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General Introduction 
 
Researchers at the Economic Geology Research Centre (EGRU), James Cook University (JCU), 

undertook parts of the collaborative research project entitled “Characterising and assessing 

prospectivity of intrusion-related hydrothermal mineral systems in north-east Queensland”. This 

project was funded in 2014-2017 by the Geological Survey of Queensland (GSQ), Department of 

Natural Resources, Mines and Energy, Queensland, under the Future Resources Program, with cash 

contributions from Evolution Mining.  

 

The JCU team was responsible for the following sub-projects: 

 

1. Magma-related hydrothermal mineral systems of the northern Bowen Basin 

2. Geology of the Mt Carlton high-sulphidation epithermal deposit 

3. Magma fertility, petrogenesis and geodynamic setting of Carboniferous and Permian 

magmatic complexes 

4. Metallogeny of Sn-W-Mo-Cu mineral systems 

5. Comprehensive prospectivity analysis, regional alteration mapping using remote sensing 

methods and geochemical signatures of intrusion-related mineral systems 

The area covered by the sub-projects completed by JCU is shown in Figure A. 

 

Outputs of the project were released at several public fora (including a final project seminar in 

Townsville on 7-8 December 2017) and were compiled in a JCU report to GSQ in November 2017. 

Several PhD projects at JCU that were initiated as part of this project continued after December 

2017 and had to be completed before all the final project results could be released.  The last of these 

was completed in August 2019. 
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Figure A. Areal coverage of the subprojects undertaken by the EGRU-JCU team. Base map simplified 
from 1:2,000,000 Queensland geological map (Queensland Department of Natural Resources and Mines, 
2012) 

Subproject #4 W-Sn-base metals 

#5 
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Report on characterising and assessing prospectivity of intrusion-related 
hydrothermal mineral systems in north-east Queensland 
 

 

This report presents the results from the first four sub-projects as follows: 

 

Magma-related hydrothermal mineral systems of the northern Bowen Basin 

Section 1:  

Magma-related hydrothermal mineral systems of the northern Bowen Basin (Corral I., Chang 

Z.S. Dirks P.H.G.M., Henderson R.A., Sahlström F.) 

 

 

Geology of the Mt Carlton high-sulphidation epithermal deposit 

Section 2:  

Geology of the Mt Carlton high-sulfidation epithermal deposit (Sahlström F., Chang Z.S., 

Dirks P.H.G.M., Arribas A., Isaac Corral I.) 

Section 3:  

Structural mapping of the V2 and A39 pits and surroundings at Mt Carlton mine (Dirks 

P.H.G.M.) 

 

 

Magma fertility, petrogenesis and geodynamic setting of Carboniferous and 

Permian magmatic complexes 

Section 4:  

Magma fertility, petrogenesis and geodynamic setting of Carboniferous and Permian 

volcanic suites in the Townsville-Mackay region (NE Queensland). (Corral I., Behnsen H., 

Spandler C.J., Chang Z.S., Dirks P.H.G.M., Henderson R.A., Sahlström F.) 

Section 5:  

Regional magma fertility of Carboniferous-Permian volcanic rocks (Kennedy Igneous 

Association) in the North Queensland Sn-W-Mo province, Australia. (Chang Z.S., Cheng Y.B.)  

Section 6:  

Zircon trace element compositions as indicators of metal endowments in granitoid-

associated mineral deposits. (Cheng Y.B., Chang Z.S., Spandler C.J., Mao J.W., Song S.W., Guo 

C.L., Hong W., Wang H., Hu Y.) 
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Metallogeny of Sn-W-Mo-Cu mineral systems 

Section 7:  

The Geology and Genesis of the Chillagoe Skarn and Porphyry Deposits, Northeast 

Queensland, Australia. (Illig P.E., Chang Z.S.) 

Section 8:  

Review of the forms of mineralisation evident in the Herberton – Mt. Garnet Mineral Field. 

(Clarke G.W., Chang Z.S.) 

Section 9: 

Geology and mineralization of the Mt Carbine W deposit, Northern Queensland, Australia. 

(Cheng Y.B., Chang Z.S., Huizenga J.M., White A., Hall C., Creaser R.) 

Section 10: 

Geology and magmatic-hydrothermal temporal sequence of Sn-W-Mo-Au metallogeny in 

Northern Queensland, Australia. (Cheng Y.B., Chang Z.S., Clarke G.W., Illig P.E., Poblete J., Liu 

K.R., Johnson R., Hall C.M., Creaser R.A.) 

Section 11:  

The Watershed tungsten deposit, North Queensland, Australia. (Poblete J. Chang Z.S., Dirks 

P.H.G.M.) 

Section 12: 

The Geology and Genesis of the Wolfram Camp Mine W-Mo Deposit, Queensland, Australia: 

Fluid Inclusion and Stable Isotope Studies (Liu K.R., Chang Z.S., Cheng Y.B.) 
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Summary of results 

Section 1:  

Magma-related hydrothermal mineral systems of the northern Bowen Basin (Corral I., Chang 

Z.S. Dirks P.H.G.M., Henderson R.A., Sahlström F.) 

 

Summary 

This report summarizes the work performed as part of Subproject #1 - Magma-related hydrothermal 

mineral systems of the northern Bowen Basin. Epithermal and porphyry deposits and mineral 

occurrences are common along the northern edge of the Bowen Basin, where they are mostly 

associated with the Early Permian Lizzie Creek Volcanic group. The Connors Arc (New England Orogen) 

hosts several deposits and occurrences of mesothermal origin in rocks of the Late Carboniferous-Early 

Permian Urannah Batholith. The intrusion-related gold deposits in the Thomson Orogen, however, are 

hosted by volcanic and plutonic rocks of the Carboniferous-Early Permian Kennedy Igneous 

Association and by the Ordovician-Middle Devonian Ravenswood Batholith. Field campaigns were 

performed to investigate the Mt. Carlton district, the Crush Creek prospects, the Marengo, Normanby 

and Mt. Hector Goldfields, and the Golden Valley prospect among others. 

In the Mt. Carlton district the stratigraphy and geochemistry of the Lizzie Creek Volcanic group have 

been characterized. The data are consistent with an evolving calc-alkaline sequence with volcanic arc 

affinity. U-Pb zircon dating indicates an age ranging from 288 to 275Ma with several sub-volcanic 

intrusions ranging in age from 285 to 260 Ma. Alteration/mineralization features of the Capsize 

porphyry and lithocap prospects show similar characteristics to porphyry systems with linked high 

sulfidation and porphyry copper deposits. Alunite Ar-Ar dating and molybdenite Re-Os dating supports 

the U-Pb zircon dating, and indicate the involvement of multi-stage intrusions with associated 

porphyry and lithocap alteration/mineralization. Whole rock geochemistry, Microprobe (EMPA) 

mineral chemistry and SWIR measurements (PIMA) of the advanced argillic altered rocks provide 

consistent exploration vectors for the Capsize lithocap. These exploration vectors point towards a 

specific area where alunite is Ca- and Na-rich, occurs with abundant APS minerals, and has the highest 

wavelength alunite absorption peak (1487nm). Alunite LA-ICP-MS data indicates that the alunite 

grains analyzed are proximal with respect to the fluid source. Stable isotope geochemistry (S, O, H) 

indicates that sulfides (pyrite and enargite) and sulfates (alunite and anhydrite) from both the Capsize 

lithocap and the Capsize porphyry were precipitated at temperatures ranging from 150-230ºC, and 

280-340ºC, respectively. This is consistent with the disproportionation temperature of magmatic SO2 

to H2S + SO4
2− in the hydrothermal solution, which occurs below 400ºC. In contrast, the oxygen isotope 

geothermometer indicates that quartz-magnetite veins were precipitated at temperatures ranging 

from 580-850ºC. The isotopic composition (O-H) of fluids in equilibrium with dickite and alunite are 

consistent with a mixture of magmatic and meteoric fluids. Adularia Ar/Ar dating (262-254 Ma) and 

illite Ar-Ar dating (256, 239-235 Ma) carried out on the different low sulfidation prospects in the Mt. 

Carlton district indicate that the low sulfidation epithermal deposits formed after the porphyry 

system, suggesting that they may be produced by a different tectono-magmatic event.  

The Crush Creek area comprises several low sulfidation epithermal deposits with illite-sericite 

alteration associated with quartz and quartz-adularia veins with crustiform/colloform textures. These 

prospects are hosted by the Lizzie Creek Volcanic Group, although by a slightly younger sequence (272-

254 Ma) than that in the Mt Carlton district. Correlation between this sequence and the Mt. Carlton 

sequence is supported by geochemistry, geochronology and field observations. 
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Mesothermal quartz veins in the various Goldfields are hosted by the gabbros, granites and 

volcaniclastic rocks cropping out in the Connors Arc. U-Pb zircon dating yielded an Early Permian age 

(291-270 Ma) for the plutonic rocks hosting mineralization in both the Normanby and Marengo 

Goldfields. In the Mt. Hector Goldfield, the ages of the plutonic and volcanic rocks in the area range 

from Late Carboniferous to Early Permian and Cretaceous (317, 275 and 120Ma). Illite Ar-Ar dating 

of alteration associated with mesothermal veins in all the Goldfields yielded an Early Cretaceous age 

(122-113 Ma). Based on the results from this study of the Goldfields, the Early Cretaceous period 

constitutes a major event in terms of volcanism, magmatism and ore deposition. 

 

Section 2:  

Geology of the Mt Carlton high-sulfidation epithermal deposit (Sahlström F., Chang Z.S., 

Dirks P.H.G.M., Arribas A., Isaac Corral I.) 

 

Summary 

Mt Carlton is a Paleozoic high-sulfidation epithermal deposit located in the northern segment of the 

Bowen Basin in NE Queensland, Australia. The deposit is hosted in volcanic and sedimentary rocks of 

the Lizzie Creek Volcanic Group, the base of an Early Permian backarc rift sequence. Mt Carlton is 

currently mined in an open pit operation, which includes the Au-rich V2 pit in the NE and the Ag-rich 

A39 pit in the SW. The mineralizing hydrothermal event at Mt Carlton occurred during active rifting, 

partly contemporaneously with the deposition of volcanic sediments in localized half-graben and 

graben basins. Steep normal faults and fracture networks related to the rifting acted as fluid 

conduits, and they are enveloped by inner cores of silicic alteration. The silicic cores transition 

outwards into a zone of quartz-alunite alteration, which in turn is enveloped by a zone of quartz-

dickite-kaolinite alteration. This zoned alteration halo was produced by low-temperature (generally 

< 250°C) and oxidized (H2S/SO4 = 0.18) acidic vapour condensates, extensively mixed with meteoric 

fluids (50-85% meteoric component), which were progressively neutralized away from the upflow 

conduits. Proximal Au-Cu mineralization in the V2 pit occur in steep veins and hydrothermal breccias 

in a rhyodacite porphyry, and three distinct ore zones (Eastern, Western and Link) are aligned en 

echelon along a broadly E-W trending corridor. The Western ore zone continues to the SW along 

~600 m strike length into the A39 pit. From proximal to distal, the Western ore zone shows a metal 

zonation of Au-Cu  Cu-Zn-Pb-Ag  Ag-Pb-(Cu)  Ag. Distal Ag mineralization in the A39 pit occurs 

in an overlying volcano-lacustrine sedimentary sequence, in a stratiform position parallel to primary 

sedimentary layering. Epithermal mineralization at Mt Carlton developed in three stages: Cu-Au-Ag 

mineralization dominated by enargite  Zn-Pb-Au-Ag mineralization dominated by sphalerite  Cu-

Au-Ag mineralization dominated by tennantite. In addition to their precious and base metal contents 

the ores at Mt Carlton are enriched in several so-called critical metals, including germanium, gallium 

and indium. Hydrothermal mineralization at Mt Carlton is overprinted by veins and void fill made up 

of massive dickite and pyrite, which formed from increasingly diluted fluids (85-95% meteoric 

component) expelled from a progressively degassing intrusion. 40Ar/39Ar dating of hydrothermal 

alunite yielded an age range of 284-277 ± 7 Ma, which links the formation of the Mt Carlton deposit 

to the Early Permian backarc rifting stage in the Bowen Basin. Prolonged extension provided rapid 

burial of the deposit beneath a post-mineralization volcano-sedimentary cover, which was essential 

for the exceptional preservation of Mt Carlton. The same extension caused displacement of the rock 

pile across a series of shallowly dipping detachment faults. This has rotated and segmented the ore 

zones, and should have displaced potential linked porphyry mineralization relative to the existing Mt 

Carlton deposit.   
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Section 3:  

Structural mapping of the V2 and A39 pits and surroundings at Mt Carlton mine (Dirks 

P.H.G.M.) 

 

Summary 

Outputs from this study include: 

1. An updated deformation scheme for the deposit;  

2. An updated pit map for V2 and A39 pits, which serves as a basis for all geological models 

developed for the Mt Carlton deposit (and nearby mineral occurrences); 

3. Overview maps of A39 and V2 that show the principle through-going structures affecting both 

pits and the deposit, which will be of use in the construction of long sections; 

4. Observations on the geometry and origin of the mineralisation which help explain the 

different mineralisation styles in A39 and V2 pits, and which are important in understanding 

the regional distribution of the ore; 

5. Suggestions for long sections through the pits. 

 

Section 4:  

Magma fertility, petrogenesis and geodynamic setting of Carboniferous and Permian 

volcanic suites in the Townsville-Mackay region (NE Queensland). (Corral I., Behnsen H., 

Spandler C.J., Chang Z.S., Dirks P.H.G.M., Henderson R.A., Sahlström F.) 

 

Summary 

In the past few decades, it has become evident that fertile, porphyry Cu-ore, arc magmas have distinct 

geochemical signatures linked to specific petrogenetic processes. Fertile magmas associated with 

porphyry systems are usually water-rich (> 2.5 wt%, typically ≥ 4 wt%), highly oxidized (≥ ∆NNO+2) 

and they are controlled by significant crystal fractionation of amphibole±titanite. The geology of the 

major part of the eastern Australian margin is made up of the Paleozoic New England Orogen formed 

in a convergent continental margin setting above a west-dipping subduction zone. The Connors – 

Auburn Province represents an Andean-type continental magmatic arc within the subduction zone, 

the Yarrol Province corresponds to a fore-arc, and its back-arc sector is the Bowen Basin. The Connors 

– Auburn Province and the Bowen Basin host a variety of Au-Cu mineral occurrences, including 

epitermal, porphyry and mesothermal deposits. This study is a regional scale Au-Cu fertility 

assessment of arc-related volcanic suites through whole-rock and zircon trace element geochemistry. 

Here we present: (1) a comparative study of the whole rock geochemical signature of 

fertile/prospective vs infertile/unprospective Pennsylvanian – early Permian volcanic suites of the 

northern Bowen Basin (Lizzie Creek Volcanic Group at Mt. Carlton district and Collinsville); and (2) a 

regional scale fertility assessment of Pennsylvanian – early Permian volcanic suits of the Townsville – 

Mackay region, including parts of the New England Orogen and of the Kennedy Igneous Association, 

based on whole rock and zircon trace element geochemistry. Fertile volcanic rocks of the Mt. Carlton 

district have generally low to high Sr/Y ratios (5 – 261) and somewhat “nike-shaped” REE patterns 

(La/Yb = 7 – 40; Dy/Yb = 1.5 – 2.3). On the contrary, infertile volcanic rocks of the Collinsville area have 

generally lower Sr/Y ratios (2 – 100), and gently sloped and less depleted REE patterns (La/Yb= 6 – 18; 

Dy/Yb = 1.4 – 2.1). Radiogenic Nd isotopes have a range close to CHUR (ɛNd280 = -1.05 – 3.16), 

overlapping with plutonic basement rocks of the Bowen Basin. Fertile samples have slightly negative 
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ɛNd280 values (-0.40 - -1.05), and barren samples have slightly more primitive ɛNd280 values (0.14 – 

3.16). The overall geochemistry for fertile volcanic rocks suggests a likely origin involving consecutive 

crystal fractionation of hydrous parental melts, and they were not modified by extensive crustal 

assimilation. The infertile volcanic rocks evolved via crystal fractionation under less pronounced or 

even anhydrous conditions. The characteristics of Au-Cu fertile and infertile volcanic rocks observed 

in the Bowen Basin, have also been observed at a regional scale. In terms of zircon trace element 

geochemistry, fertile magmatic suites have generally higher zircon Eu/Eu* (>0.3), 10,000*(Eu/Eu*)/Y 

(>1), and (Ce/Nd)/Y (>0.01) values than infertile suites. In fertile suites, zircon (Eu/Eu*)/Y ratios are 

positively correlated with (Ce/Nd)/Y ratios, but this relationship is lacking in infertile suites. Based on 

the Yb/Gd vs. Th/U plot, fertile suites show that magma evolution leading to volcanic rocks generally 

involved crystal fractionation of hornblende, titanite and apatite. Zircon trace element geochemistry 

mirrors whole-rock geochemistry, pointing towards an oxidized magma with high water content 

encouraging early precipitation of hornblende. Overall, the study area contains a Pennsylvanian – 

early Permian continental magmatic arc segment with ideal geochemical conditions for the generation 

of porphyry systems. A combination of geochemical tools (whole-rock and zircon trace elements) 

helps to narrow down the exploration area, defining smaller and more prospective areas for Au-Cu 

mineralization in the Paluma Range, near Mt. Stuart, Mt. Dillon, Mt. Ossa areas, and locally in the 

western margin of the Bowen Basin. 

 

Section 5:  

Regional magma fertility of Carboniferous-Permian volcanic rocks (Kennedy Igneous 

Association) in the North Queensland Sn-W-Mo province, Australia. (Chang Z.S., Cheng Y.B.)  

 

Summary 

Recognizing the potential fertility of igneous rocks prior to extensive exploration is important in 

reducing exploration risk. Whole rock geochemistry, zircon U-Pb age dating and zircon trace element 

composition studies have been conducted for volcanic rock samples from the North Queensland Sn-

W-Mo province, in order to identify relationships between the volcanics and mineralization. The 

sample set were collected from the Bamford Hill, Wolfram Camp and Ollera W-Mo deposits, and the 

Atherton, Herberton, Ingham, Kangaroo Hills, Kirrama, Mt Garnet, Ravenshoe and Georgetown 

areas. LA-ICP-MS zircon U-Pb dating results reveal these extrusive rocks formed between ~400 and 

~280 Ma with a clear temporal-spatial distribution pattern. Bulk rock geochemistry demonstrates 

that these volcanic rocks exhibit many similarities, such as a metaluminous affinity and affiliation 

with high calc-alkaline series magmatic rock, and some differences, such as large variations of SiO2 

content.  The clear linear trend in the Harker diagrams may indicate that these volcanic rocks have 

experienced crystal fractionation before formation. All the examined samples have similar trace 

element spider diagram and REE pattern with clear Eu anomalies. A group of magma fertility 

parameters has been developed from previous studies and from new understanding gained during 

this project, and a series of criteria for evaluating magma fertility of Sn-W-Mo mineralization has 

been produced. The volcanic rock samples from the North Queensland Sn-W-Mo province exhibit 

similar features to the ore-associated granitic rocks, which indicates there is good potential for W-

Mo mineralization in this region. Another significant result from this study is that the whole rock 

geochemistry and zircon trace element compositions of the volcanic rocks can be effectively used as 

magma fertility indicators for regional Sn-W-Mo exploration. 
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Section 6:  

Zircon trace element compositions as indicators of metal endowments in granitoid-

associated mineral deposits. (Cheng Y.B., Chang Z.S., Spandler C.J., Mao J.W., Song S.W., Guo 

C.L., Hong W., Wang H., Hu Y.) 

 

Summary 

The nature of magmas has a significant impact on the metal endowments of associated mineral 

deposits. Intrusive rocks associated with porphyry Cu-Au mineralization are more oxidized and less 

evolved than intrusions associated with Sn and W mineralization.  Cu and Au are compatible with 

sulphides, which can precipitate during the early stages of magma evolution, while Sn and W 

deposits generally occur in more reduced and highly evolved magmatic environments, as fractional 

crystallization is the main process that concentrates these incompatible metallic elements. In this 

study, the trace element compositions of zircons from granites are employed to study the metal 

endowment of related mineral deposits. Differences between granites associated with Sn-dominant 

and W-dominant deposits have been identified using zircon trace element chemistry, and are 

consistent with the distinct differences in their whole rock geochemical compositions.  The zircon 

chemistry has been effective in highlighting a decreasing trend in oxidation state from porphyry Cu-

Au±Mo, via porphyry Mo, Mo-W, W-dominant, to Sn-dominant systems.  The results suggest that 

the Ce/Ce* and EuN/EuN* ratios of zircons are useful magma fertility discriminators for the above full 

spectrum of intrusion-related hydrothermal mineral deposits. When combined with Mo/W tonnage 

ratios, the CeN/CeN* ratio of zircons is also a good indicator of the oxygen fugacity of W-Mo deposits, 

which can be further employed to determine the style of Mo-W mineralization, i.e., porphyry or 

granite-related mineralization. 

 

Section 7:  

The Geology and Genesis of the Chillagoe Skarn and Porphyry Deposits, Northeast 

Queensland, Australia. (Illig P.E., Chang Z.S.) 

 

Summary 

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

The district hosts many Zn-Pb-Ag-Au-Cu deposits and prospects associated with separate intrusive 

centres. These deposits include the Red Dome Au-Cu retrograde skarn, the Mungana Au porphyry, 

the Mungana Zn-Pb-Cu-Ag skarn, the King Vol Zn-Pb skarn, the Redcap prospect area (Queenslander, 

Morrison, Victoria, Penzance), Red Hill and the Shannons-Zillmanton area. The skarns are hosted by 

near vertical Silurian to Devonian Chillagoe Formation limestone beds. The Chillagoe Formation 

includes limestone, sandstone, conglomerate and interbedded basalt. 

Red Dome skarn deposit mineralogy includes chlorite, garnet (Ad61-100) and bimodal pyroxene (Hd3-98, 

Jo0-7). Magnetite is common with garnet while pyrrhotite is absent throughout the deposit. The 

majority of the deposit is hosted within pervasively chlorite altered garnet skarn. The skarn formed 

in a diatreme breccia and was sourced from the underlying 322 + 2 Ma (U-Pb zircon) porphyry 

intrusion. Rounded clasts of the causative intrusion are hosted within garnet + chalcocite skarn. The 

Red Dome porphyry was later intruded by a 311 + 2 Ma rhyolite porphyry intrusion, which may have 

contributed to Red Dome’s metal endowment.  
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The Mungana base metal skarn includes garnet (Ad6-100) and pyroxene (Hd4-98, Jo0-27). Deposition of 

base metals has been dated at 334.8 + 3.3 Ma (Re-Os molybdenite). The Mungana gold resource is 

hosted within gold bearing quartz porphyry veins within the 318 + 2.3 Ma (U-Pb zircon) Mungana 

porphyry intrusion and the surrounding host rocks. A 307.1 + 2.5 Ma granite body occurs 

approximately 50 meters below the sphalerite skarn. Based on the geochronology, base metal 

deposition occurred ~16 Ma before emplacement of the gold porphyry and ~27 Ma before the 

granite intrusion. The base metal skarn is related to an intrusion that remains undiscovered at depth 

and down dip. 

The Redcap skarn prospect includes a pyroxene rich (Hd64-99) gold-chalcopyrite-pyrrhotite skarn that 

cuts an earlier garnet rich (Ad51-92) sphalerite-magnetite-chalcopyrite skarn. The majority of 

mineralization is hosted at the base of Chillagoe formation limestone, which has been thrust on top 

of 306 + 2 Ma Redcap Dacite group volcanic rocks. Based on pyroxene zonation the source of the 

pyroxene-gold-chalcopyrite-pyrrhotite skarn remains undiscovered, down dip and to the southeast. 

The King Vol Zn-Cu-Pb-Ag ore body is comprised of a thin semi-massive to massive sphalerite, 

chalcopyrite and galena body at the contact between limestone and sandstone or chert. Garnet 

(Ad13-100) and pyroxene (Hd11-99) predates mineralization and is cut by sphalerite and amphibole. In 

the deepest portions of the deposit sulfide dissipates into brecciated rocks containing garnet, 

secondary hematite and calcite. A ~150 metre wide marble front occurs below mineralization and 

adjacent to the breccia. Based on this zonation, the causative intrusion remains undiscovered and at 

depth. The age of King Vol remains unknown. 

 

Section 8:  

Review of the forms of mineralisation evident in the Herberton – Mt. Garnet Mineral Field. 

(Clarke G.W., Chang Z.S.) 

 

Summary 

This review of the deposits in the Herberton – Mt. Garnet region aims to achieve the following:  

1) Most reviews post-1982 have given condensed descriptions of selected representative deposits 

for much broader areas of assessment, e.g. the whole of Queensland or a large segment of north 

Queensland; this review refocuses predominantly on deposits in the region outlined by Blake 

(1972), with a few others from just outside that region included to round out the range of 

deposits likely to be also found therein.  

2) Although Blake (1972) noted the various forms of alteration associated with specific ore types in 

the bulletin text, his maps recorded mine distributions in terms of principle metal commodity 

extracted only; the map produced for, and discussed in this review outlines distributions of 

deposits with regards their associated wallrock alteration types. 

3) Although reviews by authors such as Ewers (1997), Draper (1998), and Kositcin et al (2009) have 

mentioned the spatial affiliation of certain deposit types with late-stage highly fractionated 

intrusions within batholithic masses, none have actually illustrated this relationship on a map of 

the region; in the map produced for this review the occurrences of known examples of these 

intrusions have been outlined. 

4) At the James Cook University, the tertiary institution nearest to the Herberton – Mt. Garnet 

region, there has been a significant amount of research done on deposits in this region, but a 

considerable part of it has not been included in publications to date (most Honours and Masters 

students have sought company employment, rather than academic acclaim by publishing 

research results); this review sets out to briefly include results from such research material.  
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5) A number of new deposit types and localities have been discovered since Blake compiled his 

detailed assessment (1972), while others (e.g. Baal Gammon, Mt Garnet skarn) have undergone 

reclassification ~ this review seeks to illuminate these changes.   

 

Section 9: 

Geology and mineralization of the Mt Carbine W deposit, Northern Queensland, Australia. 

(Cheng Y.B., Chang Z.S., Huizenga J.M., White A., Hall C., Creaser R.) 

 

Summary 

The Mt Carbine quartz-wolframite-scheelite sheeted vein deposit is the largest vein type W deposit 

in Australia. The deposit is hosted in Ordovician to Devonian Hodgkinson Formation 

metasedimentary rocks. Field observation and drill core logging have provided evidence for a five 

stage paragenetic sequence of mineralization and veining, with two of the stages having significant 

W mineralization.  Wolframite is typically euhedral and occurs in quartz veins, while scheelite occurs 

as (1) euhedral grains in quartz vein and, (2) pseudomorphing wolframite grains or cutting across 

wolframite grains as veinlets. This observation is consistent with the scheelite CL images and in-situ 

composition variation. The LA-ICP-MS zircon U-Pb ages of a porphyritic biotite granite and felsic dyke 

occurring in the Mt Carbine area are 298 ± 3 Ma and 261 ± 7 Ma, respectively.  A molybdenite Re-Os 

age from a mineralized quartz vein is 284 ± 1 Ma, and two muscovite 40Ar-39Ar ages of different veins 

are 282-277 (±1-2) Ma. There is no overlap between the two muscovite 40Ar-39Ar ages, which 

probably indicates there was some post-mineralization tectono-thermal activity.  Fluid inclusion 

studies reveal that most of the inclusion are primary and distributed in assemblages or isolated, with 

homogenization temperatures ranging from 210C to 290°C.  Laser Raman analysis identified CH4 in 

vapour bubbles. The δ34S values of sulphides in the mineralized veins range from -9.1 to -6.0 per mil, 

which deviate from the magmatic range, and O-H isotopes have significant overlap with 

metamorphic water. 

 

Section 10: 

Geology and magmatic-hydrothermal temporal sequence of Sn-W-Mo-Au metallogeny in 

Northern Queensland, Australia. (Cheng Y.B., Chang Z.S., Clarke G.W., Illig P.E., Poblete J., Liu 

K.R., Johnson R., Hall C.M., Creaser R.A.) 

Summary 

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 
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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. 

 

Section 11:  

The Watershed tungsten deposit, North Queensland, Australia. (Poblete J. Chang Z.S., Dirks 

P.H.G.M.) 

 

Summary 

The Watershed deposit is located in far north Queensland, about 100 km northwest of Cairns. It has a 

combined JORC resource of 49.32 Mt @ 0.14% WO3 totalling 70,400 tonnes of WO3. Watershed lies 

within the Mossman Orogen, which comprises a folded sequence of Ordovician-Devonian 

metasedimentary rocks intruded by Carboniferous-Permian granites of the Kennedy Province. 

Mineralization is hosted by a sequence of folded carbonaceous slates and, locally calcareous, 

psammites of the Hodgkinson Formation. In addition, multiple felsic dykes assigned to the Permian S-

type Whypalla Supersuite granites occur cutting the metasediments. The psammitic units show an 

enrichment in tungsten-tin-molybdenum-fluorine-beryllium-zinc-arsenic-bismuth-cesium in addition 

to copper and silver towards Watershed. A new age of ca. 350±3 Ma (LA-ICP-MS zircon U-Pb) for a 

strongly folded scheelite-rich granitic dyke has been established, and two more zircon ages of 276±2 

Ma and 275±2 Ma from dykes from the eastern and western margin of Watershed have been 

established. Based on hand specimen and drill core observations, petrography and EPMA analysis, 

alteration and mineralization are shown to have occurred in at least seven stages. A pre-skarn event 

with grossular (Grs40-70) and quartz is followed by a prograde skarn event characterized by Grs>70, 

clinopyroxene (Di31-61), and minor titanite. Later, three retrograde stages occurred in veins and host-

rock: Retrograde 1 is characterized by microcline (Or93-94), feldspar (An>15) and quartz in veins, and 

quartz, clinozoisite, and feldspar (An>15) in host-rock. During Retrograde 2, quartz, feldspar (An3-43), 

and phlogopite was introduced in veins meanwhile phlogopite, amphibole (such as actinolite and Na-

rich amphiboles) and feldspar (An<25) is characteristic in host-rock. Scheelite is widespread in 

Retrograde 2 stage in both veins and vein halos. Retrograde 3 stage comprises muscovite (253±5 Ma), 

calcite, chlorite, minor microcline (Or>99), tourmaline and fluorite in veins, and muscovite (276±6 Ma), 

calcite and minor chlorite and fluorite in host-rock. After the retrograde stages a sulfide fracture filling 

event occurred, characterized by widespread pyrrhotite and arsenopyrite and minor chalcopyrite and 

sphalerite in veins and host-rock. The low temperature latest stage event comprises laumontite and 

prehnite stringers in veins and aerinite in the host-rock. REE patterns of scheelite (LA-ICP-MS) are 

consistently flat with a slightly negative Eu anomaly, and enriched with respect to chondrite in veins 

and in a deformed granitic dyke. In contrast, scheelite from another granitic dyke has a bell-shaped 

enrichment in HREE and is depleted in LREE, with a consistent positive Eu anomaly. Mineral isotopic 

δ18O values for the pair scheelite-albite from Retrograde 2 stage give a calculated temperature of 

formation of 306 ± 56 °C, and a δ18O water composition between +4.6 to +8.6‰ (VSMOW). Muscovite 

from Retrograde 3 stage has isotopic δ2D (-73.4 to -62.7‰ VSMOW) and δ18O (+11.5 to +13.2‰ 

VSMOW) values consistent with a metamorphic fluid origin, as does calcite with δ13C (-18.4 to -7.4‰ 

VPDB) values comparable to δ13C values from Hodgkinson Formation carbonaceous slate (-26.9 to -

21.4 ‰ VPDB). The δ34S (-2.54 to +2.25‰ CDT) values from a later sulfide stage are in an agreement 

with sulfur originating from the reduction of Permian marine sulfate. The new ca. 350 Ma age of the 

deformed granitic dyke would represents an early stage of scheelite mineralization, with subsequent 

deformation of the Hodgkinson Formation throughout the Permian possibly resulting in the 

emplacement of the younger ca. 275 Ma granitic dyke, followed by the emplacement of scheelite-rich 

quartz-feldspar vein mineralization from a reduced metamorphic fluid.  
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Section 12: 

The Geology and Genesis of the Wolfram Camp Mine W-Mo Deposit, Queensland, Australia: 

Fluid Inclusion and Stable Isotope Studies (Liu K.R., Chang Z.S., Cheng Y.B.) 

 

Summary 

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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