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ABSTRACT 
The Chillagoe Mining District is located ~200km west of Cairns, in north Queensland. The 

district hosts many Zn-Pb-Ag-Au-Cu deposits and prospects associated with separate intrusive 
centres. These deposits include the Red Dome Au-Cu retrograde skarn, the Mungana Au porphyry, 
the Mungana Zn-Pb-Cu-Ag skarn, the King Vol Zn-Pb skarn, the Redcap prospect area 
(Queenslander, Morrison, Victoria, Penzance), Red Hill and the Shannons-Zillmanton area. The 
skarns are hosted by near vertical Silurian to Devonian Chillagoe Formation limestone beds. The 
Chillagoe Formation includes limestone, sandstone, conglomerate and interbedded basalt. 

Red Dome skarn deposit mineralogy includes chlorite, garnet (Ad61-100) and bimodal pyroxene 
(Hd3-98, Jo0-7). Magnetite is common with garnet while pyrrhotite is absent throughout the deposit. 
The majority of the deposit is hosted within pervasively chlorite altered garnet skarn. The skarn 
formed in a diatreme breccia and was sourced from the underlying 322 + 2 Ma (U-Pb zircon) 
porphyry intrusion. Rounded clasts of the causative intrusion are hosted within garnet + chalcocite 
skarn. The Red Dome porphyry was later intruded by a 311 + 2 Ma rhyolite porphyry intrusion, 
which may have contributed to Red Dome’s metal endowment.  

The Mungana base metal skarn includes garnet (Ad6-100) and pyroxene (Hd4-98, Jo0-27). 
Deposition of base metals has been dated at 334.8 + 3.3 Ma (Re-Os molybdenite). The Mungana 
gold resource is hosted within gold bearing quartz porphyry veins within the 318 + 2.3 Ma (U-Pb 
zircon) Mungana porphyry intrusion and the surrounding host rocks. A 307.1 + 2.5 Ma granite 
body occurs approximately 50 meters below the sphalerite skarn. Based on the geochronology, 
base metal deposition occurred ~16 Ma before emplacement of the gold porphyry and ~27 Ma 
before the granite intrusion. The base metal skarn is related to an intrusion that remains 
undiscovered at depth and down dip. 

The Redcap skarn prospect includes a pyroxene rich (Hd64-99) gold-chalcopyrite-pyrrhotite skarn 
that cuts an earlier garnet rich (Ad51-92) sphalerite-magnetite-chalcopyrite skarn. The majority of 
mineralization is hosted at the base of Chillagoe formation limestone which has been thrust on top 
of 306 + 2 Ma Redcap Dacite group volcanic rocks. Based on pyroxene zonation the source of the 
pyroxene-gold-chalcopyrite-pyrrhotite skarn remains undiscovered, down dip and to the southeast. 

The King Vol Zn-Cu-Pb-Ag ore body is comprised of a thin semi-massive to massive sphalerite, 
chalcopyrite and galena body at the contact between limestone and sandstone or chert. Garnet 
(Ad13-100) and pyroxene (Hd11-99) predates mineralization and is cut by sphalerite and amphibole. 
In the deepest portions of the deposit sulfide dissipates into brecciated rocks containing garnet, 
secondary hematite and calcite. A ~150 meter wide marble front occurs below mineralization and 
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adjacent to the breccia. Based on this zonation, the causative intrusion remains undiscovered and 
at depth. The age of King Vol remains unknown.  



4 
 

1. INTRODUCTION 
This report on the Chillagoe research project presents preliminary results from a PhD project by 

Peter Illig at James Cook University. The results are from the first 1.5 years of the PhD project 
and research is ongoing. 

The Chillagoe mining district is located approximately 200km west of Cairns, in Queensland, 
within the Mossman Orogen and the Hodgkinson Province (Figures 1, 2). It is located on the 
western margin of the middle Paleozoic Hodgkinson Formation which borders the Georgetown 
Inlier (Australian craton). Major deposits are hosted within the Chillagoe Formation which is the 
shallow marine carbonate portion of the Hodgkinson Formation (Figure 2).  

The Chillagoe District has a long mining history starting from late 1800’s. Historical production 
includes: 

• Red Dome (1986 – 1996): 15 Mt @ 2.0 g/t gold, 0.5% copper, 15 g/t silver 
• Mungana (2008 – 2012): 0.7 Mt @ 11.1% zinc, 1.8% copper, 1.0% lead, 1.0 g/t gold, 80 

g/t silver 
• Lady Jane and Girofla (1896 – 1926): 0.3 Mt @ 3.5% copper, 14% lead, 250 g/t silver 
• Red Cap area (pre 1930): 300 t copper, 525 t lead, 24 koz silver  

The current resources include: 

• Mungana-Red Dome: 131 Mt @ 0.65 g/t Au, 0.21% Cu, and 8.1 g/t Ag (ASX: 29 
October 2013, Annual Report) 

• King Vol: 2.99 Mt @ 11.9% Zn, 0.8% Cu, 0.6% Pb, and 29.9g /t Ag (ASX: 28 Jan 2015) 
• Red Cap: 3.8 Mt @ 4.8% Zn, 0.7% Cu, 0.2% Pb, 0.1 g/t Au and 19 g/t Ag, (ASX: 27 

Apr 2015) 

Previous studies on the area are extensive, including studies from the Bureau of Mineral 
Resources (BMR), Geological Survey of Queensland (GSQ) and a number of academic theses. 
Early studies focused on prospect scale geology (e.g. Jack, 1891; Skertchly, 1897 and 1899; 
Jensen, 1923, 1940 and 1941; Broadhurst, 1952 and 1953).  Later regional geological surveys by 
the BMR and GSQ focussed on stratigraphy and mineral occurences (e.g. Day et al., 1983; Ishaq 
et al., 1987; Bultitude et al., 1993a, b; Donchak and Bultitude, 1994; Bultitude et al., 1997; Garrad 
and Bultitude, 1999), individual stratigraphic units (Arnold and Fawckner, 1980; Fawckner, 1981; 
Green et al., 1988; Webb et al., 1989; Bernecker and Webb, 1990; Fordham, 1990; Green, 1990; 
Vos et al., 2006b), structural geology (De Keyser, 1963; Bell, 1980; Shaw et al., 1987; Vos et al., 
2006a, b) and the geochronology of igneous units and their relation to precious and base metal 
mineralization (Branch, 1961; 1966; Richards et al., 1966; Black, 1978; Black and Richards, 1972 
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a, b; Sheraton and Black, 1973; Bailey, 1977; Sheraton and Labonne, 1978; Richards, 1980; 
Mackenzie, 1987, 1988; Champion, 1991; Champion and Chappell, 1992; Mackenzie and 
Champion, 1994; Perkins and Kennedy, 1998; Georgees and Nethery, 1999; Champion, 2005).  

Four theses have been completed on the Chillagoe mineralization. These include Torrey (1986; 
Red Dome), Woodburry (1994; Red Dome and Mungana) and Lehrmann (2012; Red Dome, 
Mungana and Red Cap). No theses or published studies have been completed on the King Vol zinc 
skarn deposit. Torrey (1986) and Woodburry (1994) completed initial investigations into the 
general geology, mineralization and timing of the Red Dome and Mungana deposits. Lehrmann 
(2012) conducted extensive U-Pb and Re-Os analysis to understand the timing of various 
intrusions and the Redcap volcanic rocks. Lehrmann (2012) also dated molybdenite from skarn 
using Re-Os geochronology, but did not determine which intrusions were causative for the various 
skarns or how the Re-Os ages related to skarn zonation and associated metal endowment.  

 

 

Figure 1A.  Distribution of orogens and location of the North Australia Craton in Northern Queensland. 
(From Jell, 2013) 
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Figure 1B. Regional geology of the Chillagoe District. 
(From Jell, 2013.) 
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Figure 2.  Mineral deposits and prospects in the Chillagoe Mining District, Queensland, Australia.  
(From http://athertonresources.com.au/chillagoe-project/; accessed on 10 August 2015). 

The detailed geology of the area within the red box is shown in Figure 10. 

 
 

 

http://athertonresources.com.au/chillagoe-project/
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2. REGIONAL GEOLOGY 

2.1 North Australian Craton 
The North Australian Craton contains Proterozoic rocks which form much of the underlying 

strata of the western two thirds of Australia (Myers, Shaw and Tyler, 1996; Cawood and Korsch, 
2008). The metamorphic rocks of the North Australian Craton are the oldest rocks in the Chillagoe 
district and have been mapped as schist. The craton is bounded to the east by the Phanerozoic rocks 
of the Tasmanides (Withnall and Hutton, 2012; Figures 1, 2). In northern Queensland these 
Phanerozoic rocks include the Mossman, Thomson and New England Orogens (Figure 1). The 
cratonic rocks and the Mossman Orogen are separated by the Palmerville Fault (Figure 2).  

2.2 Mossman Orogen 
The Mossman Orogen comprises Silurian to Devonian marine sedimentary and younger igneous 

rocks east of the North Australian Craton and westward to the current shoreline (Hendersen et al., 
2012; Figures 1, 2). It is located northeast of the Thomson Orogen and north of the New England 
Orogen. Based on 2D seismic profiles the Mossman Orogen overlies the basement rocks of the 
North Australian Craton (Korsch et al., 2012). The Hodgkinson Province (consisting of the 
Chillagoe and the Palmer Barron Subprovinces) and the Broken River  Province (consisting of the 
Graveyard and the Camel Creek Subprovinces) are the two major components of the Mossman 
Orogen. Both provinces contain Paleozoic shallow to deep marine sedimentary rocks and are 
intruded and separated by rocks of the Carboniferous to Early Permian Kennedy Igneous 
Association (Figures 1, 2; Henderson and Withnall, 2012). 

2.3 Hodgkinson Province 
The Hodgkinson Province is an extensive belt of sedimentary strata stretching 150 kilometers 

from the eastern coast of Australia to the North Australian Craton and is the most northerly portion 
of the Mossman Orogen (Figures 1, 2). It contains two major Silurian to Devonian sedimentary 
packages: the Chillagoe Formation in the Chillagoe Subprovince to the west and the Hodgkinson 
Formation in the Palmer Barron Subprovince to the east. A thin band of the Ordovician Mulgrave 
Formation occurs between the Chillagoe Formation and the Palmerville Fault (Figures 1, 2). The 
Chillagoe Formation includes shallow marine sedimentary rocks including limestone, chert, 
sandstone, conglomerate, and mafic volcanic rocks. These rocks form a thin band, up to 10 km 
wide, parallel to the Palmerville Fault (Figures 1B and 2) and have been overturned to near vertical.  

To the east, the Hodgkinson Formation either conformably overlies the Chillagoe Formation, or 
is in faulted contact with the Chillagoe Formation. The rock types of the Hodgkinson Formation 
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are dominantly sandstone, siltstone and mudstone, with lesser chert, mafic volcanic rocks and 
conglomerate (Henderson et al., 2013).  

To the north, the Chillagoe Formation is overlain by Jurassic to Cretaceous sedimentary rocks 
of the Laura Basin and a smaller basin approximately 40 km north-northwest (Figure 2).  

2.3.1 Chillagoe Formation 
The Chillagoe Formation is characterised by the presence of abundant fossiliferous limestone. 

The disappearance of limestone at the top of the Chillagoe formation delineates the boundary 
between the Chillagoe and the Hodgkinson Formations. Limestone hosts the major ore deposits of 
the Chillagoe mining district. The strata are near vertical and have been slightly overturned  
(Henderson et al., 2013). Fossiliferous limestone is variably present and contains radiolarians, 
crinoids, conodonts, sponges, bryozoans, brachiopods and trilobites (Figure 3). Based on the 
biostratigraphy these limestones have been dated between the Silurian and Devonian (Fordham, 
1990). The vast majority of limestone contains no metamorphic fabric or evidence of brittle or 
ductile deformation. The Chillagoe Formation also contains lesser interlayered chert, sandstone, 
conglomerate, and mafic volcanic rocks. Weak cleavage is present in the pelitic rocks, basalt and 
chert and is parallel to bedding. Small folds (meters in wavelength) are rare and do not have 
consistent orientations (Fawckner, 1981). 

Significant karst morphology is present in the Chillagoe District, with over 300 limestone caves 
having been explored in the past four decades.  The Red Dome deposit is hosted in breccia and the 
Mungana and Redcap mineralization have a close spatial association with breccia (Figure 3). These 
breccias have been hypothesized as hydrothermal breccias associated with nearby intrusions or as 
karst collapse breccias (Torrey, 1986), but there is insufficient data or descriptions to determine 
their origin. These breccia bodies have been mapped as “Permian-Carboniferous Breccia” (Figure 
3) but no further investigation has been completed.  

Mafic volcanic rocks, identified as submarine volcanic rocks, are interlayered within the 
Chillagoe Formation. These volcanic rocks range in composition and include basalt, trachybasalt 
and basanite (Figure 4) and have Ti, Zr, Nb and Y compositions similar to mid-ocean ridge basalts 
and within plate basalts (Figures 4-7). These mafic rocks are weakly chlorite, calcite and albite 
altered and rarely contain metamorphic fabrics (Vos et al., 2006a). Lerhmann (2012) reported that 
the Hodgkinson Province has been metamorphosed to lower greenschist facies, based upon the 
alteration of basalt.  Greenschist, however, has not been identified in the Chillagoe Formation. The 
presence of carbonaceous fossiliferous limestone also confirms that the Chillagoe Formation, 
within the Chillagoe Mining District, has not undergone regional metamorphism. 
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Figure 3.  Stratigraphy of the Chillagoe Formation. (From Lehrmann (2012) with data from Fordham (1990).) 
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Figure 5: Ti-Zr-Y discrimination diagram (Pearce and 
Cann, 1973) with Chillagoe Formation basalt samples from 

Red Dome and King Vol. (Data from this study.) 

Figure 6: Zr-Nb-Y discrimination diagram (Meschede, 
1986) with Chillagoe Formation basalt samples from Red 

Dome and King Vol. (Data from this study.) 

 

 

Figure 4: TAS classification diagram (Le Maitre, 1989) with Chillagoe Formation basalt samples from Red Dome 
and King Vol shown in red. (Data from this study.) 
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2.4 Kennedy Igneous Association 
Late Carboniferous to early Permian plutonic and volcanic rocks are extensive at surface and 

are located east of the Palmerville fault in the Chillagoe district. These bodies intrude the Chillagoe 
and Hodgkinson Formations (Figures 1 and 2). Champion (1991), Champion and Chappell (1992), 
and Mackenzie et al. (1992) subdivided the plutonic rocks into “supersuites” (O’Brien’s Creek, 
Almaden, Ootann, Claret Creek and Lags) based on geochemical and petrological differences. The 
Almaden, Ootann and O’Briens Creek supersuites are the most widespread intrusive suites in the 
region. The plutons of the Chillagoe area have been mapped as part of the Almaden supersuite and 
the extrusive rocks as part of the Lags supersuite (Figure 8). These subdivisions are not 
geochronologically unique (Champion, 1991). 

There are systematic differences in the Y, Nb and Rb compositions of the Almaden, O’Briens 
Creek and Ootann supersuites.  Based on the Geoscience Australia geochemical dataset nearly all 
of the granites from the Almaden supersuite plot within the “Volcanic Arc Granite” boundary 
(Figure 9) and granites from the O’Briens Creek supersuite plot in the “Within Plate Granite” 
boundary. The Ootann suite is distributed between the Volcanic Arc Granite, Within Plate Granite 
and Collisional Granite regions. Presumably the geochemical and petrologic characteristics that 

 

Figure 7: Zr vs Ti discrimination diagram (Pearce and Cann, 1973) with Chillagoe Formation Basalt samples 
from Red Dome and King Vol. (Data from this study.) 
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distinguish the Almaden and O’Briens Creek suites are reflective of their tectonic setting. Based 
on Rb, Y and Nb the tectonic setting of emplacement of the Ootann suite cannot be defined. 

 

Figure 8.  Geologic map of the Carboniferous to Permian igneous units. (From Jell, 2013).  
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Figure 9.  Granite Y+Nb vs Rb tectonic discrimination diagram (Pearce et al, 1984) with Kennedy Igneous Association. 
(Data from Geoscience Australia rock geochemistry database.) 

Red squares = Almaden Supersuite;  Purple crosses = O’Briens Creek supersuite; Green triangles = Ootann supersuite. 

VAG = volcanic arc granite;  WPG = within plate granite; syn-COLG = collisional granite;  ORG = ocean ridge granite 
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3. DISTRICT GEOLOGY 
The Chillagoe District is located at the western margin of the Siluro-Devonian Mossman 

Orogen, in the Chillagoe Subprovince of the Hodgkinson Province.  The district is approximately 
7.5 km wide and is bounded to the southwest by the Palmerville Fault, a major northeast dipping 
suture zone which separates Precambrian schistose rocks of the Northern Australia Craton to the 
southwest from the Hodgkinson Province. To the northeast the Chillagoe District is bounded by 
the Redcap Fault where the block has been thrust over Late Carboniferous Redcap Dacite Group 
volcanic rocks (Figure 10).  

The Chillagoe Formation has been cut by district scale northeast and northwest trending faults. 
These faults are likely related to the rotation of the Chillagoe Formation strata. The strike of the 
northwest fault set is approximately parallel to both the Palmerville Fault and the strike of the 
sedimentary strata. The strike are perpendicular to both of these features. The dip direction of these 
faults are unknown, with the exception of the Palmerville and Redcap faults.  

Kennedy Igneous Association magmatism intruded the Chillagoe Formation between ~335-297 
Ma.  Based on two U-Pb ages, the Redcap rocks were extruded between 306 and 310 Ma. (Figure 
11). CIPW normative analyses indicate the intrusions range from granite to tonalite in composition 
(Figure 12). Modal mineralogy analysis of the phaneritic rocks confirm these findings. The Redcap 
Dacite Group volcanic rocks vary in composition from dacite to rhyolite (Figure 13a). All Kennedy 
Igneous Association rocks from Chillagoe plot within the Magnetite series granitoid region (Figure 
13b). The Mungana, Red Dome and Redcap deposits are associated with these igneous rocks. 
Please see section 4 for detailed descriptions and cross sections.  
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Figure 10. Bedrock geologic map of the Chillagoe District. (From this study) 
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Figure 11. Geochronological data from the Chillagoe Mining District.   
(Data from Lehrmann (2012), Georgees (2007) and Perkins and Kennedy (1998) and shown in Table 1.  

2 sigma errors are shown. 

 

 

Figure 12.  CIPW normative mineralogy analysis of intrusions from the Chillagoe Mining District.  
(Data from this study) 
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Figure 13a.  TAS classification diagram (Le Maitre, 1989) with Redcap Dacite Group samples. 

 

Figure 13b.  Magnetite versus ilmenite series granitoid plot (Ishihara, 1977) with data from this study. 
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4. DEPOSIT SCALE GEOLOGY 

4.1 Red Dome Deposit Geology 
The Red Dome deposit is the largest resource discovered to date in the Chillagoe Mining 

District. Mining operations in the Red Dome pit from 1986 to 1996 produced 829,500 oz Au, 3 
Moz Ag and 34.4 kt Cu.  The majority of the Au-Cu resource is hosted within a 150-m thick 
pervasively chlorite-carbonate-quartz altered garnet skarn breccia (Figure 14). The chlorite breccia 
terminates in white marble which, in turn, terminates in unaltered limestone (Figure 14). The skarn 
replaced a diatreme breccia which was mostly composed of limestone and marble. The diatreme 
formed at the top of a 322 + 2 Ma rhyolite porphyry (Figures 15 and 16). Below the diatreme, 
garnet + magnetite skarn occurs at the contact between the porphyry and marble, and at the near 
vertical sedimentary contacts of marble with basalt, chert and sandstone (Figures 15, 16 and 17). 
Semi-massive to massive magnetite + garnet skarn occurs on the southwest side of the porphyry 
(Figure 16).  

The main Red Dome porphyry is comprised of 10% or less vermicular quartz and feldspar 
phenocrysts (Figure 18). A late 311 + 2 Ma felsite dike cuts the older porphyry and has a thin skin 
of garnet skarn (Figures 16 and 17). Rounded clasts of the older porphyry are found in garnet skarn 
from the Red Dome pit (Figure 19a). More common are clasts of the older porphyry within massive 
chlorite matrix breccia (Figure 19b). The majority of gold and copper tonnage is contained within 
the chlorite breccia. In the shallowest portions of the porphyry, below the chlorite zone, 
chalcopyrite, bornite and tetrahedrite endoskarn veins occur. Garnet exoskarn contains the 
majority of gold and copper mineralization below the chlorite breccia. Garnet compositions are 
Ad61-100 with essentially no pyralspite component (Figure 20a). Pyroxene compositions are 
bimodal (Hd3-37 and Hd79-98; Figure 20b). The diopside rich pyroxene is restricted to garnet 
exoskarn. The hedenbergite rich pyroxene is restricted to disseminated to massive pyroxene 
endoskarn replacing the older porphyry intrusion (Figure 21).  

Oxygen isotope compositions of calcite from the Red Dome garnet skarn and surrounding 
marble suggest the skarn has a magmatic origin and the majority of marble has interacted with 
little or no hydrothermal fluid (Figure 22). Oxygen isotope compositions of marble vary from ~12 
δ18O at the skarn-marble contact to ~20-23 δ18O 20 meters away. This preliminary data suggests 
that hydrothermal fluids interacted with approximately less than 20 lateral meters of marble, and 
that the majority of marble formation occurred by direct recrystallization.  

Three Re-Os ages have been obtained from the high grade Cu resource on the southwest marble-
sandstone contact at Red Dome (Figure 17). The younger ages (320.3 + 1.5 and 321.7 + 1.6 Ma) 
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are the preferred ages for this mineralization. The older age (355 + 13 Ma) is likely to be incorrect. 
The high error was probably due to very low concentrations of Re and Os, leading to a poor age 
analysis (R Creaser, pers. comm., 2016).  

 

 

 

Figure 14: Surface geology at the Red Dome pit. Map location identifiable from Figure 10. (From this study.) 
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Figure 15: Cross section B-B’ of the Red Dome deposit. Section location is shown on Figure 14. Black lines are 

drillholes. U-Pb ages are from Lehrmann (2012). 
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Figure 16. Cross section C-C’ of the Red Dome deposit. Section location is shown on Figure 14. U-Pb ages are from 

Lehrmann (2012). Black lines are drillholes. Red arrow points to drillhole and contact of C-O oxygen isotope 
analyses in Figure 21. 
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Figure 17: Cross section D-D’ of the Red Dome deposit. Section location is shown on Figure 14. Black lines are 
drillholes. U-Pb ages are from Lehrmann (2012). 
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Figure 18. Drill core from the two intrusions at the Red Dome deposit. The 322 + 2 
Ma Red Dome porphyry (top) has ~10% >1mm vermicular quartz + feldspar 
phenocrysts.  The 311 ± 2 Ma felsite (bottom) contains >0.5mm quartz + feldspar 
phenocrysts. Both intrusions have variable amounts of quartz stockwork veining. 
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Figure 19a. Rounded clasts of the older Red Dome porphyry within massive garnet-
chalcocite skarn. 

Figure 19b. Clasts of the older Red Dome porphyry within massive chlorite matrix. 
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Figure 20a. Garnet compositions at Red Dome. 
 

Figure 20b.  Pyroxene compositions at Red Dome. 
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Figure 21.  Pyroxene endoskarn at Red Dome. The top photo shows stockwork 
pyroxene veins replacing porphyry intrusion. The bottom photo shows a sample that 
has been completely replaced, with early porphyry stockwork veining remaining 
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Figure 22a: Oxygen isotope compositions from garnet-magnetite skarn and  
white marble at the Red Dome deposit. 

 

Figure 22b: Oxygen isotope compositions from grey limestone from the  
Chillagoe Formation. 
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4.2 Mungana Deposit Geology 
The Mungana deposit is comprised of separate base metal and gold deposits. Sphalerite, 

chalcopyrite and galena are hosted by garnet-pyroxene skarn that occurs at a southwest dipping 
contact between marble and sandstone (Figure 23). Re-Os age analysis of molybdenite in the skarn 
produced an age of 334.8 + 3.3 Ma. This base metal skarn is cut by a later 318.1 + 2.3 Ma rhyolite 
porphyry intrusion which contains quartz porphyry veins that host gold and minor chalcopyrite 
mineralization. Pyroxene endoskarn veins are also present in the porphyry. Thin garnet skarn 
surrounds the porphyry where it is in contact with marble. Below the base metal skarn a 307.1 + 
2.5 Ma granite intrusion occurs.   

Based on geochronology the earliest mineralization is the base metal skarn at ~335 Ma. The 
causative intrusion for this skarn remains undiscovered and downdip of mineralization.  Intrusion 
of the gold bearing porphyry followed at ~ 318 Ma. The two other porphyry dikes have the same 
age (within error) as the gold-bearing porphyry and are presumed to be related to the same 
magmatic event. The final event was the emplacement of the granite intrusion at ~307 Ma. 

Garnet compositions at the Mungana skarn vary between Ad6-100 (Figure 24). Compositions  of 
pyroxenes in the base metal skarn vary from Hd4-98 and Jo0-27 (Figure 25). Mungana pyroxenes 
have the highest manganese content of all the Chillagoe skarns analysed in this study. Along this 
cross section pyroxene compositions do not have a systematic trend. Pyroxenes within endoskarn 
veins of the Mungana gold porphyry are Hd75-94 in composition (Figure 25). 

Oxygen isotope compositions of calcite from garnet skarn in the gold porphyry and in the 
surrounding marble have similar patterns to those from the Red Dome deposit. Oxygen isotope 
compositions of the calcite range from ~15 δ18O within garnet skarn to ~19-22 δ18O within marble, 
immediately adjacent to garnet skarn. This suggests that almost all marble from the Mungana 
deposit has formed from recrystallization of Chillagoe Formation limestone with nearly no 
interaction with magmatic fluids.  
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Figure 23.  Cross section of the Mungana deposit. Black lines are drillholes. The thick pink outline is gold grade 
>0.5 ppm. Red arrow points towards contact. U-Pb data from Georgees (2007). 
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Figure 24. Garnet compositions of the Mungana base metal skarn. 

 

Figure 25. Pyroxene compositions at Mungana. Blue circles are pyroxene analyses from the base metal skarn. 
Red circles are pyroxene analyses from endoskarn veins within the Mungana gold porphyry. 
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4.2 Redcap Prospect Geology 
The Redcap prospect hosts a garnet-magnetite-sphalerite-chalcopyrite skarn that is cut by a later 

pyroxene-pyrrhotite-chalcopyrite-gold skarn. The skarns formed at vertical sedimentary contacts 
and at the thrust contact between the Redcap Dacite Group volcanic rocks and the Chillagoe 
Formation (Figures 27, 28 and 29).  

Sphalerite is restricted to garnet (Ad51-92)-magnetite skarn (Figures 26-30). Pyroxene in this 
skarn is rare with garnet:pyroxene greater than 10:1. Gold mineralization is restricted to pyroxene 
rich (Hd64-99)-pyrrhotite skarn (Figures 27-29). Chalcopyrite occurs in both skarn affinities. Garnet 
has not been identified in this skarn. Hedenbergite rich pyroxene veins commonly cut the garnet-
magnetite skarn. Garnet veins cutting pyrrhotite rich skarn have not been identified. 

The majority of mineralization occurs at the thrust contact between the Chillagoe Formation 
limestones, which overlie the Redcap Dacite Group volcanic rocks. Two granodiorite plutons are 
present. The Ruddygore pluton is 2.6 km to the southeast while the Belgravia pluton is 800 meters 
to the northwest (Figure 10). Both plutons cut the Chillagoe Formation, the Redcap Fault and the 
Redcap Dacite Group volcanic rocks.  

Pyroxene compositions in the pyroxene-rich skarn vary consistently, with hedenbergite-rich 
pyroxene occurring up dip along the fault and magnesium rich pyroxene occurring down dip.  

Mineralisation at the Penzance prospect is located along vertical contacts between basalt, chert, 
sandstone and marble. Of the pyroxene rich skarns in Redcap, Penzance has the most diopside rich 

 

Figure 26: Oxygen isotope composition of calcite versus downhole depth at Mungana. 
Locations of drillholes and contact are shown on Figure 23. 
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pyroxenes (Figure 30). Based on the pyroxene composition zoning within the pyroxene rich skarn, 
the source is located downdip of Queenslander and Victoria and closer to Penzance. Thus, the 
Ruddygore and Belgravia plutons are not the source of the pyroxene rich copper-gold skarn. The 
causative intrusion of the sphalerite-garnet-magnetite skarn remains undiscovered, and is possibly 
down dip from mineralization, along the Redcap Fault.   

 

 

 

Figure 27. Cross section of the Queenslander prospect within Redcap. 
The section location is shown on Figure 14. 
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Figure 29: Cross section of the Victoria- Morrison prospect within Redcap. The section location is shown on 
Figure 14.  U-Pb and Re-Os ages from Lehrmann (2012). 

Figure 28: Cross section of the Penzance prospect within Redcap. The section location is shown on Figure 14 
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Figure 30. Pyroxene compositions from Redcap. Red circles are from Queenslander. Blue circles are from Victoria. 
Green circles are from Penzance. The diopside rich analyses from Queenslander and Victoria are from the garnet-

magnetite skarn. The Penzance analyses are all from pyroxene-rich skarn 

 

Figure 31: Garnet compositions at the Redcap prospect. 
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4.3 King Vol Deposit Geology 

The King Vol Zn-Pb-Ag deposit is located approximately 40km north-northwest of the Red 
Dome deposit. The ore body is comprised of a semi-massive to massive sphalerite-galena ore body 
that occurs on a southwest striking contact between Chillagoe Formation limestone and sandstone 
(Figures 32 and 33). Below the ore body terminates into a thin hematite and garnet bearing breccia. 
A marble halo does not surround the sulfide ore body – marble only occurs at depth. Garnet skarn 
(Ad13-100; Figure 34) with rare pyroxene (Hd11-82; Figure 35) occurs at the steep contacts between 
sandstone and limestone but is generally not mineralized with sphalerite. More commonly 
sphalerite veins cut garnet skarn.  

Carbon and oxygen isotope compositions of calcite in marble at King Vol share similar trends 
as the Red Dome and Mungana deposits. The lowest oxygen isotope compositions analyses (<10 
δ18O) are within the hematite-garnet bearing brecciated rocks and adjacent to white marble (Figure 
36). The O isotope composition up hole and away from the fluid source immediately climbs to ~20 
δ18O, which is characteristic of Chillagoe Formation limestone. The majority of white marble has 
an O isotope composition similar to the limestones. Other low O isotope composition calcite (~12-
15 δ18O) are within and adjacent to garnet skarn further up hole. The data demonstrates that the 
majority of white limestone formed via recrystallization without significant interaction with 
hydrothermal fluids.  

 

Figure 32.  Geology map of the King Vol deposit. 
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Figure 33: Cross section of the King Vol deposit. Cross section location is shown on Figure 32. 
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Figure 34: Compositions of garnet from the King Vol deposit. 

 

Figure 35. Compositions of pyroxene from the King Vol deposit. 
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Figure 36: Oxygen isotopic composition of calcite versus downhole meterage at King Vol.  

Location of drillhole is shown on Figure 33 
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5. DISCUSSION 
The numerous deposits within the Chillagoe district demonstrate the area is fertile for Au-Cu-

Ag and Zn-Pb ± Cu skarns and porphyry deposits. At both the Red Dome and Mungana deposits 
hydrothermal breccias occur immediately above the porphyries. These breccia systems are 
variably associated with high grade and tonnage. At Red Dome these breccias host the majority of 
the deposit because the breccia system formed in a carbonate host. The Mungana breccia occurs 
within chert, and therefore lacks the carbonate host needed for a large skarn deposit.  

The porphyries contain 10% or less phenocrysts. These phenocrysts include vermicular quartz, 
which indicates a high fluorine activity and low magma viscosity. The scarcity of phenocrysts also 
suggests that the fluids that exsolved from the magma were not impeded from escaping the magma 
chamber and forming the associated hydrothermal breccias. Furthermore, based on the oxygen 
isotope composition data of the marbles surrounding the deposits, magmatic fluids did not 
permeate laterally away from the porphyries. Rather, the marble acted as a confining unit. Due to 
the added confining pressure the fluids were forced upwards, along the contacts of the porphyries 
which added to the potential for hydrothermal breccia formation. 

The skarns are mostly garnet-pyroxene skarns. Pyroxene compositions vary greatly between 
hedenbergite and diopside. Andradite rich garnet is common. The Fe3+ rich garnet, coexisting with 
abundant magnetite (e.g. Red Dome), and the association with magnetite series intrusions, suggest 
that the deposits have resulted from oxidized fluids and should be classified as oxidized skarn and 
porphyry deposits with variable Au-Cu-Ag-Zn-Pb grades. 
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