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Abstract 

North Queensland is an extensively Sn-W-Mo-Au mineralized province and the relationship 

between Au deposits and the Sn-W deposits has been the subject of extensive debate over past 

years. Although previous studies have dated the magmatic and hydrothermal activities 

associated with the Sn-W-Mo-Au metallogeny in Northern Queensland, some of the results 

were not very accurate and even exacerbated the controversies. We collected samples for high 

precision dating analysis from all the main Sn-W-Mo mineral fields in this region, and 

compiled all the accessible high precision ages from the Chillagoe porphyry-skarn Au district 

and the traditionally recognized intrusion related gold deposits (IRGDs) in Georgetown. Based 

on geological characteristics and the high precision geochronological results, Sn-dominant 

deposits and associated igneous rocks in North Queensland formed in three episodes: ~264 Ma, 

327-317 Ma and ~345 Ma. The W-dominant mineralization only formed during 284-253 Ma, 

and W-Mo mineralization occurred during 308-303 Ma and 343-337 Ma. The Chillagoe 

porphyry-skarn type Au-Cu deposits formed during 335-295 Ma, and the Au-dominant 

deposits in Georgetown and Cape York Pennisula formed in two episodes: 351-336 Ma and 

286-280 Ma.  The combined results from dating both magmatic and hydrothermal activities 

show a younging trend from southwest to northeast in the North Queensland Sn-W-Mo-Au 

province. 
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1. INTRODUCTION 

North Queensland is an important Sn-W-Mo-Au mineralized province in Australia, 

particularly for Sn and W, which includes ~10% of Australia’s Economic Demonstrated 

Resources (EDR) of Sn and ~13% of the country’s EDR of tungsten (Chang et al, 2017). In 

this study, we define the range of the Northern Queensland Sn-W-Mo-Au-Cu province to 

stretch from Paluma in the south, to Cooktown in the north, and to Georgetown in the west 

(Figure 1).  Based on metal commodities, the mineral deposits of this province can be classified 

into five types: Sn-dominant, W-dominant, W-Mo, porphyry-skarn Au and intrusion related 

gold deposits (IRGDs).  Sn-dominant deposits mainly occur in three districts:  the Kangaroo 

Hills, Herberton and Cooktown districts. The W-dominant deposits occur only in the northeast 

Mt Carbine-Watershed area. W-Mo deposits have been found in both the Herberton and 

Kangaroo Hills districts.  The only recognised porphyry-skarn Au-Cu deposits are those in 

Chillagoe district. The intrusion related gold deposits (IRGDs) include the Kidston and Bald 

Mountain deposits in the Georgetown district.  

The relationship between magmas and mineralisation is one of continuing interest to both 

researchers and explorers. Of fundamental concern is the timing of magma emplacement 

relative to mineralisation, and an improved understanding of this timing relationship is an 

important tool for mineral exploration. Highly precise and accurate ages for individual magmas 

and for hydrothermal events therefore provide valuable input for resolving the question of 

relative timing.  Previous and current studies have provided significant timing constraints on 

the magmatic-hydrothermal temporal framework of the Chillagoe Au-Cu ore cluster, Cape 

York Au cluster and Georgetown Au district (Georgees, 2007; Nethery, 2009; Murgulov et al., 

2008, 2009, 2013; Lehrmann, 2012; Kositcin et al., 2016), which have been incorporated into 

this paper as complementary data.  However, until this study, highly precise geochronological 

data from the Sn-W-Mo deposits and their associated granitic rocks have not been available. 

Previous geochronological data for these mineral deposits and associated granites were 

collected using whole rock or mica Rb-Sr and K-Ar methods, which are vulnerable to post-

magmatic and post-mineralization water-rock interactions, such as alteration and weathering. 

As fresh representative hard rock samples are difficult to obtain in highly mineralised areas, it 

is important to use robust analytical methods on resistant minerals to obtain high precision 

dating results. 

In this study, we summarize the geological characteristics of the major Sn-dominant, W-

dominant and W-Mo deposits in the northern Queensland metallogenic province. We introduce 

our systematic sampling sets that was based on these geological characteristics, and include the 

results of dating magmatic-hydrothermal activities associated with these deposits using 

muscovite 40Ar-39Ar, molybdenite Re-Os and LA-ICP-MS zircon U-Pb methods. Through 

combining the geochronological data from previous studies with the results of this study, we 

present a framework for the temporal-spatial occurrence of Sn-W-Mo-Au deposits and 
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associated magmatic activities in Northern Queensland, to provide a basis for future 

exploration in this region. 

 

2.  REGIONAL GEOLOGICAL BACKGROUND  

The oldest geological domain in the region is the Paleoproterozoic - Mesoproterozoic North 

Australian Craton (NAC) in the west, out-cropping in the Georgetown – Dargalong, Yambo 

and Coen inliers from the southwest to the northwest corner. In faulted contact along the 

Craton’s eastern flank are the Neoproterozoic – early Mesozoic Tasmanides (Tasman Orogenic 

Zone) composed of the Neoproterozoic – Ordovician Thompson Orogen mostly in the south, 

the Silurian – Devonian Mossman Orogen mostly in the north, and minor Carboniferous-

Permian New England Orogen in the southeast corner along the coast, east of the Thompson 

and Mossman orogens and not in direct contact with the NAC.  The Thompson Orogen includes 

the Greenvale Province directly southeast of the Georgetown Inlier, the Barnard Province 

around Innisfail, and the Charters Towers Province in the southeast of region (Figure 1). Near 

the northern edge of the Charters Towers Province, where some Sn deposits of the Kangaroo 

Hills district occur, the Thompson rocks are middle to upper amphibolite facies Running River 

Metamorphics.  The Mossman Orogen is composed of the Hodgkinson Province in the north 

and the Broken River Province (BRP) in the south, with the BRP located between the 

Greenvale and Charters Towers Provinces. The Hodgkinson Province is further divided into 

the Chillagoe Subprovince, consisting of the Chillagoe Formation, and the Palmer-Barron 

Subprovince consisting of the Hodgkinson Formation. The BRP comprises the Graveyard 

Creek and the Camel Creek subprovinces. Together, the Chillagoe and Graveyard Creek 

subprovinces form a narrow and discontinuous belt along the western margin of the Mossman 

Orogen. They both consist of shallow submarine sedimentary rocks dominated by fossiliferous 

carbonates, with lesser amounts of interlayered chert, sandstone, basalt, mudstone, 

conglomerate and breccia.  The subprovinces are considered to represent a forearc basin setting 

(Henderson et al., 2011).  The Palmer-Barron Subprovince (Hodgkinson Formation) makes up 

most of the Hodgkinson Province, as does its equivalent Camel Creek Subprovince in the BRP. 

The Hodgkinson Formation consists of deep marine turbidite sequences comprising sandstone, 

siltstone and mudstone with lesser amounts of interlayered chert, mafic volcanic rocks and 

conglomerate, plus rare limestone and a single small ultramafic body. The Hodgkinson 

Formation is one of the major hosts of W-Sn mineralisation. 

The NAC and the Thompson Orogen were intruded by Silurian – Devonian granitic 

batholiths of the Pama Igneous Association (~434-382 Ma) at about the same time as the 

formation of the Mossman Orogen.  Subsequently, the NAC, the Thompson Orogen and the 

Mossman Orogen were intruded by the extensive Carboniferous – Permian intrusive rocks and 

roughly coeval volcanic rocks of the Kennedy Igneous Association (KIA; ~345-250 Ma), at a 

similar time as the formation of the New England Orogen to the east.  The KIA is composed 
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of mainly I-type magmatic rocks, with some S-type igneous rocks northeast of a northwest-

trending line passing through Atherton and Innisfail, and minor A-type magmatic rocks 

scattered SW of the Atherton-Innisfail area.  Most of the W-Sn mineralisation is associated 

with the KIA. 

 
Figure 1. Regional geological map and distribution of Sn-W-Mo deposits in North Queensland. 

 

The W and Sn resources in northeast Queensland are strongly concentrated in a small number 

of deposits or districts.  Significant W resources (including past production) occur in just a few 

deposits. The two largest deposits (or 1.5% of all W deposits) are the Mt Carbine deposit 

(~83,706 t WO3) and the Watershed deposit (~70,400 t WO3), and account for ~90% of the 

known W resources. The Mt Carbine deposit is the largest sheeted quartz vein-type W deposit 

in Australia and accounted for 43% of Australia’s annual W production in 1986, prior to closure 

due to an international Sn-W market crash.  The largest W-Mo-Bi deposit is Wolfram Camp; 

the contained metal at Wolfram Camp, around 12,260 t WO3, is significantly greater than 

known combined W endowment at the second and third largest W-Mo-Bi deposits in northeast 

Queensland:  Bamford Hill, ~1,529 t WO3, and Larkin, ~ 352 t WO3 (Von Gnielinski, 2015).  

Similarly, most of the Sn-dominant deposits are also small, with 82% of the 792 deposits 

containing <100 tons of Sn. However the sizes of the Sn resources are a little more evenly 

distributed than the W resources, with the top 5% deposits (n=40) containing ~80% of the metal. 
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There are 43 deposits with >1,000 t Sn, and these mainly occur in three districts:  the Herberton 

district, the Cooktown district that hosts the Collingwood and Kings Plains deposits, and the 

Kangaroo Hills district that hosts the Sardine and Shrimp deposits. The Herberton district 

(Figure 1) contains the largest number of Sn deposits (532, or ~67% of all the known Sn 

deposits), with ~170,000 tonnes of Sn resources (~71% of the total Sn resources + production). 

In addition, there are a few stand-alone deposits with >1,000 ton Sn, including the Jeannie 

River deposit in the far north, the Mt Holmes and Station Creek deposits near Mt Carbine, the 

Torwood Sand Ridge and the Tate River deposits in the Georgetown block, and the Blue Range 

and Cooper deposits west of the Kangaroo Hills district (Figure 1).  

 

3.  ANALYTICAL METHODS 

 

3.1 Zircon SEM-CL imaging and LA-ICP-MS U-Pb dating 

Cathodoluminescence (CL) images of zircons were obtained from polished epoxy resin 

mounts using a JEOL JSM5410LV scanning electron microscope (SEM) at the Advanced 

Analytical Centre in James Cook University (JCU), Australia. The SEM is fitted with 

secondary electron (SEI) detector, backscatter electron (BSE) detector and a Robinson CL 

detector.  Back-scattered electron and CL images were acquired at 20 kV acceleration voltage, 

with a focused electron beam using the JEOL Semafore digital image acquisition software. 

All laser ablation ICP-MS analyses were conducted at the Advanced Analytical Centre of 

JCU, using a Coherent GeolasPro 193 nm ArF Excimer laser ablation system connected to a 

Bruker 820-MS (formerly Varian 820-MS). The ablation cell was connected to the Bruker 820-

MS via Tygon tubing and a Y-piece. The standard cylindrical sample cell was used throughout 

the study, but with a custom-designed polycarbonate insert to reduce the effective volume to 4 

cm3. This insert provides rapid signal washout of about 1.2 s. The ICP-MS was tuned to ensure 

robust plasma conditions (U/Th sensitivity ratio ~1) while maintaining low oxide production 

rate (ThO/Th >0.5 %). The laser beam size diameter and repetition rate were set at 60 µm, and 

10 Hz, respectively, and laser energy density at the sample site was set to 6 J/cm2.  Zircon 

standards GJ1 and Temora 2 were analysed as primary and secondary calibration standards, 

respectively. More details about the LA-ICP-MS set-up for zircon dating are available in 

Tucker et al. (2013). 

Data reduction was carried out using the Glitter software (Van Achterbergh et al., 2001). All 

time-resolved single isotope signals from standards and samples were filtered for signal spikes 

or perturbations related to inclusions and fractures. Subsequently, the most stable and 

representative isotopic ratios were selected taking into account possible mixing of different age 

domains and zoning. Drift in instrumental measurements was corrected following analysis of 

drift trends in the raw data using measured values for the GJ1 primary zircon standard. 

Analyses of Temora zircons were used for verification of GJ1 following drift correction. 
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Background corrected analytical count rates, calculated isotopic ratios and 1σ uncertainties 

were exported for further processing and data reduction.  The details of processing the dating 

results have been described by Holm et al. (2013). 

 

3.2 Mica 40Ar-39Ar dating 

 Samples were wrapped in pure Al foil and irradiated for 90 MWhr hr at location 8B at the 

McMaster Nuclear Reactor at McMaster University in Hamilton, Ontario in irradiation package 

mc50.  Standard hornblende MMhb-1 was used as a neutron fluence monitor with an assumed 

age of 520.4 Ma (Samson and Alexander, 1987). All samples were incrementally heated with 

a Coherent Innova 5 W continuous argon-ion laser until complete fusion was achieved. 

Samples were loaded into 3 adjacent 2mm diameter wells and degassed each laser power 

setting for 30 seconds. 

Argon isotopes were measured using a VG1200S mass spectrometer with a source operating 

at 150 A total emission and equipped with a Daly detector operating in analog mode. Mass 

discrimination was monitored daily using ~4x10-9 ccSTP of atmospheric Ar. Fusion system 

blanks were run every five fusion steps and blank levels from argon masses 36 through 40 (~2 

x 10-14, ~3 x 10-14, ~1 x 10-14, ~3 x 10-14, and 2 x 10-12 ccSTP respectively) were subtracted 

from sample gas fractions.  Corrections were also made for the decay of 37Ar and 39Ar, as well 

as interfering nucleogenic reactions from K, Ca and Cl as well as the production of 36Ar from 

the decay of 36Cl. 

 

3.3  Molybdenite Re-Os dating 

Molybdenite mineral separates were made by metal-free crushing followed by gravity and 

magnetic concentration methods described in detail by Selby & Creaser (2004). The 187Re and 
187Os concentrations in molybdenite were determined by isotope dilution mass spectrometry 

using Carius-tube, solvent extraction, anion chromatography and negative thermal ionization 

mass spectrometry techniques. A mixed double spike containing known amounts of 

isotopically enriched 185Re, 190Os, and 188Os analysis was used (Markey et al. 2007). Isotopic 

analysis used a ThermoScientific Triton mass spectrometer with Faraday collector. Total 

blanks for Re and Os were less than <3 picograms and 2 picograms, respectively, which are 

insignificant for the Re and Os concentrations in molybdenite. The molybdenite powder HLP-

5 (Markey et al., 1998), was analysed as a standard, and over a period of one year an average 

Re-Os date of 220.66 ± 0.21 Ma (1SD uncertainty, n=5) is obtained. This Re-Os age date is 

identical to that reported by Markey et al. (1998) of 221.0 ± 1.0 Ma. 

 

4.  GEOLOGY OF Sn-W-Mo MINERALISATION 

The Sn-W-Mo deposits examined in this study can be grouped into six mineral fields based 

on their locations and metal associations:  three Sn mineral fields, two W-Mo fields, and a W-
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dominant mineral field.  The three Sn mineral fields are, from south to north, the Kangaroo 

Hills, Herberton-Mt Garnet and Cooktown fields.  The two W-Mo mineral fields are the Ollera 

field in the south and the Dimbulah field in the north. The Hodgkinson W field is located in 

the north of the northern Queensland Sn-W-Mo-Au province, and is dominated by the 

Watershed and Mt Carbine deposits.  The main deposits in each mineral field are listed in Table 

1.  

Table 1.  Classification of the Sn-W-Mo deposits examined in this study. 

Mineral fields Mineral deposits Commodities  
Dated minerals 

Zircon Mica Molybdenite 

Hodgkinson W 

field 

Watershed W  √  

Mt Carbine W √ √ √ 

Dimbulah W-Mo 

field 

Wolfram Camp W, Mo √ √ √ 

Bamford Hill W, Mo √ √ √ 

Herberton- 

Mt Garnet Sn field 

Daisy Bell Sn  √  

Titania Sn  √  

Pandanus Gurrumba Sn  √  

Baal Gammon Sn, Cu, Ag, In √   

Moomin W, Mo √  √ 

Copper Firing Line Cu (minor Ag) √   

Herberton Hill Sn (minor W) √   

Pinnacles Sn, F √   

Kangaroo Hills Sn 

field 

Shrimp Sn   √ 

Sardine Sn √   

Cooktown Sn 

field 
Collingwood Sn  √ √ 

Ollera W-Mo field 
Boomerang W, Mo  √ √ 

Ollera W, Mo √ √ √ 

 

 

4.1 Sn-dominant Mineral Fields 

As shown in Figure 2 and Table 1, the Sn-dominant deposits mostly cluster in a few districts, 

namely the Cooktown, Herberton, and Kangaroo Hills districts.  The Herberton district contains 

67% of the known Sn deposits and ~71% of the total Sn metal (resources + production). Most 

of the deposits were mined at small scale before the 1980s.  Drilling was typically <100m deep 

and the mine workings typically stopped around the water table. The geology, alteration and 

mineralisation the Herberton district are summarized below 

The geology of the Herberton-Mt Garnet district (Figure 2), is dominated by sediments, and 

KIA granitic intrusions and volcanic rocks.  The oldest outcropping unit in the district is a small 

pre-Cambrian inlier near Mt Garnet. The sedimentary rocks are mostly Hodgkinson Formation 
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with minor amount of Silver Valley Conglomerate (a Carboniferous cover rock unit).  The 

Hodgkinson Formation sediments have been intruded by numerous KIA granitic intrusions, 

including (in chronological order): Elizabeth Creek type granites, Go Sam Granite, a number 

of microgranite bodies mostly occurring within earlier larger intrusions, a few porphyry 

intrusions, and the Atlanta Granite, along with Permian granodiorites, granites, and a few small 

diorite intrusions. Some of the volcanic rocks are roughly coeval with some of the granites, 

including the older Featherbed and younger Slaughter Yard Creek Volcanics.   

 

 

Figure 2.  Distribution of host-rock geology and the various deposit types within the Herberton–Mt Garnet Sn 

Field (Chang et al., 2017). 
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The Sn-dominant ± base metal deposits in the district can be divided into two groups based 

on their host rocks: Group 1) deposits hosted in sedimentary rocks; and Group 2) deposits 

hosted in intrusive rocks.  Each group can be further subdivided based on alteration styles. The 

subgroups are: 

 
Figure 3.  Geological map of the Mt Garnet Sn district 

 

1A: Where the wall rocks are carbonates, the deposits are typically skarns, for example, the 

Pinnacles and Gillian deposits. Although only a few, skarn deposits are bigger than other types 

of Sn deposits, with Pinnacles and Gillian being the largest Sn deposits in northeast Queensland 

(Table 1). Wrigglite is common. The typical ore assemblage is cassiterite-magnetite-fluorite-

wollastonite-diopside, with cassiterite usually disseminated in skarns. Miarolitic cavities are 

generally common in associated granites. 

1B: Where wall rocks are metabasalt, skarns (Type 1Bi) may form, for example, as at 

Magnum Bonum where the skarn is dominated by pyroxene. The ore assemblage is cassiterite-

magnetite. Altered metabasalt may also occur as massive chlorite with minor residual garnet 

and biotite (Type 1Bii), as at Jumna and Jack-in-a-box. 

1C: Sn deposits may occur at the boundary between metabasalt and chert, as at Tommy 

Burns, where cassiterite occurs in cordierite-cummingtonite rocks that were subsequently 

altered to chlorite. 
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Figure 4. Cross section showing the geology of the Baal Gammon Sn deposit (from the Monto Minerals website) 

 

 

 

 

Figure 5.  Cross section showing the geology of the Titania Sn deposit. 
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Figure 6. Cross section showing the geology of the Daisy Bell Sn deposit. 

 

1D: Siliciclastic metasediments may host:  

Subtype 1Di - quartz-tourmaline-cassiterite veins or breccia pipes with tourmaline-sericite 

haloes, ± later sheeted veins of quartz-cassiterite-tourmaline. These assemblages may be 

overprinted to various degrees by chlorite then clay alteration, as at the Jack Johnson deposit. 

Subtype 1Dii - chlorite and/or quartz-cassiterite pipes (e.g. the Vulcan deposit) or vein 

networks (e.g. the Dalcouth prospect) with chlorite alteration haloes. 

Subtype 1Diii - quartz-cassiterite veins with silicification haloes. 

1E: A special case is the occurrence of hydrothermal breccias in the Hodgkinson Formation 

and in porphyry dykes intruding Hodgkinson Formation sediments. The breccia clasts are 

porphyry and Hodgkinson rocks with sericite-chlorite alteration, whereas the breccia cement 

consists of cassiterite and/or stannite + other sulphides such as arsenopyrite, pyrrhotite and 

chalcopyrite. The breccias transition upwards to cassiterite-bearing chlorite lodes. A rare but 

important example is Baal Gammon (Figure 4), the 12th largest Sn deposit in the Herberton-

Emuford-Mt Garnet district, which also has significant amounts of copper and indium. This 

type of deposit is shown as “Sulfide overprint” deposits in Figure 2. 

 

Group 2 deposits occur in fractionated microgranites and/or in coarse-grained batholithic 

granites adjacent to them (Figures 5 and 6). It is therefore postulated that these microgranites 

are more directly related to mineralisation. Tin-dominant deposits in intrusions can be 

subdivided into three sub-types: 
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2A: Albite-altered lenses with disseminated cassiterite, locally with quartz-fluorite-

cassiterite ± K-feldspar veinlets and veins. The veins containing K-feldspar typically have 

<2mm thick K-feldspar haloes, as at Mt Misery. This subtype is shown as “Feldspathic 

alteration” in Figure 2. 

 

Figure 7. Geological map of the Collingwood Sn district, North Queensland (Jones et al., 1990). 
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2B: Pipes and veins of quartz-cassiterite (± muscovite, wolframite, fluorite, topaz, sulfides), 

with haloes composed of fine-grained sericite ± quartz as, for example, at the Great Northern 

and the Great Southern deposits in the Herberton Hill area (“Sericite greisen” alteration in 

Figure 2). Note that some sericite greisens in granitic intrusions do not contain any known 

mineralisation. Some sericite greisens also contain W, but such W resources are much smaller 

than those in the W-dominant deposits and the W-Mo deposits. 

 

 

Figure 8. Geological map of the Kangaroo Hills Sn district, North Queensland. 

 

2C: Pipes and veins of quartz-cassiterite (± wolframite, fluorite, topaz, sulfides), with haloes 

of intensive chlorite alteration, for example, some of the deposits in the Herberton Hill area 

including the Bradlaugh and the Old Monarch deposits, and deposits in the Watsonville area. 

This subtype constitutes part of the “Chlorite” category in Figure 2. 

Among all the subtypes, Subtype 1A, 1C, 1Dii, 1E and 2B contain more Sn metal and are 

therefore relatively more important. In some lodes the dominant economic metals are base 

metals rather than Sn, such as Zn and lesser Cu in the Mt Garnet skarn, Cu in the “Cu firing 

line” north of Herberton, and Pb-Zn lodes NW of Irvinebank and Emuford (Figure 2). As a 

very broad trend, base metals usually occur in areas peripheral to Sn-W mineralisation (Figure 

2).  

In the Irvinebank area, where the Sn deposits are hosted in Hodgkinson wallrocks, a trend 

has been observed where lodes with significant tourmaline infill and alteration (1Di) transition 

outwards to lodes with chlorite haloes (1Dii) then further out to lodes haloed by silicification 
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(1Diii). Witt (1988) reported that greisen type Sn deposits hosted in major intrusions of the 

Coolgarra Batholith contained early saline inclusions, typically associated with early 

feldspathic alteration, with high homogenisation temperatures up to 650-600°C.  The greisen-

stage fluids had lower temperatures, ~525-450°C, and the later fluids had even lower 

temperatures (400-100°C; boiling at 400-300°C). 

 

 

Figure 9.  Simplified cross section showing magmatic rocks and Sn mineralization in the Kangaroo Hills district 

(from Gunther, 1993). 

 

As mentioned previously, there are two Sn mineral fields in North Queensland in addition 

to the Herberton Mineral Field: The Cooktown Sn field and the Kangaroo Hills Sn field.  

Examples of the geology and setting of Sn-dominant mineralization in these two districts are 

presented in Figures 7, 8 and 9, which also demonstrate the similarity to Sn mineralization 

styles in the Herberton Mineral Field. Details on the geology and mineral occurrences of the 

Kangaroo Hills Mineral Field and the Cooktown Mineral Field were reported by Gunther (1993) 

and Jones et al. (1990). 

In this study, we also examined one muscovite sample from the Cooktown district and one 

molybdenite sample from the Kangaroo Hills district for 40Ar-39Ar and Re-Os dating analysis; 

the dating results are presented in the next section.   
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4.2 W-dominant Mineral Field 

 

Figure 10. Geological map of the Mt Carbine W deposit, North Queensland. 

 

The W-dominant deposits are represented by the Mt Carbine and Watershed deposits 

northwest of Cairns. Both deposits are hosted in Hodgkinson Formation siliclastic rocks.  

Basalt lavas also occur at Mt Carbine (Figure 10).  Mineralisation in both deposits is mostly 

hosted in sheeted quartz ± feldspar ± muscovite veins; at Watershed some mineralisation is 



17 

 

also disseminated in wall rocks. The mineralisation in both is characterised by early W 

mineralisation followed by a reduced sulphide assemblage of pyrrhotite, arsenopyrite, plus 

pyrite and chalcopyrite, ± molybdenite. Tungsten mineralisation at Mt Carbine is dominantly 

wolframite with minor later scheelite, whereas at Watershed only scheelite occurs. Causative 

intrusion(s) have not been intercepted in either deposit. The wall rock alteration at Watershed 

is skarn whereas at Mt Carbine the vein halos are dominated by chlorite-sericite alteration. The 

section below describes the Mt Carbine deposit as an example of the geological characteristics 

of a W-dominant deposit in this mineral field. 

At Mt Carbine the steeply dipping sheeted quartz-wolframite-dominant veins are hosted in 

low grade metamorphosed (Arnold and Fawckner, 1980) Silurian to Devonian Hodgkinson 

Formation dark grey turbiditic sedimentary rocks composed mainly of greywacke, siltstone-

shale, conglomerate and chert, and basalt lava with local pillow textures. The siltstone-shale is 

the major host of the veins (Higgins et al., 1987). There are at least three types of felsic 

intrusions in the mining district, including porphyritic biotite granite, equigranular coarse-

grained biotite granite and a fine-grained felsic dyke that cuts across the ore body. There is no 

observable contact between the granites and the W veins. The causative intrusion(s) for the 

sheeted veins are likely still at depth.  

The Mt Carbine orebody consists of steeply dipping veins concentrated in a NW-striking 

zone around 2.5 km long and 0.5 km wide, with the veining most intense in the southern end 

of the belt where it is truncated by the 70° NE dipping South Wall Fault. In the open pit there 

are four 30-40 m wide vein zones, with Zones 1 - 3 oriented ~300°/80° (strike/dip), and Zone 

4 oriented 270°/65°. The individual veins have an average width of 0.4 m and may be up to 

around 2 m wide locally. Drilling in the open pit area reveals veins extend to a depth of at 

around 500 m (Forsyhe and Higgins, 1990). 

Five stages of veining have been recognised.  Stage 0 veins are deformed, curvy and 

discontinuous quartz-dominant veins with negligible W mineralization that probably formed 

during the Tabberabberan Orogeny that formed the Mossman Orogen (~385 Ma; Jell, 2013). 

Stage I veins have straight and continuous margins, are quartz-dominant and contain 

wolframite ± orthoclase (Or>98). Stage II veins are also straight and continuous, and are 

quartz-dominant, but with chlorite ± biotite ± muscovite ± albite (Ab 94-98) and ore minerals 

scheelite ± cassiterite.  Stage III veins differ from Stage II in that they may contain tourmaline 

± apatite ± sulphides (molybdenite, arsenopyrite, chalcopyrite, pyrite, pyrrhotite, and/or 

sphalerite), and no W mineralization or feldspars. Arsenopyrite is slightly earlier than other 

sulphides.  Stage IV veins are characterised by a mineral assemblage of quartz ± calcite ± 

fluorite without any W mineralization; they are also straight and continuous.  

The W mineralization is mostly in stage II quartz veins as wolframite, plus minor scheelite 

mineralization in Stage III. Scheelite occurs as discrete grains in quartz veins, in veins cross-

cutting wolframite, or as partial to complete replacement of wolframite.  Chlorite is the most 

common alteration mineral in vein halos in all types of clastic metasediments. 
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Muscovite/sericite halos (occasionally intergrown with molybdenite or chalcopyrite) typically 

occur in the northern part of the open pit, whereas tourmaline, sometimes with biotite and 

apatite, typically occurs in the central part of the open pit (Darcy Milburn, pers. comm.). 

 

4.3 W-Mo Mineral Fields 

W-Mo deposits mainly occur in the north-northeast-trending Wolfram Camp – Bamford Hill 

corridor (Figure 2), and are represented by Wolfram Camp (Plimer, 1974) and Bamford Hill 

(Blevin, 1986, 1989). There is also W-Mo mineralization at the Moomin prospect in Herberton 

Mineral Field, and the Boomerang and Ollera W-Mo prospects in the Ollera Mineral Field 

(Figures 13-15).  Details of the of the Ollera area have been reported by Clarke and Morwood 

(1994).  

 

Figure 11. Geology of the Wolfram Camp W-Mo deposit. 

 

Common features of W-Mo mineralization in northeast Queensland include:  
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1) The mineralisation is confined to granitic intrusions (Figure 11). There is basically no 

mineralisation in the wall rocks of Hodgkinson Formation and KIA (Featherbed) volcanic 

rocks.  

 

 

Figure 12. Schematic cross section of the Bamford Hill W-Mo deposit (Blevin, 1989). 

 

2) Orebodies occur as pipe-like bodies and discontinuous pockets of quartz ± minor calcite 

and trace fluorite, located in the roof zone and upper side margins of plutons, and grading 

outwards to quartz-rich greisen (>90 vol% quartz) then mica-rich greisen (>10 vol% muscovite) 

and then to muscovite-altered granite (Figure 12).  There is also minor fluorite and carbonate 

in the greisens. The pipes commonly have vugs in the middle, with euhedral quartz crystals of 

various sizes growing into them. Some quartz pipes have centimetre-sized euhedral K-feldspar 

scattered along the margins. Locally there are ‘mica-pipes’ mainly composed of muscovite. 

The pipes in general have orientations parallel to the intrusion margin, i.e. roughly flat in the 

roof zone and inclined on the sides, as revealed by old workings and drilling. At Wolfram 

Camp, extensive old workings plus limited drilling to around 100 m below surface show that 

quartz pipes are still present at around 200 m depth and within a roughly 30 m marginal zone 

on the upper sides of the intrusion. The alteration of granite occurs within around 110 m from 

the intrusion side contacts. The roof zone at Wolfram Camp has been partially eroded away, 



20 

 

and with only limited drilling to around 100 m depth, it is only possible to constrain the true 

alteration thickness in the roof zone to be more than 100 m (Figure 15).  

 

Figure 13.  Geology of the Boomerang W-Mo prospect in the Ollera Mineral Field. 

 

3) The major W mineral is wolframite, with minor scheelite replacing wolframite. There 

are also traces of late cassiterite. Molybdenite is the major Mo mineral, locally intergrown with 

wolframite and thus assumed to have formed together with wolframite. It is locally weathered 

to ferromolybdenite. Native Bi and bismuthinite are minor but ubiquitous and later than 

wolframite. Sulphides, including pyrrhotite, arsenopyrite, pyrite, marcasite and minor 
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chalcopyrite, typically cut across W minerals. The ore minerals are mostly distributed in quartz 

pipes and lesser in quartz-rich greisen, and only in minor amounts in mica-rich greisen and 

weakly altered granite. 

 

Figure 14.  Location and geology of the Ollera W-Mo deposit, North Queensland (Clarke and Morwood, 1994) 

 

4) Most alteration and mineralisation minerals are coarse-grained, mostly greater than 

2mm, with some crystals of quartz greater than 20 cm long; wolframite crystals can be up to 

50 cm long, and molybdenite grains up to 20 cm across.  

Blevin (1989) reported fluid inclusion data from Bamford Hill. The potassic alteration was 

inferred to have formed at ~550-500°C, pipe-like ores at greater than 450°C, greisen at around 

450-400°C, and infilling quartz and ore minerals at around 420-320°C. The replacement of 

wolframite by scheelite, and the precipitation of chlorite and sulfide occurred at less than 320°C 

from low to moderate salinity fluids (<14 wt% NaCl equiv.).  

In the Herberton-Emuford-Mt Garnet district there are some W-Mo±Sn deposits hosted in 

microgranites and enclosing wallrocks of batholithic coarse-grained granite, e.g. the Moomin 

W-Mo prospect (Figure 15). In these deposits mineralisation occurs in quartz + fluorite and/or 

topaz veins with quartz-muscovite greisen halos. Some veins are zoned, with quartz-fluorite-

minor mica cores grading outwards to coarse Li-bearing muscovite, through to barren quartz-

muscovite. In such instances mineralisation occurs only in the cores. Such deposits are 

generally very small. 
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Figure 15. Schematic cross section of the Moomin W-Mo prospect, Herberton (Clarke, 1990). 

 

5.  RESULTS 

 

Table 2.  High precision results from dating magmatic-hydrothermal activities associated with the Sn-W-Mo-Au 

mineralization in North Queensland, Australia. 

Region Commodity 
Deposit / 

Batholith 

Dating 

system 
Age (Ma) Error (Ma) Reference 

Cape York 

Au Archer River U-Pb 280 2 Kositcin et al, 2016 

Au Coen U-Pb 285 2 Kositcin et al, 2016 

Au Coen U-Pb 284 2 Kositcin et al, 2016 

Au Yarraden U-Pb 283 3 Kositcin et al, 2016 

Au Yarraden U-Pb 282 4 Kositcin et al, 2016 

Chillagoe 

Au Mungana  U-Pb 318 3 GA, 2015 

Au Redcap U-Pb 310 2 Lehrmann, 2012 

Au Redcap Re-Os 295 1 Lehrmann, 2012 

Au Redcap U-Pb 306 2 Lehrmann, 2012 

Au Redcap Re-Os 299 1 Lehrmann, 2012 

Au Redcap U-Pb 297 2 Lehrmann, 2012 

Au Mungana U-Pb 324 2 Lehrmann, 2012 

Au Mungana U-Pb 305 2 Lehrmann, 2012 

Au Mungana Re-Os 335 1 Lehrmann, 2012 

Au Red Dome U-Pb 322 2 Lehrmann, 2012 

Au Red Dome Re-Os 315 1 Lehrmann, 2012 
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Au Red Dome U-Pb 322 2 Lehrmann, 2012 

Au Red Dome Re-Os 327 2 Lehrmann, 2012 

Au Red Dome U-Pb 324 2 Lehrmann, 2012 

Au Red Dome U-Pb 311 2 Lehrmann, 2012 

Au NA U-Pb 310 1 Murgulov et al., 2013 

Au NA U-Pb 306 2 Murgulov et al., 2013 

Au NA U-Pb 304 1 Murgulov et al., 2013 

Au NA U-Pb 308 1 Murgulov et al., 2013 

Au NA U-Pb 305 2 Murgulov et al., 2013 

Au Mungana U-Pb 307 3 Georgees, 2007 

Au Mungana Re-Os 307 1 Georgees, 2007 

Au Mungana U-Pb 317 2 Georgees, 2007 

Georgetown 

Au Bald Mountain U-Pb 286 2 Nethery, 2009 

Au Bald Mountain  U-Pb 283 2 Nethery, 2009 

Au Kidston U-Pb 336 4 Murgulov et al., 2009 

Au Kidston U-Pb 351 1 Murgulov et al., 2009 

Au Kidston U-Pb 338 3 Murgulov et al., 2009 

Mt Garnet 
Au Triple Crown U-Pb 325 4 This study 

Au Triple Crown U-Pb 326 4 This study 

Cooktown 

Sn NA U-Pb 281 2 Murgulov et al., 2013 

Sn Collingwood U-Pb 272 17 This study 

Sn Collingwood U-Pb 275 33 This study 

Sn Collingwood Ar-Ar 264 6 This study 

Herberton 

Sn Herberton  U-Pb 322 4 Murgulov et al., 2013 

Sn Herberton U-Pb 275 4 This study 

Sn Herberton U-Pb 344 4 This study 

Sn Herberton U-Pb 338 3 This study 

Sn Herberton U-Pb 347 3 This study 

Sn Herberton U-Pb 295 3 This study 

Sn Herberton U-Pb 330 3 This study 

Sn Herberton U-Pb 299 4 This study 

Sn Herberton U-Pb 284 3 This study 

Sn Herberton U-Pb 281 3 This study 

Sn Herberton U-Pb 322 4 This study 

Sn Herberton U-Pb 319 3 This study 

Sn Herberton U-Pb 319 3 This study 

Sn Herberton U-Pb 318 4 This study 

Sn Herberton U-Pb 283 4 This study 

Sn Herberton U-Pb 280 4 This study 

Sn Herberton U-Pb 306 2 This study 

Sn Herberton U-Pb 323 2 This study 

Sn Herberton U-Pb 325 4 This study 

Sn Baal Gammon U-Pb 330 6 This study 

Sn Baal Gammon U-Pb 288 7 This study 
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Sn Baal Gammon U-Pb 281 5 This study 

Sn Daisy Bell Ar-Ar 320 7 This study 

Sn 
Pandanu 

Gurrumba 
Ar-Ar 327 9 This study 

Sn Titania Ar-Ar 317 8 This study 

Sn Herberton Hill U-Pb 327 3 This study 

Sn Herberton Hill U-Pb 321 3 This study 

Sn Herberton Hill U-Pb 317 3 This study 

Sn Sardine Re-Os 345 2 This study 

Sn Pinnacle U-Pb 326 3 This study 

W Mt Carbine U-Pb 302 3 This study 

W Mt Carbine U-Pb 285 3 This study 

W Mt Carbine U-Pb 298 3 This study 

W Mt Carbine U-Pb 301 4 This study 

W Mt Carbine U-Pb 302 3 This study 

W Mt Carbine Ar-Ar 282 7 This study 

W Mt Carbine Ar-Ar 277 6 This study 

W Mt Carbine Re-Os 284 1 This study 

Bamford Hill 

W-Mo Bamford Hill U-Pb 305 4 This study 

W-Mo Bamford Hill Ar-Ar 303 6 This study 

W-Mo Bamford Hill Re-Os 308 1 This study 

W-Mo Herberton  U-Pb 304 2 Murgulov et al., 2013 

W-Mo Bamford Hill Re-Os 303 2 Norman et al., 2004 

Herberton 
W-Mo Moomin Re-Os 337 2 This study 

W-Mo Moomin U-Pb 333 7 This study 

Ollera 

W-Mo Ollera U-Pb 344 3 This study 

W-Mo Ollera Re-Os 339 2 This study 

W-Mo Ollera Ar-Ar 343 7 This study 

W-Mo Boomerang Ar-Ar 342 8 This study 

W-Mo Boomerang Re-Os 391 2 This study 

Wolfram 

Camp 

W-Mo Wolfram Camp U-Pb 307 5 This study 

W-Mo Wolfram Camp U-Pb 324 4 This study 

W-Mo Wolfram Camp U-Pb 319 3 This study 

W-Mo Wolfram Camp Ar-Ar 302 7 This study 

W-Mo Wolfram Camp Ar-Ar 308 8 This study 

W-Mo Wolfram Camp Re-Os 306 2 This study 

W-Mo Wolfram Camp Re-Os 306 3 This study 
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6.  DISCUSSION 

Previous studies have reported multiple dating results from different analytical methods 

(mostly K-Ar and Rb-Sr) for the magmatic activities and mineralization events in this region. 

Based on the high precision geochronological results from this study, the preliminary 

interpretation of the temporal-spatial development of Sn-W-Mo-Au metallogeny and 

associated magmatic activity in northern Queensland is summarized in the following section 

(Figure 16). 

Tin-dominant deposits and associated igneous rocks: There are three pulses of tin 

mineralization in northern Queensland:  Late Permian Sn deposits (264 Ma) distributed in the 

Cooktown area (including the Collingwood deposit): The mid-Carboniferous Sn deposits (327-

317 Ma) distributed in the Herberton and Mt Garnet areas (including the Pinnacle deposit), and: 

The early Carboniferous Sn deposits (345 Ma) distributed in the Kangaroo Hill district 

(including the  Sardine deposit) (Figure 1, Table 2).  

Magmatic activity in the tin districts show good agreement with the the mineralization 

epoches. The ages of granites in the Cooktown area range from 285-262 Ma, and in the 

Kangaroo Hills district from 355-338 Ma. However, the igneous rocks of the Herberton Sn 

field have a fairly wide time range, from 347-275 Ma, which is a more extensive time period 

than the period of Sn formation. 

Tungsten-dominant deposits and associated igneous rocks: Tungsten-dominant 

mineralization formed only during the early Permian (284-277 Ma) in the Mt Carbine-

Watershed region, and the ages of granitic rocks in the W mining district range from 302 Ma 

to 280 Ma. 

It is worth noting that the most recent studies on ore-associated alteration and fluid inclusions, 

carried out for this project, indicate that metamorphism may have significantly contributed to 

the formation of W deposits in northern Queensland. 

Tungsten-molybdenum and associated igneous rocks: There were two main pulses of W-

Mo mineralization:  the late Carboniferous W-Mo mineralization (308-303 Ma) of the Wolfram 

Camp and Bamford Hill deposits, and the early Carboniferous mineralization (343-337 Ma) of 

the Ollera, Boomerang and Moomin deposits (Figures 13, 14 and 15; Table 2).  In addition, a 

Re-Os age anomaly at Boomerang yields an age of 391 ± 2 Ma. This is obviously different 

from the Ar-Ar age (342 ± 3 Ma) from the same sample, and also different from the other ages 

of W-Mo mineralization in the region. 
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Figure 16.  Histograms of geochronological results of magmatic-hydromal activities in the Sn-W-Mo-Au province 

in Northern Queensland, therein, data in figure 16(A) are mineralization ages obtained by Re-Os and 40Ar-39Ar 

dating methods, and figure 16(B) refers to magmatic ages by LA-ICP-MS method.   
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The timing of W-Mo associated magmatic activities in northeastern Queensland is consistent 

with the ages of mineralization. The ages from granites in the Bamford Hill and Wolfram Camp 

fields occur within a very narrow time interval, from 305-304 Ma, and granites from the Ollera 

and Moomin areas date from 340-339 Ma.  The ages of granites and rhyolite from the Wolfram 

Camp deposit, from 333-319 Ma, are different from the ages obtained for hydrothermal events 

– from 308-305 Ma – from both muscovite 40Ar-39Ar dating and molybdenite Re-Os methods.  

This indicates that the causative intrusion for W-Mo mineralization in the Wolfram Camp 

deposit has not yet been found.  As for the anomalous Devonian Re-Os age for hydrothermal 

activities in the Boomerang area referred to above, there is no correlating age of igneous rocks 

yet found in Boomerang area.                             

Porphyry-skarn gold-copper and associated igneous rocks:  Porphyry-skarn type Au-Cu 

ores mainly occur in the Chillagoe district, and comprise three major deposits (Mangana, Red 

Dome and Redcap) and a number of mineralized Au-Cu occurrences. The Re-Os ages obtained 

from sampoles of hydrothermal origin range from 335-295 Ma (Lehrmann, 2012). However, 

there is no obvious preferred age populations during this 40 Ma period, which may indicate the 

Au-Cu mineralization of the Chillagoe district has formed during several time periods rather 

than limited to one or more certain specific epochs. 

The age distribution pattern of igneous rocks in the Chillagoe Au-Cu district is similar to 

mineralization. The timing ranges from 324-297 Ma and again, these is no obvious preferred 

interval, as shown in the Figure 16. Therefore, it is reasonable to assume that multiple magmatic 

events occurred in the Chillagoe mining district and multi-stages of causative intrusions were 

formed in multiple pulses. 

    Gold-dominant deposits and associated igneous rocks: Gold-dominant deposits of 

northern Queensland include the Coen, Ebagoola and Yarraden fields located on Cape York 

Peninsula, and the Kidston and Bald Mountain Au deposits / occurrences within the Etheridge 

Province. There are controversaries about the genetic origins of these deposits, and several 

models have been proposed: Intrusion related gold deposits (IRGDs) (Morrison and Beams, 

1995), porphyry-epithermal type (Peter Illig, personal communication) or orogenic Au deposits.  

All the hydrothermal ages from the Au deposits of Cape York Peninsula are early Permian 

(285-280 Ma).  The ages of granites from the Bald Mountain Au occurrence (south of 

Georgetown) are 286-283 Ma (Nethery, 2009), from the Triple Crown Au prospect (northwest 

of Mt Garnet) are 326-325 Ma, and from granites at the Kidston deposit are 351-336 Ma 

(Murgulov et al., 2009), although there are no precise dating results for hydrothermal activities.  

    Based on the above dating results, it is clear that there is a younging trend from southwest 

to northeast in northern Queensland (Figure 17).  This trend is not only a good overall fit for 

the trend in metal associations, but also for the age variations within a single metal metallogeny. 

For example, the Sn deposits in the Kangaroo Hills district, located in the south of the whole 
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region, formed in early Carboniferous. The Sn deposits of the Herberton district, which is 

located in the middle of the region, formed in mid-Carboniferous. The Sn deposits of the 

Cooktown District in the northernmost part of the region, are the youngest group of ore deposits 

of the studied area and formed in late Permian. 

 
Figure 17. Plot of hydrothermal ages of the Sn-W-Mo ore deposits in North Queensland by mica 40Ar-39Ar and 

molybdenite Re-Os dating methods 

 

 

7.  CONCLUSIONS 

Based on metal commodities, the mineral deposits of the north Queensland Sn-W-Mo-Au 

province can be classified into five types: Sn-dominant, W-dominant, W-Mo, porphyry-skarn 



29 

 

Au-Cu and traditionally recognized intrusion related gold deposits (IRGDs). Tin-dominant 

deposits and associated igneous rocks in north Queensland formed in three episodes: the Late 

Permian Sn deposits (264 Ma) distributed in the Cooktown area, the Mid-Carboniferous Sn 

deposits (327-317 Ma) distributed in the Herberton and Mt Garnet areas, and the early 

Carboniferous Sn deposits (345 Ma) distributed in the Kangaroo Hills district. The W-dominant 

mineralization only formed during the mid-late Permian (284-253 Ma), and W-Mo 

mineralization occurred in two pulses: during the Late Carboniferous (308-303 Ma) and the 

early Carboniferous (343-337 Ma). The Chillagoe porphyry-skarn type Au-Cu deposits formed 

from 335-295 Ma, with a duration period of 40 Ma. The gold-dominant deposits of northern 

Queensland formed within two episodes: 351-336 Ma and 286-280 Ma. The combined age 

dates for both magmatic and hydrothermal activities indicate there is a younging trend from 

southwest to northeast in the north Queensland Sn-W-Mo-Au province. 
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