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Abstract 

The Cadia district of New South Wales contains four alkalic porphyry Au-Cu 

deposits (Cadia East, Ridgeway, Cadia Hill, and Cadia Quarry) and two Cu-Au-Fe 

skarn prospects (Big Cadia and Little Cadia), with a total of ⁓50 Moz Au and ⁓9.5 Mt 

Cu (reserves, resources, and past production). The ore deposits are hosted by 

volcaniclastic rocks of the Weemalla Formation and Forest Reefs Volcanics, which 

were deposited in a submarine basin on the flanks of the Macquarie Arc during the 

Middle to Late Ordovician. Alkalic magmatism occurred during the Benambran 

Orogeny in the Late Ordovician to Early Silurian, resulting in the emplacement of 

monzonite intrusive complexes and the formation of porphyry Au-Cu mineralization. 

Ridgeway formed synchronous with the first compressive peak of deformation and is 

characterized by an intrusion-centered quartz – magnetite – bornite – chalcopyrite – 

Au vein stockwork associated with calc-potassic alteration localized around the apex 

of the pencil-like Ridgeway intrusive complex. The volcanic-hosted giant Cadia East 

deposit and the intrusion-hosted Cadia Hill and Cadia Quarry deposits formed during 

a period of relaxation after the first compressive peak of the Benambran Orogeny and 

are characterized by sheeted quartz – sulfide – carbonate vein arrays associated with 

subtle potassic, calc-potassic, and propylitic alteration halos. 

 

Introduction 

The Cadia district is located 220 km west of Sydney in central New South Wales. 

Cadia hosts some of the world’s oldest and largest porphyry Au-Cu deposits, which 

formed in the Paleozoic Macquarie Arc in the Eastern Subprovince of the Lachlan 

Orogen of eastern Australia (Holliday et al., 2002; Wilson et al., 2003; Gray and Foster, 

2004; Glen, 2005; Fig. 1). During the culmination of magmatic activity within the 
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Macquarie Arc, Late Ordovician to Early Silurian alkalic magmatism at Cadia endowed 

⁓50 million ounces of Au and ⁓9.5 Mt of Cu in four porphyry deposits (Cadia East, 

Ridgeway, Cadia Hill, Cadia Quarry; Newcrest, 2019; Table 1), making Cadia 

Australia’s premier porphyry mineral district.  

Over the past 25 years, numerous exploration and mine geologists and researchers 

have mapped surface outcrops, open pit and underground mine exposures of the Cadia 

district and logged >14,000 km of drill core from >5,000 drill holes. These workers 

characterized the porphyry Au-Cu and associated Cu-Au-Fe skarn deposits (Green, 

1999; Harper, 2000; Close, 2000; Holliday et al., 2002; Wilson, 2003; Wilson et al., 

2003, 2007a, b; Forster et al., 2004; Finn, 2006; Reynolds, 2007; Cuison 2010; Fox, 

2012; Fox et al., 2015; Morrison, 2016; Harraden et al., 2019), their volcano-

sedimentary host rocks (Holliday et al., 2002; Wilson, 2003; Kitto, 2005; Harris et al., 

2009, 2014; Fox et al., 2015), associated high-K calc-alkalic to alkalic intrusive rocks 

(Blevin, 2002; Wilson, 2003; Wilson et al., 2007a; Fox, 2012), and the 

postmineralization history of sedimentation, burial, deformation, and uplift (Washburn, 

2008). Geochronological and geochemical analyses of the intrusive rocks (Blevin, 

2002; Wilson, 2003; Wilson et al., 2007a; Lowczak et al., 2018) together with 

paleontologic data (Packham et al., 1999; Harris et al., 2014) have provided a detailed 

geochemical and temporal framework for understanding the timing and evolution of 

these porphyry deposits.  

This manuscript reviews the geology of the Cadia district, its porphyry and skarn 

deposits, and the regional- and district-scale geological setting. We also discuss the 

postmineralization history that led to their disruption and preservation, and propose an 

exploration model for the diverse alkalic porphyry Au-Cu deposits exposed in the 

district.  
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Exploration and Mining History 

In 1851, prospecting at large gossanous outcrops of ironstones at Big Cadia 

(formerly Iron Duke) and Little Cadia (Fig. 2) led to the discovery of Au and Cu in the 

district. This was followed by the development of many small open-cut and 

underground mining and processing operations in the mid-1800s through to the early 

1900s. The small-scale mining of Au and Cu proved only intermittently sustainable 

during this period. Larger scale mining of magnetite for iron ore from Big Cadia 

occurred during the first and second world wars (Wood and Holliday, 1995; Wood, 

2012a, b). Renewed exploration at Cadia by Pacific Copper with various joint venture 

partners, including Homestake Ltd., in the 1970s and early 1980s focused mainly on 

Big and Little Cadia, but expanded to include core drilling at Cadia Quarry, Cadia Hill 

(then called Marrs Forest), and Cadia East (then called Sulphide Lode).  Significant Au 

anomalies were detected at Cadia Hill in soils and shallow diamond drilling, including 

96 m @ 0.6 g/t Au (drillhole HC8) and 97 m @ 0.95 g/t Au (PC406; Fig. 2; Wood, 

2012a), although the porphyry potential of the district remained effectively 

unrecognized.  

The potential for significant porphyry Au-Cu discoveries at Cadia was finally 

realized in 1991-1992 after Newcrest Mining Limited acquired the Cadia exploration 

licenses in 1990 (Wood and Holliday, 1995). Big Cadia and Little Cadia were 

interpreted by Newcrest geologists to be distal magnetite skarns associated with a larger 

(+4 km) porphyry-related hydrothermal system (Wood and Holliday, 1995). 

Exploration by Newcrest defined an approximately 800 x 200 m soil anomaly of >0.4 

ppm Au and >250 ppm Cu associated with outcrops of sheeted quartz veins and 

potassic-altered quartz monzonite at Cadia Hill (Wood, 2012a). From 1992 to 1996, 

exploration drilling led to the discovery of four porphyry Au-Cu deposits, starting with 
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Cadia Hill and Cadia Quarry in 1992 and 1993. Step-out drilling along a structural 

corridor to the SE led to the discovery of Cadia East (1994) and Cadia Far East (1996), 

now collectively known as the Cadia East deposit, the largest porphyry Au-Cu resource 

in Australia. The discovery of Cadia East was achieved by deep drilling southeast of 

Cadia Hill across the Gibb fault (Figs. 2, 3) and through tens to hundreds of meters of 

postmineralization Silurian sedimentary cover rocks (Wood and Holliday, 1995). A 

small (<0.4 km2) area of exposed pyrite – quartz – tourmaline-altered Ordovician 

volcanic rocks with little to no anomalous geochemistry at Cadia East had been drilled 

by Pacific Copper in the 1970s but failed to yield any significant Cu or Au values 

(Wood and Holliday, 1995). Deeper drilling of the same area by Newcrest in 1994 

intercepted narrow monzonite dikes and magnetite veinlets and encountered 

increasingly elevated Cu concentrations with depth. Still deeper drilling toward the 

eastern end of Cadia East intercepted 229 m @ 1.35 g/t Au and 0.49% Cu from 1,103 

m in NC494 (Fig. 2), including 112 m @ 2.07 g/t Au and 0.56 % Cu from 1,164 m 

(Tedder et al., 2001; Wood, 2012b). 

The small, high-grade Ridgeway porphyry Au-Cu deposit was discovered in 

December 1996. Ridgeway is concealed beneath a thin (20–80 m thick) veneer of 

Tertiary basalt, with the top of the ore zone occurring a further 450 m beneath the 

unconformity. Initial RC percussion drilling to 200 m depth was testing an IP 

chargeability anomaly detected ⁓2 km NW of Cadia Quarry, along the NW-trending 

Cadia structural corridor. The first hole (RGRC1; Fig. 2) intersected 8 m @ 0.42 g/t Au 

and 0.53% Cu from 182 m (Wood, 2012b). This intersection is now recognized as a 

‘leakage vein’ above Ridgeway (Holliday et al., 1999). Several narrow >0.1 g/t Au 

intercepts in magnetic intrusive and volcanic rocks with >0.5 % disseminated pyrite 

were also encountered in the first drill hole. Coherent alteration-metal zoning patterns, 
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including elevated Zn concentrations, led to a deeper drilling program that intersected 

increasing higher concentrations of Cu, including 118 m @ 0.10% Cu in NC371 from 

396 m to the end of hole (Fig. 2; Wood, 2012b). Subsequent deepening of NC371 to 

858.4 m in early 1996 intersected a zone of chalcopyrite-bearing sheeted quartz veins 

grading 0.13 g/t Au and 0.40 % Cu from 610 to 711 m, with several higher grade (>2 

g/t Au) intersections outside the sheeted vein zone. The Ridgeway discovery hole 

(NC498) was the fourth of a set of 200 m step-out holes drilled around NC371 (Wood, 

2012b). NC498 was positioned based on prediction of vein directions and interpretation 

of the extent of porphyry-related magnetite alteration. The hole intersected two 

exceptionally high-grade stockwork zones, including 145 m @ 4.30 g/t Au and 1.20 % 

Cu from 598 m and 84 m @ 7.40 g/t Au and 1.27 % Cu from 821 m (Wood, 2012b), 

triggering a shift in focus of drilling to the Ridgeway area, where continued exceptional 

drilling results resulted in fast-tracking of approval for an underground mining 

operation. 

Large-scale mining commenced with open-pit operations at Cadia Hill in June 

1998, followed by the development of a sublevel cave underground mine at Ridgeway 

in 2002. Cadia Hill operated until June 2012 and the pit is now used as a tailings 

reservoir. Ridgeway was converted to block caving in Ridgeway Deeps, then operated 

until March 2016, with minor production resuming for a short period during 2017. The 

Cadia East large-scale underground panel-cave mining operation commenced 

commercial production in January 2013. The orebody has an estimated mine life of >30 

years. 

From the commencement of mining in 1998 to December 2018, a total of 11.8 Moz 

Au and 1.15 Mt Cu was produced from the Cadia Hill, Cadia Quarry (Cadia Extended), 

Ridgeway and Cadia East mines (www.newcrest.com.au). The total mineral resources 
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remaining for the Cadia district (including ore reserves) in December 2018 were 3,170 

Mt @ 0.34 g/t Au and 0.26 % Cu for a total of 38 Moz Au and 8.3 Mt Cu (Newcrest, 

2019).  

Regional Geological Setting 

The Macquarie Arc is part of the Lachlan Orogen of eastern Australia and is 

exposed in four N-trending structural belts that crop out poorly over a strike length of 

450 km (Fig. 1). Paleo-tectonic reconstructions suggest that the belts composed an 

intra-oceanic island arc outboard of the eastern margin of Gondwana on the proto-

Pacific plate (Glen et al., 2007a), with submarine to subaerial volcanic and intrusive 

rocks emplaced from the Early Ordovician to the Early Silurian (Oversby, 1971; 

Solomon and Griffiths, 1972; Scheibner, 1973; Glen et al., 1998; Percival and Glen, 

2007; Crawford et al., 2007a, b). Repeated magmatic hiatuses and regional uplift and 

exhumation characterized the development of the Macquarie Arc, possibly related to 

the subduction of seamounts or a spreading ridge (Meffre et al., 2007).  

Remnants of what were once emergent volcanic islands composed of intermediate 

to mafic volcanic and derivative volcaniclastic rocks surrounded by fringing shallow- 

water carbonate rock are preserved in the Junee-Narromine and Molong Volcanic Belts 

(Fig. 1) – these are the oldest preserved segments of the Macquarie Arc (~489-474 Ma; 

Percival and Glen, 2007; Glen et al., 2007b). Phase 1 volcanic rocks include high-K 

calc-alkaline to shoshonitic basalts, basaltic andesites, and andesites that have chemical 

characteristics typical of intra-oceanic arcs. These rocks were deposited on old oceanic 

crust, based on whole rock geochemical and radiogenic isotope data and the lack of 

inherited zircons of cratonic derivation (Glen et al., 2007a; Crawford et al., 2007b; 

Kemp et al., 2020).  
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The second phase of Macquarie Arc magmatism initiated in the Middle to Late 

Ordovician (Darriwilian to Gisbornian; ~ 468–455 Ma; Glen et al., 2007b, 2011) with 

the development of arc-wide, submarine to locally emergent, volcanic centers also 

flanked by shallow marine carbonates (Percival and Glen, 2007; Crawford et al., 

2007b). Reconstruction of the volcanic paleogeography indicates that widely spaced 

and large submarine volcanoes existed along a ⁓100 km long segment of the arc 

(Simpson et al., 2005, 2007). Phase 2 rocks in the Junee – Narromine Volcanic Belt 

include the Goonumbla and Wombin Volcanics, host to the Northparkes porphyry Cu-

Au deposits (Fig. 1; Wells et al., 2020). Medium- to high-K basalts, andesites, rare 

dacites, and lesser tholeiitic mafic rocks with compositions typical of oceanic arc-type 

rocks formed eruptive centers (Simpson et al. 2007; Crawford et al., 2007b). In the 

Molong Volcanic Belt (Fig. 1), minor lavas interbedded with more laterally extensive 

turbiditic siltstone and sandstone sequences deposited in deeper marine environments 

suggest the preservation of adjoining back-arc basins. Crawford et al. (2007b) 

suggested that Middle Ordovician basaltic magmatism occurred at this time due to 

rifting of the Macquarie Arc. Phase 3 magmatism at ~455–450 Ma produced adakite-

like quartz-phyric dacite intrusions associated with calc-alkaline Cu-Au porphyry 

deposits and prospects at Copper Hill, Cargo, Kingswood, and several other localities 

(Fig. 1; Glen et al., 2007b; Crawford et al., 2007b, c; Cooke et al., 2007). 

The most economically significant magmatic cycle in the Macquarie Arc was phase 

4 when latest Ordovician to early Silurian (444–435 Ma) intrusions produced alkalic 

porphyry mineralization in the Cadia and Northparkes districts (Glen et al., 2007b). The 

Cadia porphyry Au-Cu deposits formed in the Molong Volcanic Belt (Holliday and 

Wood, 1993; Wilson et al., 2007a), and the Northparkes porphyry Cu-Au deposits 

formed at a similar time in the Junee–Narromine Volcanic Belt (Lickfold et al., 2007; 
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Pacey et al., 2019, 2020; Wells et al., 2020; Fig. 1). The mineralized intrusive 

complexes at Cadia and Northparkes represent the youngest magmatic event in the 

Macquarie Arc and record the transition from medium-K calc-alkaline to high-K calc-

alkaline and shoshonitic magma compositions. Strontium and Nd radiogenic isotopic 

compositions imply some crustal contamination of Phase 4 magmas emplaced during 

the Benambran Orogeny relative to the more strongly mantle-derived Phase 1 to 3 

magmas (Crawford et al., 2007b). Crawford et al. (2007b) interpreted the mafic to 

ultramafic shoshonitic Nash Hill and Bushman Volcanics that crop out immediately 

north of Parkes to be part of Phase 4 based on their unusual chemistry. These rocks are 

enriched in U-Th-Pb and La-Ce, and have low initial Nd values, between +5.00 and -

0.91, suggesting that they are lamprophyric (Crawford et al., 2007b). 

Phase 4 magmatism in the Macquarie Arc coincided with the early parts of the 

Benambran Orogeny. Glen et al. (2007c) argued for two significant deformation events 

as part of the Benambran Orogeny, ~443 Ma (late Bolidian to early Llandovery) and 

430 Ma (late Llandovery). These compressional deformation events occurred during 

closure of the backarc basin, which caused cessation of magmatism as the Macquarie 

Arc collided with Gondwana (Glen et al., 2007c). Subsequent rifting of the arc was 

associated with Siluro-Devonian extension and transpressional deformation (Glen, 

1992). The Middle Devonian Tabberabberan Orogeny caused closure of the Siluro-

Devonian basins and final amalgamation of the Macquarie Arc to Gondwana.  

District Geology 

Up to 2.5 km of Ordovician volcano-sedimentary stratigraphy has been intersected 

by deep drilling in the Cadia district (Figs. 2, 3, 4). The basal Weemalla Formation is 

between 1,300 and 1,500 m thick and consists primarily of laminated feldspathic 



 10

siltstones and sandstones (Pogson and Watkins, 1998; Squire and Crawford, 2007; 

Figs. 5a, b), with ~500 m of intercalated pillow basalts (Mt Pleasant Basalt Member 

(Harris et al., 2014; Fig. 4). The Weemalla Formation is overlain by andesitic to 

basaltic andesitic volcanic, volcaniclastic and locally calcareous rocks of the Forest 

Reefs Volcanics (Figs. 3, 4, 5c-h). The Forest Reefs Volcanics are the main host to 

the Cadia Au-Cu deposits and were erupted as a relatively low-relief, multiple-vent 

submarine volcanic complex in the Late Ordovician (Harris et al., 2014). The 

continuity of sedimentation between the basal deep marine turbidite deposits of the 

Weemalla Formation and the breccias and sandstones of the overlying Forest Reefs 

Volcanics (Figs. 3, 4), coupled with the predominance of sheet-like, laterally 

continuous debris flow and other coarse-grained sedimentary deposits imply 

submarine deposition in an active sedimentary basin, interpreted to be part of a larger 

basin system on the flank of an oceanic island arc (Harris et al., 2014). This basin 

extended over 100 km to the north and south of the Cadia district (e.g., Percival and 

Glen, 2007; Fig. 1). 

Stacked lava sequences, including hyaloclastite, massive lava flows, and their 

reworked equivalents, are up to 1 km thick, forming significant intra-basinal 

topography (Harris et al., 2009). Proximity to volcanic vents is inferred by the presence 

of mafic to intermediate lava flows, cryptodomes, and subvolcanic intrusions (dikes 

and sills). Explosive volcanism characterized the upper parts of the Forest Reefs 

Volcanics, with tuffaceous rocks deposited from subaerial phreatomagmatic eruptions 

(Fig. 5g, h), providing permeable horizons for mineralization and alteration at Cadia 

East (Kitto, 2005; Harris et al., 2014; Fox et al., 2015). The upper parts of the Forest 

Reefs Volcanics also include local calcareous and fossiliferous sandstones and minor 
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limestones (Harris et al., 2014; Fox et al., 2015; Figs. 4, 5e, f), consistent with a 

progressively shallowing basin through the Late Ordovician. 

Spatial relationships of observed volcanic and sedimentary facies, combined with 

stratigraphic thickening, show that volcanic detritus accumulated in sub-basins between 

volcanic landforms at Cadia (Fox et al., 2009; Cooke et al., 2010; Fox et al., 2015). At 

Ridgeway, basin-fill facies grade laterally from thick (up to 200 m), coarse-grained 

volcanic breccias and conglomerates through mixed breccia and sandstone facies 

toward a thin (~50 m) sequence of finer grained sandstones and siltstones (Cuison, 

2010). This rock package is wedge-shaped across 600 m, where the thickest point is 

immediately adjacent to a major NNE-trending fault. Up to 300 m of sedimentary 

detritus occurs in the center of elongate, NW-trending basins; laterally, the basin-fill 

stratigraphy thins to <20 m onto volcanic basement that flanks the basins. Cryptodomes 

and thick lava sequences were localized along the margins of these basins. Fox et al. 

(2015) demonstrated that a similar asymmetric, km-scale paleobasin also formed in the 

area where Cadia East is now located.  

The timing of deposition of the Weemalla Formation and Forest Reefs Volcanics 

has been constrained by paleontologic data. The Weemalla Formation and the 

intercalated Mt Pleasant Basalt Member are Darriwilian (Da1-Da2; Harris et al., 2014). 

Based on the observed paleofauna in carbonate rocks, depositional ages that are 

diagnostically Ea3 (~452 Ma) are recognized in the upper parts of the Forest Reefs 

Volcanics (Packham et al., 1999). The maximum depositional age of the Forest Reefs 

Volcanics is constrained by the youngest detrital zircons (453.4  3.6 Ma, U-Pb; Harris 

et al., 2014) and hornblende from the volcaniclastic and feldspathic sandstones of the 

underlying Weemalla Formation (450.0  1.2 Ma, 40Ar/39Ar; C. Perkins, cited in Pogson 

and Watkins, 1998). Together, the available chronologic data implies that the Forest 
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Reefs Volcanics were deposited during the Eastonian, probably between 453 and 452 

Ma. There is no geochronologic or paleontologic evidence for coeval volcanism during 

porphyry ore formation in the Cadia district. 

Several dioritic to monzonitic plutons, together with minor pyroxenite and pyroxene 

diorite, compose the Cadia and Ridgeway intrusive complexes, which intruded the 

Weemalla Formation and Forest Reefs Volcanics (Wilson, 2003; Wilson et al., 2007a; 

Figs. 2, 3, 4, 6). The more felsic phases in the intrusive complex were intimately 

associated with the formation of the Cadia porphyry deposits. Most of the intrusions 

are oxidized and alkalic in composition, with rare subalkalic compositions also noted 

(Blevin, 2002; Holliday et al., 2002; Wilson, 2002). A minor component of ultramafic 

magmatism sourced from relatively primitive oxidized and hydrous shoshonitic 

magmas has also been reported (Crawford et al., 2007b). Emplacement of the plutons 

and dikes that compose the Cadia intrusive complex was controlled by faults formed 

during Ordovician basin formation – several of these faults were reactivated in the latest 

Ordovician to Early Silurian, facilitating the formation of sheeted dikes and sheeted 

vein arrays at Cadia East (Fox et al., 2015). The Cadia district contains evidence for 

three major episodes of intrusive activity, with the younger two associated with 

porphyry ore formation. Voluminous premineralization dioritic to monzonitic plutons 

were followed by two discrete episodes of Late Ordovician to Early Silurian 

synmineralization magmatism. A synmineralization monzonite intruded Ridgeway at 

444.2  1.3 Ma (Cuison, 2010), with a younger suite intruding Cadia Quarry, Cadia 

Hill, and Cadia East between 441.8  1.4 Ma (Wilson et al., 2007a) and 437.1  1.6 Ma 

(Squire, 2001).  

Three Paleozoic orogenic events affected the Cadia district. The Benambran 

Orogeny had two compressive deformation peaks at ⁓443 and ⁓430 Ma (Glen et al., 
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2007c) and was therefore active during and after mineralization. The second phase of 

Benambran deformation caused uplift and partial exhumation of the monzonite 

intrusive complexes and the porphyry and skarn deposits of the Cadia district. Locally, 

at least 2 km of exhumation occurred prior to deposition of postmineralization Middle 

Silurian sedimentary rocks, based upon interpreted depths of formation for the porphyry 

Au-Cu deposits (Wilson et al., 2003).  

The Benambran Orogeny was followed by extension from the Middle Silurian to 

Middle Devonian, causing dismemberment of the Macquarie Arc into the four volcanic 

belts that crop out today, and resulting in the partially exhumed porphyry deposits of 

the Cadia district being buried beneath rift-sag sequences (Packham et al., 2003; 

Washburn, 2008; Glen et al., 2007c; Fig. 1). Middle Silurian sedimentary successions 

were initially deposited in restricted basins, with progressive inundation during the 

development of shallow-marine basins (Washburn, 2008). At Cadia, Silurian 

sedimentation resulted in the deposition of the Waugoola Group unconformably over 

the Ordovician host rocks and the porphyry Au-Cu and skarn deposits (Figs. 2, 3, 4, 7; 

Washburn, 2008). Extensional deformation accompanied deposition of the Silurian 

Waugoola Group. Normal faults cut obliquely across the district and deformed Cadia 

Hill and probably Cadia East, juxtaposing several levels of the Ordovician stratigraphy, 

and also the porphyry Au-Cu deposits, at the base of the Waugoola Group. Basal 

conglomerates that are present locally are interpreted to be fault scarp deposits 

(Washburn, 2008). A basal sequence of pebble- to cobble-sized, polymictic 

conglomerates and red siltstone is present near Cadia Hill (Figs. 4, 7), whereas a basal 

limestone or limestone clast conglomerate crops out in the vicinity of Cadia East (Kitto, 

2005; Washburn, 2008; Fig. 2). Siltstone, local fossiliferous calcareous siltstone and 

thin interbeds of coarse-grained arkosic sandstone overlie the basal units (Washburn, 



 14

2008). The conglomerates and breccias are rich in volcanogenic sedimentary detritus 

with lesser intrusive and skarn clasts and rare sandstone-siltstone fragments (Green, 

1999). Late Silurian fossils include early Wenlock conodonts, late Wenlock to Ludlow 

shelly macrofossils, and graptolite assemblages of Late Wenlock and Pridoli ages 

(Rickards et al., 2001; Rickards and Wright, 2004). Macrofossils recognized in siltstone 

constrain the age of the Waugoola Group in the Cadia district to the Late Wenlock 

(426–424 Ma; Rickards et al., 2001). The clasts of monzonite and skarn in the basal 

Silurian conglomerates (Green, 1999) record significant exhumation of the Ordovician 

intrusive complexes prior to Waugoola Group deposition, demonstrating that the 

terrestrial to shallow-marine Middle Silurian sedimentary sequences buried the exposed 

porphyry Au-Cu deposits of the Cadia district, which is considered to have been a key 

factor in their preservation.  

During the Middle Devonian Tabberrabberan Orogeny, the Cadia district was 

disrupted by numerous high-angle reverse and thrust faults that have displacements of 

10s to 100s of meters, reflecting west-over-east shortening. Shortening rotated blocks 

up to 30° between the major faults (Fig. 3). Larger faults in the N-striking Gibb–

Cadiangullong fault system have displacements of up to 300 m, with locally as much 

as 600 m. Shortening inverted the early Silurian normal faults in the footwall to the 

Gibb–Cadiangullong system (Washburn, 2008). To the east of Cadia East, the 

Warrengong fault juxtaposed the Forest Reefs Volcanics with west over east 

displacement over Silurian sedimentary rocks, with an estimated vertical displacement 

of ⁓300 m (Fox, 2012). The Warrengong Fault defines the eastern margin of an 

Ordovician graben that hosts Cadia East, implying a protracted history of Paleozoic 

deformation and reactivation along this structure (Fox, 2012; Fox et al., 2015). 
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The effect of inversion tectonics on the porphyry Au-Cu deposits is best seen in 

outcrop in the eastern high-wall of Cadia Hill (Fig. 7). There, faults in the Ordovician 

monzonite controlled the orientation and distribution of faults and folds in the overlying 

Silurian sedimentary cover sequence (Washburn, 2008; Fig. 7b). Relatively steeply 

dipping basement faults flatten at the unconformity between the Ordovician monzonite 

and the Silurian sedimentary cover and fan into multiple low-angle bedding plane thrust 

detachments, including numerous thrust ramps and ramp anticlines (Fig. 7b). The 

intensity of deformation recorded in the cover rocks increases with proximity to major 

basement faults. The net result of postmineralization extension and shortening was that 

pluton-hosted porphyry deposits at Cadia Hill and Cadia Quarry occur in the center of 

the district, and volcanic-hosted porphyry deposits at Ridgeway and Cadia East occur 

on the NW and SE sides of the district.  The pluton-hosted porphyry deposits at Cadia 

Hill and Cadia Quarry are interpreted to be the most deeply eroded portions of the 

district, which were uplifted in the hanging wall of the Gibb–Cadiangullong fault 

system. The volcanic-hosted Ridgeway and Cadia East deposits are interpreted to be 

less-eroded parts of the district, with more than 500 m of altered Ordovician volcanics 

preserved above Ridgeway (Fig. 3).  

Tertiary basalts of the Canobolas Volcanic Complex overlie the Paleozoic rocks 

unconformably in many parts of the Cadia district (Fig. 2; Wellman and McDougall, 

1974). The Tertiary basalts cover Ridgeway, where they are between 20 and 80 m thick 

(Figs. 2, 3, 8).  

Deposit Geology 

In the Cadia district, porphyry Au-Cu mineralization is associated with composite 

quartz-saturated alkalic monzonite intrusions. Mineralization at Ridgeway is 
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characterized by quartz – magnetite – sulfide vein stockworks whereas Cadia Hill, 

Cadia Quarry (Cadia Extended), and Cadia East are dominated by sheeted quartz – 

carbonate – sulfide veins (Holliday et al., 2002; Wilson et al., 2007a). Although the ore 

deposits vary in size, metal content, and host rocks (Table 1), their alteration 

assemblages are similar, characterized by subtle but mineralogically complicated Na-

K-Ca metasomatic zones (Table 2).  

General features 

Hydrothermal alteration and sulfide minerals are centered on multiphase 

monzonitic stocks and dikes (Holliday et al., 2002; Wilson et al., 2003, 2007a; Figs. 8, 

9). In general, the potassic alteration assemblages are zoned from a core of quartz ± 

biotite – K-feldspar – magnetite, outward to domains dominated by K-feldspar – biotite 

± magnetite (Wilson et al., 2003, 2007b; Table 2; Fig. 9). A calc-potassic alteration 

assemblage composed of actinolite + magnetite + biotite forms an important part of the 

Ridgeway alteration halo (Fig. 8) and is also present to a lesser extent at Cadia East 

(Fig. 9; Wilson, 2002; Wilson et al., 2003; 2007b). Submicron hematite dusting of 

feldspars forms a distinctive red coloration (‘red rock’ alteration) in the propylitic halos 

to each of the porphyry deposits (Wilson et al., 2007b; Figs. 6, 8, 9, 10a, b). 

Distal alteration around each porphyry deposit is characterized by propylitic 

assemblages (Wilson, 2002; Table 2). Multiple stages of chlorite – epidote – hematite 

alteration produced inner ‘red-rock’ propylitic alteration domains that locally 

overprinted potassic alteration assemblages (Figs. 8, 9, 10). Weakly mineralized 

chlorite-altered matrix-rich breccias localized chalcopyrite – Au in Cadia Quarry and 

to a lesser extent at Cadia Hill. An outer halo of sodic (albite – K-feldspar – tourmaline; 

Fig. 10f) and propylitic alteration (epidote – chlorite – albite – calcite – hematite) 

assemblages extends up to 1 km away from Cadia East (Fig. 9) but for lesser distances 
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at Ridgeway (Fig. 8). Isolated chalcopyrite- and lesser Au-bearing magnetite – epidote 

(garnet – pyroxene) skarns and carbonate-replacement mineralization formed in 

calcareous volcaniclastic horizons in the upper parts of the Forest Reefs Volcanics 

(Green, 1999; Forster et al., 2004; Fig. 10j).  

Propylitic and potassic assemblages occur together at Cadia Hill (e.g., Figs. 5h, 

10b), with thin (mm-scale) orthoclase alteration halos surrounding quartz-sulfide veins 

in epidote – chlorite – hematite-altered quartz monzonite porphyry. Epidote occurs 

locally in some quartz – chalcopyrite ± bornite ± chalcocite (digenite) veins. Cadia East 

has well-developed inner and outer propylitic zones, and a well-developed propylitic 

zone is associated with skarn at the nearby Little Cadia skarn (Fig. 9b). The upper levels 

of Cadia East consist of disseminated, volcanic-hosted Cu-Au ore associated with early-

formed biotite alteration (Figs. 9b, 10e) that has been overprinted by pervasive sericite 

– albite – orthoclase – pyrite – tourmaline alteration (Fig. 10f; Kitto, 2005). Irregular, 

pervasive domains of barren sodic alteration composed of albite – pyrite – quartz occur 

above and peripheral to several of the Cadia deposits (Wilson, 2002; Figs. 8, 9). Late-

stage faults that locally contain carbonate – base metal veins with pervasive phyllic 

alteration halos are recognized in all of the Cadia porphyry systems (Wilson, 2003; 

Finn, 2006; Fox, 2012; Fig. 9b). 

Quartz – sulfide ± magnetite ± carbonate ± chlorite veins and minor breccias form 

the mineralized rocks throughout the district (Figs. 6b, d, h-i; 10a-d, g-i). The principal 

ore minerals are bornite, chalcopyrite, and native Au, which occur primarily in veins. 

Gold is intergrown with bornite (± digenite) and, to a lesser extent, chalcopyrite (Wilson 

et al., 2003). Ore zones in the Cadia porphyry deposits also locally contain rare Ag-Pd 

tellurides. Overall, the deposits are characterized by low Cu/Au ratios, in contrast to the 

more Cu-rich alkalic porphyry deposits at Northparkes (Cooke et al., 2007).  
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Ridgeway 

Ridgeway is a small, high-grade, Au-rich porphyry Au-Cu deposit (155 Mt @ 0.73 

g/t Au, 0.38% Cu; Newcrest, 2010; Table 1; Figs. 8, 11). The high-grade upper part of 

the deposit is hosted by K-rich volcano-sedimentary rocks of the Forest Reefs 

Volcanics (Fig. 8, 10i), whereas lower grade mineralization in Ridgeway Deeps is 

hosted by laminated siltstones and sandstones of the Weemalla Formation (Figs. 5a and 

b). A quartz – bornite – chalcopyrite – magnetite vein stockwork (e.g., Fig. 10a) is 

centered on the Ridgeway intrusive complex (Wilson et al., 2003; Fig. 8), which 

consists of a pre-mineralization monzodiorite (Fig. 6a), narrow, <50-m wide, 

multiphase, pencil-like alkaline syn-mineralization mafic monzonite (P1; Figs. 6b, d) 

and quartz monzonite porphyry intrusions (P2; Figs. 6c, d, 8) and a late mineralization 

porphyritic monzonite (P3; Wilson et al., 2003; Cuison, 2010; Fig. 6e). The pre-

mineralization monzodiorite has locally elevated PGE contents (up to 28 ppb Pd; 6 ppb 

Pt), as does a mafic xenolith hosted by the P1 monzonite (83 ppb Pd; 33 ppb Pt; Cuison, 

2010). P3 has distinctive, randomly distributed K-feldspar megacrysts and is the most 

abundant phase in the deeper parts of the Ridgeway intrusive complex, plunging steeply 

NE and increasing in diameter from 5 m to more than 200 m with depth over a vertical 

extent of more than 1.7 km (Cuison, 2010; Figs. 3, 8, 11). 

There is a strong protolith control on alteration assemblages at Ridgeway (Fig. 8). 

In the roots of the deposit, laminated and siliceous siltstones of the Weemalla Formation 

have undergone distal quartz – albite – hematite – pyrite - chlorite alteration and 

proximal deep-level calc-potassic alteration around the pre-mineralization 

monzodiorite (Figs. 5a-b, 8). Calcareous horizons have locally undergone calc-silicate 

alteration to garnet and epidote (Fig. 9). At shallower levels, hydrothermal alteration 

assemblages in the Forest Reefs Volcanics are broadly zoned from an inner calc-
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potassic (actinolite – biotite – orthoclase; Fig. 6d) and potassic (orthoclase – biotite – 

quartz; Fig. 6c) core centered on the Ridgeway intrusive complex (Fig. 8), outward and 

upward through propylitic (chlorite – epidote – albite – hematite – magnetite – pyrite ± 

calcite; Fig. 10h-i) and shallow-level upper sodic assemblages (albite – pyrite – quartz; 

Fig. 8; Table 2). Sulfide minerals are similarly zoned from the Au-rich core where 

bornite is more abundant than chalcopyrite, outward and upward through a Au-bearing, 

chalcopyrite-rich halo to an outer, unmineralized pyrite-rich domain that overlies the 

deposit (Wilson et al., 2003). Bornite is intergrown locally with hypogene chalcocite or 

chalcopyrite and has in some cases been partially replaced by covellite. Locally, free 

Au grains occur in quartz – magnetite veins (Wilson, 2003). Gold occurs as micron- to 

submillimeter-sized grains either within quartz or as round inclusions within bornite. 

The mineralized alteration assemblages have a limited spatial distribution, extending a 

few tens of meters from the intrusions (Figs. 8, 11), and are flanked by inner pyrite-

bearing and outer sulfide-deficient propylitic alteration assemblages that extend 

hundreds of meters away from the ore zone (Fig. 8). The known vertical extent of the 

mineralized system is >1,100 m (Cuison, 2010; Fig. 8). 

At Ridgeway, the highest Au and Cu grades are associated with calc-potassic 

(actinolite – biotite – magnetite) and potassic (orthoclase – biotite – magnetite) 

alteration assemblages (Fig. 8b).  The Au and Cu grades decrease dramatically with 

distance from the orebody at the transition to the inner propylitic alteration domain 

assemblages (chlorite – albite – hematite – magnetite – epidote with lesser calcite – 

prehnite – pyrite – quartz – leucoxene; Wilson et al., 2003; Fig. 10h). The inner 

propylitic assemblage transitions to the more distal, metal-poor outer propylitic 

alteration assemblage (epidote – albite –calcite – chlorite; Fig. 10i) – this transition 

coincides with the disappearance of hematite-dusted hydrothermal albite (Wilson et al., 
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2003). Dusting of feldspars by submicron hematite occurs in propylitic-altered rocks 

up to 400 m outboard of the + 0.2 g/t Au and 0.2% Cu grade contours (Fig. 8b). Early 

recognition of the potential importance of this red-rock alteration as a near-miss 

indicator provided encouragement to persist with exploration drilling at Ridgeway 

(Holliday and Cooke, 2007). 

The hydrothermal footprint of Ridgeway is relatively subtle  – weak to moderately 

developed propylitic alteration occurs within hundreds of meters of the 0.2 g/t Au grade 

shell (Figs. 8, 11; Wilson et al., 2003; Cuison, 2010). Potassic (K-feldspar ± biotite ± 

magnetite) alteration extends up to 300 m above the ore zone (Fig. 8b). Aggregates of 

hydrothermal magnetite can occur up to 350 m from the 0.2 g/t Au shell (Reynolds, 

2007). A narrow (100 m wide) annulus of pyrite surrounds the chalcopyrite – bornite 

domain (Wilson et al., 2003). Beyond the potassic zone, a K-feldspar-destructive 

alteration zone occurs across the top and sides of the deposit. This zone is weakly 

enriched in Zn and Pb (>100 ppm Zn and >20 ppm Pb) and is associated with propylitic 

and locally pervasive albite – sericite alteration. Chlorite-, hematite-, and epidote-rich 

propylitic assemblages occur up to 500 m from the bornite – chalcopyrite-rich core. 

Mapping of vein distributions on three underground mine levels at Ridgeway 

demonstrated that vein orientations vary over a 230 m vertical interval (Fig. 11; 

Cuison, 2010). At the 5330 level, above the intrusive complex (Fig. 11a), sheeted 

veins striking northwesterly dominate the center of the ore zone and are surrounded 

by veins showing a range of orientations that can be broadly resolved into a radial 

pattern. Veins at this level are hosted largely in the volcanic and volcaniclastic 

country rocks, where they are distributed above the synmineralization P1 and P2 

quartz monzonite porphyry intrusions. A similar distribution of veins characterizes the 

5100 level (Fig. 11c), but there is also a strongly developed sheeted set of veins 
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parallel to the synmineralization P1 and P2 monzonite porphyries, which likely 

reflects far field-driven fracturing in advance of the rising magmas. In contrast, on the 

5255 level, where veins are localized around the tops of the P1 and P2 monzonite 

porphyry intrusions, ENE and NNW strikes predominate that are oblique to the 

dominant vein orientations at shallower and deeper levels and imply that local stresses 

have influenced stockwork development at this level (Fig. 11b). The 5255 level 

corresponds to a position near the tips of the synmineralization P1 and P2 monzonite 

intrusions that  form a NW-elongated, dike-like composite body.  

 

Cadia East 

Cadia East is the largest porphyry deposit in the Macquarie Arc in terms of 

contained metal. In December 2016, the Cadia East resource was reported to be 3,000 

Mt @ 0.38 g/t Au and 0.26 % Cu for 36 Moz Au and 7.6 Mt Cu (Newcrest, 2017; Table 

1). Cadia East has produced over 2.7 Moz Au since mining commenced in 2013. 

Cadia East is dominated by a sheeted vein array that defines a broadly NW-trending 

mineralized zone that is >2 km long, 0.6 km wide, and >1.9 km in vertical extent (Fox 

et al., 2015). Gold and Cu are hosted by the Forest Reefs Volcanics and are associated 

with a swarm of narrow alkaline quartz monzonite and monzodiorite dikes (Wilson, 

2003; Wilson et al., 2007b; Fox, 2012; Fox et al., 2015; Figs. 2, 3, 6f-g, 9). Over 70% 

of Cadia East is covered by barren, postmineralization Silurian sandstones and 

siltstones that are locally up to 200 m thick, or by Tertiary basalt (Figs. 2, 3, 9). 

The distribution of altered and mineralized rocks in the Cadia East orebody reflects 

the paleohydrology of the hydrothermal system, which was strongly influenced by host-

rock permeability and a protracted history of structural reactivation (Fox et al., 2015; 
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Fig. 9). At deep levels, high-grade Au-Cu, typically with grades of >0.5 g/t Au, is hosted 

in volcaniclastic breccias and sandstones of the Forest Reefs Volcanics by sheeted 

quartz – sulfide veins associated with the potassic I alteration assemblage (biotite – K-

feldspar – quartz – anhydrite – carbonate; Wilson, 2003; Table 2; Figs. 9, 10c, d). 

Shallow levels in the deposit are more Cu-rich, with sulfide minerals disseminated in 

porous and permeable volcaniclastic units, and also hosted in sheeted quartz – sulfide 

veins. Veins in the highest grade zones (>2.0 g/t Au) are characterized by bornite > 

chalcopyrite. There is a transition from deep-seated K-feldspar dominated early 

alteration (potassic I) to shallow, later stage biotite – tourmaline assemblage (potassic 

III; Wilson, 2003; Figs. 9b, 10e). Quartz-sulfide veins are widespread throughout Cadia 

East – they typically have thin (< 1 cm) orthoclase selvages that define the potassic II 

alteration assemblage (Fig. 9b). At shallow depths, hydrothermal biotite is commonly 

overprinted by complex, late-stage assemblages of pervasive K-feldspar – albite – 

sericite – pyrite (potassic IV; Figs. 9b, 10f; Wilson, 2003; Fox, 2012), and narrow, 

structurally focused sericite – pyrite domains (Finn, 2006). The potassic zone grades 

laterally into asymmetrical zones of proximal, hematite-bearing inner propylitic and 

distal chlorite-dominated outer propylitic alteration assemblages (Wilson et al., 2007b; 

Holliday and Cooke, 2007; Figs. 6f, g). 

Ore-related quartz monzonite porphyry dikes were emplaced into reactivated sub-

basin-bounding faults (Fox et al., 2015). Hydrothermal alteration assemblages are 

spatially zoned in and around the dikes. The oldest alteration assemblages preserved in 

the deepest parts of the orebody (>2 km below present surface) include a weakly 

mineralized sodic-calcic assemblage (albite – actinolite – magnetite ± epidote ± 

chalcopyrite) that is cut by early, magnetite – actinolite veins and zones upward to the 

central domain of mineralized calc-potassic alteration (biotite – magnetite – K-feldspar 
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– albite – actinolite ± chalcopyrite). Subtle relict textures show that calc-potassic 

alteration extended to shallow levels and may have been in part related to strata-bound 

disseminated mineralization associated with the potassic III alteration domain, which 

is hosted by tuffaceous planar laminated volcaniclastic siltstones, sandstones and 

breccias that define an upper marker horizon of the Forest Reefs Volcanics (Figs. 5g-

h; 9; Fox et al., 2015). The disseminated strata-bound Cu zone is approximately 400 m 

wide and is characterized by grades <0.5 % Cu and <0.3 g/t Au. Disseminated 

chalcopyrite, pyrite, and minor molybdenite are associated with relict clots of biotite-

tourmaline and chlorite and are broadly constrained to the tuffaceous siltstones, 

sandstones, volcanogenic breccias and conglomerates of the upper Forest Reefs 

Volcanics.  

Late-stage potassic IV, sodic and phyllic alteration assemblages consist of 

texturally destructive albite, orthoclase, quartz, tourmaline, apatite, pyrite, and 

muscovite that overprinted the disseminated strata-bound Cu mineralization and older 

alteration assemblages (Wilson, 2003; Kitto, 2005; Finn, 2006; Fox, 2012; Figs. 9, 10f). 

Although minor tourmaline has been recognized throughout the vertical extent of Cadia 

East (Fox, 2012), pervasive, texturally destructive, bleached K-feldspar – albite – 

tourmaline alteration is largely confined to the upper parts of the stratigraphy and was 

localized in permeable tuffaceous volcanic breccia horizons below a subvolcanic 

hypabyssal basaltic andesite sill. The assemblage extends regionally as a laterally 

extensive (several km2), broadly strata-bound alteration zone. Deep-seated tourmaline 

– albite – K-feldspar replacements and matrix-rich hydrothermal breccias with no 

associated mineralization also cut through Cadia East (Fox, 2012) – these late-stage 

features may be feeders to the shallow strata-bound feldspar – albite – tourmaline 

alteration domain.  



 24

Although generally barren of Au and Cu, a restricted volume of albite ± sericite 

alteration occurs directly above the Cadia East orebody (Fig. 9). It is weakly anomalous 

with respect to Cu (>300 ppm) and Mo (~50 ppm), in marked contrast to its immediate 

surroundings of albite – K-feldspar alteration that are depleted in Cu (10 – 50 ppm). 

Although the origin of the albite ± sericite domain remains poorly understood, oxygen-

deuterium isotopic analyses are consistent with magmatic fluids (Wilson, 2003; Fox, 

2012) that dispersed laterally above the steeply dipping ore zones, with lateral flow 

controlled by permeable tuffaceous horizons in the Forest Reefs Volcanics. The 

presence of sericite implies a moderately acidic fluid and raises the possibility that 

albite ± sericite alteration was originally overlain, at shallower, now-eroded levels, by 

advanced argillic alteration typical of lithocaps (e.g., Sillitoe, 1995; Chang et al., 2011). 

Narrow zones of structurally controlled hypogene kaolinite alteration could represent 

the roots of a more typical lithocap that was removed from above Cadia East. 

Alternatively, fluids never evolved to conditions acidic enough to produce advanced 

argillic alteration, in which case the strata-bound K-feldspar – albite alteration zone 

above Cadia East might be an alkalic version of a lithocap (Holliday and Cooke, 2007). 

Maps of vein orientations along the 2 km NW strike length of the Cadia East deposit 

show a curvilinear trend (Fig. 2), with strikes varying slightly and dips changing, but 

generally remaining close to vertical (Fox et al., 2015). As sheeted vein systems in 

porphyry Cu deposits typically reflect the regional far-field or tectonic stress state at 

the time of formation (Tosdal and Richards, 2001; Tosdal and Dilles, in press), the 

nonuniform and curvilinear strike to the sheeted veins suggest postmineralization 

deformation of the orebody. Major inflections in the trend of the veins broadly correlate 

with known locations of the postmineralization inverted normal faults (Fig. 2, 3). 

Complications in the grade shells in the upper part of the western end of Cadia East 
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have been interpreted to reflect shortening associated with the postmineralization Gibb–

Cadiangullong fault system (Fox et al., 2015). 

Cadia Hill and Cadia Quarry 

The Cadia Hill (427 Mt @ 0.43 g/t Au, 0.12% Cu; Newcrest, 2009) and Cadia 

Quarry (83 Mt @ 0.35 g/t Au, 0.20% Cu; Newcrest, 2010; Table 1) porphyry Au-Cu 

deposits are localized in a complex domain where steep reverse faults juxtapose 

different levels of porphyry mineralization (Figs. 2, 3). Multiple, moderately dipping 

(30° – 60°) reverse faults, including the Gibb–Cadiangullong, Cadia Extended and 

Powerline faults, cut the Cadia intrusive complex, the large composite stock at the 

center of the Cadia district (Wilson, 2003; Figs. 2, 3). Both Cadia Hill and Cadia Quarry 

are located in the hanging wall of the Gibb–Cadiangullong fault system and are hosted 

primarily by the Cadia intrusive complex (Figs. 2, 3, 6h-i). Reverse faulting along the 

Gibb fault thrust the deeper-seated Cadia intrusive complex over volcanic rocks that 

host shallower level, intrusion-centered porphyry mineralization at Cadia East (Fig. 3). 

At Cadia Quarry, the Ordovician volcano-sedimentary sequence dips between 20 

and 30° WNW. Multiple, narrow porphyry intrusions plunge eastward at approximately 

65°, cutting well-bedded strata, and are preserved in fault-bounded blocks (Fig. 3). Up 

to 20° of clockwise rotation is required to bring the pencil-like porphyries at Cadia 

Quarry to vertical orientations. Similar block rotations are likely to be required to return 

the mineralized thrust-dismembered segments of Cadia Hill back to their original 

orientations. 

Sheeted quartz veins host Cu and Au mineralization at Cadia Hill and Cadia Quarry 

(Table 2; Fig. 10b). Mineralization is restricted mostly to thrust-dismembered, medium-

grained, equigranular monzodiorite to coarsely orthoclase porphyritic quartz monzonite 
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(Figs. 6h-I, 10b) and, locally, fine-grained syenite of the Cadia intrusive complex. 

Minor mineralization occurs in narrow domains of adjacent Forest Reefs Volcanics. 

Alteration is dominated by propylitic assemblages, with thin potassic selvages around 

the sheeted quartz – sulfide – carbonate veins (Table 2; Figs. 6h, 10b). 

At Cadia Quarry, a small zone of high-grade Cu mineralization is associated with 

an unusual pegmatitic breccia (Fig. 10g), in which weakly mineralized and veined 

monzonite clasts are cemented by coarse-grained orthoclase, quartz, biotite, calcite, and 

sulfides (Wilson et al., 2004). Early-formed sodic (albite) and potassic (biotite – 

orthoclase) alteration assemblages are irregularly distributed. Faults that cut Cadia Hill 

juxtapose zones with high Cu grades (chalcopyrite- and bornite-rich) against pyrite-

dominated rocks, the latter like those normally present along the margins of an intact 

porphyry Au-Cu deposit. This is particularly striking in the footwall of Cadia Hill, 

where 600 m of west-over-east movement placed ore-grade rocks above lower grade 

pyrite-rich zones (Wilson, 2002; Fig. 3).  

Big Cadia skarn 

The Big Cadia deposit crops out as the largest ironstone in eastern Australia (Figs. 2, 3, 

5f). It is an elongate, fault-bounded, WNW-trending, tabular (approximately 1 km long 

and 250 m wide) magnetite ± epidote Cu-Au skarn deposit that dips toward the SE 

(Green, 1999; Forster et al., 2004; Fig. 10j). Chalcopyrite and minor Au are closely 

associated with bladed hematite, magnetite, pyrite and epidote with lesser chlorite – 

quartz – calcite, which occur as replacements of calcareous sandstone in the Forest 

Reefs Volcanics. Garnet is rarely observed and has typically been pseudomorphed by 

retrograde calcite ± epidote (Green, 1999). Complex fault and fold relationships are 

visible in the historic open-cut workings, and a significant portion of the deposit was 

down-dropped tens of meters along the PC40 fault (Fig. 2), so that only part of the 
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deposit actually crops out today. A total resource of 42 Mt @ 0.38 g/t Au and 0.40% 

Cu has been reported for Big Cadia (Newcrest, 2010). 

The Little Cadia skarn deposit crops out in Copper Gully at Cadia East (Figs. 2, 3). 

Little Cadia is hosted by the same bedded, calcareous, volcaniclastic sandstones that 

host Big Cadia (Packham et al., 1999; Fig. 5e). The style of Cu-Au mineralization is 

similar to that at Big Cadia, with Au and chalcopyrite associated with epidote ± quartz 

in the interstices of bladed hematite – magnetite – pyrite aggregates that have replaced 

calcareous volcaniclastic sandstones (Forster et al., 2004). Replacement produced 

banded magnetite – epidote – calcite retrograde skarn, with an envelope of pervasive, 

hematite-bearing epidote – chlorite – calcite – pyrite alteration. Forster et al. (2004) 

reported a resource of 8 Mt @ 0.30 g/t Au and 0.40 % Cu for Little Cadia.  

Timing of magmatism and mineralization 

Wilson (2003) and Wilson et al. (2007a) reported two ages for porphyry Au-Cu 

systems in the Cadia district. Ridgeway was considered to be older, with U-Pb ages of 

456.9  7.2 Ma obtained from the pre-mineralization monzodiorite and 455.8  4.4 Ma 

from the P2 quartz monzodiorite porphyry. Younger intrusive and mineralization ages 

were obtained for Cadia Hill, Cadia Quarry, and Cadia East. Wilson et al. (2007a) 

reported a zircon 206Pb/238U age of 435.9  3.7 Ma, Re-Os ages of 442.9  1.4 Ma and 

443.0  1.5 Ma were obtained from two aliquots of a single molybdenite-bearing ore-

related vein sample, and a 40Ar/39Ar age for hydrothermal sericite of 435.4  1 Ma was 

obtained from Cadia Hill (C. Perkins, unpublished data, 1994). Kemp et al. (2020) 

reported similar Re-Os molybdenite ages from quartz – molybdenite – chalcopyrite 

veins for Cadia Hill (443.7 ± 2.2 Ma; 443.1 ± 2.2 Ma), and a U-Pb zircon age of 441.4 

± 2.9 Ma for the Cadia Hill monzonite. For Cadia East, relatively young ages were 
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obtained for the intrusions and molybdenite-bearing veins by Wilson et al. (2007a), 

although two U-Pb SHRIMP ages demonstrate that a mixed zircon population is present 

in the intrusions. A sample of quartz monzodiorite porphyry has a bimodal distribution 

of 206Pb/238U ages with an older, dominant 451.0  1.4 Ma group and a subordinate 

440.1  4.2 Ma age population. We now interpret the older age to be inherited from the 

host volcanic rocks, although Wilson et al. (2007a) interpreted it to be the intrusive age. 

The younger zircon age population overlaps within uncertainty of a Re-Os molybdenite 

age of 441.8  1.4 Ma for Cadia East from Wilson et al. (2007a). A quartz monzonite 

porphyry dike from Cadia East (NC556, 1289 m; Squire, 2001) is dominated by zircons 

with a mean age of 437.1  1.6 Ma, consistent with an Early Silurian age for monzonite 

emplacement. Cuison (2010) documented additional U-Pb LA-ICP-MS analyses of 

zircons from Ridgeway monzonites and demonstrated a bimodal population of zircon 

ages, with 444 to 442 Ma ages predominant, and a subordinate older population (458 

to 455 Ma). The older zircon grains are interpreted to be xenocrystic, most likely 

inherited from the Forest Reefs Volcanics and/or Weemalla Formation. Re-Os dating 

of ore-related quartz – molybdenite veins from Ridgeway provided ages between 445.9 

± 2.1 and 442.8 ± 2.2 Ma (Cuison, 2010). The available data therefore suggests that all 

of the porphyry Au-Cu deposits in the Cadia district formed between 444 and 437 Ma, 

with Ridgeway forming at ~443 Ma (Cuison, 2010). 

Genetic Considerations 

Alkalic Au-Cu porphyry deposits in the Cadia district formed in postsubduction, 

transtensional environments after the initial accretion of the Macquarie Arc to 

Gondwana (Cooke et al., 2007; Glen et al., 2007b, c). Volcanism in the district ceased 

more than ten million years before mineralization occurred. Highly oxidized and K-

rich, ore-related magmas were derived from an enriched mantle source previously 



 29

modified by subduction processes. Their emplacement was facilitated by deep-crustal, 

arc-normal transverse zones (Glen and Walshe, 1999; Glen et al., 2007b), which 

provided permeable pathways for magma ascent to upper crustal levels (2–3 km depth) 

favorable for porphyry ore formation (Wilson et al., 2003). Rifting of the oceanic crust 

in a back-arc setting may have facilitated the supply of primitive mantle-derived 

magmas to evolving upper-crustal magma bodies, now preserved as mafic and 

ultramafic xenoliths and intrusions associated with mineralized porphyritic intrusions. 

These mafic magmas could have supplied additional metals (Cu, Au, and PGEs) and 

sulfur to the Cadia mineralizing system, ingredients critical to ore formation. Keith et 

al. (1995) proposed a similar contribution by alkaline mafic dikes to mineralization at 

the giant Bingham Canyon porphyry Cu-Mo-Au deposit (U.S.A.), and Lickfold et al. 

(2007) provided geochemical evidence for similar mafic magma recharge of 

synmineralization alkalic monzonite porphyries at Northparkes. Postsubduction 

emplacement of the Cadia porphyry deposits in the Macquarie Arc implies that 

decompressive partial melting sourced melts from subcontinental lithospheric mantle 

that had been preconditioned to generate oxidized, low-volume alkalic melts during arc 

magmatism (e.g., Richards, 2009). 

Only limited fluid inclusion studies have been conducted at Cadia – fluid inclusion 

preservation is poor due to postmineralization deformation. Wilson et al. (2003) 

identified halite-saturated fluid inclusions associated with calc-potassic and potassic 

alteration that recorded homogenisation temperatures between ~490° and ~415°C from 

Ridgeway (Wilson et al., 2003; Table 3). Halite-homogenizing fluid inclusions imply 

some postentrapment modification, probably due to deformation during the 

Tabberabberan Orogeny, preventing accurate pressure-depth estimates (Wilson et al., 

2003). Based on geological evidence, the depth of emplacement of the mineralized 
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porphyries is interpreted to have been within 3 km of the paleosurface (Wilson et al., 

2003).  

Oxygen-deuterium isotopic analyses of white mica from Cadia East and Cadia 

Quarry are consistent with a predominance of magmatic water during late-stage 

alteration (Wilson, 2003; Finn, 2006; Fox, 2012). Strontium isotopic analyses of the 

mineralizing intrusions yielded 87Sr/86Sri values of 0.70419 to 0.70452 for the 

monzonites, 0.70440 to 0.70467 for epidote, and 0.70403 to 0.70443 for tourmaline 

(Cooke et al., 2007; Fox, 2012; Table 3), providing evidence for primitive (mantle-

derived) sources of strontium for the intrusions as well as for propylitic alteration 

assemblages. These data preclude any significant crustal contamination of the 

intrusions, and discount seawater as a source of Sr during alteration (Cooke et al., 2007; 

Fox, 2012). 

Sulfur isotopic compositions of pyrite, chalcopyrite, and bornite at Ridgeway, 

Cadia East, and Cadia Hill vary from -9.8 to +9.2 ‰, with most between -4 and -1 ‰, 

implying a predominance of magmatic sulfur and oxidizing (sulfate-dominant) fluid 

conditions (Wilson et al., 2007b; Table 3). Two anomalous analyses of pyrite from 

distal propylitic and sodic alteration yielded elevated 34S values of +9.1 and +9.2 from 

Cadia Hill and Ridgeway, respectively, providing limited evidence for a seawater sulfur 

source on the periphery of the porphyry deposits (Wilson et al., 2007b).  

The sulfur isotopic data from Ridgeway, Cadia East, and Cadia Hill define 

systematic spatial variations from more negative values in the core of each deposit to 

less negative values above and to the sides of the ore zones (Harper, 2000; Wilson, 

2003; Wilson et al., 2007b). Spatial zoning patterns of increasing 34S values outward 

from the deposit cores are the opposite to what would be expected if cooling alone was 

responsible for sulfur isotopic fractionation. Instead, the sulfate-dominant magmatic-
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hydrothermal fluids are interpreted to have undergone water-rock interaction as they 

migrated away from the intrusive complexes, causing Fe2+ that occurs in solid solution 

in igneous feldspars to be oxidized to Fe3+, producing the red-rock alteration halos 

(hematite-dusting) that characterize the inner propylitic halos of the Cadia porphyry 

deposits (Wilson et al., 2007b). Oxidation of Fe2+ in feldspars during water-rock 

interaction could have caused reduction of SO4
2-

(aq) to H2S(aq), providing additional 

reduced sulfur for ore deposition and resulting in sulfide 34S values increasing 

systematically with distance away from the fluid source at each porphyry deposit 

(Wilson et al., 2007). 

Exploration Model 

Figure 12 is a schematic model for alkalic porphyry Au-Cu deposits based on the 

geological relationships observed at Cadia East (modified from Holliday and Cooke, 

2007). It highlights the subtle variations in potassic, calc-potassic, sodic, and propylitic 

alteration that can be encountered in alkalic porphyry environments. Both Cadia East 

and Ridgeway have high-level strata-bound alteration zones characterized by albite-, 

K-feldspar-, sericite-, and tourmaline-bearing alteration assemblages that may be the 

alkalic equivalents of a lithocap. This upper strata-bound alteration zone at Cadia East 

is laterally extensive and its exploration significance was not appreciated prior to the 

discovery of this giant porphyry deposit. The inner propylitic alteration zones around 

each of the Cadia porphyry deposits are marked by pronounced reddening, caused by 

submicron sized hematite dusting of secondary feldspars, indicative of wall-rock 

oxidation by the mineralizing fluids. This red-rock alteration halo provides a useful 

exploration vector to mineralization, as it is a near-miss indicator during drilling, 

providing confidence that an oxidized magmatic-hydrothermal fluid source was nearby. 
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Conclusions 
 

Alkalic porphyry deposits of the Cadia district were the product of multiple phases 

of intrusive activity that occurred during the early stages of the Benambran Orogeny, 

at the culmination of magmatic activity in the Ordovician to Early Silurian Macquarie 

Arc. Hydrothermal fluids sourced from multiphase monzonite intrusive complexes 

produced high-grade Au-Cu mineralization in sheeted quartz – sulfide – carbonate veins 

(Cadia East, Cadia Hill, Cadia Quarry) and stockworks (Ridgeway). Complex and 

subtle overprinting and zoning relationships characterize the potassic, calc-potassic, 

sodic, and propylitic assemblages that coincide with and surround each deposit. 

Mineralizing fluids were oxidized (sulfate-dominant) brine and vapor, with water-rock 

interaction producing distinctive red-rock alteration halos via hematite dusting of 

feldspars around each deposit. The deposits vary from pluton-hosted (Cadia Hill, Cadia 

Quarry) to volcanic-hosted, intrusion-centred (Ridgeway, Cadia East), with variations 

in the host rocks and permeability characteristics producing considerable diversity 

between the deposits. Phyllic alteration is restricted to late-stage faults and, locally, 

associated with carbonate – base metal veins.  

A distinctive and unusual K-feldspar – albite – tourmaline blanket covers the giant 

Cadia East deposit (Wilson et al., 2007b; Holliday and Cooke, 2007; Fox, 2012; Fig. 

12). This upper, distal alteration assemblage warrants more consideration by explorers 

because it could represent the upper, lithocap environment of alkalic porphyry systems 

and it is distinct from the lithocaps that typically overlie calc-alkaline porphyry deposits 

(e.g., Sillitoe, 1995; Chang et al., 2011). Similar strata-bound feldspar alteration 

domains in alkalic provinces should be explored thoroughly as they may conceal a 

significant alkalic porphyry resource. 
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Figure Captions 

Figure 1. Geology and ore deposits of the Late Ordovician Macquarie Arc of New 

South Wales (modified from Fox, 2012). The Ordovician Molong volcanic belt is one 

of the four segments of the dismembered oceanic arc. These volcanic belts formed 

together as part of one arc and were disrupted during rifting of the Hill End and 

Cowra troughs. Middle to Late Ordovician rocks of the Junee-Narromine volcanic 

belt preserve the center of the volcanic arc, where basaltic andesitic and andesitic 

stratovolcanoes were produced by suprasubduction zone magmatism (Simpson et al., 

2007). The Molong volcanic belt comprises multiple packages of volcanic and 

volcaniclastic rocks, including the Forest Reefs Volcanics, host to the Cadia district 

porphyry Au-Cu deposits. The arc-related andesitic succession is dominated by thick 

sequences of volcanosedimentary breccias with volumetrically minor lavas (Squire, 

2001). The volcaniclastic rocks conformably overlie and interfinger with fine-grained 

turbidites deposited in a restricted sedimentary basin ESE of an arc-like volcanic 

succession. A thicker apron of deep marine turbidites and fine-grained volcaniclastic 

rocks filled a more extensive basin to the east of the Cadia district, cropping out today 

in the Rockley-Gulgong volcanic belt. Note that the Kiandra volcanic belt, the fourth 

component of the Macquarie Arc, is located to the S of the map area shown in Figure 

1. Inset map in the top right corner shows the location of the Cadia district in eastern 

Australia. Abbreviations: ACT – Australian Capital Territory; JNVB – Junee-

Narromine volcanic belt; LTZ – Lachlan Transverse Zone; MVB – Molong volcanic 

belt; NSW – New South Wales; QLD – Queensland; RGVB – Rockley-Gulgong 

volcanic belt; VIC – Victoria. 

Figure 2. District geology map of the Cadia district, based on surface mapping by 

Newcrest Mining Ltd between 1997 and 2002 and modified after Harris (pers. comm., 
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2007) and Washburn (2008). Geologic boundaries were further constrained using top-

of-collar drill hole information (unpub. data, Newcrest Mining Ltd). Washburn (2008) 

mapped the Silurian cover rocks. Felsic intrusions and most of known ore deposits form 

a broad northwest trend that parallels the broader district trends evident in the previous 

map. Systematic logging of the drill holes across the Cadia district by the senior author 

constrained the volcanic architecture. As has been shown elsewhere (Holliday et al., 

2002; Wilson et al., 2003), the exposed stratigraphy becomes younger to the east. The 

Forest Reefs Volcanics vary laterally and vertically in terms of eruptive style and 

composition of volcanism. At Ridgeway, a narrow zone (300 m) of porphyry-style 

alteration and mineralization occurs in and around multiphase monzonitic stocks. By 

contrast, the Cadia East deposit occupies a mineralized zone 2 km long, 600 m wide, 

and >1,500 m in vertical extent. Here, hydrothermal alteration and mineralization is 

lithologically controlled at surface, becoming more structurally controlled (as 

stockwork and sheeted vein arrays) at depth. 

Figure 3. Schematic NW-trending long section (looking NE) through the Cadia 

district. Long NW-SE section across the Cadia District.  Section line A-A’ shown on 

Figure 2.  Skarn-bearing and bedded units in the Forest Reefs Volcanics (FRV) defined 

the uppermost parts of the Ordovician stratigraphy.  Lower portions of the Forest Reefs 

Volcanics are dominated by polymict volcaniclastic breccias and conglomerates and 

are underlain by laminated volcaniclastic siltstones of the Weemalla Formation. The 

Ridgeway and Cadia intrusive complexes intruded the Ordovician stratigraphy and 

produced porphyry Cu-Au mineralization in the district (Wilson et al., 2007b). Middle 

Silurian marine sedimentary rocks of the Waugoola Group and Tertiary basalts 

unconformably overlie the Ordovician stratigraphy. Ages from Packham et al. (1999), 
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Rickards et al. (2002), Holliday et al. (2002), and Wilson et al. (2007).  Figure modified 

after Harris (pers. comm., 2007) and Washburn (2008). 

Figure 4. Simplified stratigraphic column for the Cadia district showing the major 

Paleozoic and Tertiary rock units (modified after Washburn, 2008).  The Late 

Ordovician calcareous volcaniclastic sandstone horizon of the upper Forest Reefs 

Volcanics contains Eastonian fossils (~452 Ma; Packham et al., 1999) – it is the 

protolith for magnetite skarn at Big Cadia and Little Cadia and defines the lower 

marker horizon at Cadia East (Fox et al., 2015). The Cadia intrusive complex was 

emplaced around 438 Ma (Early Silurian) based on U-Pb zircon dating (Wilson et 

al., 2007a). Macrofossils in siltstones of the Waugoola Group constrain Silurian 

sedimentation to the Late Wenlock (426–424 Ma; Rickards et al., 2001). The basal 

boulder conglomerate of the Waugoola group contains clasts of Cadia Hill monzonite 

and skarn, providing evidence of significant uplift and exhumation of the Cadia 

district between 438 and 426 Ma, prior to Silurian marine sedimentation (Green, 

1999). The combined thickness of the Paleozoic section encountered by drilling in the 

Cadia district is approximately 2.5 km. Abbreviations: Sil – Silurian; T – Tertiary. 

Figure 5. Examples of facies variations in the Weemalla Formation and Forest Reefs 

Volcanics. (A) Finely laminated calcareous laminated feldspathic siltstones (Weemalla 

Formation) altered to K-feldspar, epidote, chlorite, quartz and minor garnet 

(Ridgeway). (B) Finely laminated carbonaceous feldspathic siltstone (Weemalla 

Formation) altered to chlorite, K-feldspar, pyrite and minor epidote (Ridgeway). (C) 

Chlorite-altered clinopyroxene-phyric basaltic andesite (Forest Reefs Volcanics) with 

elongate amygdules filled by calcite, quartz and pyrite (Cadia East). (D) Matrix-

supported polymictic volcanic conglomerate with breccia matrix (Forest Reefs 

Volcanics) – clasts are porphyritic basaltic andesite; matrix composed of clasts and 
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crystal fragments (Cadia East). (E) Fine grained volcaniclastic sandstone to siltstone 

(Forest Reefs Volcanics) interbedded with fine to medium grained calcareous 

feldspathic sandstone forming darker chlorite – epidote – pyrite-altered beds (Cadia 

East / Little Cadia). (F) Big Cadia ironstone: massive magnetite skarn (Forest Reefs 

Volcanics) oxidized to goethite and hematite, overlying bedded calcareous 

volcaniclastic sandstones and siltstones (Big Cadia). (G) Polymict lithic pumiceous 

breccia, upper marker horizon, Forest Reefs Volcanics (Cadia East). (H) Albite – 

chlorite – pyrite-altered accretionary lapilli in lapilli tuff, upper marker horizon, Forest 

Reefs Volcanics (Cadia East). Abbreviations: cc – calcite; chl – chlorite; cpx – 

clinopyroxene; epi – epidote; gt – garnet; Kf – K-feldspar. 

Figure 6. Examples of intrusive rocks from the Cadia district. (A) Ridgeway 

intrusive complex – pre-mineralization monzodiorite with euhedral plagioclase, biotite-

altered hornblende and rare euhedral K-feldspar phenocrysts in a fine-grained K-

feldspar – hematite-altered groundmass. (B) P1 mafic monzonite porphyry, Ridgeway 

– K-feldspar, hornblende and plagioclase phenocrysts in a fine- grained orthoclase-

hematite altered groundmass cut by quartz – magnetite veins. (C) P2 quartz monzonite 

porphyry, Ridgeway – plagioclase, K-feldspar, hornblende and rare quartz phenocrysts 

in a K-feldspar – hematite-altered groundmass. (D) Intrusive contact between P1 and 

P2 porphyries, Ridgeway. Early quartz – magnetite – chalcopyrite veins in actinolite – 

orthoclase – magnetite-altered P1 porphyry truncated at P2 contact. P2 contains angular 

fragments of quartz – chalcopyrite – biotite veins (xenoliths). (E) P3 quartz monzonite, 

Ridgeway – interlocking crystals of plagioclase, hornblende and K-feldspar, cut by thin 

veinlet with K-feldspar – hematite alteration halo, and cutting an early quartz – 

chalcopyrite vein with a K-feldspar alteration halo in the Forest Reefs Volcanics. (F) 

Monzodiorite, Cadia East – phenocrysts of plagioclase (weakly epidote-altered), 
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hornblende (chlorite-altered) and K-feldspar in a sparse, fine K-feldspar-rich 

groundmass. (G) Quartz monzonite porphyry, Cadia East – illite-altered plagioclase and 

hematite-dusted K-feldspar and chlorite-epidote-altered hornblende phenocrysts in a 

strongly hematite-orthoclase altered groundmass. (H) Variably red-rock-altered Cadia 

Hill quartz monzonite porphyry with K-feldspar – biotite – magnetite alteration and 

weak illite dusting of plagioclase, cut by milky quartz – chalcopyrite – pyrite vein with 

intense K-feldspar – hematite alteration halo. (I)  Late stage chlorite – calcite – quartz 

vein cutting hematite-dusted orthoclase – biotite – magnetite – chalcopyrite-altered 

Cadia Hill quartz monzonite porphyry.  Abbreviations: act – actinolite; bi – biotite; cc 

– calcite; chl – chlorite; cp – chalcopyrite; epi – epidote; FRV – Forest Reefs Volcanics; 

hm – hematite; hb – hornblende; Kf – K-feldspar; mt – magnetite; pl – plagioclase; 

xeno - xenolith.   

Figure 7. Panoramic views (looking SSE) across the Cadia Hill open pit. The yellow 

box highlights the approximate location of panel B. (A) Silurian sedimentary rocks 

unconformably overlying the Cadia Hill monzonite at Cadia Hill, with large-scale low-

angle thrust faults (black lines) disrupting the western side of the Cadia Hill deposit. 

(B) Close up of the high wall on the eastern side of the Cadia Hill open pit. Small-scale 

faults controlled Silurian Waugoola Group sedimentation and disruption of the 

underlying Cadia Hill monzonite and related mineralization. Propagation of the low-

angle thrust faults into the Silurian sedimentary rocks generated multiple low-angle 

bedding plane thrust detachments, including numerous thrust ramps and ramp anticlines 

(modified from Washburn, 2008).  

Figure 8. Cross-section 11,050mE through Ridgeway (local mine grid) after Cuison 

(2010), with upper sodic, inner propylitic and potassic alteration shells from Wilson 

(2003). Section B-B’ location highlighted on Figure 2. A. Geology, highlighting 



 50

lithofacies in the Weemalla Formation and Forest Reefs Volcanics, and quartz 

monzonite porphyry and monzodiorite dikes of the Ridgeway intrusive complex. B. 

Alteration, showing a central core of calc-potassic and potassic alteration with an outer 

halo of inner propylitic alteration. Sodic alteration occurs in both the deep root zone 

and upper, outer halo to the Ridgeway system. Local mine grid. 

Figure 9. Cross-section 15,820mE through Cadia East (local mine grid) after Wilson 

(2003). Section C-C’ location highlighted on Figure 2. A. Geology, highlighting 

lithofacies in the Forest Reefs Volcanics and quartz monzonite porphyry and diorite 

dikes of the Cadia East intrusive complex. B. Alteration, showing a central core of 

Potassic I (biotite – orthoclase ± magnetite) alteration that transitions upwards to 

Potassic III (biotite –tourmaline) alteration. Inner propylitic (chlorite – hematite – 

albite) alteration forms an asymmetric halo to the potassic alteration core, whilst an 

upper, mineralogically complex zone of Potassic IV (orthoclase), Sodic II (albite) and 

phyllic (illite – muscovite – pyrite) alteration overprints the upper extent of earlier 

potassic alteration. 

Figure 10. Examples of altered and mineralized rocks from the Cadia district. (A) 

Quartz – magnetite – bornite vein stockwork cut by epidote – calcite – quartz – chlorite 

vein in hematite-dusted Ridgeway quartz monzonite porphyry, Ridgeway. (B) Sheeted 

quartz – bornite – calcite veins in chlorite – epidote – hematite-altered Cadia Hill 

monzonite porphyry. Thin (1 mm) K-feldspar halos surround the sheeted quartz veins. 

(C) K-feldspar – plagioclase-phyric quartz monzonite porphyry dike, deep levels of 

Cadia East, cut by quartz – bornite – magnetite – K-feldspar vein and thin quartz 

veinlets that define a stockwork. This sample lacks the hematite dusting associated with 

red rock alteration, and instead has a pale pink wash of orthoclase alteration. (D) Quartz 

– bornite – magnetite veins in actinolite – orthoclase-altered Forest Reefs Volcanics, 
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deep levels of Cadia East. (E) Pervasive biotite – chalcopyrite alteration in Forest Reefs 

Volcanics, upper levels of Cadia East. (F) Pervasive, texturally destructive albite – K-

feldspar – tourmaline alteration of Forest Reefs Volcanics, upper levels of Cadia East. 

(G) Coarse-grained K-feldspar – quartz – chalcopyrite – molybdenite – pyrite cemented 

pegmatite breccia with clasts of K-feldspar- and chlorite-illite-altered quartz monzonite 

porphyry, Cadia Quarry.  (H) Disrupted quartz – magnetite – chalcopyrite veins cut by 

epidote-cemented breccia associated with hematite-dusting (inner propylitic) alteration 

(Ridgeway). (I) Distal outer propylitic alteration of Forest Reefs Volcanics, Ridgeway. 

The chlorite-altered volcanics are cut by a calcite – prehnite – pyrite-cemented breccia. 

Note the lack of hematite dusting – this is typical of the outer propylitic halos at Cadia. 

(J) Magnetite – K-feldspar – epidote – chlorite – fluorite retrograde skarn alteration of 

calcareous volcaniclastic unit in Forest Reefs Volcanics, Big Cadia. Abbreviations: bi 

– biotite; bn – bornite; cc – calcite; chl – chlorite; cp – chalcopyrite; epi – epidote; fl – 

fluorite; Kf – K-feldspar; Mo – molybdenite; mt – magnetite; pr – prehnite; py – pyrite; 

qz – quartz; tm – tourmaline. 

Figure 11. Plan views showing vein orientations on three underground mine levels 

(A: 5330L; B: 5255L; C: 5100L) from Ridgeway (modified after Cuison, 2010). Data 

from unpublished underground mapping by Newcrest geologists. Vein orientations 

summarized using rose diagrams for each structural domain defined in the inset boxes 

on the upper right side of each panel. Inset panels on lower right side of each panel 

summarize vein trends for each structural domain. Local mine grid coordinates. 

Abbreviations: d – domain; FRV – Forest Reefs Volcanics; Ft – fault; UST – 

unidirectional solidification textures; Weem Fm – Weemalla Formation. 

Figure 12. Schematic illustration of alteration zoning and overprinting relationships 

in a volcanic-hosted, intrusion-centered alkalic porphyry system, based on geological 
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relationships from the Cadia East porphyry Au-Cu deposit (Tedder et al., 2001; Wilson 

2003; Holliday and Cooke, 2007). Cadia East contains what may be the alkalic 

equivalent of a lithocap with less acidic alteration assemblages (albite – K-feldspar – 

tourmaline ± sericite ± quartz ± carbonate). The propylitic sub-facies around alkalic 

porphyry Au-Cu deposits are more complicated than around calc-alkaline porphyry 

deposits. Calcium-bearing alteration minerals (calcite, actinolite, epidote, garnet) occur 

in the core of alkalic porphyry deposits, in contrast to calc-alkaline porphyries. The 

dashed line shows the approximate location of the pyrite halo (defined by the outer limit 

of disseminated pyrite). The position of the pyrite halo varies from deposit to deposit, 

but because the propylitic halo typically extends beyond the pyrite halo, mapping can 

identify outer pyrite-deficient and inner pyrite-bearing propylitic assemblages. 

Abbreviations: ab – albite; act – actinolite; anh – anhydrite; Au – gold; bi – biotite; bn 

– bornite; cb – carbonate; chl – chlorite; cp – chalcopyrite; epi – epidote; gt – garnet; 

hm – hematite; Kf – K-feldspar; lm – laumontite; mt – magnetite; pr – prehnite; py – 

pyrite; qz – quartz; ser – sericite; tm – tourmaline. 



 53

Table Captions 

Table 1. Alkalic porphyry and skarn deposits of the Cadia district, NSW.  

* - Resource data for Ridgeway, Cadia Quarry (Cadia Extended) and Big Cadia from 

Newcrest (2010). Resource data for Cadia Hill from Newcrest (2009). Resource data 

for Cadia East from Newcrest (2017). Little Cadia Resource from Forster et al. (2004). 

 

Table 2. Cadia porphyry Au-Cu deposits – mineralization and alteration 

assemblages.  

Abbreviations: ab – albite; act – actinolite; ap – apatite; bi – biotite; bn – bornite; cc 

– calcite; chl – chlorite; cp – chalcopyrite; epi – epidote; fl – fluorite; gl – galena; hm – 

hematite; ill – illite; mt – magnetite; ms – muscovite; or – orthoclase; plag – plagioclase; 

preh – prehnite; py – pyrite; qz – quartz; rut – rutile; ser – sericite; sp – sphalerite; zeo 

– zeolites. 

 

Table 3. Cadia porphyry deposits – fluid inclusion and isotopic data. 
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Table 1: Alkalic porphyry and skarn deposits of the Cadia district, NSW.  

Deposit Mineralization style Grade and 
tonnage data*  

References 

Ridgeway Intrusion-centered, volcanic hosted, 
quartz-carbonate-sulfide stockwork 
veins 

155 Mt @ 0.73 
g/t Au, 0.38% 
Cu 

Holliday et al. (1999), Harper (2000), Holliday et 
al. (2002), Wilson (2003), Wilson et al. (2003), 
Wilson et al. (2007a and b), Cuison (2010 

Cadia 
Quarry 

Intrusion-hosted, sheeted quartz-
carbonate-sulfide veins, breccias 
and pegmatites  

83 Mt @ 0.35 
g/t Au, 0.20% 
Cu 

Holliday et al. (2002), Wilson (2003), Wilson et al. 
(2004), Wilson et al. (2007a and b) 

Cadia Hill Intrusion-hosted, sheeted quartz-
carbonate-sulfide veins 

427 Mt @ 0.43 
g/t Au, 0.12% 
Cu 

Holliday et al. (2002), Wilson (2003), Wilson et al. 
(2007a and b) 

Cadia East Intrusion-centered, volcanic hosted, 
quartz-carbonate-sulfide sheeted 
veins 

3,000 Mt @ 
0.38 g/t Au, 
0.26% Cu 

Tedder et al. (2001), Holliday et al. (2002), Wilson 
(2003), Wilson et al. (2007a and b), Fox (2012), 
Fox et al. (2015) 

Big Cadia Massive magnetite-Cu-Au skarn in 
calcareous volcanic sandstone 

42 Mt @ 0.38 
g/t Au, 0.40% 
Cu 

Green (1999), Wilson (2003); Forster et al. (2004) 

Little 
Cadia 

Magnetite-Cu-Au skarn in 
calcareous volcanic sandstone 

8 Mt @ 0.30 g/t 
Au, 0.40 % Cu 

Wilson (2003); Forster et al. (2004); Fox (2012) 

* - Resource data for Ridgeway, Cadia Quarry (Cadia Extended) and Big Cadia from Newcrest (2010). Resource 
data for Cadia Hill from Newcrest (2009). Resource data for Cadia East from Newcrest (2017). Little Cadia 
Resource from Forster et al. (2004). 
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Table 2: Cadia porphyry Au-Cu deposits – mineralization and alteration assemblages. 

Deposit Mineralization Alteration References 
Ridgeway Early: qz – 

mt – bn – cp – 
or – bt – (act) 
veins 

Transitional: 
qz – cp – or – 
(chl) veins 

Peripheral: 
epi – chl – 
py – cc – qz 
– preh – 
zeo – (cp) – 
(bn) 
Late: qz – 
py – ser – 
cc – (chl) – 
(cp) – (fl) 

Deep: 
(act) – 
bi – or 
– ab – 
qz – 
mt 

Shallow: ab – 
chl – qz – py 
– cc 

Peripheral: 
chl – ab – hm 
– mt – epi; 
Late: ser – py 
alteration 
halos around 
late-stage 
faults 

Harper (2000), 
Wilson 
(2003), 
Wilson et al. 
(2003), 
Wilson et al. 
(2007a), 
Reynolds 
(2007), Cuison 
(2010) 

Cadia 
Quarry 

Early: ab 
flooding with 
bn – cp – epi 
stringers; mt 
stringers and 
qz – mt ± cp 
veinlets 

Transitional: 
sheeted qz – 
sulfide ± cc 
veins 

Peripheral: 
epi – cc 
veinlets 
Late: qz – 
cc – base 
metal 
sulfide 
veins 

Early-
stage: 
mt – 
ab  

Main-stage: 
bi – or (mt-
destructive) 

Peripheral: 
chl – cc – ab – 
hm – epi ± act 
alteration 
Late-stage: 
qz – ser – py 
– rut – chl 
halos around 
veins and 
faults 

Holliday et al. 
(2002, Wilson 
(2003), 
Wilson et al. 
(2004), 
Wilson et al. 
(2007a and b) 

Cadia Hill Early: mt – bi 
– chl – cp – or 
– qz, mt – qz 
– chl – cp – 
py – or, or – 
qz – bi – cp – 
mt, qz – mt – 
or – cc – cp – 
bn veins 

Transitional: 
qz – cc – cp – 
bn, bn – cp – 
chl – epi – ab 
and or – qz – 
bi – cc – cp – 
py veins  

Peripheral: 
preh – cc – 
epi veins 
Late: chl – 
bi – py, epi 
– cc – cp, 
ill – ms – 
cc – py – qz 
– sp – gl – 
cp veins 

Early: 
ab, or 
– bi – 
ap, 
also 
minor 
cp and 
mt 
locally 

Transitional: 
or – epi – ab 
and minor qz, 
cc or bi 
locally 
(primary mt 
destroyed) 

Peripheral: 
hm – chl – epi 
Late: ill – ms 
– py – qz – cc 

Wilson 
(2003), 
Wilson et al. 
(2007a) 

Cadia 
East 

Early: mt – 
act – cp – py, 
qz – mt – cp – 
py – or, or – 
qz – bn – cp – 
mt and qz – 
mt – cp – cc – 
bn veins 

Transitional: 
qz – cc – cp – 
bn, and bi – 
sp – py – qz 
veins  

Peripheral: 
preh – cc – 
epi – (fl) 
veins 
Late: ill – 
ms – cc – 
py – qz – sp 
– gl – cp 
veins 

Early: 
ab, or 
– bi, 
also 
minor 
cp and 
mt 
locally 

Transitional: 
or – ap – bi 
(primary mt 
destroyed) 

Peripheral: 
hm – chl – epi 
Late: ill – ms 
– py – qz – cc 

Wilson 
(2003), Finn 
(2006), 
Wilson et al. 
(2007a), Fox 
(2012), Fox et 
al. (2015), 
Morrison 
(2016) 

Abbreviations: ab – albite; act – actinolite; ap – apatite; bi – biotite; bn – bornite; cc – calcite; chl – chlorite; cp – 
chalcopyrite; epi – epidote; fl – fluorite; gl – galena; hm – hematite; ill – illite; mt – magnetite; ms – muscovite; or 
– orthoclase; plag – plagioclase; preh – prehnite; py – pyrite; qz – quartz; rut – rutile; ser – sericite; sp – sphalerite; 
zeo – zeolites. 
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Table 3: Cadia porphyry deposits – fluid inclusion and isotopic data. 
 

Deposit T (°C) Salinity Sulfur isotopes Strontium isotopes 
(87Sr/86Sr) 

References 

Ridgeway Average 
440° to 
450°C 

53 to 63 eq. 
wt. % NaCl 
+ KCl  

Sulfides (n = 76): 
−6.3 to +9.2‰, with 
most between −4 
and −1‰ 

Ridgeway mafic 
monzonite: 0.70452 
Ridgeway monzonite: 
0.70433 

Harper (2000), Wilson 
(2003), Wilson et al. (2003), 
Wilson et al. (2007a), Cooke 
et al. (2007), Cuison (2010) 

Cadia 
Quarry 

415° to 
490°C 

53 to 61 eq. 
wt. % NaCl 
+ KCl 

no data available Cadia Quarry 
monzonite: 0.70426 

Holliday et al. (2002), 
Wilson (2003), Wilson et al. 
(2004), Wilson et al. (2007a 
and b), Cooke et al. (2007) 

Cadia Hill 415° to 
490°C 

53 to 61 eq. 
wt. % NaCl 
+ KCl 

Sulfides (n = 28): 
−9.8 to +9.1‰, with 
most between −6 
and −2‰ 
 

Cadia Hill monzonite: 
0.70419 
Epidote: 0.70451 

Wilson (2003), Wilson et al. 
(2007a), Cooke et al. (2007) 

Cadia 
East 

415° to 
490°C 

53 to 61 eq. 
wt. % NaCl 
+ KCl 

Sulfides (n = 51): 
−5.4 to -1.0‰ 

Cadia East monzonite: 
0.70426 
Tourmaline: 0.70403 – 
0.70443 
Epidote: 0.70440 – 
0.70467 

Wilson (2003), Finn (2006), 
Wilson et al. (2007a), Cooke 
et al. (2007), Fox (2012) 
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