri (structural hangingwall) 
ore types also have elevated susceptibilities at 
0.0822 x 10-5 SI.  The more Pb-rich Burnham 
ore type (structural hangingwall) also has a 
moderately elevated magnetic susceptibility at 
0.0601 x 10-5 SI.  Bodon (2002) also reports 
the presence of two Fe-Mn silicate units in the 
southern zone of the Cannington orebody.  No 
magnetic susceptibility has been reported for 
these units, but they are described as contain-
ing the mineral assemblage knebelite-magne-
tite-pyroxferroite-apatite, implying that these 
units are likely to have elevated magnetic 

Figure 5.12. Regional location of Cannington shown 
with respect to the Mount Isa Structural Domain Map 
from the 2010 NWQMEP GIS
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susceptibilities. Witherley and Mackee (2015) 
noted a discrepancy between forward-mod-
elled and observed magnetic signatures over 
Cannington, and suggested that this discrep-
ancy may be due to the presence of Natural 
Magnetic Remanence.  However, they did not 
include the Fe-Mn silicate units in their model, 
so this may also explain the lower modelled 
signature.  

Electrical Properties
Witherley and Mackee (2015) reported elevat-
ed conductivities for the Broadlands (12,200 
ohm-m), Colwell (1186 ohm-m) and Glen-
holme (932 ohm-m) mineralisation styles.  No 
conductivity data have been reported for the 
Inveravon syle of mineralisation, though its 
graphite-rich nature suggests that it may also 
be conductive. 

Seismic Properties
Very little information has been reported in re-
lation to seismic petrophysics for the Canning-
ton deposit.  Fleetwood et al (2007) reported 
stress wave velocities between 4500m/s and 
6700 m/s for underground stopes in the north 
zone of the mine.

METAMORPHISM
Metamorphic Grade
Giles (2000) recognised 3 phases of 
metamorphism in the Cannington region, the 
first two of which peaked at upper amphibolite 
facies with interpreted conditions of 650-
690⁰C and 4-5Kb.  Bodon (2002) also carried 
out investigations of thermobarometry and 
derived peak metamorphic temperatures 50-
80°C higher than Giles (2000), with pressure 
estimates similar to those of Giles (2000).

STRUCTURAL CHARACTERISTICS
Structural Setting
As a region under cover, the structural setting 
of the Cannington area has predominantly 
been inferred from interpretation of geophys-
ical datasets and drillcore data.  Hinman et al 
(2018) summarised the results of a new solid 
geology interpretation of the region based on 
high resolution airborne magnetics, as well 
as the results of earlier studies (eg Walters 
and Bailey, 1998; Giles, 2000; and Giles et al, 
2006) (Fig 5.28) as:

•	 The Cannington mine area is localised 
in the hinge region of a nearly isoclinal 
synform (F2 using mine terminology) 
with a regionally gently south-dipping 
axial surface.

•	 Later upright folding about broadly N-S 
trending axes has caused reorientation 
of earlier formed F2 folds into a SE dip 
with SSW- to SE-plunging axes in the 
mine area.

•	 The geometries are interpreted to re-

Resources
Resources reported by South 32 (2017) are as follows:

Underground Sulphide:

Classification Tonnage (Mt) Ag (g/t) Pb (%) Zn (%) Ag (Moz) Pb (Mt) Zn (Mt)
Inferred Resources 0.8 102 3.65 2.81 2.6 0.03 0.02
Measured Resources 56 193 5.38 3.26 347.5 3.01 1.83
Indicated Resources 3.7 116 3.58 2.63 13.8 0.13 0.10

Total Resources 61 187 5.25 3.21 366.7 3.20 1.95

Open Cut Sulphide:

Classification Tonnage (Mt) Ag (g/t) Pb (%) Zn (%) Ag (Moz) Pb (Mt) Zn (Mt)
Inferred Resources 24 96 3 2.37 74.1 0.72 0.57
Measured Resources 3.6 72 2.38 1.93 8.3 0.09 0.07
Indicated Resources 1.6 53 2.38 1.63 2.7 0.04 0.03

Total Resources 29 91 2.89 2.27 84.8 0.84 0.66

Reserves Underground Sulphide

Classification Tonnage (Mt) Ag (g/t) Pb (%) Zn (%) Ag (Moz) Pb (Mt) Zn (Mt)
Probable Reserves 0.4 150 4.37 3.03 1.9 0.02 0.01
Proved Reserves 23 191 5.58 3.50 141.2 1.28 0.81
Total Reserves 23.4 190 5.56 3.49 143.2 1.30 0.82

Figure 5.13. Regional location of Cannington overlain 
on an image of total magnetic intensity from the GADDS 
data for the region
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Figure 5.14  Solid geology interpretation map derived 
from Hinman et al (2018),  Map Projection GDA94/
MGA54.
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Figure 5.15.  Colour RTP over greyscale 1VD from the 
Mount Isa Open Range survey,  Map Projection GDA94/
MGA54.
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Figure 5.16.  Apparent density derived from State gravi-
ty data,  Map Projection GDA94/MGA54.
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Figure 5.17.  Apparent density derived from State grav-
ity data, with overlay of ground magnbetic data from 
Withgerley and Mackie, 2015  Map Projection GDA94/
MGA54.
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Figure 5.18. Regolith maps derived from CRC LEME 
1:500,000 coverage and the 1:50,000 Tringadee sheet. 
Circle shows location of Cannington.  Map Projection 
GDA94/MGA54. 
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Figure 5.19. Satellite image of the Pegmont area (from 
Google Earth). Circle shows location of Cannington.  
Map Projection GDA94/MGA54. 
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mineralogy (Walters et al, 2002).  Walters 
et al (2002) also remark on a decrease in 
the degree of partial melting observed in the 
sequence.  In this zone, fibrolitic sillimanite is 
often retrogressed to muscovite (Walters et 
al, 2002), leading to the local use of the term 
“SHMU” (ScHist Muscovite) for the predomi-
nant rocktype in this zone (Bo-don, 2002). 

HALO

Extent
Numerous publications have presented infor-
mation on the halo of the Cannington deposit 
(eg Bailey, 1998; Walters and Bailey, 1998; 
Bodon, 2002; Stanley et al, 2001; Walters et 
al, 2002), but most of the information present-
ed pertains to an area of up to 250m in width 
which encases the mineralised zone (Fig 
5.24 - 5.26).  The total footprint of this halo is 
approximately 1.7 km in a NS direction, 650m 
in an EW direction, and 650m in a vertical 
direction.  The volume of altered rock within 
the halo is approximately 0.25 km3, based on 
mine solids documenting the extent of altered 
rocks.

Geophysical Expression
The Cannington orebody was discovered 
through drill-testing of an isolated magnetic 
anomaly, and has a distinctive geophysical ex-
pression in several different geophysical data 
types (Figs 5.29 - 5.33):

•	 A 1000nT anomaly in airborne magnet-
ic data (Witherley and Mackee, 2015)

•	 An approximately 1.2 mGal gravity 
anomaly associated with the northern 
part of the orebody (Christensen et al, 
2001), where depth to basement is at a 
local minumum of less than 20 metres, 
so it is unclear whether the anomaly 
is due to the deposit and associated 
rocks or to palaeotopography or both 
(Walters et al 2001)

•	 A comparable strength gravity anomaly 
derived from airborne gravity gradiome-
try flown at 120 metres altitude and 100 
metre line spacing (Christensen et al, 
2001) 

•	 chargeability high in ground IP surveys 
(Witherley and Mackee, 2015) which 
is spatially coincident with the entire 
mineralised pack-age on the 5400N 
section.

•	 A conductivity high in ground-based 
TEM (Witherley and Mackee, 2015) 
which is spatially coincident with the 
eastern end of the mineralised part of 
the northern zone. 

Exploration Geochemistry
•	 As Cannington was discovered under 

60m of cover, there has been little 
reported geochemical surveying over 
the orebody.  Hannan et al (2018), 
however, reported the results of work 
carried out by Carr and Denton (2002) 
for a single line which passed over the 
southern part of the orebody crossing 
close to the 4700N section.  Carr and 
Denton (2002) compared results from 

conventional soil analyses using Aqua 
Regia and Multi-acid digests, as well 
MMI, Enzyme Leach and Regoleach 
partial extraction methods.  Hannan et 
al (2018) concluded that the results for 
several chalcophile elements (eg Cu, 
Pb, Zn) as well as Cl could not be ex-
plained by surficial and cover sequence 
features alone, and estimated that the 
geochemical data over Cannington rep-
resented the clearest response in the 
region of geochemical anomalism over 
blind mineralisation.

•	 De Caritat et al (1996) collected and 
analysed a groundwater geochemistry 
dataset from the Cannington region, 
and reached the conclusions that: (i) 
the Eh-pH conditions of the ground-
waters were not conducive to a direct 
expression of the ore metals in sam-
pled groundwater; (ii) elevated fluoride 
detected in groundwaters may well be 
related to the mineralisation; and (iii) 
anomalously low δ34S values in the 
fluid may also be related to mineralisa-
tion.

Lithogeochemistry
•	 Stanley et al (2001) distinguished 

three lithogeochemical zones within 
the altered envelope of the Cannington 
deposit.  

•	 The distal alteration was described as 
associated with metasomatic loss of 
Na and Si and somewhat lesser loss of 
Si.  Stanley et al (2001) interpreted this 
as indicating alkali depletion associat-
ed with the destruction of albitic pla-
gioclase, and proposed that the precur-
sor minerals may have been kaolinite, 
dickite and/or pyrophyllite.

•	 Medial alteration was described as 
characterised by K addition which was 
interpreted to potentially represent 
pre-metamorphic muscovite and/or 
K-feldspar.  The medial alteration zone 
is also marked by a subtle increase in 
Pb and Zn, associated with the onset of 
appearance of amazonite (lead-bearing 
K-feldspar) and gahnite.

•	 Alteration proximal to the orebodies is 
characterised by the addition of Fe, Si, 
and Mn, which was interpreted by Stan-
ley et al (2001) to represent a zone of 
occurrence of pre-metamorphic chlorite 
alteration. 

•	 Bodon (2002) carried out a limited 
number of analyses of sillimanite-gar-
net schist rocks from the halo of Can-
nington, and compared the analyses of 
altered rocks to an average precursor 
pelitic gneiss composition.  Mass bal-
ance calculation of an average of four 
samples from the halo showed signifi-
cant gains of Si and K as well as lesser 
gains of Al and Mn.  These were offset 
by a significant loss of Fe and lesser 
depletion of Mg and Na. Pb was the 
most enriched trace element, followed 
by Zn and Rb.  Based on the Fe deple-
tion observed in the halo rocks, Bodon 
(2002) developed a modified BHT alter-
ation index as follows:

•	 Mod BHT AI = 100 x (K2O + 10 MnO)/

flect early thin-skinned N- to NW-direct-
ed thrusting followed by thick-skinned 
EW shortening  

The mineralised zone and halo are cut by a 
series of NE-dipping, apparent-sinistral faults.  
The Trepell Fault is the main fault cutting 
the mineralisation, and reconstruction of the 
amphibolite across this fault suggests about 
350 metres of sinistral/north-up displacement 
combined with approximately 17° of counter-
clockwise rotation about a horizontal north-
south axis for the north block relative to the 
south block.

Structural History
The following structural history is based on 
Giles (2000), Bodon (2002) and Hinman et al 
(2018), moving from oldest to youngest:
Early extensional/thermal event predating D1 
or early stages of Isan D1 N to NW-directed 
thin-skinned thrusting

•	 Early mineral fabrics defined by quartz 
inclusions in garnet porphyroclasts (DR 
of Giles (2000) and Di of Bodon (2002))

•	 Intrusion of the Core Amphibolite
•	 Formation of syn-anatectic layer-par-

allel fabrics in migmatitic gneiss, syn-
chronous with granoblastic recrystalli-
sation and porphyroblast growth in the 
garnetiferous halo and the Core Am-
phibolite, interpreted to represent peak 
metamorphism of upper amphibolite 
facies. (DM/M1 of Giles (2000) and D1 
of Bodon (2002))

•	 Shearing, fabric intensification and 
isoclinal folding, retrograde to upper to 
middle amphibolite facies (DZ/M2 of 
Giles (2000) and D2 of Bodon (2002))

Isan D1 N to NW-directed thin-skinned thrust-
ing

•	 Crenulation and isoclinal folding, in-
cluding formation of the main Canning-
ton synform and the Footwall Shear; 
kyanite field – upper greenschist to low-
er amphibolite (DF1/M3 of Giles (2000) 
and D3 of Bodon (2002)).

Isan D2 – thick-skinned EW shortening pro-
ducing NS folds and reverse faults

•	 Upright and open folding with little or 
no axial planar foliation (DF2 of Giles 
(2000) and D4 of Bodon (2002))

Isan D3 to D4 – brittle faulting associated with 
continued EW shortening

•	 NNE-striking faults (eg the Brol-
ga Fault) which appear to be cut by 
NW-striking/NE-dipping/Sinistral-N-up 
faults (eg the Trepell fault) with asso-
ciated brecciation and veining (D5 of 
Bodon (2002))

WALLROCK ALTERATION

General Characteristics
The mineralised lodes at Cannington are sur-
rounded by a halo of several hundred metres 
in thickness characterised by an increase in 
the content of fine-grained almandine garnet, 
in places reaching up to 50% in the modal 
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(K2O + 10 MnO + Fe2O3 (total) + CaO 
+ MgO + Na2O)

•	 Bodon (2002) also proposed an inter-
pretation workflow involving scatter 
plots of the modified BHT Alteration In-
dex in combination with a simple alkali 
index of:

•	 Alkali index = 100 x K2O/(Na2O + 
K2O)

Mineralogy
Mineralogical changes associated with the 
Cannington Halo have been discussed by 
a number of authors including Walters and 
Bailey (1998), Bodon (1998), Stanley et al 
(2001), and Walters et al (2002).  The minerals 
which appear to most characterise the halo of 
Cannington are almandine garnet, which can 
increase up to 50% in some cases (Walters et 
al, 2002) along with K-feldspar (Stanley et al, 
2001).  Muscovite for as a retrograde product 
of sillimanite is also common (Bodon, 2002).  
Rocks more proximal to the ore zones also 
contain amazonite and gahnite, and become 
increasingly siliceous.

TIMING OF MINERALIZATION 
Relative Timing
The Cannington Orebody has been subjected 
to a complex and long-lived metamorphic and 
structural history, and this has led to a wide 
range of interpretations with respect to the tim-

ing of mineralisation, as summarised by Wright 
et al (2017).  The two end member alternatives 
for the relative timing of mineralisation are 
pre-metamorphic (either synsedimentary or 
syndiagenetic) (eg Walters and Bailey, 1998; 
Bodon, 1998; Giles, 2000; Bodon, 2002) or 
syn- to post-metamorphic (Williams et al, 
1996; Roache, 2004).

Absolute age
Bodon (2002) derived a Pb model age of 1670 
Ma for galena interpreted to be early stage 
and contained within peak metamorphic kne-
belite crystals.  This age is comparable to the 
maximum deposition age of 1675 Ma estimat-
ed from SHRIMP U-Pb dates of detrital zircons 
from metasediments in the Cannington mine 
(Giles and Nutman, 2003).  U-Pb dating of 
monazites interpreted to have grown during 
metamorphism yielded an age of approximate-
ly 1585 Ma (Giles and Nutman, 2002).

GENETIC MODEL
Many of the controversies and disagree-
ments regarding the Broken Hill orebodies 
(eg Groves et al, 2008) apply equally to Can-
nington.  Most comprehensive studies of the 
deposit (eg Walters and Bailey, 1998; Bodon, 
1998; Giles, 2000; Bodon, 2002) have pro-
posed a pre-metamorphic origin to the min-
eralisation (either exhalative or diagenetic) in 
which voluminous mafic sills (now amphibo-
lites) drove circulation of basinal mineralising 
fluids in a dominantly clastic sub-basin, with 

the controlling structures to mineralisation now 
largely obscured by the effects of post-min-
eralisation deformation, metamorphism and 
metasomatism.

POST-FORMATION MODIFICATION
Regardless of genetic model, all studies of 
Cannington have recognized a long history 
of deformation, metamorphism and metaso-
matism affecting the orebodies and halo (eg 
Walters and Bailey, 1998; Bodon, 1998; Wal-
ters et al, 2002; Roache et al, 2005; Wright et 
al, 2017). 

EXPLORATION
Discovery Method
The Cannington deposit was discovered as 
part of a systematic exploration program for 
Broken Hill-Type deposits carried out over the 
second half of the 1980s (Walters et al, 2002).  
The program involved a detailed assessment 
of the key geological features of known BHTs, 
which highlighted the Soldiers Cap Group in 
the Mount Isa Eastern Succession as a priority 
region which displayed many of the developed 
criteria  for the occurrence of BHT mineral-
isation.    The primary feature targeted was 
an approximately 1000nT magnetic anomaly 
under 60m of cover (Walters et al, 2002).  The 

Figure 5.20. Sections from Blenkinsop et al 2016 for 
section lines to the north and south of Cannington
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Figure 5.21.  (this and facing page) Oblique reference 
view and individual sections from Bodon 2002
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criteria that set this particular anomaly apart 
from the literally hundreds  of other similar 
anomalies in the region included:

•	 Its occurrence within a prospective rock 
package as determined from a detailed 
regional solid geological interpretation 
based on a new high resolution mag-
netic survey

•	 The relatively short strike length of the 
anomaly, indicating that the it was not 
simply related to a regionally-extensive 
stratigraphic unit

•	 The high intensity of the anomaly, 
showing similarities to other known 
BHT-style occurrences in the region

•	 The indications of a complex structur-
al history in the area - a characteristic 
common to many BHT occurrenc-
es. 

4550N

4900N

5300N
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Figure 5.22. Oblique reference view and individual 
sections from Stanley 2002.  See following pages for 
further description of rocktypes

Figure 5.23. (Next 8 pages) Rock photos and captions 
sourced from Bodon (2002) and Giles (2000).  Green 
areas in sections show the spatial distribution of rocks 
within each of the separate rock categories.
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A. Nebulitic textures in a partially melted quartz-feld-
spar-biotite gneiss (CAD159, 168m)

B. Layered gneiss with local migmatitic segregations 
(CAD048, 215m). (Panels C to H are 1:1 scale) 

C. Detail of migmatitic segregations (CAD037, 184.5m). 
The boundary between leucosome and melanosome 
is diffuse. The melanosome contains abundant ~2mm 
garnet porphyroblasts which becomes increasingly 
abundant with proximity to the deposit.

E. Close-up view of migmatitic gneiss with abundant 
leucocratic segregations. Not all segregations have 
biotite-rich selvedges in this sample. Garnet porphy-
roblasts up to 1cm occur in the most biotite-rich zones 
(CUD051, 112.8m).

D Variety of nebulitic gneiss with abundant leucocratic 
material and minor biotite-rich selvedges (CAD159, 
109.6m).

F. Massive knebelite-magnetite (± quartz, garnet, 
grunerite, apatite, galena, pyrrhotite) with minor coarse  
grained retrograde pyroxferroite. Magnetite-pyros-
malite-fluorite-galena (± galena, pyrrhotite, freibergite) 
veinlets with pyrosmalite selvedges overprint the rock 
(CAD039, 104.6m).

G. Folded compositional banding. Bands are defined by 
variable proportions of garnet, quartz, biotite, apatite, 
knebelite, pyroxferroite, and minor hornblende, grunerite 
and graphite.  Sulphides  (chiefly galena, sphalerite and 
pyrrhotite) are disseminated throughout the rock and 
in instances; are concentrated in particular band-types 
(CAD252, 224.3m).

Quartzofeldspathic Gneiss Fe-Mn silicate units
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H. Banded quartz-feldspar-garnet-biotite rock of the 
proximal alteration halo (CAD037, 330.5m). Fine-
grained (<0.5mm) garnet grains impart a pale pink tinge 
to the sample. 

I. Disseminated sillimanite (largely retrogressed to mus-
covite) in a matrix of quartz-feldspar-garnet and biotite, 
proximal alteration halo (CAD027, 256.2m). 

L. Typical gametiferous quartzite (left) and silli-
manite-garnet schist (right) that envelops the orebody. 
Sparse fibrolitic sillimanite porphyroblasts are dissem-
inated in the gametiferous quartzite, whereas they are 
very common in the schists and define the foliation in 
conjunction with biolite. The absence of leucocratic 
segregations in these rocks is an intrinsic feature of the 
host succession (CAD009, 108.2m).

M. Example of graded garnetiferous quartzite band 
(centre right). Garnet abundance progressively decreas-
es in this band from right to left. Such a texture can 
be interpreted as a  relic  primary sedimentary feature 
suggesting that the gametiferous rocks are a sequence 
of  metasediments (CAD056, 466.2m).

J. Example of partially silicified, K-feldspar-rich silli-
manite-garnet-biotite-schist found within the orebody 
in the Southern Zone. Sillimanite porphyroblasts have 
been partially replaced by  quartz  (CAD028, 380.6m).

N. K-feldspar-rich metapsammite within the orebody of 
the Southern Zone containing sphalerite-quartz  gahnite 
veins oriented subparallel to compositional banding 
in the rock.  The sample occurs  adjacent to a distinct 
siliceous Zn-rich ore; the latter comprising intensely 
silicified metapsammite overprinted by deformed quartz 
veins, vein stockworks and quartz-sphalerite breccias 
(see Chapter 4  for  further details; CUD036, 46.8m).

K. Garnetiferous, K-feldspar-rich metapsammitic rock 
found within the orebody of the Southern Zone that has 
been overprinted by hedenbergite-gamet-quartz-carbon-
ate veins. The veins crosscut the compositional banding 
locally (CAD030, 178.9m).

Garnetiferous halo schist (SHMU) Garnetiferous quartzite

N

M

L

K

J

I

H



Chapter 5 Cannington, Pegmont and Maronan

142 Northwest Mineral Province Deposit Atlas

B. An example of altered amphibolite containing ~5mm 
porphyroblasts of garnet (CAD050, 170.7m). At left is a 
quartz-hedenbergite-garnet-pyrrhotite vein with a nar-
row selvage of almost pure hornblende. 

E. Typical massive medium grained amphibolite from 
the Core Amphibolite (CAD056, 371.0m).

D. Plagioclase-rich amphibolite with minor garnet poiki-
loblasts (up to 0.5cm in diameter). The schistosity (S1/
S2) is defined by a poor, discontinuous mineralogical 
banding (CAD068, 435.m).

C. Rare example of hedenbergite-pyroxferroite (-garnet) 
overprinting amphibolite along a contact with hedenber-
gite-rich ore (CUD049, 45.6m).

H. Typical example of pegmatite with poorly developed 
graphic texture (CUD042, 103.1m).

A Foliated hornblende, plagioclase and quartz of 
the core amphibolite (CAD037, 225.1). Narrow pla-
gioclase-quartz veins (upper right) are common and 
presumably represent small volumes of partial melt. 

G. Typical pegmatite with minor stringers of silli-
manite-quartz (± biotite, garnet). The stringer material 
commonly forms in gradational zones adjacent to wall 
rock, consistent with partial assimilation of the latter 
during pegmatite emplacement (CUD043, 20.9m).

F. Post-deformation pegmatite crosscutting the strong 
foliation in biotite-schist at high angle (CAD155, 
620.3m).

Amphibilite Pegmatite
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I. Narrow melt dominated by the green Pb-bearing feld-
spar amazonite (CAD009, 195.5m). Amazonite is typical 
of pegmatite margins within the mineralised sequence.

J. Rare pegmatite containing large fractured crystals (up 
to 4cm) of tourmaline (CAD153, 354.2m).

N. Distinctly green amazonite in a lode pegmatite from 
the Brolga Lode Pegmatite (CAD004, 267.3m).

K. Typical example of amazonite-bearing garnetiferous 
lode pegmatite (CAD058, 285.2).

M. Sharp, intrusive contact between a lode pegmatite 
and banded ore. A garnet-rich zone is typical along the 
contacts (CAD029, 390.3m).

L. Contact between hedenbergite-rich Zn ore and lode 
pegmatite from the Hanging wall Lode Pegmatite Zone. 
In this example only a small green-grey K-feldspar zone 
in the lode pegmatite is developed along the contact 
(CAD043, 161.7m).

O. Typical gahnite-bearing sillimanite-biotite-gamet 
schist from the Northern Zone. The rock has abundant 
large fibrolitic sillimanite porphyroblasts (up to 1cm in 
diameter) oriented parallel to the  schistosity. These 
have typically been partially retrogressed to musco-
vite. Gahnite poikiloblasts (up to 3mm in diameter) are 
disseminated throughout the rock and are not obvi-
ous at drillcore scale during routine logging (CAD009, 
177.8m).

P. A less common, but distinct example of gahnite-bear-
ing sillimanite-biotite-garnet schist from  the Northern 
Zone. Sillimanite porphyroblasts are less abundant 
in- comparison to C. and are  more lenticular shaped, 
defining the foliation. Small garnetiferous quartzite 
bands are a feature similar to typical garnetiferous 
sillimanite-garnet schists (e.g. Fig. 3.5e and f). Gahnite 
poikiloblasts (up to 3mm in diameter) are disseminated 
throughout the rock (CAD160, 368.4m).

Gahnite-bearing schist
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B. Pyroxferroite-knebelite banding with abundant 
coarse-grained disseminated galena (position 1). Other 
bands types comprise minor apatite-manganoan-rich 
almandine (position  2), and  fluorite  rich bands (position 
3; CAD160, 346.4m).

A. Banded, low-grade mineralisation of the Inveravon 
style (CAD157, 314.2m). The banding at upper right 
is defined by fluorite-rich (clear but appearing dark), 
quartz-garnet-apatite-rich (light) and pyroxenoid-rich 
horizons (green). The thick layer at lower left is domi-
nated by garnet and hedenbergite, typical of hedenber-
gite-Zn styles of mineralisation. 

D. Fine-scale compositional banding defined by bi-
otite-manganoan almandine-graphite-rich (position 
1), manganoan almandine-apatite-rich (position 2), 
quartz-biotite-graphite-rich (position 3), quartz  gale-
na-graphite-rich (position 4), and a manganoan alman-
dine-biotite-graphite-rich (position 5) bands. At position 
5, variations in garnet porphyroblast abundance and 
size define an apparent grading (CAD004, 109.1m).

C. Massive granoblastic quartz-apatite with abundant 
disseminated galena (position 1), with areas of very 
coarse-grained, remobilised galena (position  2).  Dis-
seminated,  ragged  garnet porphyroblasts are evi-
dent throughout the rock (position 3) as well as minor 
pale yellow, fluorite  rich patches (position 4; CAD035, 
148.2m).

E. Garnet-rich (position 1 and 2) and apatite-rich 
(position 3) banding as well as a carbonate-rich band 
(position 4). Note the graded garnet bands at positions 
1 and 2 (CAD160, 353.9m).

F. Pre- to possibly syn-D2 hedenbergite-hornblende 
vein (position 1) overprinting . compositional banding. 
Alteration comprises  hornblende-quartz (position  2), 
quartz (position  3), and outer zone of quartz-calcic 
almandine (position 4; CUD149, 94.6m).

G. Post-D2 hedenbergite vein (position 1) overprinting 
compositional banding and the S1/S2 foliation that is 
defined by the preferred alignment of knebelite-pyrox-
ferroite aggregates in banded olivine  pyroxenoid ore. 
Knebelite-pyroxferroite bands (position 2) are selective-
ly altered to hedenbergite and minor calcic almandine 
(position 3), and/or quartz-calcic almandine (position 4).  
Quartz  apatite bands have been silicified with minor cal-
cic almandine alteration (position 5; CAD016, 81.3m).

Graphitic ore (Inveravon) Banded olivine-pyroxenoid ore
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I. Lowgrade siliceous mineralisation from the banded 
Warenda style (CAD077, 522.6m). The sample consists 
of galena (silver), minor sphalerite (brown) and pyros-
malite (dark green) in a matrix of fine-grained quartz. 
Layers of this composition are intercalated with oliv-
ine-pyroxenoid-rich layers (see panel C) at millimetre to 
decimetre scales.

H. Transitional zone between strong hedenbergite-gar-
net-quartz alteration (right of field) and banded oliv-
ine-pyroxenoid ore (left of field). The weakly altered 
zone is characterised  by the development of coarse 
grained, ragged hedenbergite porphyroblasts and 
coalesced porphyroblastic aggregates at position 4. 
Position 1-massive granoblastic hedenbergite, position 
2-granoblastic quartz-calcic almandine, position 3-oliv-
ine-quartz band, position 4-partially coalesced heden-
bergite porphyroblasts in hornblende alteration of an 
olivine-pyroxenoid band (CAD043,.94.7m).

K. Olivine-pyroxmangite (yellow/green), pyrosmalite 
(dark green), fluorite (clear but appearing dark) and 
galena (silver) from a high-grade horizon of the banded 
Broadlands style mineralisation (CAD052, 379.7m). 

J. Knebelite-pyroxferroite bands (position 1) and 
quartz-apatite ± graphite bands (position 2) are over-
printed by an 81 foliation that is defined by the preferred 
alignment of knebelite-pyroxferroite aggregates. Note 
the fine pyrosmalite veinlets to the left of the field that 
overprint the 81foliation (CUD128, 26.7m).

L. Hedenbergite-Zn mineralisation of the Colwell style 
(CAD051, 532.1m). The sample consists of interlocking 
hedenbergite (green), sphalerite (brown), pyrrhotite 
(bronze) and fluorite (clear but appearing dark). 

M. Pyrrhotite (bronze) and arsenopyrite (silver) rich sec-
tion of hedenbergite-Zn mineralisation of the Kheri style 
(CAD051, 472.5m). Arsenopyrite and chalcopyrite are 
common constituents of hedenbergite-Zn mineralisation, 
particularly toward their inner margins – approaching 
the core amphibolite. 

N. Typical. example of hedenbergite ore with a durch-
bewegt textured zone characterised by porphyroclasts 
of hedenbergite and magnetite grain aggregates and 
solitary grains in a matrix of recrystallised fluorite, and 
ribbons of sphalerite and pyrrhotite (position 1). The tex-
tures are very similar to durchbewegt olivine-pyroxenoid 
ore. In contrast, more massive, granoblastic hedenber-
gite-fluorite-magnetite-sphalerite-pyrrhotite also occurs 
(position 2; CAD045, 368.7m).

(Broadlands/Warenda) Hedenbergite ore (Kheri/Colwell)
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A. Highgrade olivine-pyroxenoid mineralisation of the 
Burnham style (CAD051, 441.4). Diffuse banding is 
defined by fluorite-rich (clear but appearing dark) and 
olivine-pyroxmangite-rich (yellow/green) layers. Galena 
(silver) is disseminated throughout.

B. Fluorite-rich ore displaying typical contrasting brit-
tle-ductile breccia textures (durchbewegung). Clasts 
consist of knebelite (±pyroxferroite; position 1) and 
magnetite (position 2) grain aggregates and solitary por-
phyroclasts hosted in a matrix of recrystallised fluorite 
and blebby, coarse-grained galena (and minor sphaler-
ite, pyrrhotite, Ag-sulphosalts).  Fine,  discontinuous  
fractures  infilled with galena emanate from the coarse 
grained blebs, and commonly resemble small-scale 
piercement veins (CAD058, 286.3m).

C. High-grade siliceous mineralisation of the Glenholme 
style (CAD063, 573.7m). Rounded ‘clasts’ of fine-
grained milky quartz supported by a matrix of interlock-
ing galena (silver) and sphalerite (brown). 

D. Silicified graphitic ore displaying relic compositional 
banding and F1(?) folding in the transitional zone to 
siliceous Pb-Zn-Ag ore. A weak axial plane S1(?l is de-
fined by the alignment ‘of disseminated sphalerite and 
galena (CAD215, 102.5m).

E. Breccia textured Type 1 siliceous Pb-Zn-Ag ore com-
prised of rounded, ragged clasts of weakly mineralised 
silicified rock (position 1) in a matrix of finer grained 
milled clasts and coarse grained recrystallised galena 
and sphalerite (position 2). Clast sizes are typically 
s2cm in this sample (position 3; CAD152, 447.7m).

F. Brecciated Type 2 siliceous Pb-Zn-Ag ore comprised 
of rounded, weakly mineralised  silicified clasts host-
ed in a matrix of sulphide and late stage manganoan 
calcite. Veinlets of calcite and remobilised galena 
(±sphalerite) overprint some silicified clasts (position 
1). The ore type typically has a spongy appearance 
(position 2) and contains numerous small vughs lined 
with carbonate. The alignment of wispy sphalerite and 
galena defines a weak foliation that  appears  to  wrap 
around silicified clasts. However, it is difficult to correlate 
this  foliation  with  a  particular deformation event and it 
may be an artefact of rebrecciation during D5 as seen in 
other samples (CAD083, 570.8m).

G. Vuggy quartz-carbonate-fluorite-sulphide vein 
breccia associated with a D5 fault in siliceous Pb  Zn-
Ag ore. Clasts consist of weakly mineralised silicified 
rock (position 1). Vughs are lined with euhedral quartz, 
manganoan calcite (position 2) and fluorite (position 3; 
CAD004, 219.6m).

Olivine-pyroxenoid ore (Niths-
dale-Burnham)

Siliceous Pb-Zn-Ag ore (Glenholme/Glenholme Breccia)
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H. Smaller-scale view of position 2 in G. displaying eu-
hedral fluorite lining a vugh. The existence of late stage 
fluorite in syn- to post-D 5 carbonate veins and breccias 
suggests remobilisation of pre  existing fluorite from the 
ores. Remobilised galena is also present in the sample  
(CAD004, 219.6m).

I. Milky quartz and disseminated sphaler-
ite (brown) of the Cuckadoo style (CAD007, 
260.2m).

J. A small mineralised breccia zone and 
sphalerite-pyrrhotite veining, with euhedral 
crystals of arsenopyrite in partially silicified, 
feldspathic metapsammite to metapsam-
mopelite. An S1/S2 foliation is defined by the 
weak alignment of biotite (CAD215, 102.5m).

K. Quartz-gahnite-sphalerite-pyrrhotite veining 
in partially silicified, feldspathic metapsam-
mite. An S1/S2 foliation is defined by elongate 
‘pods’ of quartz and gahnite vein material, and 
the alignment of sphalerite-pyrrhotite blebs 
and stringers within the veins. Translucent, 
blue coloured vein quartz is a characteristic 
feature of the ore type. Open-space filling tex-
tures are absent (CUD036, 46.Bm).

L. Characteristic breccia textures in sul-
phide-rich, intensely silicified metapsammite. 
Clasts of silicified metapsammite and possibly 
vein quartz, are hosted in a matrix of recrystal-
lised sphalerite-galena. Breccias vary in tex-
ture from clast supported to matrix supported , 
displaying gradations to disseminated sulphide 
and/or fine sulphide stringer in the silicified 
rock. A weak S1/  S2 foliation is defined by 
the alignment of disseminated sulphide blebs 
(CUD036, 38.5m).

M. Disseminated gahnite porphyroblasts and 
porphyroblastic aggregates in strongly silicified 
metapsammopelite. Gahnite porphyroblasts 
are typically rimmed by sericite and secondary 
sphalerite; an intrinsic late alteration feature in 
siliceous Zn ores. An S1/S2 foliation is defined 
by the alignment of gahnite aggregates and 
minor biotite pseudomorphed by late chlorite 
(CUD033, 60.4m).

Siliceous Zn ore (Cuckadoo)
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Figure 5.24.  Drillcore photos and hylogger data from 
drillhole CUD5198. Boxes on facing page are highlight-
ed in red, and represent a transition into mineralisation.
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Figure 5.25.  Metal zoning diagrams for the northern 
part of the Cannington orebody (from Bodon 2002)
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Figure 5.26.  Metal zoning sections and oblique views 
showing section location, for the southern part of the 
Cannington orebody (Walters and Bailey, 1998) (this 
and facing page)
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Figure 5.27  Geochemical orientation line over Canning-
ton, from Hannan et al (2018), based on original work 
by Carr and Denton.  Oblique view showing location 
and a compilation of vales and methods in the accom-
panying diagrams (this and facing page)
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Figure 5.32.  (Facing page)  Smooth model inversion of 
IP data over the 5400N section of the northern part of 
the Cannington orebody (Witherley and Mackee, 2015)

Figure 5.29.  Smooth model inversion of ground TEM 
data for the 5400N section of the northern part of the 
Cannington orebody (Witherley and Mackee, 2015)

Figure 5.28.  Schematic representation of structures 
at Cannington from various viewpoints.  Structures are 
labelled in diagram.

Trepell Fault

F1 axial surfaceF2 axial surface

Amphibolite

Looking West Looking North

Looking South Looking Northeast
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Figure 5.30.  Ground gravity over Cannington, from 
Christensen et al, 2001.

Figure 5.31.  Airborne gravity gradiometry over Can-
nington, from Christensen et al, 2001.



Chapter 5 Cannington, Pegmont and Maronan

158 Northwest Mineral Province Deposit Atlas

Figure 5.33.  CDI Depth images from the Cloncurry 
AEM survey.  Circle shows location of Cannington.

CDI Depth 20-30
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Pegmont Pb-Zn deposit

LOCATION

Geological Domain
Kuridala-Selwyn Domain
(Figs 5.34- 5.45)

Co-ordinates
Latitude: 21° 50’ 59.8” S, Longitude: 140° 41’ 
17.8” E
MGA Zone 54: 467790 E, 7583742 N

NATURE OF MINE
Mined Commodities
Pb, Zn, Ag

Mining Method
n/a

Depth of Mining
n/a

PRODUCTION AND DIMENSIONS
Mineralised bodies
Mineralisation occurs in stratiform units host-
ed in iron formations.  The majority of the 
mineralization is interpreted to be hosted in a 
single unit, though there are multiple units in 
some places which may either be structural or 
stratigraphic repeats.  Mineralisation occurs at 

surface as a gossan, thouogh extensions are 
covered (Fig 5.46).

Dimensions
A recent resource estimate has divided miner-
alization into five zones on the basis of loca-
tion, structural style and mineralization charac-
teristics.  These have been further subdivided 
on the basis of geological and grade continuity 
into 14 mineralised domains in the main Peg-
mont Zone, 10mineralised domains in the 
Burke Hinge Zone (BHZ) and one mineralized 
domain in the Bridge Zone.  The largest do-
mains in the deposit by far are Domain 11 (ap-
proximately 1600m in a SW-NE direction and 
700m in a NW-SE direction) and Domain 14 
(approximately 800m by 300m with an overall 
E-W elongation)
The overall system covers an area of 2km in a 
NE direction by 1.2km in a SE direction, deep-
ening to the SE.

Orientation of Mineralised bodies
The five zones of the main Pegmont orebody 
have different orientations and structural 
styles:
Zone 1 – A zone of recumbent folding with 
shallowly NW-dipping axial surfaces, with 
grade and thickness enrichment in hinge 
zones
Zone 2 – A zone of more upright folding, with 
shallowly-plunging axes and upright fold axial 
surfaces

Zone 3 – A subhorizontal zone with less fold-
ing, separated from zone 2 by downthrow as-
sociated with a NE-trending inclined fold with a 
moderately NW-dipping axial surface.
Zone 4 – A poorly explored zone which is the 
southeasterly continuation of the ore zone 
below the Lease Amphibolite
Zone 5 – A zone of upright folding of the min-
eralized sequence at the SW-end of the main 
Pegmont zone.
The BHZ and Bridge zones are interpreted to 
be a continuation of zone 2 across a zone of 
faulting and disruption the details of which are 
poorly understood.

Historic Production 
n/a

Recent Production
n/a

HOST ROCKS
Mine Stratigraphy
The Pegmont deposit is hosted in a clastic 
metasedimentary sequence interpreted to lie 
within the Starcross Formation in the lower 
part of the Soldier’s Cap group (eg Hinman et 
al, 2018).

Major Host Rock
The main host sequence is made up of 
quartz-feldspar-biotite gneiss, with feldspathic 
quartzite and quartz-feldspar-biotite schist.  
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Lead-zinc mineralization at Pegmont is hosted 
in Banded Iron Formations with a quartz-mag-
netite-fayalite-garnet (manganiferous spessa-
rtine)-grunerite-hedenbergite-sulphide miner-
alogy, along with minor apatite, gahnite, and 
graphite (Fig 5.47).  Garnet-rich rocks occur 
immediately above and below the mineral-
ized zones, displaying a mineralogy of quartz, 
Fe-Mn-Ca garnet and biotite with accessory 
albite, gahnite, zircon, apatite, sphene, musco-
vite, magnetite, ilmenite and sulphides.  These 
grade outward into garnet-bearing schist, 
consisting of garnet, quartz, biotite and K-feld-
spar with subordinate muscovite, plagioclase, 
cordierite, tourmaline and apatite.

Minor Host Rock
More pelitic (quartz - muscovite - biotite ± 
graphite) schist also occurs in the sequence, 
along with narrow bands of tourmaline-bearing 
schist.

INTRUSIVE ROCKS IN REGION
Granitoids
The Squirrel Hills Granite (a strongly magnetic 
Williams-age granite with coarse biotite, horn-
blende and K-feldspar) occurs approximately 
1.3km to the north of the prospect, and cord-
ierite-andalusite-sillimanite hornfels has been 
recognized on the property, where it has been 
interpreted to represent a product of contact 
metamorphism.

Amphibolites
Amphibolite bodies have been noted in both 
mapping and drilling at Pegmont.  In fresh 
exposures, they consist of hornblende, pla-
gioclase, biotite, quartz, and ilmenite, over-
printed by retrograde chlorite and sericite. 
Minor minerals include titanite and apatite, and 
iron sulphides are locally present. The amphi-
bolites are typically foliated, though they are 
mapped as cutting the mineralized interval in 
both outcrops and sectional interpretations.

Other
Sills and dykes of quartz-feldspar pegmatite 
have also been mapped through the property.

METAMORPHISM
Metamorphic Grade
Williams et al (1998) summarised previous 
unpublished work (eg Newbery, 1990) to 
suggest peak metamorphic conditions of 
550°C and 3 kbar for the Pegmont area.

STRUCTURAL CHARACTERISTICS
Structural Setting
The Pegmont deposit is localized at the north-
ern end of a belt of gently-folded sequence 
of amphibolite facies metasediments of the 
Kuridala Formation (Murphy et al, 2017).  
Regional Interpretation suggests that the 
sequence is gently folded about NNE-trending 
upright axes, with an overall gently ESE-dip-
ping form surface.  Moderately ESE-dipping 
thrust faults also disrupt the sequence, and in 
the Pegmont area the host Kuridala formation 
is interpreted to be overthrust over the young-
er Mt Norna Quartzite.  The overall rock pack-
age is terminated to the north by the batholith-
ic Squirrel Hills Granite.  

Structural History
Newbery (1990) proposed a structural history 
for the Pegmont area comprising:

•	 Early nappe-style folding at regional 
scale resulting in overturning of the 
stratigraphy in the Pegmont area, as 
evidenced by the presence of down-
ward-facing F2 structures.  This phase 
was inferred to be taking place at 
Upper Amphibolite metamorphic condi-
tions.

•	 A pervasive spaced S2 cleavage asso-
ciated with overturned, isoclinal folds.  
This phase was inferred to be taking 
place at Upper Amphibolite metamor-
phic conditions.

•	 Isolated NS-trending F3 folds and 
spaced S3 cleavage; onset of retro-
grade metamorphism; intrusion of the 
Williams Batholith.

•	 Mesoscopic recumbent NE-trending F4 
folds with NW-dipping axial surfaces

•	 Broad, open NW-trending F5 folds and 
S5 cleavage

Mine sections and plans (Figs 5.48, 5.49) also 
highlight the presence of faults which appear 
to postdate the early penetrative phases of 
folding and foliation development.

Major Structural Styles
The Pegmont area preserves a history of mul-

Figure 5.34. Regional location of Pegmont shown with 
respect to the Mount Isa Structural Domain Map from 
the 2010 NWQMEP GIS
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tiple phases of folding and foliation develop-
ment. The major structural style could there-
fore be described as being a fold and thrust 
belt formed at relatively high metamorphic 
grade (Figs 5.48-5.54).

WALLROCK ALTERATION

General Characteristics
Scott and Taylor (1986) provided a detailed 
description of fresh ore from the central zone 
of the deposit as having the following mineral-
ogy:

•	 Sulphides and oxides – galena, 
sphalerite and magnetite, with less-
er pyrite, pyrrhotite and chalcopyrite; 
Sphalerite concentrated toward the 
bottom of the sequence

•	 Gangue minerals – apatite, olivine (fay-
alite), garnet (spessartine-almandine), 
amphibole (hornblende and grunerite), 
clinopyroxene, biotite, and greenalite

•	 Minor minerals associated with the 
ore zone – graphite, chlorite, musco-
vite, staurolite, andalusite, sillimanite, 
feldspars, gahnite, ferro-pyrosmalite, 
iddingsite, dolomite and tourmaline.

HALO

Extent
Descriptions of the mineralization at Pegmont 
(eg Vaughan and Stanton, 1986; Newbery, 
1990) suggest that the alteration halo is con-
fined to a relatively narrow (approximately 
10m) zone of garnet enrichment, consisting of 
an outer garnet-gahnite zone and an inner gar-
net-biotite zone.  These workers also recog-
nized a lateral variation from more fayalite-rich 
higher grade mineralization, to a medial zone 
of hornbende and pyroxene with lesser fay-
alite, to an outer zone of garnet and biotite 
which lacks fayalite (Table 5.1, Figs 5.50, 5.51) 
(Prendergast, 1993).

Geophysical Expression
The Pegmont iron formations do not have 
a strong magnetic expression, and are only 
weakly visible in regional aeromagnetic sur-
veys (Fig 5.44).  However, the limited lateral 
extent of the magnetic anomaly associated 
with the mineralized zone is consistent with 
the observed laterally-variable pattern of 
magnetization displayed by several BHT-style 
deposits in the region (eg Walters et al, 2002).
The mineralization also has little expression in 
regional gravity and EM datasets (Fig 5.45).  
Vendetta mining noted a ground EM anomaly 
and drilled a short intercept of Cu-Au miner-
alization in an area to the south of the miner-

Resources
Resources reported by Venedetta Mining Corp (2019) are as follows:

Zone Classification Material 
type

Tonnes 
(kt)

Pb 
(%)

Zn 
(%)

Ag 
(g/t)

Pb 
(kt)

Zn 
(kt)

Ag 
(Moz)

Open pit (Zones 
1, 2, 
3, and BHZ)”

Indicated
Transition 1,111 4.9 2.3 8 54.4 25.6 0.3
Sulphide 4,003 6.5 2.6 11 260.2 104.1 1.4
Total 5,114 6.2 2.6 11 317.1 133.0 1.8

Inferred
Transition 1,829 5.2 2.0 7 95.1 36.6 0.4
Sulphide 2,567 5.0 2.3 10 128.4 59.0 0.8
Total 4,396 5.1 2.2 8 224.2 96.7 1.1

Underground 
(Zones 3, 4, 5, and 
Bridge)

Indicated Sulphide 644 9.0 2.6 14 58.0 16.7 0.3
Inferred Sulphide 3,880 5.1 3.6 4 197.9 139.7 0.5

Total

Indicated Transition 1,111 4.9 2.3 8 54.4 25.6 0.3
Sulphide 4,647 6.9 2.6 12 320.6 120.8 1.8
Sub total 5,758 6.5 2.6 11 374.3 149.7 2.0

Inferred Transition 1,829 5.2 2.0 7 95.1 36.6 0.4
Sulphide 6,447 5.1 3.1 9 328.8 199.9 1.9
Total 8,277 5.1 2.8 8 422.1 231.8 2.1

Total Ind/Inf 14,035 5.7 2.7 9 796 381 4

Figure 5.35. Regional location of Pegmont overlain on 
an image of total magnetic intensity from the GADDS 
data for the region
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Figure 5.36.  Solid geology interpretation map derived 
from Hinman et al (2018),  Map Projection GDA94/
MGA54.
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Figure 5.37.  Colour RTP over grescale 1VD from the 
Mount Isa Open Range survey,  Map Projection GDA94/
MGA54.

Pegmont
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Figure 5.38.  Apparent density derived from State gravi-
ty data,  Map Projection GDA94/MGA54.

Pegmont
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Figure 5.39. East-shaded image os state gravity data. Map Projection GDA94/MGA54. 



Chapter 5 Cannington, Pegmont and Maronan

166 Northwest Mineral Province Deposit Atlas

Figure 5.40. Regolith maps derived from CRC LEME 
1:500,000 coverage and the 1:50,000 Tringadee sheet. 
Circle shows location of Pegmont.  Map Projection 
GDA94/MGA54. 
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Figure 5.41. Satellite image of the Pegmont area (from 
Google Earth). Circle shows location of Pegmont.  Map 
Projection GDA94/MGA54. 
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with the Pegmont Deposit

Mineralogy
As already mentioned, previous workers (eg 
Vaughan and Stanton, 1986; Newbery, 1991) 
have documented both along-stratigraphy 
and cross-stratigraphy mineralogical zoning at 
Pegmont.  The alteration halo is confined to a 
relatively narrow (approximately 10m) zone of 
garnet enrichment, consisting of an outer gar-
net-gahnite zone and an inner garnet-biotite 
zone.  Vaughan and Stanton (1986) in partic-
ular also recognized a lateral variation from 
more fayalite-rich higher grade mineralization, 
to a medial zone of hornbende and pyroxene 
with lesser fayalite, to an outer zone of garnet 
and biotite which lacks fayalite (Prendergast, 
1993).  Williams et al (1998) also noted a 
zone of post-mineralisation K-silicate veining 
(quartz-tourmaline-K feldspar-biotite veins with 
associated K-feldspar-muscovite-biotite alter-
ation) several 100 m away from the mineral-
ized horizons.

TIMING OF MINERALIZATION 
Relative Timing
As for many of the metamorphosed deposits in 
the Southern Cloncurry region, both pre-met-
amorphic and syn-metamorphic timings have 
been proposed for mineralization.  Studies 
which argue for a pre-metamorphic timing 
for mineralization (eg Stanton and Vaughan, 
1976; Vaughan and Stanton, 1986; Newbery, 
1990) do so on the basis of the identification of 
the expression of all of the major deformation 
phases on the mineralisation.  Other studies 
(eg Williams et al, 1998) have highlighted 
the evidence for synmetamorphic alteration 
extending up to 100 metres away from the 
mineralized ironstones, and determined that 
the associated fluids were enriched in Pb and 
therefore presumably capable of modifying the 
original characteristics of the mineralisation.  

Absolute age
Sun et al (1994) report Pb model ages of 
approximately 1670Ma for the Pegmont miner-
alization.

GENETIC MODEL
Most authors agree that the majority of the 
mineralization at Pegmont is pre-metamorphic, 
and the early Vaughan and Stanton (dates) 
propose a sedimentary-exhalative model.  Wil-
liams et al (1998) provided evidence for later 
hydrothermal overprint of the deposits, but did 
not propose an entirely synmetamorphic origin 
for the deposit. 

POST-FORMATION MODIFICATION
Williams et al (1993) reported a zone of 
post-metamorphic veining and alteration, with 
higher temperature quartz-tourmaline-K-feld-
spar-biotite veins and K-feldspar-biotite-mus-
covite alteration overprinted by phyllosili-
cate-carbonate alteration.  They interpreted 
this to suggest that some of the features of the 
Pegmont deposit may be related to late-stage 
metasomatism rather than isochemical meta-
morphism of pre-existing mineralisation and 
alteration.

EXPLORATION
Discovery Method
The Pegmont Pb-Zn-Ag deposit was dis-
covered in 1970 by prospecting of gos-
sans.  

alized area, but did not report any EM results 
from the orebody. 

Exploration Geochemistry
There is little information available relating to 
the exploration geochemical signature of the 
Pegmont deposit.  Publicly available stream 
sediment data show anomailsm in both Pb 
and Zn (Figs 5.55, 5.56).  Scott and Taylor 
(1986) studied the mobilization of elements in 
gossans developed over mineralized iron for-
mations at Pegmont, and concluded that the 
low sulphide content of mineralisation, along 
with the abundance of Fe and Mn, promoted 
the retention of Pb, Cu and Au in outcropping 
gossanous rocks.  Elements such as Zn are 
more depleted at surface and tend to form 
supergene enrichment zones a short distance 
below the gossans.

Lithogeochemistry
There is very little publicly available informa-
tion on lithogeochemical haloes associated 

Figure 5.42. Map and section over the Pegmont area 
from Giles et al (2006).  Red circles show the approxi-
mate location of the Pegmont deposit.  
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Figure 5.43. Oblique view through solid geology of Hin-
man et al (2018) with 3D surface derived from the DMQ 
project (Murphy et al 2017). 

D2 Faults

Top Staveley Formation Top Kuridala FormationSquirrel Hills Granite
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Figure 5.44. Greyscale 1VD image from the QDEX Data 
549 AEM Survey - red dots represent Pegmont drillhole 
locations.  Map Projection GDA94/MGA54. 
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Figure 5.45. Colour EM Channel 10 image from the 
QDEX Data 549 AEM Survey - red dots represent 
Pegmont drillhole locations.  Map Projection GDA94/
MGA54. 
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Figure 5.46. Results of percussion drill geochemistry 
over a covered extension of the Pegmont mineralised 
zone.  Map Projection GDA94/MGA54. 
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Figure 5.47. Drillhole photographs derived from VTT 
public filings.  A.  Folded psammite; B.  Weathered BIF; 
C and D. Sphalerite-rich mineralisation; E. Olivine-py-
roxene-magnetite BIF; F.  Coarse-grained sphaler-
ite-rich mineralisation; G. Coarse-grained galena-rich 
mineralisation.

Table 5.1 Generalised scheme of lateral mineralogical variation (from Pendergast, 1993).  See figure 5.50 for map portrayal.
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Figure 5.48. (this and facing page)  Cross sections 
derived from VTT public filings.
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Figure 5.49.  (This and facing page) Sections of Peg-
mont from Newbery (1990), along with an oblique view 
showing section locations

Figure 5.50.  BIF Mineralogy from Newbery (1990).  
Thick black line shows outcrop extent of BIF.

Figure 5.51.  BIF Metal factor from Newbery (1990). 
Thick black line shows outcrop extent of BIF.



Chapter 5Cannington, Pegmont and Maronan

177Northwest Mineral Province Deposit Atlas

5000N

4250N

4500N

4750N



Chapter 5 Cannington, Pegmont and Maronan

178 Northwest Mineral Province Deposit Atlas

Figure 5.53.  Plan showing generations of drilling on the 
Pegmont project, from VTT public filings

Figure 5.52.  Geological map of the Pegmont area, 
reporduced from VTT public filings.
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Figure 5.54.  Structural map of the Pegmont area, from 
Newbery (1990).



Chapter 5 Cannington, Pegmont and Maronan

180 Northwest Mineral Province Deposit Atlas

Figure 5.55.  Open file ferruginous gravel Pb data from the Pegmont area.
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Figure 5.56.  Open file ferruginous gravel Zn data from the Pegmont area.
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Maronan Pb-Zn-Ag deposit

LOCATION

Geological Domain
Soldiers Cap Domain
(Fig 5.57 - 5.72)

Co-ordinates
Latitude: 21° 03’ 48.1” S, Longitude: 140°55 
6.0” E
MGA Zone 54: 491,500 E, 7,670,825 N

NATURE OF MINE
Mined Commodities
Pb, Zn, Ag

Mining Method
n/a

Depth of Mining
n/a

PRODUCTION AND DIMENSIONS
Mineralised bodies
Mineralisation occurs in stratiform units hosted 
in iron formations.  The majority of the mineral-
ization is interpreted to be hosted in two units, 

termed the Upper BIF and Lower BIF horizons.

Dimensions
The overall system defines a steeply west-dip-
ping tabular zone with individual grouped 
mineralized zones showing a true thickness of 
up to approximately 50 metres; a total strike 
extent of the system of approximately 1100 
metres, and a downdip extent of at least 1500 
metres (Fig 5.73).  The total width of the min-
eralized package can be up to 200 metres.

Orientation of Mineralised bodies
The mineralized zones at Maronan are inter-
preted to define steeply north-pitching shoots 
within the west-dipping form surface of the 
overall mineralized zone.  Interpretation of 
the magnetics suggests that the majority of 
the mineralisation lies on the short limb of an 
east-verging anticline-syncline pair in which 
the fold axes are also steeply northwest-plung-
ing and therefore best described as reclined.  
ASX announcements from Red Metal show 
longitudinal sections which have identified two 
steeply north-pitching Pb-Ag zones separated 
by a more Cu-Au-rich zone.

Historic Production 
n/a

Recent Production
n/a

HOST ROCKS
Mine Stratigraphy
The Maronan Deposit is interpreted to lie 
within the psammitic Mt Norna Quartzite of the 
Soldiers Cap Group.  The Mt Norna quartzite 
is a sequence which has been described as 
“...a 1300–2700 m-thick sequence of massive, 
swaley–hummocky and cross-bedded quartz-
ite, laminated and rippled psammopelite and 
pelite, intercalated with metadolerite and less-
er metabasalt.” (Hatton and Davidson, 2004).  
Regionally, the Mt Norna quartzite also con-
tains a number of iron formations (Hatton and 
Davidson, 2004).   Wycherly (1996) refined the 
work of De Jong (1995) to report a mine stra-
tigraphy which consists of psammopelitic units 
in the structural hangingwall passing eastward 
into a series of iron formations which consist of 
a mixture of Fe-Mn silicate units, Amphibolites, 
Quartzites, Fe-oxide units,and calcareous 
units, passing eastward into quartz-musco-
vite-biotite-garnet schist.

Major Host Rock
Mineralisation at Maronan occurs within a 
sequence of interlaminated lithologies which 
have been broadly interpreted as a Banded 
Iron Formation (Figs 5.74 - 5.77).  Morrison 
(1991) recognized several facies of chemical 
sediments associated with the mineralisation 
at Maronan:

•	 Massive, coarse-grained rhodonite and 
calcite gneisses, interpreted to repre-
sent recrystallized impure carbonate 



Chapter 5 Cannington, Pegmont and Maronan

184 Northwest Mineral Province Deposit Atlas

rocks. 
•	 Well-banded BIF, with alternating bands 

defined by varying proportions of mag-
netite, garnet, amphibole, biotite and 
rhodonite

•	 “Siliceous rock”, consisting of a mixture 
of quartz veins and biotite, amphibole, 
garnet and magnetite retrogressed to 
sericite, amphibole, amphibole/chlorite 
and hematite respectively.  This litholo-
gy was reported as commonly mylonit-
ic.

•	 Garnet quartzite, with a mineralogy of 
magnetite-quartz-garnet and rhodonite.

Minor Host Rock
More pelitic (quartz - muscovite - biotite ± 
graphite) schist also occurs in the sequence, 
along with narrow bands of tourmaline-bearing 
schist.

INTRUSIVE ROCKS IN REGION
Granitoids
None in or near the area of mineralisation, 
though interpretation of regional magnetic and 
gravity data suggest the presence of intrusives 
to the west of Maronan, and detailed gravity 
suggests the presence of a low density gran-
itoid body in the Gold Reef area to the south 
of Maronan 9though that body has not been 
intersected in drilling in the region)

Amphibolites
Amphibolite bodies occur in drilling, and are 
present as mappable units to the west of Ma-
ronan in magnetic data.

Pegmatites
Rare zones of quartz-feldspar pegmatite occur 
in drillholes at Maronan.

PETROPHYSICAL PROPERTIES
Density
Austin et al (2016) found that densities in the 
deposit range from 2.7 to 4.6 g/cm³, with den-
sity basically a reflection of oxide and sulphide 
content.  The highest density rocks in the 
deposit are associated with high Fe oxide con-
tents, though some sulphide-rich rocks also 
reach densities of greater than 4.0 g/cm³.  

Magnetic susceptibility and NRM
Austin at al (2016) recognized three broad 
populations (Fig 5.78) in relation to Magnetic 
Susceptibility and Natural Remanent Magneti-
sation (NRM):

•	 Magnetite-bearing iron formations 
show a broadly linear relationship be-
tween susceptibility and NRM, with the 
highest susceptibility values along the 
linear trend reaching 1.2 SI and NRM 
of approximately 350 (A/m).

•	 Pyrrhotite-rich rocktypes showed an 
increasing trend in NRM with little or no 
increase in susceptibility

•	 Extremely magnetite-rich rocktypes 
reached susceptibilities of >1.8 SI with 
moderate NRM

 

Electrical Properties
Harley (1990, QDEX Report 08.5017) reports 
that Pb-mineralised and pyrrhotite-bearing 
“calcite gneiss” has the highest conductivity of 
rocks in the prospect area, based on measure-
ments with a multi-metre.  Actual results were 
not reported.

METAMORPHISM
Metamorphic Grade
Rocks in the Maronan area are 
metamorphosed to amphibolite facies (PMD 
CRC i2 data).  De Jong (1995) used garnet-
biotite pairs (Ferry and Spear, 1978) to infer a 
peak metamorphic temperature of 600°C.

STRUCTURAL CHARACTERISTICS
Structural Setting
The Maronan deposit is covered by alluvium, 
and previous structural studies (eg Laing, 
1996; De Jong, 1995, Davis, 1996) made no 
use of aeromagnetic data and therefore based 
interpretations of the structural context of Ma-
ronan largely on structural logging of drillcore. 
Laing (1991) proposed that Maronan was 
localized in a synform and that there was likely 
to be an accompanying antiform to the west, 
and Davis (1996) largely confirmed that inter-
pretation, and interpreted that the structure 
was a true syncline based on interpretation of 
younging directions in drillcore.  Based on ge-
ology evident in the magnetics, the Maronan 

Figure 5.57. Regional location of Maronan shown with 
respect to the Soldiers Cap Structural Domain Map from 
the 2010 NWQMEP GIS
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deposit appears to be localized in the faulted 
short limb of an asymmetric east-verging anti-
cline-syncline pair.

Structural History
Laing (1990) proposed a structural history as 
follows:

•	 D1 – early isoclinal folds and layer-par-
allel cleavage expressed in the area of 
the Yellow Dam Anticline to the south-
west of the prospect, and expressed as 
short intervals of younging reversal in 
the drilling.  Possibly related to a thrust 
inferred to the west of Maronan.

•	 D2 – main event of folding and cleav-
age formation, producing the Yellow 
Dam Anticline and the Maronan Syn-
form.  Davis (1996) reported that S2 
was remarkably consistent in the area 
of the deposit, striking 350-360 and 
dipping between 70 and 80 degrees to 
the west

•	 D3 – rare NNE-trending folds
•	 D4 – rare NW-trending folds
•	 D5 – WNW fault with apparent sinistral/

south-down displacement

WALLROCK ALTERATION

General Characteristics
Descriptions of the mineralisation can be 
found in unpublished theses (eg De Jong, 
1995; Wycherley, 1996) and Austin et al (2016) 
carried out a quantitative mineral analysis of 
samples from Maronan (Figs 5.79-5.81).   The 
mineralogy can be summarised as follows:

•	 Sulphides and oxides – galena, chal-
copyrite, pyrrhotite, lesser pyrite, along 
with magnetite and other Mn/Fe oxides 
such as bixbyite 

•	 Gangue minerals – apatite, calcite, 
Mn-calcite, quartz, almandine, Mn-py-
roxene, K-feldspar, Ba-feldspar (hyalo-
phane)

HALO

Extent
There has been insufficient work reported to 
define an extent for the halo of the Maronan 
system.  The clearest indicator of the extent of 
the system is the regionally-distinctive magnet-
ic anomaly, which covers an area of approxi-
mately 1.7km in a N-S direction and 1km in a 
E-W direction.   

Geophysical Expression
The zone of mineralisation at Maronan is a 
regionally distinctive magnetic anomaly with 

Resources
JORC 2012 resources reported by Red Metal (2015) are as follows:

Pb-Ag resource

Cutoff Pb % Mt Pb % Ag g/t Mt Pb Moz Ag
Fresh 3% 30.8 6.5 106 2.0 104.9
Weathered 3% 2.2 5.3 8 0.1 0.6

Cu - Au resource

Cutoff Au g/t Mt Cu % Au g/t Kt Cu Koz Au
Fresh 0.5% 17.2 1.3 0.64 218 355
Weathered 0.5% 2.0 1.0 0.37 20 23

Figure 5.58. Regional location of Maronan overlain on 
an image of total magnetic intensity from the GADDS 
data for the region
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Figure 5.59.  Map derived from the 2010 NWQ MEP Digital GIS release.  Map projection MGDA94/MGA54

Maronan

Fairmile
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Maronan

Fairmile

Figure 5.60. Map derived from the digital version of the Mount Angelay 1:100,000 sheet.  Map projection MGDA94/MGA54
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Figure 5.61.  Geological fact map derived from Billiton Australia open file reports (CR23506).  Map projection MGDA94/MGA54
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Maronan

Fairmile

Figure 5.62. Natural colour Aster image from QDEX.  Map projection MGDA94/MGA54
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Figure 5.63.  Colour Reduced to Pole data overlain on greyscale RTP First vertical derivative  - Cloncurry south survey (QDEX 1370). .  Map projection MGDA94/MGA54
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Maronan

Fairmile

Figure 5.64. Solid geology interpretation of Maronan region  Map projection MGDA94/MGA54
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MND10,11 and 12 detected conductors asso-
ciated with zones of elevated pyrrhotite asso-
ciated with the mineralisation, though siliceous 
BIF lode mineralisation was not reported to 
have an EM response.

Exploration Geochemistry
Publicly available regional stream sediment 
data show little expression of Maronan in 
results for Pb and Zn, but there is a single 
anomalous sample of 130ppm Cu immediate-
ly to the south of the Maronan system (Figs 
5.82-5.84).  The Fairmile deposit approxi-
mately 20km to the SSW of Maronan is better 
exposed and is anomalous in Pb, Zn and Cu.  
A restricted number of conventional (-80#) soil 
analyses and MMI analyses have been carried 
out over the deposit (Harrison, 1995).  Overall 
levels of Pb, Zn and Cu were low in -80# soils, 
though locally anomalous results were re-
turned over mineralisation in all three elements 
(Figs 5.85).  Several other areas over the two 
lines had comparable zones of anomalous 
soils.  MMI analyses also returned anomalous 
results in Cu, Pb and Zn and were judged to 
have been successful in detecting the covered 
mineralisation (Figs 5.86).

Lithogeochemistry
A lithogeochemical study was carried out on 
drillhole MND7, based on 3-acid digest of 5m 
composite samples analyzing SiO2, Al2O3, 
Fe2O3, MgO, K2O, Na2O, CaO, Rb, Sr, Ba, 

Mn, Y and Zr as well as the routinely-assayed 
Cu, Pb, Zn, Ag, As and Au.  The results for 
MND7 did not show a broad halo, but there 
was a zone of increased K2O/Na2O ratio 
within approximately 10-20m of the lower BIF 
horizon.  Lode horizons themselves are asso-
ciated with elevated Mn (up to 10%) as well as 
CaO and Fe2O3.

Mineralogy
Wycherley (1996) carried out a detailed min-
eralogical study of Maronan and proposed a 6 
stage paragenesis with mineralisation largely 
occurring in the later stages. 
Hylogger studies of mineralized drillcores 
show that the mineralized package is marked 
(in interpretation of the thermal IR data) by an 
increase in carbonate and phosphate groups, 
as well as a more spatially restricted increases 
in garnet, pyroxene and sometimes olivine.  
This increase, as well as a slight to moder-
ate increase in silica, is offset by a decrease 
in the plagioclase, white mica, chlorite and 
dark mica groups which characterise the host 
psammopelitic package.  Pb-rich zones of 
mineralisation within this package do not show 
a distinctive character in the hylogger data 
within this broader package, though a transi-
tion from Pb-Ag rich mineralisation in drillhole 
MRN14008 to more Au-rich mineralisation in 
MRN14003 is associated with an increase in 
the percentage of the carbonate group.  More 
peripheral and lower grade intercepts (eg 
MRN8003) generally show a lower carbonate 

a magnitude of approximately 4500nT in the 
recently completed Cloncurry South magnet-
ic survey.   As noted by Walters et al (2002), 
the strong magnetic anomaly is very limited in 
strike length and does not represent a laterally 
continuous BIF unit at regional scale. 
Ground gravity completed over Maronan 
shows no obvious anomaly associated with 
mineralisation, but does show a large dense 
body with a 2.5mGal residual anomaly approx-
imately 1.5km to the north of the zone of min-
eralisation which may represent a larger am-
phibolite body or other mafic intrusive at depth. 
This does place Maronan on the edge of a 
large gravity anomaly, a characteristic shared 
with Cannington and Broken Hill.  Austin et al 
(2016) found a coincidence between modelled 
magnetic bodies and subtle positive anomalies 
in high pass filtered gravity, suggesting that 
the actual mineralisation does have a weak 
expression in the gravity.
Collins and White (2003) reported the results 
of a high resolution offset pole-dipole (OPD) 
IP survey over Maronan, however the results 
were interpreted to be inconclusive due inver-
sion and data problems associated with high 
conductivity black shales to the west of the 
deposit.
CDP depth slices of the Cloncurry AEM survey 
show areas of anomalous conductivity in the 
deeper slices, though none are coincident with 
the mineralized zones (Fig 5.87).
Downhole EM conducted in drillholes 

Figure 5.65. Section from Blenkinsop et al 2016 for a 
section line approximately 10km to the south of Maron-
an
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Figure 5.66. Colour RTP 1VD over greyscale 2VD - Cloncurry south survey (QDEX 1370).  Map projection MGDA94/MGA54
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Figure 5.67.  Interpreted geology at 0RL, from an unpublished Red Metal report.  Map projection MGDA94/MGA54
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Figure 5.68. Image of same area as facing page, from UTS detailed aeromagnetic survey Shaded 1VD (QDEX CR30855).  Map projection MGDA94/MGA54
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Maronan

Fairmile

Figure 5.69.  Regional apparent density calculated from state gravity data.  Map projection MGDA94/MGA54
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Figure 5.70. Regional apparent density calculated from state gravity data, with detailed gravity grids from Maronan and Gold Reef overlain.  Map projection MGDA94/MGA54
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Figure 5.71.  Radiometric image - RGB = KThU - Cloncurry south survey (QDEX 1370)..  Map projection MGDA94/MGA54
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Maronan

Fairmile

Figure 5.72.  For reference to facing page - Colour Reduced to Pole data overlain on greyscale RTP First vertical derivative  - Cloncurry south survey (QDEX 1370). .  Map 
projection MGDA94/MGA54
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76711000mN

7670900mN

7670720mN

7670620mN

-300RL

-600RL

-900RL

-300RL -600RL -900RL

Figure 5.73.  Plans and sections extracted 
from Red Metal public filings - locations as 
labelled
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Figure 5.74.  Photoographs or ore samples from Red 
MEtal releases.  A-D Banded galena-rich ore samples; 
E. Coarse-fgrained equigranular galena-rich ore; F.  
Siliceous copper-rich ore; G. Contact between coarser 
pyrrhotite-carbonate and finer grained pelitic unit; H. 
Folded carbonate ore showing development of breccia-
tion and corse galena in zones of polyclinal disharminc 
folding; I, J.  Brecciation with galena-rich matrix.

Figure 5.75.  (Facing page) Core photographs from the 
National Virtual Core Library photographs of drillhole 
MRN08003 (see figure 5.79 for location on long sec-
tion).  A.  Amphibolite (221.0m); B. Banded psammite 
(92.1m); C. Psammite with magnetite-K feldspar alter-
ation (Kx10-5 = 69,000) (587.4m); D.  Altered psam-
mite - silica, K-feldspar-plagioclase-shite mica (620.0); 
E. Banded iron formation (Kx10-5 SI 95,100) (960.4); 
F. Low grade lead mineralisation (Kx10-5 SI 55,700) 
(1036.4); G. Garnet-altered psammite (1170.4).
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and silica content, and are correspondingly 
higher in phosphate, garnet and/or olivine. 
TIMA analyses of mineralised samples (Austin 
et al, 2016) show that galena-bearing samples 
contain abundant calcite, apatite, quartz and 
pyrrhotite, with lesser garnet, microcline and 
Mn pyroxene. 
Rocks peripheral to the mineralisation contain 
abundant quartz, muscovite, microcline, Mn 

garnet, and apatite, with lesser Mn pyroxene, 
bixbyite, and chamosite.

TIMING OF MINERALIZATION 
Relative Timing
Even though the mineralisation is interpreted 
to be broadly stratiform, most assessments 
of the detailed paragenesis of the deposit (eg 
Laing, 1990; Morrison, 1991; De Jong, 1995; 
Wycherley, 1995; Davis, 1996) propose a 
syndeformational timing for the mineralisation 
based on mesoscopic and microscopic obser-
vations.

Absolute age
De Jong (1995) reported Pb-Pb model ages 
for Maronan which are in agreement with 
the 1650 to 1670 Ma model ages derived for 
many of the Pb-Zn-Ag deposits in the Mount 
Isa Eastern Succession. Ages derived for Cu 
ranged from 1640 to 1660 Ma.

GENETIC MODEL
Most studies of the Maronan mineralisation 
(eg Laing, 1990; Morrison, 1991; De Jong, 
1995; Wycherley, 1996) have noted the simi-
larities of Maronan with Broken Hill-type miner-
alisation (eg Walters et al, 2002) including:

•	 The presence of Fe-Mn-Ca-F-Si-rich 
“skarn-like” assemblages;

•	 The broadly stratabound nature of min-
eralisation;

•	 Multi-element associations including 
Cu, Au and As;

•	 A long-lived synmetamorphic and post-
peak metamorphic paragenesis; and

•	 A close association with amphibolites 
and a transition from a coarser clas-
tic rift sequence to a finer-graned and 
more pelitic sag sequence.

In addition, Pb-Pb model ages suggest an age 
similar to that of the host sequence for the 
galena in the deposit (De Jong, 1995).
Offsetting these observations is the almost 
unanimous agreement (eg Laing, 1990; Mor-
rison, 1991; De Jong, 1995; Wycherley, 1996) 
that the textures hosting the economic miner-
als in the deposit appear to be syn-metamor-
phic at hand specimen and thin section scale.
An interpretation consistent with all of these 
observations is that the mineralisation was 
pre-metamorphic (either exhalative or repla-
cive) and was subsequently strongly modified 
during deformation and amphibolite-facies 
metamorphism.

POST-FORMATION MODIFICATION
•	 Faulting
•	 Skarn-like alteration
•	 Surface weathering

EXPLORATION
Discovery Method
The Maronan deposit was discovered by 
Billiton in 1988 following on from a program of 
airborne and ground magnetics, ground TEM 
and RAB drilling (Fig 5.88).

Figure 5.76.  Schematic stratigraphy from west to east 
from De Jong (1995) as redrafted by Wycherley (1996)

Figure 5.77.  Long sections with diagrams showing 
location, from Red Metal public ASX filings
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Figure 5.79. (Facing page)  Backscatter and mineralogy 
diagrams from Austin et al (2016) corresponding to the 
letter locations on this page.

Figure 5.78. Magnetic susceptibility results from Austin 
et al (2016) for drillhole MRN14008 - inset shows loca-
tion of interval on the 7671100mN section.
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Au-Cu 
dominated zone

Pb-Zn-Cu 
dominated zone

Lower-
grade halo

MRN14003

MRN14003

MRN14008

MRN08003

MRN14008
MRN08003

Figure 5.80. Hylogger Thermal Infrared (TIR) miner-
alogy plots from National Virtual Core Library data for 
Maronan drillholes, showing variations in mineralogy 
for Au-rich; Pb-rich, and lower grade intervals.  Inset 
shows locations of the associated drillholes on the long 
section.
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Figure 5.81. Calculated mineralogy (Austin et al 2016) 
from TIMA data for a series of samples from Maronan

Figures 5.82-5.84. (following three diagrams) Open file 
stream sediment data for the Maronan region.
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Figure 5.85. Minus 80 mesh soil samples from the 
Maronan project, overlain on UTS magnetics.  Top - Pb; 
middle - Zn; bottom - Cu
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Figure 5.86. Mobile Metal Ion (MMI) soil results over the 
Maronan prospect. Top - Pb; middle - Zn; bottom - Cu
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Figure 5.87.  CDI depth images from the Cloncurry AEM survey.  The location of the Maranon BIF is shown on each map. 
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Figure 5.88. Line 79638N from report CR19159 show-
ing ground magnetics and Time Domain EM data over 
the Maronan discovery hole MND01
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