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Abstract 

The Wolfram Camp Mine deposit is a greisen type tungsten-molybdenum (W-Mo) deposit.  

It is hosted by late Carboniferous James Creek granite which has locally intruded Hodgkinson 

Formation sandstone. The metallogeny age of the deposit is around 307 Ma. The orebodies 

contain wolframite and molybdenite and occur as pipe-like bodies of quartz in the roof zone of 

the intrusion. 

Alteration associated with the Wolfram Camp mineralization is mainly greisen type. The 

alteration can be divided into quartz-pipe zones, quartz-rich greisen zones, muscovite-rich 

greisen zoned and greisenized granite zones. The mineralization processes in the study area are 

closely related to post intrusive hydrothermal events and can be divided into several stages. 

The main ore minerals, wolframite and molybdenite, formed during the quartz-pipe and greisen 

stage, and base metal sulphide minerals and scheelite formed in later sulphide and calcite stages. 

A fluid inclusion study was conducted on the ore bearing quartz crystals in the pipes. The 

homogenization temperatures of the various phases range from 190˚C to 400˚C. Results from 

a stable isotope study suggest that the source of the hydrothermal fluid related to the formation 

of the wolframite, molybdenite and base metal sulphides is purely magmatic.  However, the 

fluid responsible for the introduction of the calcite is a combination of magmatic water and 

meteoric water, and maybe even seawater.  
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1. INTRODUCTION 

The Wolfram Camp Mine (WCM) is located in North Queensland, Australia, around 18 km 

north of Dimbulah, 100 km west of Cairns, and 30 km north of the Bamford Hill W-Mo Mine. 

The greisen type WCM tungsten-molybdenum-bismuth (W-Mo-Bi) deposit was discovered 

in 1894. Previous mining operations in this deposit were mainly based on surface mining of 

residual wolframite grains or underground extraction of high-grade wolframite in the quartz 

pipes. The NI43-101 report generated by Wheeler (2015) notes that the deposit contains 0.455 

Mt of indicated resource averaging 0.20% WO3  and 0.04% MoS2, and 1.704 Mt of inferred 

resources averaging 0.21% WO3 and 0.06% MoS2, plus a stockpile of 0.3 Mt averaging 0.09% 

WO3. 

The Wolfram Camp field has been extensively studied by Morton and Ridgeway (1944), as 

well as Blanchard (1947).  The comprehensive publication of Plimer (1974) investigated the 

petrology and the mineralization, and described the pipe-like ore body occurring within the 

altered margin in the apical portion of the intrusion. 

The purpose of this study was to determine the ore genesis from a combination of petrologic, 

mineralogic, fluid inclusion, and stable isotope studies. The research was undertaken at James 

Cook University and funded by the Geological Survey of Queensland. 

 

2. REGIONAL GEOLOGICAL SETTING 

The Wolfram Camp deposit occurs in the Mossman Orogen in the Tasmanides east of the 

North Australia Craton (NAC) in NE Queensland (Figure 1). The NAC is composed of 

Paleoproterozoic and Mesoproterozoic rocks that crop out in northwest and northeast 

Queensland. Abutting its eastern flank via a faulted contact are the Neoproterozoic – early 

Mesozoic Tasmanides. Three orogenic belts are developed in the Tasmanides in Queensland: 

the Neoproterozoic–Ordovician Thomson Orogen mostly in the south, the Silurian – Devonian 

Mossman Orogen mostly in the north, and the New England Orogen along eastern coast. 

The Mossman Orogen occupies much of the northern Queensland coastal area and largely 

consists of the Silurian-Devonian rocks of the Hodgkinson and Broken River provinces. The 

Hodginkinson Province is divided into the Chillagoe Subprovince in the west and the Palmer-

Barron Subprovince in the east (Jell, 2013). The Palmer-Barron Subprovince is composed of 

Hodgkinson Formation rocks that crop out over 40,000 km2. The rocks of the Hodgkinson 

Formation consist of deep marine turbidite sequences that include sandstone, siltstone and 

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

plus rare limestones (Figure 2). The Hodgkinson Formation is a common host of W-Sn 

mineralisation. 

The Thompson Orogen and the Mossman Orogen were overprinted by the Kennedy Igneous 

Association (KIA), which include both intrusive and extrusive rocks (Figure. 2). In the area 

close to WCM, the late Carboniferous volcanic units of the KIA are grouped as the Featherbed 
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Volcanic Group, and the mid-late Carboniferous intrusions are the James Creek Granite, 

O’Briens Creek Granite, and Atlanta Granite. 

 

 

Figure 1. First-order geological subdivisions of Queensland showing the 

North Australian Craton and the orogenic belts of the Tasmanides (Jell, 2013). 
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Figure 2. Geological map of Mossman Orogen showing its major rock units (Jell, 2013). 

  



6 

 

3.  LOCAL GEOLOGY 

The study area is dominated by the James Creek Granite which has intruded Hodgkinson 

Formation sandstone. The WCM mineralisation and alteration is located near the northern 

contact of the granite. The north-western part of the study area is overlain by the late 

Carboniferous Beapeo Rhyolite (Figure 3). 

 
 

Figure 3. Geology map of the WCM area (modified from Planet Metals Limited, 2013). 

Cross section A-B is shown in Figure 7. 
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James Creek Granite 

The host rock of the WCM deposit is the Carboniferous James Creek Granite of the Ootan 

Supersuite. The Ootann Supersuite is the most extensive supergroup in Queensland, and 

extends west to the Palmerville Fault (Donchak and Bultitude, 1998). U-Pb zircon (LA-ICP-

MS) of the supergroup has given ages of 304.7±1.6 Ma to 308.6±3.9 Ma (Murgulov et al., 

2006). The rock types include fine to coarse-grained, even-grained to porphyritic biotite granite, 

biotite-hornblende and hornblende-biotite granite, sparse granodiorite, and local altered, 

mineralised zones. The Ootann Supersuite has a distinct W, Mo and Bi metallogenic 

association which is reflected by the late stage siliceous (greisen) alteration at WCM 

(Champion et al., 1991; Dash et al., 1991).  

The James Creek Granite in the study area is a moderately to strongly altered coarse grained 

biotite monzogranite comprising dominant quartz with intergrown K-feldspar, sodic 

plagioclase and minor biotite. No magmatic magnetite or hornblende have been found in the 

granite. The K-feldspar and plagioclase in the granite are ubiquitously greisen-altered, and 

commonly replaced by muscovite and quartz along cracks and twinning planes. The quartz 

grains in the deformation zones have undulose extinction and sutured grain boundaries, and 

subgrain textures can also be observed occasionally. The cracks in the quartz are filled with 

muscovite and chalcedony, and locally with kaolinite. Some of the magmatic biotite has been 

replaced by chlorite, and some iron oxides have formed along the cleavage planes of the biotite. 

Pegmatite and aplite are common in the roof zone of the intrusion, and both display local 

graphic texture and greisen alteration.  

The whole rock geochemistry results for the James Creek Granite are given in Table 1. The 

oxidation state and the fractionation degree of the James Creek Granite are shown in Figure 4. 

The importance of oxidation state and fractionation processes have been emphasized by Blevin 

and Chappell (1992) in a study of the relationship between granitic magma sources and the 

related metallogeny. The fractionated and oxidised character of the James Creek Granite is 

quite favourable for mineralization of tungsten, molybdenum and tin. 
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Figure 4. The oxidation state (expressed as Fe2O3/FeO) and the degree of compositional evolution  

(expressed as Rb/Sr) of the James Creek Granite, shown with the red symbols.   

(Graph modified from Cerny and Blevin, 2005; Blevin and Chappell, 1995; Blevin and Chappell, 1992.) 

 

Sedimentary and volcanic rocks 

Two main stratigraphic units have been recognized within the WCM area: the Beapeo 

Rhyolite overlying the western area and the Hodgkinson Formation in the east. The contact of 

the James Creek Granite and Hodgkinson Formation is the northern limit of the mineralization, 

and the volcanic rock in the study area are not closely related to the mineralization process. 

Hodgkinson Formation: Outcropping rocks of the Hodgkinson Formation in the study area 

are steeply dipping. The strata typically young to west, although folding has locally resulted in 

variations in younging directions (Henderson et al., 2013). The Formation is aged from late 

Carboniferous to Katian, namely from 323±20 Ma to 447±4 Ma (Jell, 2013). Regionally, the 

unit is mainly composed of interlayered arenite, siltstone and mudstone, with subordinate chert, 

volcanic rocks and conglomeratic layers (Donchak and Bultitude, 1998).  

Local Hodgkinson Formation has been folded and uplifted, and subsequently eroded to form 

a region of low relief (De Keyser and Wolff, 1964). The sedimentary rock, defined as sandstone, 

consists of grains of quartz and feldspar with a matrix of sericite, chlorite and biotite, and 

tourmaline, zircon, magnetite, epidote, garnet and apatite are common accessory minerals. In 

the area close to the contact with the James Creek Granite, thermal metamorphism associated 

with intrusive activity has resulted in the recrystallization of quartz grains and formed massive 

silica hornfels (Figure 5).  
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Figure 5. Hodgkinson Formation sandstone: recrystallized hornfels (left) and fresh sandstone (right). 

 

Based on the field observations, the mineralization and alteration are confined to the granite 

body and hydrothermal fluids did not permeate into the sedimentary wall rocks. However, 

results from whole rock chemical analyses conflict with the field observations. As shown in 

Table 2, while the major element values in the sandstone wall rocks are the similar regardless 

of distance from the contact, the values for the ore-related elements, Sn, W, Mo, Cu, Ag and 

Bi, show a marked decrease with increasing distance from the granite contact.  Mineralization 

of Sn, W, Mo and Cu occurs in the granitic intrusion near the contact, and the Ag contents in 

greisen samples collected in the alteration zones are markedly high (up to 400 ppm; Table 3). 

This indicates that although it is not obvious in the field, the hydrothermal fluid did penetrate 

into the wall rocks and deposited some metal elements.  

Beapeo Rhyolite: The Featherbed Volcanic Group occupies the largest cauldron structure in 

the region, the Featherbed Cauldron, as well as the adjacent smaller Eight Mile and Boonmoo 

Cauldrons (Oversby et al., 1980; Mackenzie, 1993). The age of the Group is 278-313 Ma 

(Mackenzie, 1993). Some 95% volume of the Featherbed Volcanic Group is welded ignimbrite, 

and the remaining 5% comprises dacitic to andesitic lavas, and rhyolitic lava flows and domes 

(Mackenzie, 1993).  

In the WCM area, the Featherbed Volcanic Group occurs as the Beapeo Rhyolite, which has 

a similar chemical composition to the James Creek Granite. The rhyolite has a minimum 

thickness of 600m and overlies the granite and the Hodgkinson Formation (Keyser and Wolf 
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1964). It has a porphyritic texture composed of quartz and feldspar phenocrysts within a matrix 

of biotite, muscovite and fine grained quartz. The feldspar grains are commonly altered by 

kaolinite, chlorite and sericite. 

Geochronology Studies 

The James Creek Granite in the study area has been dated at 307±7 Ma by U-Pb (LA-ICP-

Ms) analysis of zircons picked from fresh granite samples. Ar-Ar (VG1200S) dating of 

muscovite picked from two greisen samples gave ages of 308±3 Ma and 305±3 Ma. Two 

molybdenite samples from the ore body gave ages of 306±2 Ma and 306±3 Ma using the Re-

Os (ThermoScientific Trition) dating method.  

The dating results show that the age of the greisen and the ore bodies are quite close to the 

age of the James Creek Granite, which suggests that the James Creek Granite is the causative 

intrusion. Moreover, the metallogenic age is similar to the age of Bamford Hill deposit. 

The geochronology studies were mainly conducted by Dr. Yanbo Cheng. Detailed 

information about the studies, and data including the ages of geological units in the Bamford 

Hill deposit, are included in a previous section of this compiled report.  

4. HOST-ROCK ALTERATION 

Alteration is mostly located in the roof zone of the granitic intrusion and is considered to be 

mainly related to post intrusion hydrothermal events.  

Greisenisation is the main type alteration in the study area, and it is more intense around the 

pipe-like orebodies (Plimer, 1974). The greisen alteration is restricted to the granitic intrusion; 

alteration is not observed in the sandstone wall rocks, possibly because the massive hornfels 

formed by thermal metamorphism effectively confined the hydrothermal fluids to the granite.   

Greisenisation is a high temperature (300°C-500°C) granite-related hydrothermal alteration 

process that generally occurs under the influence of a residual acid solution with high silica 

and volatile contents.  It is typical of acidic and ultra-acidic magmas where the intrusions are 

formed at moderate and shallow depths (1.5-4 km) (Shcherba, 1970). Generally, the alteration 

process alters the feldspar component in granite into an aggregate of quartz, muscovite and 

minor amount of topaz and tourmaline; the aggregates of muscovite can also be converted to 

quartz when the alteration intensity is high. In the study area the greisen is mainly composed 

of muscovite and quartz with little fluorite, and has been classified into two types: quartz-rich 

greisen with more than 90% quartz, and muscovite-rich greisen formed by a relative weak 

alteration and with less than 90% quartz component (Figure 6).
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Table 1. The whole rock geochemistry data of the fresh granite. 

Sample ID 
Rock 
type 

SiO2 Al2O3 FeO Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ba Sc Sum Rb Sr 
Fe3+/Fe2+ Rb/Sr 

% % % % % % % % % % % % PPM PPM % PPM PPM 

WCM15-012 Granite  76 12.2 1.3 1.81 0.04 0.58 2.67 5.22 0.05 0.01 0.09 <0.002 102 4 99.9 403 13.1 1.39 30.73 
WCM15-013 Granite  76.7 12.1 1.31 1.76 0.04 0.38 2.28 5.68 0.05 0.01 0.09 <0.002 186 4 100 421 15.5 1.34 27.15 
WCM15-025A Granite  76.5 12.7 0.88 1.29 0.07 0.48 3.28 5 0.05 <0.01 0.05 <0.002 189 4 100 320 19.2 1.47 16.67 
WCM15-025B Granite  76.3 12.7 0.91 1.35 0.08 0.67 3.37 4.81 0.06 <0.01 0.05 <0.002 172 4 100 308 20.9 1.48 14.76 
WCM15-026 Granite  76.6 12.2 0.94 1.27 0.07 0.6 3.17 4.84 0.05 <0.01 0.06 <0.002 154 4 100 326 18 1.35 18.1 

 

Table 2. The whole rock geochemistry data of the sandstone wall rocks. 

Sample ID  
The distance 

from the 
contact (m) 

SiO2 Al2O3 FeO Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ba Sc Sum Sn W Cu Ag Bi Mo 

% % % % % % % % % % % % PPM PPM % PPM PPM PPM PPB PPM PPM 

WCM16-035B 0 75.3 11.4 4.07 2.14 1.06 0.62 1.63 3.07 0.56 0.05 0.06 0.006 552 9 99.87 23 16 60 170 1.8 3.8 
WCM16-034 10 76.9 10.4 4.46 3.55 1.29 0.69 1.5 2.66 0.45 0.06 0.07 0.004 315 8 99.9 48 29 87 284 1.7 0.7 
WCM16-038 93 80.5 9.9 2.55 1.31 0.73 0.48 1.18 2.54 0.42 0.07 0.02 0.005 517 7 99.93 13 8 48 85 0.9 0.3 
WCM16-037 97 66.5 16.7 5.72 2.19 1.57 0.19 0.55 4.37 0.56 0.09 0.12 0.008 648 14 99.89 26 18 24 72 1.6 6.2 
WCM16-049 157 78.9 10.6 3.06 1.55 0.93 0.44 0.94 2.59 0.57 0.09 0.05 0.005 475 8 99.92 6 7 10 28 0.2 0.2 
WCM16-041 158 79.7 9.5 3.49 2.32 0.93 1.06 1.44 1.79 0.48 0.08 0.05 0.005 378 7 99.9 10 14 62 142 0.5 0.3 
WCM16-043 210 79.3 10.0 3.46 1.8 0.91 0.17 0.54 2.79 0.5 0.09 0.04 0.005 467 7 99.92 10 8 38 83 0.5 0.2 
WCM16-045 231 73.2 12.5 4.95 4.08 1.47 1.7 1.54 2.43 0.53 0.15 0.06 0.006 525 10 99.89 8 22 43 131 0.6 1.2 
WCM16-050 242 72.4 13.3 4.76 3 1.56 0.61 1.07 3.86 0.56 0.1 0.06 0.006 589 10 99.91 5 5 12 18 0.2 0.1 
WCM16-047 248 68.1 16.1 4.99 3.15 1.53 0.6 0.72 4.67 0.57 0.11 0.05 0.008 703 13 99.9 13 8 9 28 0.3 0.6 
WCM16-048 251 71.5 14.7 4.26 2.15 1.32 0.27 0.41 4.4 0.57 0.11 0.04 0.007 541 12 99.91 7 5 12 24 0.6 0.2 
WCM16-046 253 71.0 14.2 4.84 2.47 1.61 0.54 0.88 4.03 0.55 0.09 0.05 0.006 644 11 99.9 7 7 12 33 0.4 1.4 

 

 

Table 3. The whole rock geochemistry data of the rocks in the alteration zone 

Sample ID Rock type 
SiO2 Al2O3 FeO Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ba Sc Sum Sn W Cu Ag Bi Mo 

% % % % % % % % % % % % PPM PPM % PPM PPM PPM PPB PPM PPM 

DRD04-24.55 altered granite  77.7 12.4 407 0.96 0.03 0.03 1.79 5.98 0.06 0.01 0.02 <0.002 134 4 99.9 15 16 12 434 53.7 2.4 
WCD021-44.15 mica-rich greisen  83.3 5.6 1911 5.48 0.11 0.31 0.05 1.66 0.09 <0.01 0.29 <0.002 41 11 99.9 25 33 173 492 18.5 4.2 
DRD01-41.06 mica-rich greisen 74.7 12.4 1644 2.97 0.06 0.3 0.5 6.68 0.05 0.02 0.13 <0.002 199 4 100 18 24 12 180 2.6 2.0 
WCD023-47.1 Qtz-rich greisen  90.8 2.4 390 3.76 0.08 0.09 0.01 0.73 0.1 0.02 0.23 <0.002 11 7 99.9 8 30 19 385 5.5 20.7 
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Figure 6. Muscovite-rich greisen (a) and quartz-rich greisen (b). 

The alteration occurring near the northern margin of the granite can be classified into zones 

of decreasing alteration intensity with increasing distance from the central quartz pipes. The 

alteration zones are:  

Quartz pipe zone: The pipes formed in channels within the high silica hydrothermal fluid.  

They are elliptical in cross section, bulbous, branching and discontinuous. Apart from the ore 

minerals, the pipes are mainly composed of euhedral milky and smoky quartz crystals up to 

1m in size accompanied by relatively small quartz grains. Silicates comprises more than 97% 

of pipe mineralogy. A trace amount of fluorite and calcite infill cracks and vugs in and between 

the quartz grains.  

Quartz rich greisen zone: This greisen zone occurs adjacent to the quartz pipes, and mainly 

consists of drussy greyish quartz with a small amount of interstitial muscovite and ore minerals. 

The silicate component is around 91%. The quartz is extensively fractured and healed by later 

quartz leaving many fluid inclusion trails.  The average quartz grain size is 4mm and increases 

gradually to 1cm in the pipes.  

Muscovite-rich greisen zone: This zone occurs further out from the quartz pipes than the 

quartz-rich greisen zone. It commonly occurs adjacent to ore-deficient pipes, or irregularly 

surrounding quartz-rich greisen, and grades outwards into sericitised granite. The zone consists 

of increasing amounts of muscovite and decreasing quartz away from the pipes, and the grain 

sizes are similar to those in the quartz-rich greisen. The silicate component is around 83%. 

Many minute wisps of muscovite with preferred orientation occur within the quartz, and 

represent quartz and muscovite pseudomorphs after feldspar, with the preferred orientation of 

the mica reflecting cleavage in the original feldspar. 

Greisenised granite zone: This alteration commonly occurs as the outermost alteration zone. 

Both K-feldspar and plagioclase are altered to yellow, green or white aggregates of fine grained 

secondary minerals, but have not been completely replaced. The alteration contains rare pods 

of coarse grained muscovite rosettes and kaolinite. Biotite is bent, kinked, splayed, and partially 

altered along cleavages and grain margins to chlorite and hematite. 
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The distribution of the quartz pipes and greisen alteration zones is shown in Figure 7, and 

the transition of quartz-pipe to quartz-rich greisen, as well as mica-rich greisen to greisenised 

granite is shown in Figure 8.  

 
Figure 7. Cross section of the Wolfram Camp deposit in the main pit.  

The location of the cross-section is shown on Figure 3.  

 

 

Figure 8. The transition of quartz-pipe to quartz-rich greisen (a), and mica-rich greisen to grenised granite (b). 

 

In addition to greisen alteration, two other types of alteration also occur in the WCM 

alteration zone. Potassic alteration is locally defined by secondary biotite occurring in the halos 

of the barren quartz veins. Propylitic alteration is defined by the replacement of biotite by 

chlorite, and the replacement of a rare amount of feldspar and muscovite by sericite. The 

propylitic alteration also contain iron oxides, base metal sulphides and fluorite, which are 

commonly disseminated, with minor local occurrences in fractures.    
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5. MINERALISATION 

Mineralization at the WCM is, like the alteration, closely related to post intrusive 

hydrothermal events. The orebodies with significant wolframite and molybdenite occur as 

pipe-like bodies and discontinuous pockets of quartz located in the roof zone of the intrusion. 

Scheelite, cassiterite, bismuth, bismuthinite and some base metal sulfide minerals also occur in 

the alteration zone. The hydrothermal mineralisation process can be divided into stages and the 

paragenetic sequence is summarized in Figure 9.  

 
Figure 9. Paragenesis of the mineralization episode at the Wolfram Camp deposit. 

Quartz pipes and greisen stage: This is the main mineralization stage. Quartz, minor 

muscovite and a trace amount of fluorite crystalized in the channel of the acidic silicon-rich 

hydrothermal fluid where the ore-forming space is adequate, and formed the euhedral quartz 

crystals and miarolitic cavities. The pipes vary in diameter from 1 m to more than 20 m, and in 
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length from 3 m to more than 200 m. All of them occur in the granitic intrusion along the 

contact (Blanchard, 1947). The concentration of ore minerals is markedly high in the pipes.  

Massive wolframite and molybdenite and bismuth formed within the pipes (Figure 10), and the 

ore mineral grains can be up to 30cm across. Molybdenite is intergrown with wolframite and 

is thus assumed to have formed contemporaneously with the wolframite. Native bismuth and 

bismuthinite are minor but ubiquitous in the pipes, formed slightly later than wolframite and 

molybdenite. A small amount of cassiterite formed as a late phase in this stage, occurring along 

an outer crystal zone in the quartz crystals in the pipes and on the surface of the wolframite 

(Figure 11); the cassiterite grains are no larger than 3 mm in diameter. Some pegmatite occurs 

as coarse grained quartz and K-feldspar at the margin of some pipes, and reflects the transition 

from magma to hydrothermal fluid. The pegmatite formed in the early stage of the evolution 

of the magmatic hydrothermal fluid, and earlier than the greisenisation, which is evidenced by 

the alteration occurred in the pegmatite K-feldspar grains (Figure 12). 

 

 
Figure 10. Sample from a quartz pipe with coarse-grained ore minerals. 

 

 

Figure 11. Cassiterite occurs along an outer quartz crystal zone (a) and on the surface of wolframite (b). 
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Figure 12. Pegmatite occurring at the margin of a quartz pipe.  

The K-feldspar grains have been altered to muscovite and quartz. 

 

In addition to the fluid channels related to pipe formation, the granite has been affected by 

hydrothermal fluid and greisenised with the replacement of feldspar grains by muscovite and 

quartz.  The highly altered quartz-rich greisen formed adjacent to the pipes, mica-rich greisen 

formed slightly further from the pipes, and the greisenised granite even further. Tungsten and 

molybdenum mineralization is mainly restricted to the pipes and the greisen alteration zones. 

The ore minerals, including wolframite and molybdenite, are disseminated in the greisen zones, 

and the grain sizes, around 1~2 cm in cross, are much smaller than in the pipes (Figure 13). 

There is a decrease in ore mineral content moving away from the pipe to unaltered granite. 

Compared with the pipes, the ore concentration in the quartz-rich greisen is much lower, and 

is even lower again in the more distal muscovite-rich greisen and greisenised granite. 

 

 
Figure 13. Ore minerals in greisenized granite (a), in muscovite-rich greisen (b) and in quartz-rich greisen (c). 
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Sulfide stage: This stage is characterized by multiple base metal sulfides, including 

arsenopyrite, pyrrhotite, chalcopyrite, pyrite, and minor galena and sphalerite. These minerals 

mainly fill vugs and fractures between the quartz grains within the pipes and greisen, and some 

cross cut the wolframite. Large euhedral quartz crystals can be found with the massive sulfides 

(Figure 14). The crosscutting relationships exhibited by the sulfides indicate that the pyrrhotite 

formed relative early, and the chalcopyrite and arsenopyrite formed later. Pyrite formed 

extensively with a variety of textures and it is hard to determine its exact formation time.  

 
Figure 14. Base metal sulfides infilling open space in ore-bearing quartz pipes. 

Calcium stage: This stage is characterized by the introduction of calcium. Calcite occurs in 

vugs and fractures, fills nearly all the open space left in the alteration zone, and cross-cuts 

almost everything, including wolframite, sulfide and the Contact of the granite and the wall 

rock. Clasts of quartz and base metal sulfides have been found contained in a calcite cement. 

Scheelite also formed in this stage by replacing wolframite along grain margins (Figure 15). 

 

 
Figure 15. Scheelite formed in the factures and along the margin of the wolframite (The right photo is an image 

under UV light). 

Post-hydrothermal stage: No ore minerals formed during this stage. Kaolinite replaced some 

of the feldspar grains in the granite, either due to alteration or weathering. Magmatic biotite 

was commonly replaced by hematite and chlorite. The formation of the minerals associated 

with this stage may be closely related to the action of ground and/or meteoric water. 
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6. FLUID INCLUSIONS 

The fluid inclusion study was initiated to examine the nature of the mineralization-related 

hydrothermal fluid and the formation conditions of minerals, including temperature and 

pressure. Fluid inclusions were examined in thin (1mm or less), doubly polished plates. All the 

heating and freezing measurements were made on a Linkam temperature controlled microscope 

stage MDS600 at James Cook University. The stage was calibrated with pure substances every 

day before measurements. 

The study was conducted on the two quartz crystal samples collected from an ore bearing 

quartz pipe in the main pit of the deposit (Figure 14). Observations under a cathodoluminescene 

scanning electron microscope,  defined three quartz phases in sample A (Phase 1, 2, 3), and a 

cassiterite layer between phase 1, milky quartz, and 2, clear smoky quartz, along the quartz 

crystal zones. Wolframite grains as well as minor scheelite and sulphides were contained in 

sample B, as shown in the Figure 16.  

 
Figure 16. Quartz crystal samples for fluid inclusion study. 

 

All the fluid inclusions are two phase inclusions. The fluid inclusions in quartz phase 1 and 

2 of sample A are unitary, with a same volume ratio between vapour phase and liquid phase at 

1:5~1:6 (Figure 17 a, b, c, d). In sample B and phase 3 of sample A, the inclusions can be 

classified as three main types:  

Type 1:  comprises around 90% of all the inclusion in the samples and has a volume ratio 

between vapour phase and liquid phase of around 1:1.5 with halite as daughter in the liquid 

phase. The inclusions are up to 500 µm across, and the shapes are usually regular hexagonal or 

polygonal (Figure 17. e, f, g, h);  

Type 2: volume ratios between vapour phase and liquid phase are 1:1.5 to 1:2, the inclusions 

are usually a ribbon shape and up to 100 µm across.  Only a few inclusions of this type have 

been found (Figure17. i, j, k, l);  
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Type 3: only 6 inclusions have been found of this type. The vapour phase only takes up 

around 5% of the whole volume, and the shapes are irregular (Figure 17. m, n, o, p).  

Based on the general characters of primary inclusions, type 1 inclusions are defined as 

primary inclusions and this study will focus on the thermometric measurements from this type. 

The homogenization temperatures and salinities are shown in Figure 18. The salinities in the 

various phases do not vary much. The homogenization temperatures of phase 1 and phase 2 of 

sample A are similar and mostly around 230˚C, although the precise temperature in phase 2 is 

slightly higher then phase 1. Because the cassiterite grains were formed between the quartz 

phases, the lowest formation temperature of the tin mineral is around 230˚C. The 

homogenization temperatures for phase 3 of the sample A and the inclusions in the sample B, 

have a similar range (mostly between 340˚~400˚C), which indicates the phase in the sample A 

is the same as the phase in sample B since the two samples were collected in one same ore-

bearing quartz pipe. The homogenization temperature represents the lowest formation 

temperature of the quartz pipes and the tungsten and molybdenum ore body. 

 
Figure 17.  Fluid inclusions in sample A and sample B (The scale bar is 100µm long). 
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Figure 18. Fluid inclusion thermometric measurement results.  

Graphs show the frequency distribution of homogenization temperatures and salinities. 

 

7. STABLE ISOTOPES 

Most mineral phases in the WCM area were analysed for their relevant stable isotopic 

compositions. All results are reported in per mil deviation from standards: SMOW for oxygen, 

Cañon Diablo troilite (CDT) for sulphur, and PDB for carbon. 

Oxygen and hydrogen isotopes  

Twelve samples containing muscovite and eight samples containing wolframite were 

collected at various locations in the pipes and greisen alteration zone. The oxygen and hydrogen 

isotope ratios of muscovite and the oxygen ratio of wolframite were analysed at GNS Science 

in New Zealand.  

Geological observations indicate the formation of muscovite in the greisen is closely related 

to the wolframite-forming related hydrothermal fluids. Hence the muscovite isotope ratios, as 

well as the wolframite ratios, can reflect the composition of the hydrothermal fluid that formed 

the orebodies, and can also indicate the fluid source. 

The δ18O values of the muscovite vary from 8.2‰ to 9.4‰ with an average of 8.8‰, while 

δ18O values of wolframite vary from 1.5‰ to 3.1‰ with an average at 2.1‰ (Table 4 and 

Table 5). The δ18O values of all igneous reservoirs commonly fall in the range of 0 to 10 per 

mil, although some reach 15 per mil (Campbell and Larson, 1992). All the δ18O values from 

phases analysed in this study are in the 0 to 10 per mil range, which indicates the source of the 

hydrothermal fluid that formed the orebodies is mainly magmatic. 

https://en.wiktionary.org/wiki/%C3%B1


21 

 

The hydrogen isotope ratios are intimately linked to oxygen ratios because water is a 

pervasive crustal geochemical agent (Campbell and Larson, 1992). The stable isotope 

fractionation calculators have been generated by previous studies:  

Oxygen isotope: 𝟏𝟎𝟎𝟎𝑰𝒏𝜶 = 𝟐. 𝟑𝟗𝟎
(𝟏𝟎𝟔)

𝑻𝟐
− 𝟑. 𝟕𝟔𝟎 = 𝜹muscovite−𝜹H2O 

(Sheppard and Gilg, 1996) 

Hydrogen isotope: 𝟏𝟎𝟎𝟎𝑰𝒏𝜶 = −𝟒𝟓. 𝟑𝟎𝟎
(𝟏𝟎𝟔)

𝑻𝟐
+ 𝟗𝟒. 𝟕𝟎𝟎 = 𝜹muscovite−𝜹H2O 

(Capuano, 1992) 

Assuming the formation temperature of the mineral equals the homogenization temperature 

of the fluid inclusion in the sample containing the wolframite, the isotope compositions of the 

related hydrothermal fluid can be calculated by using the equation above. The δD values of the 

fluid vary from -52.1‰ to -60.1‰ with an average of 55.8‰, while the δ18O values vary from 

6.5‰ to 7.7‰.  All these ratio values plots within the magmatic water box (δD: −80‰ to 

−40‰, δ18O: 5.5‰ to 9.0‰; Taylor, 1974), which indicates that the greisen related 

hydrothermal fluid is dominantly magmatic water (Figure 19).  

Table 4. The δ18O and δD of the muscovite and the corresponding water isotope data. 

Sample ID Mineral δD(‰) δ18O(‰) δD in water(‰) δ18O in water(‰) 

WCM15-008 muscovite -64.6 8.6 -56.29 6.94 
WCM15-002 muscovite -65.1 8.4 -56.79 6.71 
WCM15-010 muscovite -60.4 8.2 -52.09 6.5 
WCM15-014 muscovite -65.2 9.4 -56.89 7.7 
WCM15-020 muscovite -63 9.3 -54.69 7.58 
WCM15-021 muscovite -66 8.4 -57.69 6.71 
DRD014-103 muscovite -66.1 9.3 -57.79 7.61 
WCMGT03 21.4 muscovite -62.6 8.4 -54.29 6.7 
DRD05 68.70-68.83 muscovite -61.5 8.8 -53.19 7.12 

WCD021 44.15 muscovite -63.9 9.3 -55.59 7.61 

WCM073-021 muscovite -62.5 8.6 -54.19 6.97 

WCM15-003 muscovite -68.4 9.3 -60.09 7.67 

Table 5. The δ18O of the wolframite samples. 

Sample ID Mineral δ18O(‰) 

WCD073-8.5 Wolframite 3.1 
DRD06 112.77-112.94 Wolframite 2.4 
WCM15-009 Wolframite 1.5 
WCM15-014 Wolframite 2.2 
WCM15-020 Wolframite 1.6 
WCM17-010 Wolframite 2 

 

Sulphur isotopes 

 

The sulphur isotope study focused on the minerals form in the sulphide paragenetic stage 

noted in Figure 9. The sulphur isotope ratios of 18 samples, including arsenopyrite, 

molybdenite, pyrrhotite and pyrite, were analysed at the Central Science Laboratory in 

University of Tasmania. 
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Sulphur isotope data are shown in Table 6 and presented in Figure 20.  The data have a small 

variation, and all the data are confined in the range from -0.34 ‰ to 5.89 ‰, with an average 

of 3.04 ‰. In magmatic sulphide dominated melts, the δ34S values are typically in the range of 

-2 to +2 per mil, and under oxidizing conditions, the magmatic fluid may range up to around 

+5 per mil (Campbell and Larson, 1992; Ohmoto, 1972). The causative intrusion, the James 

Creek Granite, is a highly oxidized granite, thus the sulphur isotope data indicate magmatic 

water dominated the hydrothermal fluid related to deposition of the base metal sulphides and 

the fluid related to the molybdenite mineralization.  

 

 

Figure 19. δD (‰) - δ18O (‰) plots of the greisen-related hydrothermal fluid (revised from Taylor, 

1974). 

 

Table 6. The δ34S of the sulphide minerals 

Sample ID Mineral δ34S(‰) 

WCM15-008 Molybdenite 3.25 
WCM15-014-1 Molybdenite 3.78 
WCM15-014-2 Molybdenite 3.69 
WCM15-020 Molybdenite 3.21 
WCM15-023 Molybdenite 4.53 
DRD05 68.37-68.43 Molybdenite 3.37 
DRD05 150.7-150.9 Molybdenite -0.55 
WCM17-010-Mo Molybdenite 2.07 
WCM15-20-1 Arsenopyrite 2.66 
WCM15-20-1 Arsenopyrite 5.89 
WCD022-23.4 Arsenopyrite 5.04 
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WCM17-010-Aspy Arsenopyrite 3.2 
WCM17-010-Po-1 Pyrrhotite 1.78 
WCM17-010-Po-2 Pyrrhotite 2.3 
WCM17-010-Po-3 Pyrrhotite 2.25 
WCM17-010-Po-4 Pyrrhotite 4.35 
DRD04 103.09-103.20 Pyrite 2.33 
DRD06 112.77-112.94 Pyrite 1.5 

Figure 20. The distribution of δ34S values in the sulphide minerals. 

 

Carbon and Oxygen isotopes in calcite 

In study area, calcite is usually found in the vugs and fractures in the pipes and the quartz-

rich greisen alteration zones.  Seven samples with calcite as described above have been 

collected in the study area and analysed in Advanced Analytical Centre in James Cook 

University Cairns Campus.  

The fluid related to formation of calcite is not likely to have a single source. The oxygen and 

carbon isotope ratios in the calcite have a large variation: the δ18O values range from 6.06‰ to 

15.22‰, and the δ13C is between -11.7‰ and 3.1‰ (Table 7, Figure 21).  As shown in Figure 

19, the fluid may be a combination of magmatic hydrothermal fluid and groundwater, and 

influenced by low temperature alteration and organic carbonate in the sedimentary wall rocks. 

Table 7. The δ13C and δ18O of the calcite samples. 

Sample ID Mineral δ13C(‰) VPBD δ18O(‰) VPBD δ18O(‰) SMOW 

drd04 114.23-114.33 Calcite -10.24 -17.61 12.76 
drd02 44.00-44.21 Calcite -5.08 -18.18 12.17 
drd06 77.83-77.90 Calcite -5.95 -24.1 6.06 
drd06 105.88-106.01 Calcite -5.51 -18.19 12.16 
drd05 125.96-126.13 Calcite -11.68 -20.33 9.95 
WCM15-008 Calcite -0.87 -17.25 13.13 
WCD021-38.4 Calcite 3.13 -15.21 15.23 
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Figure 21. The distribution of the δ18O values and the δ13C values in calcite (revised from Hoefs 1973; and Chen 

and Wang 2004). 

 

8. DISCUSSION  

The James Creek granitic magma intruded into the Hodgkinson Formation at ~307 Ma and 

released a high temperature hydrothermal fluid that caused the formation of the pipes and the 

greisen alteration. Decreasing temperature reduced the metal solubility in the ore-forming 

fluids and resulted in metal deposition (Barnes et al., 1967; Bourcier and Barnes, 1987; Crerar 

and Barnes, 1976; Giordano and Barnes, 1979; Romberger and Barnes, 1970). The 

homogenization temperatures of fluid inclusions in tin related quartz are much lower than 

temperatures of inclusions in wolframite related quartz, which suggests the cassiterite formed 

in the quartz pipes and greisen later than the  wolframite, and at a lower temperature.  

The fluid related to the quartz pipes and the greisen, and sulphide stages is nearly pure 

magmatic water released from the James Creek granitic intrusion.  The magma chamber was 

not broken up and the alteration was confined to the granite body, which is supported by isotope 

data from muscovite, wolframite and the sulphides. During the stage of calcite deposition, the 

source of the fluid became complex and, as observed, calcite veins even cut across the granite 

contact, thus the fluid may have been affected by interaction with the sedimentary wall rock 

and widespread leaching.  

The ore-element associations of granite-associated ore deposits can be related to the inferred 

relative oxidation state and the degree of fractional crystallisation within the associated granite 

suites (Blevin and Chappell, 1992). Sn, W and Mo mineralization in greisen and mineralized 

veins commonly occurs within the upper roof zones and cusps of high-level, felsic, and highly 

http://www.sciencedirect.com/science/article/pii/S0169136812001345#bb0015
http://www.sciencedirect.com/science/article/pii/S0169136812001345#bb0015
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fractionated granites (Cerny and Blevin, 2005). However, different metal associations will be 

favoured depending on the oxidation states of the causative intrusions.  The deposition of W is 

weakly fO2 dependent. The ionic radii of Mo4+ and Ti4+ are nearly identical, allowing Mo4+ to 

substitute for Ti4+ in magmatic minerals such as biotite and titanate (Candela and Bouton, 1990).   

Mo6+ is not readily incorporated into the magmatic rock-forming minerals, thus Mo 

mineralization (as a sulphide phase) is favoured by an oxidized intrusion like the James Creek 

Granite. A similar process of substitution for elements of similar ionic radii leads to Sn4+ 

substituting for Ti4+ and Fe3+ in minerals such as biotite, hornblende and titanate that are normal 

components of granitic rocks (Lehmann, 2006).  However, Sn can be transported as Sn2+ in 

reduced conditions, so Sn deposits are rarely hosted by oxidized intrusions. The causative 

intrusion James Creek granite is highly fractionated and the oxidation state is moderate, 

meanwhile the mineralization of both tin and molybdenum occurred in the deposit, which is 

consistent with what discussed above. 
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