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ABSTRACT 
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 + SO42− 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.  
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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.  

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.  
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1. INTRODUCTION 
The northern New England and Thompson Orogens and, the northern Bowen Basin (NE 

Queensland, Australia), host several different ore deposits and mineral occurrences. These 
include high- and low-sulfidation epithermal deposits, porphyry copper deposits, mesothermal 
quartz veins and intrusion related gold deposits. In the New England Orogen the main unit 
hosting mineral deposits and occurrences corresponds to the Connors arc, comprising the Late 
Carboniferous-Early Permian Urannah Batholith.  The Thompson Orogen mineral deposits and 
occurrences are hosted by the volcanic and plutonic rocks of the Carboniferous-Early Permian 
Kennedy Igneous Association and by the Ordovician-Middle Devonian Ravenswood Batholith. 
In the Bowen Basin, the Late Carboniferous-Early Permian Lizzie Creek Volcanic group 
(LCV) is the tectonostratigraphic unit hosting all the known deposits and occurrences. 

The aims of this project, subproject #1 “Magma-related hydrothermal mineral systems of the 
northern Bowen Basin”, are as follows:  

1) To geologically characterize the different deposits (e.g., geochemistry, stratigraphy, 
alteration and mineralization). 

2) To determine the age of the different deposits and integrate them within the geological 
setting of the Bowen Basin. 

3) To decipher the relationship between volcanism, magmatism and ore deposition of the 
area. 

4) To evaluate the potential of mineralization under the sedimentary cover of the Bowen 
Basin. 

The results and observations presented in this report show the progress of the subproject #1 
during the last 2.5 years (January 2015-August 2017) based on the work performed on: 

Bowen Basin: 

o Mt. Carlton district 
o Crush Creek prospects 
o Mt. Vista prospect 

o Mt. Dillon 
o Mt. Poole prospect 
o Sansons occurrence 

New England Orogen (Connors Arc) 

o Mt. Mackenzie 
o Marengo Goldfield 
o Normanby Goldfield 

o Mt. Hector Goldfield 
o Conway Beach mineral 

occurrences 

Thomson Orogen (Ravenswood batholith) 

o Golden Valley deposit 
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2. GEOLOGICAL BACKGROUND 
The New England Orogen is situated along the eastern coast of Australia between Bowen 

and Newcastle (Figure. 1). It represents the youngest part of the Tasmanides and was first 
delineated as an area of late Permian folding and plutonic intrusions by Reid (1930). The 
Bowen, Gunnedah and Sydney basins, which are part of the New England Orogen, conceal the 
eastern boundary of the Thomson Orogen.  

The basic tectonostratigraphic framework of the New England Orogen has been established 
as a Late Devonian – Carboniferous convergent continental plate margin above a west-dipping 
subduction zone (Day et al., 1978). The Connors arc (Day et al., 1978, Murray, 2003 and 
Withnall et al., 2009), represents an Andean-type continental volcanic arc above the same 
subduction zone where its fore-arc corresponds to the Yarrol Province and its back-arc basin 
is the Bowen Basin (Donchak et al., 2013). 

In the Connors arc, the oldest igneous rocks are early Carboniferous (>330 Ma) mafic to 
felsic volcanics and minor plutonic rocks. Above these are ca 320-310 Ma widespread 
ignimbrites and granites, unconformably overlain by ca 300-290 Ma heterogeneous volcanics 
and intruded by the gabbro to granites of the Urannah Batholith (Glen, 2013 and references 
therein). Allen et al. (1994, 1998), Holcombe et al. (1997a, 1997b) and Withnall et al. (2009) 
confirmed that volcanism was continuous into the early Permian.  

The Urannah Batholith intrusions range in composition from gabbro to granite, with 
intermediate–mafic compositions dominant. They are mostly high-temperature I-type 
intrusions with similar geochemistry to well-known continental margin-arc batholiths (Allen 
et al., 1998; Allen, 2000; Murray, 2003). The intrusions have juvenile isotopic signatures, 
indicating that old continental crust was not involved to any significant extent in their formation 
(Webb and McDougall 1968; Allen et al. 1994; Allen, Wooden and Chappell 1997; Allen 
2000). The age range of the Urannah Batholith is 341 to 279 Ma (Webb and McDougall, 1968; 
Allen et al., 1994, 1998; Cross et al., 2012). 

The Bowen Basin is an elongate, north-south trending, asymmetrical coal-bearing basin 
extending from northern New South Wales through central Queensland covering an area of 
approximately 200,000 km2 (1,200 km long, 350 km wide and 8 km deep; O’Neil and Danis, 
2013; Figure. 1). It is considered to have a back-arc association to the New England Orogen 
and its sediments encroached over the orogen during the middle–late Permian to the basin 
margin (Dickins and Malone 1973). However, the nature of the Bowen Basin and its 
relationship with the New England Orogen has been a matter of debate. A number of tectonic 
models have been proposed for the formation of the Bowen Basin complex ranging from 
transcurrent faulting or shearing (Evans and Roberts, 1980), pull-apart origin (Harrington, 
1982), extensional model with a strike-slip movement (Korsch et al., 1989), and a foreland 
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basin origin (Flood, 1983; Jones et al., 1984; Murray, 1985). Subsequently, Fielding et al. 
(1990) proposed a model involving arc volcanism, followed by back-arc extension, then 
widespread thermal relaxation, followed by flexural loading and compression leading to the 
development of a foreland basin. 

Previously well documented tectonic events affecting the Bowen Basin include:  extension, 

in the early Permian (Fielding et al., 2000; Korsch et al., 2009a, Korsch et al., 2009b), thermal 
relaxation around 280 Ma (Korsch and Totterdell, 2009; Allen and Fielding, 2007), and 
foreland basin formation during Middle Permian – Middle Triassic (Fergusson, 1990, 1991; 
Korsch et al, 1997, 2009a; Holcombe et al. 1997a, 1997b). 

Figure 1. Map of Tasmanides showing the relationship between the 
Thomson Orogen, New England Orogen and Bowen Basin (Glen, 
2013). 
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The basal unit of the Bowen Basin sequence, which sits on top of the Urannah batholith, 
corresponds to the Lizzie Creek Volcanic group (Malone et al., 1964, 1966, 1969; Figure. 2). 
This group consists of basalt, andesite, rhyolite, sandstone and siltstone. The volcanic and 
volcanosedimentary rocks were deposited subaerially, and the sedimentary rocks in fluvial and 
lacustrine environments. Reported ages for the Lizzie Creek Volcanic Group range from 287 
to 283 Ma (Hutton et al., 1991; Allen et al., 1998; Fanning et al., 2009; Cross et al., 2012). 

The Lizzie Creek Volcanic group on the northern edge of the Bowen Basin hosts several 
mineral deposits of various types, including epithermal mineralization (e.g., Mt. Carlton 
deposit, Boundary prospect, Ortiz prospect and Crush Creek prospects), and porphyry copper 
mineralization (e.g., Capsize porphyry and Mt Vista porphyry prospects), while the Urannah 
batholith on the eastern margin of the Bowen Basin hosts mesothermal quartz vein deposits 
(e.g., Marengo Goldfield, Normanby Goldfield and Mt. Hector Goldfield; Figure. 2). 

The name Thomson Orogen (Kirkegaard 1974; Murray and Kirkegaard 1978) is applied to 
bedrock of western and central Queensland and part of northwestern New South Wales, which 
is buried beneath Mesozoic strata (up to 2700 m thick) of the Eromanga Basin and overlying 
Cenozoic sediments (Murray and Kirkegaard 1978; Wellman 1995; Fergusson and Henderson 
2013; Figure. 1). It is a Neoproterozoic – early Ordivician orogenic belt of igneous and 
sedimentary rocks (Withnall and Henderson, 2012) that it is thought to have initiated during 
the separation of the Neoproterozoic supercontinent Rodinia at 800-580 Ma (Glen, 2005, 
20013). It comprises the Charters Towers, Anakie, Greenvale, and Barnard Provinces 
(Fergusson and Henderson, 2013).  

The Charters Towers Province extends from the coast around Townsville inland to 150 km 
west of Charters Towers (Figure. 3). Its rock assemblages are largely of Neoproterozoic – early 
Paleozoic age, corresponding with the Cape River and part of the Thalanga Provinces of Bain 
and Draper (1997). It is elongate in an east–west direction and is bound to the east by the 
northernmost New England Orogen and to the north by the Mossman Orogen. To the 
southwest, the Charters Towers Province is overlain unconformably by the mid-Carboniferous 
– late Middle Triassic Galilee Basin and further east by the Drummond Basin and late Paleozoic 
volcanic rocks. 

According to Fergusson and Henderson (2013), the Charters Towers Province contains 
numerous basement metamorphic units, a mildly deformed volcanic–sedimentary succession 
of late Cambrian – Early Ordovician age, and Ordovician–Devonian intrusions such as the 
Ravenswood Batholith. Additionally, the Charters Towers Province has extensive tracts of 
younger Paleozoic sedimentary and volcanic cover, most notably in the Devonian – early 
Carboniferous Burdekin Basin. 
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Figure 2. Geology map of the Northern Bowen Basin showing the location of the ore deposits and 
mineral occurrences inspected during this year. (Map modified from Donchak et al.. 2013.) 
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The Ravenswood Batholith is predominantly composed of Ordovician to Silurian I-type 
granitoids. Evidence of strain within parts of the batholith led geologists to assign a significant 
deformation event between 460 Ma and 430 Ma (early Silurian; Fergusson and Henderson, 
2013). The batholith is thought to have formed by the intrusion of mantle-sourced mafic magma 
which, with melting and assimilation of crustal lithologies, produced a spectrum of mafic, 
intermediate and felsic granitoid components (Fergusson and Henderson, 2013).  

 

 

The Burdekin Basin crops out over more than 5,000 km2 in the eastern part of the Charters 
Towers Province (Figure. 3). Its Early Devonian – Mississippian fill is 4.5 km thick, however, 
substantial thickness changes in stratigraphic units over short distances imply a complex 
basinal evolution (Leichhardt, 1847; Daintree, 1872; Jack, 1879; Whitehouse, 1930; Wyatt et 
al., 1970). The basin rests nonconformably on metamorphics of the Thomson Orogen, and 
Ordovician elements of the Ravenswood Batholith. The Burdekin Basin also is host to scattered 
granitic plutons of the Kennedy Igneous Association in its more eastern parts (Fergusson and 
Henderson, 2013). A comprehensive description of the Burdekin Basin is found in  
contributions from Lang et al. (1990a; 1990b; 1990c), Gunther et al., (1990), Withnall (1990), 
Hutton et al. (1990), Gunther and Withnall (1992), Zhen et al., (1993) and Draper and Lang 
(1994). 

Figure 3. Geology of the Ravenswood-Lolworth Batholith with the locations of the Mt Wright, 
Golden Valley, Mt Leyshon and Pajingo deposits (Map modified from Johnson et al., 2013.) 
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The Charters Towers Province is host to approximately 17 Moz of historical gold production, 
and still contains a number of active mines and advanced exploration projects. It includes 
hundreds of auriferous quartz-sulfide veins (Hartley and Dash, 1993), mainly hosted by Early 
Ordovician to Early Devonian granitoids of the Ravenswood batholith. The Charters Towers 
goldfield formed during a single episode of gold mineralisation between the Late Silurian and 
Early Devonian (Peters, 1987a; 1987b; Morrison, 1988; Hutton and Rienks, 1997; Perkins and 
Kennedy, 1998; Kreuzer, 2004, 2005). Porphyry-style deposits such as Mt Wright, Mt Success 
and Golden Valley, are associated with Permo-Carboniferous subvolcanic dykes, plugs, stocks 
and breccias of rhyolitic composition (Pope, 1997; Perkins and Kennedy, 1998; Lisowiec et 
al., 2007; Morrison, 2011; Johnson et al., 2013; Fig. 3). 
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3. WORK COMPLETED  

3.1. Field work 
Several field campaigns were performed in the last 2.5 years to accomplish the objectives 

of this subproject. The work performed, location, dates and field assistants are as follows (see 
Figures. 2 and 3 for reference): 

1- From 25th to 26th January 2015 (2 days). Location: Mt. Carlton district. Geologists: 
Isaac Corral, Zhaoshan Chang, Carl Spandler and Helge Behnsen 

o Drill hole inspection and collection of relatively fresh rocks for whole rock 
geochemistry (20 samples). 

o Surface geology inspection of the main lithostratigraphic units (10 samples). 
2- From 13th to 17th April 2015 (5 days). Location: Collinsville area and Parrot Creek area 

(SW Collinsville). Geologists: Isaac Corral and Helge Behnsen 
o Surface geology inspection of the main lithostratigrapic units. 
o Sampling of least altered volcanic rocks for whole rock geochemistry and U-Pb 

zircon dating (26 samples). 
3- From 22nd to 30th April 2015 (9 days). Location: Mt. Carlton district. Geologists: Isaac 

Corral 
o Surface recognition and sampling of the main lithostratigraphic units (5 

samples) 
o Inspection and sample collection of the following prospects: Capsize porphyry 

and lithocap, Strathmoore, Castle, Telstra Hill/Herbert Creek East, Mt. Carlton 
United, Silver Ridge, Jasper Ridge, Pilot Mountain and Boundary (122 
samples). 

o 2 drill holes were reviewed and sampled; the holes were located in the V2 pit 
and Strathmoore prospect. 

o Ortiz prospect rock chips were described for alteration and mineralization 
purposes. 

4- From 17th to 29th June 2015 (13 days). Location: Mt. Carlton district. Geologist: Isaac 
Corral 

o 7 diamond drill holes were logged, totalling 2,150 m (Capsize Porphyry) 
o 216 samples were collected (alteration, mineralization, geochemistry, dating) 
o Rock chip sampling in the Ortiz and Mt. Herbert Low sulfidation deposits 

5- From 9th to 20th September 2015 (13 days). Location: Mt. Carlton district. Geologists: 
Isaac Corral, Fredrik Sahlström, Mark Stokes, Zhaoshan Chang (4 days) and Paul Dirks 
(2 days) 

o 2 diamond drill holes were logged, totalling 850 m (Capsize Porphyry) 
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o 60 drill core samples were collected (alteration, mineralization, geochemistry, 
dating) 

o Rock chip sampling in the Capsize lithocap (suface) 
o 16 rock chip samples were collected (alteration, mineralization, geochemistry, 

dating) 
6- From 14th to 21st October 2015 (8 days). Location: Mt. Carlton district. Geologists: 

Isaac Corral, Fredrik Sahlström 
o 3 diamond drill holes were logged, totalling 1,100 m (Capsize Porphyry and 

Capsize Lithocap) 
o 57 samples were collected (alteration, mineralization, geochemistry) 

7- From 16th to 23rd December 2015 (8 days). Location: Mt. Carlton district. Geologists: 
Isaac Corral 

o 2 diamond drill holes were logged, totalling 900 m (Capsize Porphyry-Capsize 
Lithocap) 

o 45 drill core samples were collected (alteration, mineralization, geochemistry) 
o 2 diamond drill holes were logged, totalling 630 m (Powerline low sulfidation 

prospect) 
o 30 samples were collected (alteration, mineralization, dating, geochemistry) 

8- From 30th April to 13th May 2016 (14 days). Location: Northern Bowen Basin (from 
Collinsville to Proserpine). Geologists: Isaac Corral, Fredrik Sahlström (5 days), 
Matthew Horsfall (14 days field assistant) 

o Inspection of the Crush Creek low sulfidation prospects: 
 BV1, BV5, BV7 
 Delta, Gamma, Beta 

o 28 surface samples were collected (alteration, dating) 
o 5 reverse circulation holes were logged, totalling 671 m (Delta prospect) 
o 1 diamond drill hole was logged, totalling 92 m (BV7 prospect) 
o 3 samples were collected (geochemistry, alteration, dating) 
o Re-inspection of the Mt. Toussaing and Bowhunters prospects 
o Inspection of: 

 Mt. Vista – Mt. Poole prospects 
 Sansons and Conway Beach mineral occurrences 
 Marengo, Normanby and Mt. Hector Goldfields 

o 55 samples  were collected (alteration, mineralization, geochemistry, 
thermochronology, dating) 

9- From 23rd to 28th September 2016 (6 days). Location: Mt. Carlton district. Geologists: 
Isaac Corral and Paul Dirks. 

o Mt. Carlton A39 pit mapping. Lithology and structural mapping. 
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o A39 pit sampling of volcanic rocks and hydrothermally altered/mineralized 
rocks (29 samples). 

o Herbert Creek mapping and sampling. Collection of least altered volcanic rocks 
and hydrothermally altered/mineralized rocks (6 samples). 

10- 11th November 2016 (1 day). Location: Mt. Success/Golden Valley deposit. Geologists: 
Isaac Corral and Fredrik Sahlström. 

o Inspection of the Golden Valley deposit 
o Sampling of volcanic and intrusive rock sequences in the deposit. Least altered 

and hydrothermally altered/mineralized samples (9 samples). 
11- From 19th to 20th November 2016 (2 days). Location: Mt. Dillon and Mt. Mackenzie 

prospects. Geologists: Isaac Corral and Fredrik Sahlström 
o Inspection of the Mt. Dillon and Mt. Mackenzie prospects 
o Collection of samples hydrothermally altered and mineralized as well as least 

altered from the main lithostratigraphic units (50 samples). 
o Samples for whole rock geochemistry, U-Pb zircon dating and Ar-Ar illite 

dating. 
12- 25th May 2017 (1 day). Location: Mt Wright deposit. Geologist: Isaac Corral 

o Logging and overview of 4 diamond drill holes 
o Identification and sampling of the main lithostratigraphic units as well as 

hydrothermally altered/mineralized rocks (21 samples). 

3.2. Laboratory work 
Laboratory work included a number of tasks aimed at meeting the objectives of this 

subproject. The work carried out is as follows: 

- Compilation of available data on the geochemistry, geochronology and isotopes of the 
different deposits of the Northern Bowen Basin (continuously compiling and updating 
existing database). 

- Short Wave Infrared Reflectance measurements with Primary Infrared Mineral 
Analyzer (PIMA; EGRU).  Spectra were collected to characterize alteration 
assemblages as well as to develop exploration vectors based on illite crystallinity (IC) 
and alunite peak position (~3,000 measurements). 

- Interpretation of PIMA measurements with TSG software, incorporating spectra 
interpretation, IC calculations and determination of alunite 1480nm peak position. 

- Whole rock geochemistry. Samples of advanced argillic altered rocks have been 
submitted to ACME (Canada) for whole rock geochemistry to characterize the 
alteration footprint in the volcanic rocks. 
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- Polished thin sections of the different high sulfidation, low sulfidation and porphyry 
copper deposits and prospects have been prepared and received. More samples are 
being prepared. 

- Petrography: identification of mineral phases and mineral assemblages by optical 
microscopy. 

- Construction of geology, alteration and mineralization cross sections. Continuous 
updating of cross sections based on new observations. 

- Fluid inclusion thin sections: double polished sections for the study of fluid inclusions 
have been prepared and received. 

- Mineral chemistry: microprobe analysis (EMPA/WDS) of alunite samples to 
characterize its geochemical composition and correlate it with the PIMA observations. 

- Microprobe data reduction and interpretation. 
- Mineral separation: cutting, crushing, sieving and handpicking minerals for Ar-Ar 

dating and isotope geochemistry. 
o Ar-Ar dating 

 9 alunite samples (Capsize lithocap prospect) 
 3 adularia samples (Boundary, Mt. Herbert East and Crush Creek 

prospects) 
 1 muscovite sample (Capsize porphyry prospect) 
 9 illite samples (Marengo, Normanby and Mt. Hector Goldfields, 

Golden Valley Deposit, Powerline, Ortiz and Mt. Dillon Prospects) 
o Isotope Geochemistry 

 39 pyrite and 1 enargite samples were prepared to analyze their S isotope 
compositions 

 16 alunite and anhydrite samples were prepared to analyze their S, O 
and H isotope compositions 

 8 quartz and 7 magnetite samples were prepared to analyze their O 
isotope compositions 

- U-Pb zircon dating:  
o 40 Igneous rocks were dated. These samples correspond to the volcanic and 

intrusive sequences, as well as host rocks of the different deposits and 
occurrences of the study area. 
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4. RESULTS 
In this section we present progress made in the last year in the understanding of the magma-

related hydrothermal mineral systems of the northern Bowen Basin. Results have been 
subdivided by districts as shown in Figures 2 3. 

4.1  Mt. Carlton District 
The Mt Carlton district is located along the northern margin of the Permian Bowen Basin 

(Figure. 2). This district includes the currently operating gold mine of Mt. Carlton (Sahlström 
et al., Subproject #2), and some other high- and low-sulfidation epithermal, and porphyry 
copper prospects (e.g., Capsize porphyry-lithocap, Boundary Low sulfidation; Fig. 4). All of 
the district prospects, including the Mt. Carlton gold mine, are hosted by the 
volcanosedimentary sequence of the Lizzie Creek Volcanic group, that over overlies the older 
Granite basement (Urannah Batholith). 

 

 

Figure 4. Regional geology map of the Mt. Carlton district showing locations prospects and surface 
samples. (Map modified from Evolution Mining, 2014.) 
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4.1.1. Stratigraphy and Geochemistry 
During the last 2.5 years several field visits were made to the Mt Carlton district and 15 

diamond drill holes were logged (>6,000 m).  Information gathered from field work and core 
logging has allowed us to improve the current stratigraphic framework, facies analysis and 
geochemical characteristics of the different Lizzie Creek Volcanic group units cropping out in 
the Mt. Carlton District. Based on this information we propose the following stratigraphic 
subdivision (Figure. 5), that may be applicable at deposit scale (e.g., Capsize porphyry-
lithocap).  Lithostratigraphic units are described from basement to the top of the volcanic 
sequence. Basaltic to andesitic dikes that crosscut the entire volcanic sequence are not included 
in the lithostratigraphic units. 

1- Granite Basement unit: comprising fine to medium grained equigranular adamellite 
(monzogranite; Figure. 6A). This rock unit corresponds to the Urannah Batholith 
complex, and occurs to the north of the Mt. Carlton district (e.g., Capsize porphyry 
prospect) on surface and in drill holes, as well as in the deepest drill holes in the Mt. 
Carlton V2 pit. Two samples were dated (U-Pb, zircon), yielding ages of 296 ±2 Ma 
and 302 ±5 Ma. 

2- Lower basalt/andesite unit: comprising feldspar-pyroxene-(hornblende) phyric 
andesites (Figure. 6B), feldspar phyric basalts, and basaltic to andesitic autoclastic 
breccias. This unit overlies the granite basement unit, however it has always been 
observed with a tectonic contact (shear zone) with the granite. Three samples of this 
unit were dated, from the Capsize, Herbert Creek East and Mt. Carlton United 
prospects. The dating yielded ages of: 287 ±3 Ma, 288 ±2 Ma and 288 ±4 Ma. 

3- Rhyolite unit: mainly comprising flow to massive quartz-feldspar-(hornblende) phyric 
rhyolites (Figure. 6C), quartz-feldspar phyric rhyolite autoclastic breccias, and 
peperites; it is locally interbedded with volcaniclastic sediments.  This unit is 
interpreted to represent a volcanic dome complex intruding the lower basalt/andesite 
unit. At district scale this rock unit is important as it is the host rock of the Mt. Carlton 
gold mine, as well as of the Boundary, Mt. Carlton United, and Capsize lithocap 
prospects. The age (U-Pb, zircon) of this unit is based on two samples collected in the 
V2 pit and in the Capsize prospect. Both ages are in strong agreement yielding 277 ±2 
Ma and 277 ±3 Ma, respectively. 

4- Volcanic/Volcaniclastic unit: comprising coherent feldspar-phyric dacites, 
volcaniclastic rocks of dacitic composition (Figure. 6D), and minor feldspar-
hornblende phyric andesites, and ignimbrites.  The unit is stratigraphically interfingered 
with the rhyolite unit (as described in the paragraph above), although at the top of the 
sequence it overlies the rhyolite unit. The age constraint on this unit is based on four 
samples collected in the A39 pit, Capsize prospect (n=2) and Pilot Mountain prospect. 
The yielded ages are 280 ±3 Ma, 279 ±3 Ma, 278 ±5 Ma and 278 ±3 Ma, respectively. 
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5- Sedimentary unit:  comprising volcaniclastic sediments, from siltstones to sandstones, 
commonly with a very strong carbonaceous component (Figure. 6E). This unit crops 
out very heterogeneously. It is mostly present in the Mt. Carlton V2, A39 pits and in a 
few of the Capsize prospect drill holes. In the Mt. Carlton V2 pit this unit includes 
polymictic conglomerates (with hydrothermally altered clasts). The unit is clearly syn- 
to post-mineralization. 

6- Trachyte unit:  Commonly interpreted as the Strathbogie Trachyte, however, based on 
petrography and geochemical analyses it is defined as a feldspar phyric rhyolite with a 
well-developed trachytic texture. At the Powerline prospect this unit includes a 
polymictic andesite autobreccias as well as feldspar-pyroxene-hornblende phyric 
andesites. This unit sits on top of the volcanic pile and is interpreted to be the youngest 
volcanic unit defined in the Mt. Carlton district. Two samples, with a U-Pb zircon age 
of 276±3 Ma (Chang, 2015) and 275 ±3 Ma have been dated. 

7- Intrusive rocks: a series of subvolcanic intrusions of rhyolitic and andesitic 
composition that intrude the entire volcanic sequence. They locally develop porphyry 
copper alteration/mineralization. These intrusions (Figure. 7) have been defined based 
on their crosscutting relationships and their U-Pb zircon ages.  

a. P1: ranges from pink phenocryst-rich quartz-feldspar-hornblende phyric 
rhyolite to red phenocryst-rich quartz-feldspar phyric rhyolite. Two samples 
from the Capsize and from the Boundary prospect have been dated, with ages 
of 285 ±4 Ma and 285 ±2 Ma, respectively. 

b. P2: ranges from red quartz-feldspar-hornblende phyryc rhyolite to red 
phenocryst-poor quartz-feldspar-(hornblende) phyric rhyolite. Three samples 
have been dated in the Capsize prospect, yielding ages of 279 ±5 Ma, 277 ±4 
Ma and 273 ±3 Ma. 

c. P3: beige phenocryst-rich quartz-feldspar-(hornblende) phyric rhyolite. Three 
samples have been dated in the V2 Pit yielding ages of 266 ±3 Ma, 263 ±2 Ma 
and 260 ±4 Ma. 

d. P4: green feldspar-hornblende phyric andesite. This intrusive rock type has only 
been observed in the Capsize prospect drill holes. Dating of zircon gave a U-Pb 
age is 118 ±2 Ma. 
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Figure 5. Stratigraphy in the Mt. Carlton district with ages and locations of the most representative 
porphyry and epithermal deposits and occurrences. Ar-Ar ages for Mt. Carlton are further explained in 
Sahlström et al., (Section 2 of this report).  
**: Thickness based on geologic mapping. ***: Not observed in the Capsize prospect.  
Alu: alunite, Moly: molybdenite. 
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Figure 6. Representative samples of the Urannah Batholith and the Lizzie Creek Volcanic group sequence 
in the Mt. Carlton district.  
A: Medium grained equigranular monzogranite from the Granite basement unit (Urannah Batholith).  
B: Feldspar-(hornblende/pyr pyroxene) phyric andesite of the Lower basalt/andesite unit.  
C: Quartz-feldspar-hornblende phyric rhyolite, from the rhyolite unit.  
D: Equigranular volcaniclastic sediments of dacite composition. Notice the subrounded centimetre 
lithoclasts in the center and top left of the image.  
E: Carbonaceous siltstone (black), within a layer of siltstone (bottom) and sandstone (top). Notice the 
extensional syn-sedimentary tectonic structures.  
F: Feldspar phyric rhyolite with well-developed trachytic texture. Sample from the so called trachyte unit. 
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. 

Figure 7. Porphyry intrusive rocks in the Mt. Carlton district. Crosscutting 
relationships indicate that P1 is intruded by P2, P2 is intruded by P3, and later P4 
intrudes the entire volcanic sequence.  
A: Porphyry 1 (P1); Pink phenocryst rich quartz-feldspar-hornblende phyric 
rhyolite, slightly illite altered with disseminated pyrite.  
B: Porphyry 2 (P2); Red quartz-feldspar-hornblende phyryc rhyolite.  
C: Porphyry 3 (P3); Beige quartz-feldspar-(hornblende) phyric rhyolite.  
D: Porphyry 4 (P4); Green feldspar-hornblende phyric andesite. 
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A complete geochemical characterization of the Lizzie Creek Volcanics is presented in 
Section 4 to this report. Here we present the geochemical data in order to geochemically 
characterize the different lithostratigraphic units cropping out in the Mt. Carton area (Figures 
8 and 9). 

As shown in the Total Alkali-Silica diagram (Figure 8), most of the analysed rocks plot in 
the subalkaline field, and range in composition from basalt to rhyolite, including their more 
alkali equivalents (e.g., trachyandesite, trachyte). Field discrimination is well-supported by 
geochemical data. The lower basaltic/andesite unit samples plot in the basaltic trachyandesite, 
trachyandesite and andesite fields, denoting their intermediate character. Samples from the 
rhyolite unit plot in the dacite, trachyte and rhyolite fields, denoting their acidic character. The 
volcanic/volcaniclastic unit samples have a wide range in composition, from basaltic 
trachyandesite to rhyolite. Most of the dikes crosscutting the volcanic sequence plot in the 
basalt, basaltic trachyandesite, trachyandesite and andesite fields, except for one rhyolite dike 
that plots in the rhyolite field. The trachyte unit samples plot in the rhyolite field, showing 
evidence that the unit description was based on rock texture (trachytic texture) rather than on 
geochemical composition. The porphyry intrusions found in the volcanic sequence and locally 
producing porphyry copper mineralization/alteration mostly plot in the rhyolite field.  

The K2O vs SiO2 diagram and the FeO*/MgO vs SiO2 diagram show that most of the samples 
have medium-K to high-K content and Low-Fe content, confirming the calc-alkaline affinity 
of the group. 

The overall trace element content of the volcanic rocks and the granite basement (Figure 9) 
shows variable enrichment in fluid mobile elements (e.g., Ba, Sr), a strong Nb-Ta-P-Ti negative 
anomaly and a strong Th-U-Pb positive anomaly. This is characteristic of rocks with volcanic 
arc affinities. However, the trace element content slightly changes within the different 
lithostratigraphic units. For example, in primitive mantle normalized diagrams, there is a 
different depletion/enrichment of the HREE depending on the units, increasing in enrichment 
from the lower basalt/andesite unit and volcanic/volcaniclastic unit (Figure 9D) towards the 
trachyte unit and the basalt dikes (Figure 9H). The most HREE depleted pattern is shown by 
the rhyolite unit and the porphyry intrusions (Figure 9F). In the chondrite normalized REE 
diagrams a similar trend is observed, with an overall decrease from the LREE to HREE. But 
differences between the different units are observed. The most HREE depleted rocks 
correspond to the rhyolite unit and porphyry intrusions (Figure 9E). A HREE enrichment is 
evident in the lower basaltic/andesite unit and volcanic/volcaniclastic unit (Figure. 9C) and it 
increases towards younger units (e.g., trachyte and dikes; Figure 9G).    
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Figure 8.  Major element geochemistry 
of the Lizzie Creek Volcanic Group – 
lithostratigraphic units in the Mt Carlton 
district. 

Top: Total Alkali-Silica (TAS) diagram 
(Le Bas et al., 1986). 

Middle: K2O –SiO2 diagram (Le Maitre 
et al., 1989). 

Bottom: FeO*-SiO2 diagram (Arculus, 
2003). 
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Figure 9. Chondrite normalized (Sun and McDonough, 1989) and primitive mantle normalized (McDonough 
and Sun, 1995) multi element diagrams of the  Lizzie Creek lithostratigraphic units in the Mt. Carlton area. 
A and B: Granite basement.  C and D: Lower basalt/andesite unit and volcanic/volcaniclastic unit.   
E and F: Rhyolite unit and porphyry intrusions. G and H: Trachyte unit and dikes cutting the volcanic 
sequence.  
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4.1.2. Alteration/Mineralization (Capsize Porphyry – Capsize Lithocap) 
The Capsize prospect (Figure 3) is comprised of two different types of deposit 

alteration/mineralization which may be linked (e.g., Sillitoe, 2010):  

1) Advanced argillic (lithocap) alteration/mineralization; and 

 2) Porphyry copper alteration and mineralization.  

Lithocap hydrothermal alteration (Figure 10) is mainly hosted by flow banded to massive 
quartz-feldspar-hornblende phyric rhyolites of the rhyolite unit and feldspar-pyroxene-
(hornblende) phyric andesites of the lower basaltic/andesite unit. It consists of an inner core of 
advanced argillic alteration (quartz-alunite-pyrophyllite-dickite-diaspore; Figures 10C, D) 
grading outwards to argillic alteration (quartz-kaolinite-dickite with local illite-
montmorillonite; Figure 10B) and to a propylitic alteration (chlorite-epidote-montmorillonite 
with local zeolite; Figure 10A).  

Alteration in the lithocap is associated with: 1) disseminated pyrite, cut by 2) millimetre 
scale pyrite-enargite veinlets. Both stages are cut by a later quartz-pyrite-enargite cemented 
and pyrite-dickite cemented hydrothermal breccias (Figure 10E).  

Porphyry alteration (Figures 11 and 12) is hosted by the granite basement unit, the lower 
basalt/andesite unit and by the different rhyolite intrusive rocks. It is dominated by a pervasive 
hematite-chlorite-sericite alteration zone (Figure 11A), overprinted by local fracture- and 
breccia-associated sericite alteration (Figures 11B, C). As previously described, there are three 
rhyolite porphyries with porphyry-related hydrothermal alteration (P1, P2 and P3). 
Crosscutting relationships show that P3 intrudes P2, and P2 intrudes P1, with P1 being pre-
/syn- mineralization and P2-P3 late-mineralization. P1 is 2-50 m wide and was only intercepted 
in a few drill holes. In P1 and surrounding host rocks (granite and andesite) abundant quartz 
and quartz-magnetite veins with the highest grades are found. P2 and P3 are much wider than 
P1. P2 has pyrite veins and less abundant quartz and quartz-magnetite veins than P1. P3 
contains only minor sulfide veins.  

Mineralization consists of different stages (Figure 11E):  

Stage 1) quartz and/or magnetite veins, which are cut by Stage 2) lavender to grey quartz ± 
hematite veins. Stage 2 in turn is cut by Stage 3) sulfide-rich (pyrite-chalcopyrite with minor 
molybdenite and trace galena) veins and breccia. Stage 3 is sometimes represented by pyrite-
anhydrite-molybdenite-chalcopyrite cemented breccias. 

In P1 and P2 quartz and/or magnetite veins and/or breccias have a narrow red halo, probably 
corresponding to potassic alteration (Figure 11D). Stage 2 veins have wider hematite-sericite-
chlorite alteration that overprints Stage 1 alteration halos. Stage 3 veins locally develop white 
sericite halos. 
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Figure 10. Hydrothermal alteration and mineralization observed in the Capsize lithocap prospect.  
A: Propylitic altered andesite of the lower basalt/andesite unit. Note the presence of chlorite (dark 
green), epidote (light green) and zeolites (replacing feldspars).  
B: Argillic alteration developed on a volcanic breccia of the rhyolite unit. Note the feldspar 
replacement by kaolinite (white). 
 C: Advanced argillic altered (quartz-alunite; pink) rhyolite of the rhyolite unit, cut by a quartz-pyrite 
cemented hydrothermal breccia.  
D: Cross polarized optical microscopy image of diaspore (colourful) replacing feldspar (?) in a quartz-
alunite-pyrite altered groundmass.  
E: Advanced argillic (quartz-alunite-dickite) altered rhyolite cut by a quartz-pyrite-enargite cemented 
hydrothermal breccia. 



26 
 

 

 

Figure 11. Hydrothermal alteration and mineralization observed in the Capsize porphyry prospect. 
 A: Hematite-sericite-chlorite altered rhyolite porphyry (P1) cut by quartz and/or magnetite veins. Later 
pyrite veins are also observed.  
B: Feldspar-pyroxene/hornblende (?) phyric andesite showing overprinting of the hematite-sericite-
chlorite alteration by sericite alteration.  
C: Sericite halo associated with Stage 3 sulfide-rich veins.  
D: Quartz-magnetite vein/breccia producing red (potassic) alteration halo in P1.  
E: Mineralization consisting of quartz-magnetite veins cut by Stage 3 pyrite veins developing a white 
alteration halo in the hematite-sericite-chlorite altered rhyolite porphyry (P1). 
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4.1.3. Alteration Geochemistry 
In this section we present progress in the understanding of the hydrothermal alteration and 

mineralization (porphyry systems) as well as updates on the exploration vectors developed on 
the Capsize Lithocap. 

4.1.3.1. Advanced argillic alteration Whole Rock Geochemistry 
Ten volcanic rocks (8 surface samples, 2 drill core samples) of the rhyolite unit have been 

collected in the ~10 km east-trending Capsize lithocap from Herbert Creek East to Strathmoore 
(Figure 3).  The volcanic rocks are characterized by a pervasive advanced argillic alteration 
(quartz-alunite-dickite). Disseminated pyrite is only minor in these samples. The aim is to 
characterize the physico-chemical changes of the fresh volcanic rocks due to the hydrothermal 
alteration. 

Figure 12: Representative cross section showing the geology, alteration and mineralization (0.3-
0.5% Cu) of the Capsize porphyry prospect (see Figures 3 and 14 for reference). 
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The comparison of the primitive mantle trace element compositions of the altered rocks and 
the fresh rhyolite unit rocks (Figure 13) indicates chemical changes due to alteration are 
evident, such as strong depletion in LREE (Cs and Rb), and from moderate to strong depletion 
of HREE (e.g., Tb, Dy, Y, Ho, Er, Tm, Yb, Lu).  In comparison, MREE are very stable under 
hydrothermal alteration conditions as the contents of these elements in the altered rocks are 
very similar to the fresh rock compositions. The only strong enrichment/depletion with respect 
to the fresh rock composition is shown by Pb (3 samples). 

The implication of these chemical changes and their distribution within the lithocap are not 
fully understood yet.   

4.1.3.2. Porphyry/Lithocap mineralization 
A total of 28 mineralized samples (9 lithocap and 19 porphyry) have been analysed for whole 

rock geochemistry and metal content. As shown in the Au-Cu-Mo diagram (Figure 14), the 
different mineralization types have very distinct geochemical compositions. The lithocap 
mineralization is generally Cu-Au rich whereas the porphyry mineralization is Cu-Mo rich. 
Mineralized samples from the lithocap have grades of up to 9.8 g/t Au, 4.0 % Cu, and 59.4 g/t 
Ag. These samples also show anomalously high concentrations of Sb, As, and Bi, as would be 
expected in a pyrite-enargite mineralized system. Minor Mo concentrations (up to 105 ppm) 
have also been observed. In contrast, porphyry copper-style mineralization has grades of up to 
0.5 % Cu and 598 g/t Mo with no significant Au (0.1 g/t) and Ag (12.5 g/t).  No significant 
anomalies of other elements have been found in the porphyry copper-style mineralization, 

Figure 13: Primitive mantle normalized (McDonough and Sun, 1995) REE 
composition of the advanced argillic altered rocks (green) compared with fresh 
volcanic rocks of the same composition (grey background). 
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which is characteristic of a mineralized system dominated by pyrite with minor chalcopyrite 
and molybdenite. 

4.1.3.3. Alunite 1480 nm peak position Microprobe (EMPA) and LA-ICP-MS analysis 
As has been shown in the Lepanto deposit (linked porphyry copper-high sulfidation 

mineralisation), the wavelength of the alunite absorption peak at around 1480 nm increases 
towards the fluid source (Chang et al., 2011). This is why alunite in lithocaps can be used as 
an exploration vector towards porphyry copper deposits.  The wavelengths of alunite 
absorption peaks in the Capsize lithocap are shown in Figure 15. The highest wavelength 
alunite peak in the study area is 1487 nm, suggesting the fluid source could be located near this 
point. Additionally, surrounding alunite occurrences to the E and W of this point have lower 
wavelength peak positions at around 1484 nm suggesting these alunites are distal with respect 
to the fluid source. 

 

Figure 14. Chemical composition (Au-Cu-Mo) of mineralized samples from the Capsize 
lithocap and porphyry prospects. 
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Forty-three LA-ICP-MS analyses were collected from two alunite samples with alunite 
absorption peak wavelengths of 1484nm (n=17) and 1487nm (n=26). In order to develop a 
vector towards the fluid source, we have applied the Sr/Pb and (La/Pb)*100 element ratios 
suggested in Chang et al., (2011). Results obtained from the Capsize Lithocap alunites; Sr/Pb= 
~2 to ~20 and (La/Pb)*100= ~1 to ~12 are in agreement with those reported in Chang et al., 
(2011), suggesting a close spatial relationship to the fluid source/causative intrusion. The lack 
of alunites with high absorption peak wavelengths (e.g., ~1490nm) prevents a more precise 
vectoring towards the fluid source/causative intrusion. 

4.1.4. Stable Isotope Geochemistry (S, O, H) 
In this section we report and discuss the results of the stable isotope analyses of sulfides, 

sulfates, silicates and oxides in the Capsize Porphyry-lithocap. Analytical work incorporated 
the following:  

- 40 sulfides* (pyrite and enargite) were analyzed for S isotope geochemistry 
- 16 sulfates* (alunite-anhydrite) were analyzed for S, O and H isotope geochemistry 
- 4 dickite** samples were analysed for O and H isotope geochemistry 
- 9 quartz** samples were analysed for O isotope geochemistry 
- 7 magnetite** samples were analysed for O isotope geochemistry 

*Analyses carried out by Fredrik Sahlström at the United States Geological Survey (USGS) 
Denver, Colorado. 

**Analyses carried out at the GNS Science New Zealand. 

4.1.4.1. Sulfur (S) compositon and geothermometry 
The δ34S compositions of alunite, anhydrite, pyrite and enargite are shown in Figure 16. 

Pyrite and enargite in the Capsize lithocap range in composition from -8‰ to 0‰. In contrast, 
most alunites range in composition from 24‰ to 26‰. Some alunites have δ34S ranging from 
-2‰ to 0‰.  Pyrites from the Capsize porphyry range in composition from -4‰ to 4‰ and 
anhydrite shows a compositional range from 18‰ to 22‰. 

The δ34S values of sulfides coexisting with sulfates reflect the isotopic equilibrium between 
H2S and SO4 in the hydrothermal fluid (Figure 16). This equilibrium is typical of magmatic-
hydrothermal deposits (Rye et al., 2005), and has also been shown in world class high 
sulfidation epithermal deposits (e.g., Field and Fifarek, 1985; Arribas, 1995). Therefore, δ34S 
values of sulfides and sulfates can be used as geothermometer. Using the equation of Ohmoto 
and Rye (1979), the calculated equilibrium temperatures for alunite-pyrite pairs (Capsize 
lithocap) range between 149 and 227ºC (n= 7 pairs); unfortunately three of the analysed 
alunites were not in equilibrium with the accompanying sulfides. Using the equations of 
Ohmoto and Rye (1979) and Ohmoto and Lasaga (1982), calculated equilibrium temperatures 
for anhydrite-pyrite pairs (Capsize porphyry) range between 280 and 340ºC (n= 9 pairs). Both 
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geothermometers show temperature ranges consistent with the disproportionation of magmatic 
SO2 to H2S + SO42− in the hydrothermal solution, which occurs below 400ºC (Sakai and 
Matsubaya, 1977; Bethke, 1984; Stoffregen, 1987; Rye et al., 1992). 

 

 

4.1.4.2. Quartz and magnetite oxygen composition and geothermometry 
The δ18O compositions of quartz and magnetite is represented in Figure 17. Minerals were 

sampled from quartz-magnetite veins in the Capsize porphyry prospect. Mineral pairs are 
interpreted to be in isotopic equilibrium. The δ18O of quartz range in composition from 6.3 to 
9.1‰ whereas δ18O of magnetite range in composition from 0.3 to 2.8‰ 

As with the alunite-pyrite and anhydrite-pyrite isotope pairs discussed above, assuming that 
quartz and magnetite are in equilibrium, the δ18O compositions of quartz and magnetite can be 
used as a geothermometer. Using the equilibrium equations of Clayton et al., (1972; quartz-
water) and Zeng and Simon, (1991; magnetite-water), the calculated equilibrium temperatures 
for quartz-magnetite pairs (Capsize porphyry) range between 579 and 851ºC (n= 5 pairs). The 

Figure 16.  δ34S histograms of sulfides and sulfates in the Capsize 
lithocap (upper histogram) and Capsize porphyry (lower histogram). 
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average temperature is 670ºC consistent with temperatures reported for porphyry-style 
mineralization. 

 

 

4.1.4.3. Alunite and dickite O-H data 
The O-H composition of alunite, dickite and the hydrothermal fluids in equilibrium with 

alunite and dickite are shown in Figure 18. The isotopic compositions of these minerals (O-H) 
may reflect the geological conditions during mineral deposition (e.g., Savin and Lee, 1988). 
For alunite, the fluid composition was calculated using the equation of Stoffregen et al. (1994). 
The temperature used was based on the temperatures obtained from the alunite-pyrite isotope 
geothermometer (140-230ºC). In the case of dickite, the fluid composition was calculated using 
the equations of Gilg and Sheppard (1996), and Sheppard and Gilg (1996) for oxygen and 
hydrogen, respectively. The assumed temperature range is 150-200ºC 

Both the δ18O compositions of fluids in equilibrium with alunite, and the δ18O and δD 
compositions of fluids in equilibrium with dickite, are significantly lighter than those of 
magmatic origin, suggesting that alunite and dickite precipitated from a mixture of magmatic 
fluids and surface waters as the main fluid contributor.  

 

Figure 17.  δ18O histograms of quartz and magnetite from the 
Capsize porphyry prospect. 



34 
 

 

4.1.5. Low sulfidation prospects 
The Mt. Carlton district includes several low sulfidation-type prospects such as Boundary, 

Mt. Herbert East, and Ortiz, as shown in Figure 4.  The host rocks in the different prospects 
vary from rhyolites of the Rhyolite Unit to andesites of the Lower Basalt/Andesite Unit. This 
mineralization type does not have a preferred host rock in the volcanosedimentary sequence. 
Mineralization in these prospects consists of auriferous massive to colloform/crustiform quartz 
veins and breccias with scarce disseminated sulfides (Figure 19). Adularia bands and minor 
carbonates have been found within the veins and breccias (Figure 19). The mineralogy of the 
hydrothermal alteration has been identified by SWIR spectroscopy, and is mainly characterized 
by illite and illite-montmorillonite alteration, however six samples from the Ortiz prospect also 
contained dickite and kaolinite. 

Whole rock geochemical analyses of low sulfidation mineralized samples returned grades 
up to 9.07 g/t Au and 50 g/t Ag. The samples do not show significant concentrations of other 
elements such as  Bi, Te, Sb, but are weakly anomalous in base metals (e.g., Zn and Pb). These 

Figure 18.  O-H isotope plot of alunite and dickite from the Capsize lithocap with 
the calculated compositions of hydrothermal fluids in equilibrium with alunite 
(blue area), and dickite (green area).  
References include present day meteoric water (Sahlström et al., Report #2), 
PMW: Primary magmatic waters (Taylor, 1974; Sheppard, 1986), ATMW: Arc-
type magmatic waters (Taylor, 1986; Giggenbach, 1992), S/H line: 
Supergene/Hypogene line (Sheppard et al., 1969), Kaolinite line (25ºC; Savin and 
Epstein, 1970; Sheppard and Gilg, 1996). δD fractionation between alunite and 
water is constant at the relevant temperatures (Rye et al., 1992). 
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rocks have a distinctive geochemical signature compared to the lithocap mineralization (Figure 
20); the lithocap samples are within the Au-Cu rich zone while the low sulfidation samples 
have a distinctive Zn enrichment. 

 

 

    

 

 

 

Figure 19. Low sulfidation prospects in the Mt. Carlton district.  
A: Pilot Mountain prospect, outcrop of a massive quartz vein.  B: Mt. Herbert East prospect, example of 
a quartz-adularia vein.  
C: Boundary prospect, quartz vein with lattice texture (bladed calcite replaced by quartz). 
D: Ortiz prospect, crustiform/colloform quartz vein with fine grained sulfide layers. Note the fragment 
of host rock (andesite) near the top of the image. 
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4.1.6. Geochronology of ore deposits 
One of the goals of this project is to constraint the age of mineralization/hydrothermal 

alteration of the different prospects in the Mt. Carlton district and define their relationships 
with magmatic events. In this section we will report the ages obtained for all the prospects 
excluding the Mt. Carlton deposit, which is reported in Sahlström et al. (Report #2). 

In order to obtain the age of mineralization/hydrothermal alteration different mineral dating 
techniques have been applied: Re-Os in molybdenite, Ar-Ar in alunite, illite, muscovite and 
adularia (Figure 21). Samples and results are as follows: 

- Capsize porphyry:  1 molybdenite sample of the Capsize porphyry has been dated by 
Re-Os obtaining an age of 286 ± 1.2 Ma. 

- Capsize lithocap: 9 alunite samples corresponding to the lithocap cropping out at the 
different prospects (Mt. Carlton United, Herbert Creek East, Capsize, Strathmoore and 
Castle) have been dated by Ar-Ar. Yielded ages range from 285 ± 7 Ma to 260 ± 7 Ma. 

- Low sulfidation prospects:   

2 adularia samples from the Boundary prospect and Mt. Herbert East prospect have 
been dated by Ar-Ar. Mineralization at the Boundary prospect was produced at 254 ± 
5 Ma, whereas mineralization at Mt. Herbert prospect was formed at 262 ± 5 Ma. 

Figure 20. Chemical composition (Au-Cu-Zn) of mineralized samples from the low sulfidation 
prospects in the Mt. Carlton district compared with the samples from the Capsize lithocap. 
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3 illite samples from the Powerline prospect (n=2) and Ortiz prospect (n=1) have been 
dated. Age of mineralization at Powerline ranges from 239 ± 5 Ma to 235 ± 5 Ma. The 
age of mineralization at Ortiz is 256 ± 6 Ma. 

 

 

As shown in Figure 21, there is a significant age correlation between magmatism/volcanism 
and hydrothermal alteration/mineralization. Based on the geochronological data we can 
distinguish three different magmatic-hydrothermal pulses in the Mt. Carlton district. The oldest 
magmatic-hydrothermal pulse took place ~285 Ma. At this time, volcanism produced the 
Lower Basalt/Andesite Unit and contemporaneous rhyolite porphyry intrusions with associated 
advanced argillic alteration and porphyry copper-style mineralization. The second magmatic-
hydrothermal pulse took place ~275 Ma. Volcanism produced the Rhyolite Unit, 
Volcanic/Volcaniclastic Unit and the Trachyte Unit. Associated with this volcanism, a series 
of rhyolite porphyry intrusions occurred in the area. They produced advanced argillic alteration 
and high sulfidation-style mineralization. The third magmatic-hydrothermal event occurred at 
~265 Ma. No volcanic rocks recording this event are preserved, the evidence of this pulse are 
rhyolite porphyry intrusions coeval with advanced argillic alteration and high sulfidation-style 
mineralization. Interestingly, in this third magmatic hydrothermal pulse, the first low 
sulfidation-style mineralization/alteration was produced associated with crustiform/colloform 
quartz-adularia-sulfide veins. Unfortunately, the youngest low sulfidation-style 
mineralization/hydrothermal alteration (~243 Ma) could not be correlated with any magmatic-
hydrothermal pulse as no rocks (volcanic/subvolcanic) of this age have been preserved. 

 

Figure 21. Summary of the geochronological data from the Mt. Carlton District. Cretaceous rocks 
are not shown. M-H pulse: Magmatic-Hydrothermal pulse. 
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4.2. Crush Creek prospects 
The Crush Creek prospects are located within the Permian Lizzie Creek Volcanics, which 

occupy the northern portion of the Bowen Basin (Figure 2).  This area contains several low 
sulfidation-style crustiform/colloform quartz and quartz-adularia vein prospects, including 
BV7, BV5, BV1, Delta, Gamma and Bowhunters. Field work was carried out to determine the 
stratigraphy, geochronology, geochemistry, hydrothermal alteration and mineralization type of 
the different prospects.   

4.2.1. Stratigraphy  
The Lizzie Creek Volcanic group sequence outcropping in the Crush Creek prospects is 

similar with the one outcropping in the Mt. Carlton district. The basal unit of the sequence is a 
green quartz-feldspar-hornblende phyric rhyolite dated at 272±3 Ma. It is interpreted to 
correlate with the Rhyolite Unit (277±3 Ma). Above this is a feldspar-(hornblende) phyric 
andesite dated at 265±6 Ma, which, in turn, is overlain by a feldspar phyric flow banded 
dacite/rhyolite dated at 256±3 Ma.  Geochronological data agrees with a younging volcanic 
sequence towards the centre and south of a synform-shaped basin (Bowen Basin). 

4.2.2. Alteration - Mineralization 
Mineralization in all the prospects visited (except for BV1), is hosted by the feldspar-phyric 

flow banded dacite/rhyolite unit that overlies the andesite unit (Figure 22A). 
Colloform/crustiform quartz and quartz-adularia veins at BV1 are hosted in the andesite unit. 
Mineralization in the Crush Creek prospects occurs in centimetre to meter scale quartz veins 
(Figure 22B) that usually develop crustiform and colloform textures typical of low sulfidation 
epithermal deposits. Locally, these quartz veins are brecciated and develop very fine grained 
pyrite (± gold) banding (Figure 22C), and exhibit adularia in the bands (Figure 22D). 

Hydrothermal alteration is mostly characterized by pervasive illite/sericite alteration 
affecting the flow banded dacite/rhyolite. However, silicification and halloysite alteration have 
been locally observed. Illite crystallinity is very low and homogeneous through the all the 
prospects, ranging from 0.1 to 0.9. Where alteration is hosted by the andesite unit, mafic 
minerals (e.g., hornblende) are chloritizied, and the hydrothermal alteration assemblage 
comprises illite/sericite and chlorite.  

To constrain the age of mineralization/hydrothermal alteration three samples were prepared 
for Ar-Ar dating, consisting of two samples containing abundant clay fraction material (illite) 
from the BV7 and Gamma prospects, and one adularia sample from the BV1 prospect. Clay-
sized material was separated by decantation and centrifugation after crushing the rocks. The 
different size fractions (0-5µ, 5-10 µ and 10-20 µ) were analysed by XRD to check the purity. 
Unfortunately, all the clay fractions contained illite and abundant K-bearing minerals which 
made the samples unsuitable for Ar-Ar dating.  Adularia from the BV1 prospect was picked 
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from a crushed and sieved quartz-adularia vein and analysed by XRD to check the purity. 
Results showed that the sample had a minor amount of quartz.  

 

4.2.3. Mineralization Geochemistry 
Fifteen mineralized samples were analysed for whole rock geochemistry to determine their 

metal compositions and their geochemical signatures. Results show that the Crush Creek 
prospects have up to 12.8 g/t Au and 62.1 g/t Ag. No significant concentrations of in other 
elements (e.g. Bi, Te, Sb) were identified, although base metals (Zn and Pb) were weakly 
anomalous.  As shown in Figure 23, the geochemical signature of the Crush Creek prospects is 

Figure 22. Crush Creek host rock and mineralization styles. 
A: Fine grained and slightly silicified feldspar phyric flow banded dacite/rhyolite cropping out at the 
Delta prospect.  
B: Centimeter scale quartz vein hosted by the fine grained feldspar phyric flow banded dacite/rhyolite 
with illite/sericite alteration found at the BV7 prospect.  
C: Quartz breccia developed in the fine grained feldspar phyric flow banded dacite/rhyolite showing 
very fine grained pyrite (±gold) bands. Sample corresponds to BV7 mineralization.  
D: Crustiform and colloform centimetre to meter scale quartz vein. This vein has local quartz-adularia 
banding. Sample from the BV1 prospect. 
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similar to the geochemical signature of the low sulfidation-style mineralization in the Mt. 
Carlton district.  

4.3. Marengo Goldfield 
The Marengo Goldfield, located to the east of the Mt. Carlton district (Figure 2), was 

discovered in about 1870 and was opened up in 1871. Claims were taken up by working miners 
who lacked the funds to properly develop the reefs (Jack, 1879). The first battery erected was 
named the Venture and was commissioned in May 1871. The field was never officially 
proclaimed and never seemed to flourish. The mines were worked sporadically from 1871 to 
1879. Chinese miners worked alluvial gold at Bee Creek. 

4.3.1. Geology of the Goldfield 
According to Denaro et al. (2009), gold-bearing mesothermal quartz and quartz-calcite-

siderite veins (Figure 25A), stockworks and breccias crop out as gossanous quartz in shear 
zones in silicified, sericitised and chlorite-epidote altered granite, microdiorite, 
microgranodiorite, monzogranite, hornblende diorite, andesite, schist (sheared chloritised 
diorite) and granodiorite of Carboniferous age. 

Figure 23. Chemical composition (Au-Cu-Zn) of mineralized samples from the Crush Creek 
low sulfidation prospects compared to the Mt. Carlton district low sulfidation prospects and 
the Capsize Lithocap samples. 
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Several of the of the quartz vein deposits or reefs in the Marengo Goldfield were inspected 
(Motley, Homeward Bound, Sulphide Shaft, Lone Hand, Toomeys Reef and James Frankie 
Reef). Field observations and whole rock geochemistry indicates that the most common 
mineralization host rocks are a hornblende gabbro (e.g. Motley) and granites (e.g. Albion). 
This agrees with observations by Denaro et al. (2009). 

4.3.2. Alteration and Mineralization 
Hydrothermal alteration associated with the quartz veins is mostly represented by an illite-

chlorite-epidote assemblage. SWIR illite crystallinity ranges from 0.3 to 1.6. Mesothermal 
quartz veins or reefs (Figure 25A) are composed of quartz, calcite and siderite with pyrite, 

Figure 24: Geology map of the Marengo Goldfield map highlighting quartz veins inspected 
during field visits (white squares).  (Map modified from Denaro et al., (2009). 
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chalcopyrite, native gold, and supergene copper-bearing minerals (e.g. malachite, azurite; 
Figure. 25B).  

Mineralization whole rock geochemistry shows that the auriferous quartz veins have up to 
27.3 g/t Au, 144 g/t Ag and 4.5% Cu. Geochemically, this mineralization type is very similar 
to the Capsize lithocap mineralization in the Mt. Carlton district. However, in Figure 26 is can 
be seen that mineralization types can be distinguished based on their distinctive Zn and Pb 
contents. 

 

4.3.3. Geochronology 
In this project, two samples have been dated by U-Pb in zircon; the Motley host rock 

(gabbro) gave an age of 272±5 Ma, and Albion host rock (granite) gave an age of 270±6 Ma. 
This is the first geochronological study in the region and shows a disagreement with the 
previous assignment of a Carboniferous age to the Marengo Goldfield host rocks (Denaro et 
al., 2009; Figure 24). Therefore we propose to assign an Early Permian age to the intrusive 
complex in the Marengo Goldfield area. 

Two samples containing abundant clay alteration associated with the mesothermal quartz 
veins were selected for Ar-Ar dating. Clays were separated by decantation and centrifugation 
after crushing the rocks. The different clay fractions (0-5µ, 5-10 µ and 10-20 µ) were analysed 
by XRD to check the purity. One of the samples contained illite and abundant K-bearing 
minerals which made the sample unsuitable for Ar-Ar dating. The second sample contained no 
significant K-bearing minerals, other than illite, and was therefore submitted to Michigan 
University for Ar-Ar dating. Results show that the alteration associated with the mesothermal 
quartz veins in the James Frankie Reef within the Marengo Goldfield is 113±4 Ma.  

Figure 25. Examples of mineralization in the Marengo Goldfield.  
A: Quartz-pyrite-siderite vein hosted by a diorite; Lone Hand Reef.  
B: Quartz vein showing pyrite, malachite and azurite; Toomeys Reef. 
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4.4. Normanby Goldfield 
The Normanby Goldfield is 64km south of Bowen (Figure 2). Sam Verge discovered gold 

in Green Creek, about 4.8 km upstream from its confluence with Dart Creek, in 1872. He 
followed up these indications and discovered the Hibernia Reef, in which he found gold in 
white quartz at the surface. Verge, McCartney and Duffey took up a prospecting claim over 
Hibernia Reef. The Marquis, Welcome, Star of Hope, Albion, Grace Darling and other reefs 
were taken up almost immediately (Jack, 1879). 

By November 1872, the township of Normanby was established and more than 100 diggers 
were on the field. By December 1872, 200 men were working alluvial and reef claims. By 
1876, gold recoveries were decreasing as the reefs pinched out at depth or refractory sulphide 
ores were encountered below the water table. Many of the miners left for the Palmer and 
Charters Towers fields. The last battery on the field was dismantled and removed in 1878. 

4.4.1. Geology, Alteration and Mineralization 
As reported by Denaro et al. (2009), gold-bearing mesothermal quartz and quartz-calcite-

siderite-ankerite veins, stockworks and quartz-carbonate matrix breccias crop out as brown, 
iron-stained honeycomb quartz (‘brownstone’). Mineralization is hosted in a series of silicified, 
sericitised and chlorite-epidote altered hornblende-feldspar diorite, quartz diorite, granodiorite, 
granite, microdiorite, microgranite, pegmatite, andesite and dolerite of the polyphase 
Carboniferous to Cretaceous Urannah Igneous Complex, and in roof pendants of hornfelsed 

Figure 26. Chemical composition (Au-Zn-Pb) of mineralized samples from the Marengo 
Goldfield compared to the Mt. Carlton district lithocap mineralized samples. 
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metamorphosed lithic sandstone, argillite, tuffaceous sediments and schist of probable 
Carboniferous–Permian age (Figure 27).  

Many of the veins are associated with shear zones along the margins of fine-grained diorite 
and porphyry dykes. The auriferous veins appear to be the youngest component of a complex 
succession of rock types (Morton, 1921).  

The veins have an Au-Ag-Pb-Cu-Bi-Zn mineral assemblage with native gold, pyrite, 
chalcopyrite, galena, sphalerite, malachite, azurite, cerussite, arsenopyrite and bismuthinite. 
Gold occurs in irregular shoots. Most gold occurs in pyrite; free gold is associated with 
bismuthinite. Quartz gangue exhibits euhedral buck, anhedral buck, laminated, ribbon, 

Figure 27. Geology map of the Normanby Goldfield with the locations of the reefs inspected (white squares). 
(Map modified from Denaro et al., 2009.) 
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brecciated and comb textures. Individual mineralised sections are 15–380m long, 0.1–30m 
wide (generally 0.15–0.3m wide), and were worked to depths of up to 68m. The depth of 
oxidation is ~27m. 

The Grace Darling and the Glengarry Reefs were inspected during our field visit. Quartz-
pyrite veins with minor arsenopyrite and malachite were observed (Figure 28). We have 
characterized the mineralogy of the hydrothermal alteration using SWIR spectroscopy. 
Alteration associated with the quartz veins is characterized by an illite and an illite-chlorite 
assemblage in the Grace Darling Reef, whereas the quartz veins of the Glengarry Reef have an 
associated alteration characterized by illite/muscovite. SWIR illite crystallinity in the 
Glengarry Reef is up to 4.6, indicating a high temperature hydrothermal alteration. 

Whole rock geochemistry of mineralized samples show that the inspected reefs have grades 
up to 3.9 g/t Au and 5.9 g/t Ag with no significant Cu (up to 489 ppm), Bi and Sb content. The 
Normanby Goldfield samples have a similar geochemistry to the Marengo Goldfield samples 
(Figure 29). 

4.4.2. Geochronology 
Three samples were selected for U-Pb zircon dating. The samples correspond to the 

Carboniferous to Permian intrusive rocks (granite; n=1) and to the Carboniferous intrusive rock 
(gabbro; n=2) units shown in Figure 27. The granite sample form the Carboniferous to Permian 
intrusive rocks yielded an Early Permian age of 279±3 Ma. The two different gabbro samples 
hosting the mesothermal quartz veins at Glengarry Reef, and previously interpreted to be 
Carboniferous intrusive rocks, yielded 290±3 Ma, and 291±2 Ma. Our results are consistent 
with an Early Permian age of the intrusive complexes in the Normanby Goldfield. 

Figure 28. Mineralization types in the Normanby Goldfield.  
A: Quartz-pyrite vein hosted by a diorite; Grace Darling.  
B: Illite altered microgranite (?) cut by a quartz-pyrite vein and with malachite staining; 
Glengarry. 
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A sample containing abundant illite/muscovite alteration associated with the mesothermal 
quartz veins of the Glen Garry Reef was selected for Ar-Ar dating. Clays were separated by 
decantation and centrifugation after crushing the rocks. The different clay fractions (0-5µ, 5-
10 µ and 10-20 µ) were analysed by XRD to check the purity. The sample contained no 
significant K-bearing minerals and was therefore submitted to Michigan University for Ar-Ar 
dating. Results show that the alteration associated to the mesothermal quartz veins in the Glen 
Garry Reef of the Normanby Goldfield is 122±3 Ma, Early Cretaceous. 

4.5. Mt. Hector Goldfield 
The Mount Hector Goldfield, 32km south-west of Proserpine (Figure 2), was mainly active 

in the 1930s. The Cedar Ridge mine was the largest producer and operated from 1932 to 1939 
(Ridgway, 1935). The Gumoller, on the same vein, was a much smaller producer and was 
prospected and worked by A.C. Stevenson, S.C. Stevenson and J.N. Foale from 1937 to 1946 
(East, 1946a, 1946b). T.J. Mee worked the Enterprise in 1935. The Last Try reef was worked 
intermittently from 1934 to 1949. G. Neilson and N. Oates produced some ore from the Tiger 
Rose in 1935.  

 

Figure 29.  Chemical composition (Au-Zn-Pb) of mineralized samples from the Marengo 
Goldfield compared to the Normanby Goldfield and to the Mt. Carlton district lithocap 
mineralized samples. 
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4.5.1. Geology, Alteration and Mineralization 
As reported by Denaro et al. (2009), gold-bearing mesothermal quartz and quartz-calcite 

veins and stockworks in the Mount Hector Goldfield crop out along gossanous ridges in 
silicified and sericitised biotite granite, hornblende diorite, microgranite, andesite and 
pegmatite of the multiphase Carboniferous to Cretaceous Urannah Igneous Complex and 
hornfelsed volcanic rocks, agglomerate and rhyolite of the Early Permian Carmila beds (Figure 
30). The veins have an Au-Ag-Pb-Cu-Bi-Zn metal assemblage with native gold, pyrite, 
chalcopyrite, galena, sphalerite, malachite, azurite, chrysocolla, bismite and bismutite.  

 

 

Figure 30.  Geology map of theMount Hector Goldfield with locations of the reefs inspected (white squares). 
(Map modified from Denaro et al., 2009.) 
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The Last Try Reef and the Green Brothers workings reef were visited during this project, and 
samples were collected from the auriferous quartz veins, host rocks and country rocks nearby. 
At the Last Try Reef, mineralization occurs in a quartz vein with pyrite, arsenopyrite and native 
gold, that is hosted by a pervasively illite altered granite (SWIR IC= 1.9-2.7). Minor iron 
carbonates and iron oxides locally fill voids in the veins.  No mineralized rocks were found 
during inspection of the Green Brothers workings reef. Based on field observations and whole 
rock geochemistry, volcanic rocks in the area consist of volcaniclastic sediments of andesitic 
composition and coherent andesite lavas. Three mineralized samples from the Last Try Reef 
were analysed for whole rock geochemistry and returned values up to 10.3 g/t Au and 25.5 g/t 
Ag, with no significant Cu content. Base metals Zn and Pb were anomalous, up to 9,600 ppm 
and 1,700 ppm, respectively. The geochemical signature of mineralization is identical to the 
Normanby Goldfield and Marengo Goldfield (Figure 31). 

4.5.2. Geochronology 
U-Pb zircon dating was carried out on both, volcanic and plutonic rocks of the Mt. Hector 

Goldfield. The Last Try Reef host rock (sericite altered granite) yielded a Late Carboniferous 
age of 317±4 Ma. . Volcaniclastic sediments of the Carmila beds formation collected near the 
prospect Battery (Figure 30) yielded an Early Permian age of 275±6 Ma. An angular boulder 

Figure 31. Chemical composition (Au-Zn-Pb) of mineralized samples from the Mt. Hector 
Goldfield compared to the Marengo and Normanby Goldfields and the Mt Carlton district 
mineralized lithocap samples. 
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of andesite was collected near the Battery prospect, in a creek draining from the Mt. Hector 
Goldfield area. The age of this andesite is 120±2 Ma - Early Cretaceous. 

A sample of the sericite altered granite containing abundant illite, which is associated with 
the mesothermal quartz veins of the Last Try Reef, was selected for Ar-Ar dating. Clays were 
separated by decantation and centrifugation after crushing the rock. The different clay fractions 
(0-5µ, 5-10 µ and 10-20 µ) were analysed by XRD to check the purity. The sample contained 
no significant K-bearing minerals, therefore it was submitted to Michigan University for Ar-
Ar dating. Results show that the alteration associated with the mesothermal quartz veins in the 
Last Try Reef of the Mt. Hector Goldfield is 120±3 Ma - Early Cretaceous. 

 

4.6. Other Occurrences 
In this section we include results from other mineral occurrences investigated in the Northern 

Bowen Basin. During fieldwork several samples were collected for U-Pb zircon dating, 
alteration Ar-Ar dating and whole rock geochemistry. 

4.6.1. Mt. Poole – Mt. Vista “Porphyry” 
These mineral occurrences are located to the south of Collinsville (Figure 2) and were 

originally described as associated with porphyry. 

During our visit to the Mt. Poole occurrence, we observed that the most common rocks 
hosting mineralization were basalts and fine grained andesites. These rocks may correspond to 
the andesite and basaltic andesite unit observed in the Crush Creek area. Mineralization was 
also observed hosted in a diorite (Figure 32A). The whole rock geochemistry of the host rocks 
is in agreement with the field descriptions of the volcanic and plutonic rocks occurring at Mt 
Poole.  

Mineralization occurs in quartz veins (massive, brecciated and dog-tooth quartz) with pyrite, 
traces of galena and minor iron carbonates. Abundant iron oxides also occur in the veins, 
indicating oxidation of sulfides. Minor quartz cemented breccias of an epidote altered andesite 
have been also observed. Alteration associated with this mineralization-type consists mainly of 
epidote and chlorite-epidote assemblages. However, illite-epidote and illite-montmorillonite 
assmblages have also been found. The geochemistry of the mineralized rocks is slightly 
different to the mesothermal quartz veins previously reported (Figure 33), which may indicate 
they are a different deposit type. 

Two samples were selected for U-Pb zircon dating. One sample corresponds to the chlorite-
epidote altered andesites, and the other to the diorite that hosts auriferous quartz veins. The 
lack of clusters of concordant zircons precluded obtaining a good age for the andesites, 
however, the youngest two concordant zircons indicate an age ~285Ma. The diorite yielded an 
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age of 279±3 Ma. Ar-Ar dating of alteration minerals (e.g. illite) was not possible due to their 
low abundance. 

No evidence of mineralization (e.g. quartz veins and stockworks) was found at the Mt. Vista 
porphyry prospect. However, propylitically altered volcanic and volcaniclastic rocks were 
collected. Whole rock geochemical results are in agreement with field observations and the 
volcanic and volcaniclastic rocks have an andesite composition. SWIR spectroscopy identified  
illite, chlorite and epidote as the main hydrothermal alteration minerals. U-Pb zircon dating 
yielded an age of 282±2 Ma for the volcanic host rock. 

 

 

Figure 32.  Examples of other mineral occurrences in the Northern Bowen Basin.  

A: Mt. Poole quartz vein hosted in sericite altered diorite.  

B: Quartz-carbonate-epidote-pyrite cemented hydrothermal breccia hosted in a chlorite altered andesite; 
Sansons occurrence.  

C: Quartz-carbonate-ankerite-chalcopyrite-pyrite cemented hydrothermal breccia observed in the 
Sansons occurrence.  

D: Argillic altered (illite/sericite) feldspar phyric rhyolite with well-developed flow lamination. Pyrite is 
present in the darker bands; Conway Beach. 
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4.6.2. Sansons “Porphyry” 
This occurrence is located to the south of Collinsville (Figure 2), and was originally 

described as a porphyry copper occurrence. Nowadays there is a quarry at the site exploiting 
the basalts and basaltic andesites. 

Rock types observed in the quarry correspond to an andesite auto breccia and coherent lavas 
grading to volcaniclastic sediments. This sequence has been hydrothermally brecciated and 
later intruded by a 10m thick basaltic dike. Whole rock geochemistry confirms the rock types 
described in the field. Chlorite is the only alteration mineral identified in the hydrothermal 
breccia host rock using SWIR spectroscopy. 

Mineralization is associated with a quartz-calcite-ankerite-epidote-pyrite-pyrrhotite-
chalcopyrite cemented breccia (Figures 32B, C). Whole rock geochemistry of mineralized 
samples show grades up to 0.24% Cu and 2.3 g/t Ag. No significant Au concentration was 
found. 

A sample of the hydrothermal breccia host rock was selected for U-Pb zircon dating. The 
sample is characterized by widespread isolated concordant zircons and, therefore, no age was 
obtained. However, as an indication, the youngest concordant zircon has an age of ~253 Ma.  

Figure 33. Chemical composition (Au-Zn-Pb) of mineralized samples from the Mt. Poole  
prospect compared to the Marengo, Mt Hector and Normanby Goldfields, and to the Mt. 
Carlton district lithocap mineralized samples. 
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As a relative age estimate, if we consider 253 Ma as the age of the host rock, this age would 
be the maximum age of mineralization.  This would agree with the age of the previously 
reported low sulfidation occurrences in the Mt. Carlton district and the Crush Creek prospects.    

4.6.3. Conway Beach “Epithermal occurrence” 
This occurrence is located to the east of the Bowen Basin, near Proserpine (Figure 2). It has 

been described as a high-sulfidation epithermal occurrence (Denaro et al., 2009). 

Stratigraphically we observed a sequence of feldspar-hornblende phyric andesitic coherent 
lavas and breccias, and a sequence of flow banded feldspar phyric rhyolite domes. The contact 
is not evident in the Conway Beach area, however there appears to be a major fault separating 
the andesites and the rhyolite domes. 

Alteration consists of chlorite in the andesite lavas. The flow banded feldspar phyric rhyolite 
dome has an strongly silicified inner core with scarce disseminated pyrite that grades outwards 
to an argillic altered (illite/sericite) flow banded feldspar phyric rhyolite with abundant pyrite 
(Figure 32D). The SWIR illite crystallinity is 0.9, indicating low temperature hydrothermal 
alteration. The whole rock geochemistry of mineralized samples does show any significant 
concentration of metals (e.g., Au, Ag, Cu, Zn, Pb).  

One sample of the feldspar-hornblende phyric andesite and one sample from the feldspar-
phyric rhyolite dome were selected for U-Pb zircon dating. The andesite lava yielded an Early 
Permian age of 269±3 Ma, while the rhyolite dome yielded an Early Cretaceous age of 120±2 
Ma.  

A sample with pervasive illite/sericite alteration was prepared for Ar-Ar dating. The rock 
was crushed and clays were separated by centrifugation and decantation. Clay concentrates 
were analysed by XRD in order to check the clay purity. Results showed that the illite sample 
contains abundant K-bearing minerals and therefore it is not suitable for Ar-Ar dating. The 
maximum age of the hydrothermal alteration age may be indirectly deduced from the host rock 
age. If the host rock is Early Cretaceous, this is the maximum age for the formation of the 
hydrothermal alteration/mineralization. 

4.6.4. Mt. Dillon “Epithermal prospect” 
Mt. Dillon is located in the north of the Bowen Basin (Figure 2).  As reported by Beere, 

(2013), the prospect is bounded by the Late Carboniferous to Early Permian of the Connors 
Arc in the east and north. The basal unit at the prospect corresponds to the Bowen Basin 
basement - the Urannah Batholith. As in the Mt. Carlton district and in the Crush Creek 
prospects, this basement is overlain by non-conformable, flat lying volcanic rocks of the Lizzie 
Creek Volcanic Group (andesites and basalts). Both the basement and the Lizzie Creek 
Volcanic Group sequence are intruded by a number of Late Permian to Early Triassic rhyolitic 
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plugs of the Mt. Wickham Rhyolite. A sequence of numerous and ubiquitous andesitic to 
rhyolitic dikes cut across all the previous units. 

During the field inspection of the prospect we collected abundant samples to characterize 
the volcanic sequence hosting mineralization, as well as the plutonic basement. Additionally, 
representative samples of mineralization and alteration were collected to characterize their 
mineralogy and geochemical signature. 

Whole rock geochemistry indicated the volcanic rocks of the Mt. Dillon prospect have the 
same geochemical compositions as the Lizzie Creek Volcanic Group sequence described in the 
Mt. Carlton district.    

Based on our observations, mineralization consists of pyrite disseminated in clay-silica 
altered rhyolites (±flow banded), and in quartz veins with minor disseminated pyrite. 
Mineralized samples returned up to 29 g/t Ag, with no significant Au or Cu. Base metals (Zn, 
Pb) do not show significant concentrations. Mineralization shows geochemical characteristics 
similar to the low sulfidation prospects of the Mt. Carlton district (Figure 34). 

Alteration mineralogy identified by SWIR indicates that the most abundant hydrothermal 
alteration mineral is illite. However, kaolinite, and pyrophyllite-dickite were detected in three 
samples. SWIR illite crystallinity ranges from 0.8 to 3.6. 

Four rocks of the volcanic sequence hosting mineralization have been prepared for U-Pb 
zircon dating. They correspond to a dacite and a rhyolite of the Lizzie Creek Volcanic Group 
sequence and a two samples of the Mt. Wickham Rhyolite. We do not yet have the results.   

Figure 34. Chemical composition (Au-Mo-Cu) of mineralized samples from Mt. Dillon 
compared to the Mt. Carlton district low sulfidation mineralized samples. 
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Two samples of hydrothermally altered rocks (illite) were prepared for Ar-Ar dating. 
Samples with abundant illite and high SWIR illite crystallinity were crushed. After crushing, 
clay were separated by centrifugation and decantation and the resultant clay fractions were 
analysed for XRD in order to check the sample purity. The samples did not have significant  
K-bearing minerals other than illite. 

4.6.5. Golden Valley prospect 
Golden Valley is located approximately 70km SW Townsville and 20km NW of Mingela 

(Figure 3). The prospect comprises the Golden Valley Volcanic Centre and an intrusive 
breccia-related hydrothermal system. Mineralization at Golden Valley is associated with 
Carboniferous-Permian rhyolite-rhyodacite breccia pipes located on the margin of the 
Ravenswood Batholith and the Burdekin Basin (Lisowiec and Sutherland, 2012). Historical 
gold production from Golden Valley included 2,313 tonnes @ 60.3 g/t for 4923 oz, with gold 
mined from moderately dipping stratabound veins adjacent to the Golden Valley Breccia pipe 
(Pope, 1997). 

The Golden Valley Volcanic Centre is a large breccia complex approximately 1000m x 
800m across. In terms of size, it is significantly larger than the Mt Wright orebody which 
extends 250m x 250m (Figure 3). A relatively late set of rhyodacite dykes cuts through the 
complex and is thought to represent the last stage of the intrusive event (Lisowiec and 
Sutherland, 2012). All units within the Centre are pervasively sericite and quartz altered, with 
lesser kaolinite and carbonate alteration. These alteration types are identical to the Mt Wright 
deposit (Lisowiec et al, 2007). According to Lisowiec and Sutherland (2012), mineralization 
in drill holes consists of quartz-carbonate-pyrite +/- galena-sphalerite-chalcopyrite-ankerite-
marcasite observed within a sericite alteration halo. 

In this project we have collected and analysed surface samples representative of the volcanic 
sequence at the prospect, including mineralized samples. We have performed whole rock 
geochemical analysis of the different rhyolite occurrences (dikes, pipes, sills). Results and 
interpretation are ongoing. Additionally, three samples have been selected for U-Pb zircon 
dating; these samples correspond to the granite basement, mineralized rhyolite pipe and late 
rhyolite sill. This is also ongoing work.  

Results from SWIR measurements identified mainly illite/sericite, which agrees with the 
hydrothermal alteration assemblage previously reported.  SWIR illite crystallinity ranges from 
0.6 to 1.2. A mineralized and hydrothermally altered sample was selected for Ar-Ar dating. 
The sample was crushed and clays were separated by centrifugation and decantation. The 
resultant clay separates were analysed by XRD to check the sample purity. The sample showed 
no K-bearing mineral other than illite. 
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5. GENERAL CONCLUSIONS 
 Proposed lithostratigraphic division of the Lizzie Creek Volcanic group in the Mt. 

Carlton district is supported by whole rock geochemical data. 
 Geochemistry of the Lizzie Creek Volcanic group shows that this unit is calc-alkaline 

series with volcanic arc affinity. 
 U-Pb zircon dating indicates that the age range of the volcanic rocks in the Mt. Carlton 

district is 288-275 Ma. 
 U-Pb zircon dating indicates several pulses of subvolcanic intrusions of rhyolitic 

composition at ~285 Ma, ~275 Ma and ~265 Ma. Additionally, intrusive rocks of 
Cretaceous age (~118 Ma) have been described for the first time in the area. 

 Capsize porphyry and lithocap prospects have similar characteristics (alteration, 
mineralization) to porphyry systems where both deposits types are linked. 

 SWIR measurements produced an exploration vector using the alunite peak wavelength 
(~1480nm) as proposed by Chang et al., (2011) in the Lepanto porphyry system 
(Phillipines). 

 Alunite geochemistry (EMPA analyses) agrees with SWIR measurements. It indicates 
that alunites with high peak wavelength are enriched in Na and Ca with respect to the 
alunites with low peak position. 

 Alunite LA-ICP-MS analysis agrees with EMPA data and SWIR, indicating a close 
proximity with respect to the fluid source. 

 Alunite-pyrite δ34S isotope geothermometry shows that the advanced argillic alteration 
at the Capsize lithocap was produced at temperatures ranging from 150 to 230ºC. 

 Anhydrite-pyrite δ34S isotope geothermometry shows that the anhydrite-sulfide 
cemented breccias and veins at the Capsize porphyry were produced at temperatures 
ranging from 280 to 340ºC. 

 Quartz-magnetite δ18O isotope geothermometry shows that the quartz-magnetite veins 
at the Capsize porphyry were produced at temperatures ranging from 580 to 850ºC. 

 O-H isotope geochemistry of alunite shows that alunite was precipitated from a mixture 
of magmatic and meteoric fluids. Meteoric fluids are the most important contributor to 
the hydrothermal fluid producing the alunites. 

 O-H isotope geochemistry of dickite, suggests that the fluid responsible for dickite 
precipitation was a mixture of magmatic and meteoric fluids, and the meteoric fluids 
are the most important contributor for the mineral precipitation.   

 Alunite Ar-Ar dating (285 to 260 Ma) suggests that the Capsize lithocap was produced 
by multiple porphyry intrusions.  

 Alunite Ar-Ar ages mirror the ages of the different pulses of rhyolite porphyry 
intrusions found in the Mt. Carlton district. 
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 The Mt. Carlton district is characterized by multiple porphyry intrusions with 
associated lithocaps ranging in age from ~285 to 265 Ma. 

 Adularia Ar-Ar dating (~262 and 254 Ma) and illite Ar-aAr dating (~256 and ~236 Ma) 
indicate that low sulfidation epithermal prospects in the Mt. Carlton district formed 
after the porphyry systems, suggesting that they may have been produced by a different 
tectono-magmatic event. 

 Volcanic sequence observed in the Crush Creek prospects correlates with the Mt. 
Carlton district sequence in both geochemistry and U-Pb zircon ages.  

 The Crush Creek prospects volcanic sequence records the volcanic activity from ~272 
to 256 Ma. 

 Crush Creek area prospects are of low sulfidation origin. They are characterised by 
illite-sericite alteration associated with quartz and quartz-adularia veins with 
crustiform/colloform textures. 

 A maximum age for a quartz-adularia vein from the Crush Creek prospect (BV1) can 
be estimated as ~256 Ma, as it is the age of the host rock. It would agree with the age 
of the low sulfidation prospects in the Mt. Carlton district. 

 The Sansons occurrence is hosted by a ~253 Ma andesite. This age is interpreted as the 
maximum age of mineralization. This would agree with the age of most of the low 
sulfidation prospects occurring in the Northern Bowen Basin. 

 Based on new U-Pb zircon ages, the auriferous mesothermal quartz veins in Marengo 
Goldfield are hosted by Early Permian gabbros and granites (272-270 Ma). 

 Illite Ar-Ar dating provided an age of 113 Ma (Early Cretaceous) for the Marengo 
goldfield mesothermal quartz veins. 

 Mesothermal quartz veins in the Normanby Goldfield are hosted in gabbros and 
granites of 291-290 Ma and 279 Ma, respectively (U-Pb zircon dating). 

 Illite Ar-Ar dating provided an age of 122 Ma (Early Cretaceous) for the Normanby 
goldfield mesothermal quartz veins. 

 Mt. Hector mesothermal quartz veins are hosted in a 317 Ma granite (Late 
Carboniferous) underlain by 275 Ma (Early Permian) volcaniclastic rocks. A 120 Ma 
andesite was found in the goldfield, although the relationship with other igneous rocks 
is not understood. 

 Illite Ar-Ar dating provided an age of 120 Ma (Early Cretaceous) for the Mt. Hector 
goldfield mesothermal quartz veins. 

 The Conway Beach occurrence is hosted in a 120 Ma (Early Cretaceous) flow banded 
feldspar phyric rhyolite intruding the andesite basement of 269 Ma (Early Permian). 
Hydrothermal alteration age could not be determined, however the maximum age of 
mineralization/alteration is 120 Ma, corresponding to the age of the host rock. 
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 According to the presented data, the Early Cretaceous period constitutes a major event 
in terms of volcanism, magmatism and mineralization. It occurred ubiquitous in the 
Bowen Basin, the Connors arc and in the Connors forearc. 

 Forthcoming data from the study of the Mt. Dillon and Golden Valley prospects will 
contribute to the understanding of the mineral deposits and epochs of NE Queensland. 
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