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ABSTRACT
The Mary Kathleen Domain (MKD), within the Mount Isa Inlier, Queensland, hosts numerous occurrences 
of Cu ± Au mineralisation, which are spatially associated with igneous intrusions. However, the temporal 
relationships between the emplacement (crystallisation) ages of these intrusions and important mineral-
isation events remain ambiguous in most cases. This is further complicated by secondary overprinting of 
primary magmatic rocks (and mineralisation) during later metamorphic or hydrothermal events, which 
can potentially reset datable mineral archives. Here we present 29 new U–Pb zircon ages for magmatic 
intrusions from across the MKD, which are all interpreted as emplacement ages. Our results, combined 
with previous data, show that most intrusions in the MKD were emplaced during at least four discrete 
periods of magmatic activity between ca 1880 Ma and ca 1500 Ma; these are the Kalkadoon–Leichhardt 
Igneous Province (ca 1860 Ma), Argylla Igneous Province (ca 1780 Ma), Wonga–Burstall Igneous Province 
(ca 1760–1710 Ma) and Williams Igneous Province (ca 1550–1500 Ma). Available geochronology data on 
ore mineralisation associated with intrusions within the MKD suggest that most mineralisation formed 
coeval with the emplacement of the Williams Igneous Province; however, intrusions of this province are 
only exposed in the northern portion of the MKD. Therefore, in other areas where reported ore minerali-
sation ages (i.e. ca 1500 Ma) are much younger than the spatially related magmatic emplacement ages of 
intrusions, mineralisation is probably the result of remobilisation of older mineralisation temporally linked 
to the surrounding intrusions. These results also highlight the need for detailed mapping of the field 
relationships between different magmatic phases and the surrounding country rock to resolve ambiguities 
in the geological history and stratigraphic succession observed within some areas of the MKD.

KEY POINTS
1.	 New U–Pb zircon ages are reported for 29 magmatic intrusions across the Mary Kathleen Domain, 

Mount Isa Inlier.
2.	 Ages demonstrate that most intrusions in the Mary Kathleen Domain were emplaced during four 

discrete periods of magmatic activity.
3.	 Ambiguities remain in the geological history and stratigraphic succession in some areas of the MKD, 

especially the timing of mineralisation.

Introduction

To examine the link between magmatism and ore mineralisa-
tion, it is important to know the timing of magmatic and min-
eralisation events. Many types of hydrothermal ore deposits 
are related to magmatic events, with the magmas providing a 
source of heat, fluids and/or metals for the ore-forming system 
(Andersen & Weis, 2020; Audétat & Edmonds, 2020; Burnham, 
1997; Halter & Webster, 2004; Hedenquist & Lowenstern, 1994). 
The Mount Isa Inlier, located in northwest Queensland, 
Australia, hosts a diverse range of ore deposit types, including 
some that are spatially and/or temporally linked to magmatic 
events (e.g. Mark et  al., 2006; Williams, 1998). Despite being 

geologically well-exposed and extensively studied, the region 
remains poorly understood owing to evidence of multiple 
phases of regional-scale metamorphism, deformation and 
hydrothermal alteration (e.g. Cave et al., 2024; Le et al., 2021b; 
Oliver, 1995; Spence et  al., 2021, 2022). These events have 
affected large parts of the inlier, creating a complex arrange-
ment of rock units in which original features are commonly 
obscured (e.g. Spence et al., 2021) and the geochronology of 
primary events can be overprinted by later resetting (e.g. 
Burnham et al., 2024; Spandler et al., 2016).

The Mary Kathleen Domain (MKD) is a north–south-trending 
terrane in the central part of the mineralised Mount Isa Inlier 
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Figure 1.  Map of the outcropping Mount Isa Inlier (dashed line) with domain boundaries and the Mary Kathleen Domain shaded pink (with revised southern 
boundary shown as dotted line across box 5; Bultitude et al., 2021). Intrusions of the Kalkadoon–Leichhardt Igneous Province, Argylla Igneous Province, Wonga 
Igneous Sub-province, Burstall Igneous Sub-province, Sybella Igneous Province, Williams Igneous Province and ‘other’ intrusions (belonging to other smaller igneous 
provinces or their association is unknown) outcropping across the Inlier are shown (modified after Queensland Department of Resources, 2018, 2022). Sample loca-
tions for this study are shown as black circles. Boxes labelled 1–6 are study areas for this paper.
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(Figure 1a). Multiple igneous intrusions and complexes are 
emplaced in the MKD throughout the Paleoproterozoic to 
Mesoproterozoic. In some cases, intrusions are clearly spatially 
associated with Cu ± Au mineralisation (e.g. Mount Colin Cu ± Au 
deposit and Burstall Granite; Duchess and Ivanhoe deposits and 
Mt Erle Igneous Complex; Cave et al., 2024; Geological Survey 
of Queensland, 2017; Williams, 1998), a pattern also observed 
in other domains of the Mount Isa Inlier to the east of the MKD 
(e.g. Hutton et  al., 2012). However, the exact nature of the 
genetic relationship between magmatism and ore mineralisa-
tion remains ambiguous for many occurrences of mineralisation 
in the MKD. Most rocks in the MKD were overprinted by regional 
deformation and metamorphism during the mid-Paleoprotero-
zoic to early Mesoproterozoic (ca 1870–1500 Ma; Bultitude et al., 
2021; Spence et al., 2021, 2022), which has obscured the timing 
of the magmatic events relative to the formation of ore miner-
alisation. Most mineralisation in the area was deposited during 
the later stages of the Isan Orogeny (ca 1530–1500 Ma; Abu 
Sharib & Sanislav, 2013; Blake, 1987; O’Dea et al., 1997) and coin-
cided with the emplacement of intrusions of the Williams 
Igneous Province (ca 1550–1500 Ma; Burnham et al., 2024;  Cave 
et al., 2024; Hutton et al., 2012; Le et al., 2021a, 2021b; Mark et al., 
2006; Oliver et al., 2004; Perkins & Wyborn, 1998; Spandler et al., 
2016), although not all deposits can be directly related to intru-
sions of this age range (e.g. Duncan et al., 2011). Therefore, it is 
critical to obtain emplacement (crystallisation) ages for all intru-
sions and clearly differentiate the timing of emplacement from 
any subsequent metamorphic or hydrothermal events. 
Consequently, the genesis and deposition of mineralisation can 
be better constrained when the emplacement ages of intrusions 
that are spatially related to that mineralisation are known.

The closure temperature of Pb diffusion varies between min-
erals; for example, zircon has a Pb closure temperature of 
>900 °C (Cherniak & Watson, 2001; Lee et al., 1997), titanite of 
600–700 °C (Cherniak, 1993; Scott & St-Onge, 1995) and apatite 
of 375–600 °C (Cochrane et al., 2014; Schoene & Bowring, 2007). 
The higher closure temperature for zircon relative to other dat-
able minerals like titanite and apatite means that zircons are 
less likely to have their U–Pb ages isotopically reset by later 
thermal events (e.g. metamorphism or hydrothermal activity). 
Therefore, the preferred mineral to determine emplacement 
ages of intrusions is zircon, because of its higher closure tem-
perature and increased resistance to alteration/overprinting 
during subsequent events. In the Mount Isa Inlier, including the 
MKD, peak metamorphism during the early Isan Orogeny  
(ca 1600–1580 Ma; Betts et al., 2006; Giles et al., 2006) reached 
greenschist to upper-amphibolite facies, with maximum P–T 
conditions in some parts of the inlier estimated at 400–500 MPa 
and >650 °C (Foster & Rubenach, 2006; Le et al., 2024). These P–T 
conditions are near to, or above, the Pb closure temperatures 
in titanite and apatite.

The intrusions of the MKD (and the Mount Isa Inlier) have 
been grouped into various igneous provinces, previously 
referred to as igneous suites (e.g. compare Budd et al., 2001 with 
Bultitude et al., 2021). Here we adopt the province and subprov-
ince terminology used by Bultitude et al. (2021; see supplemen-
tal data, Table A1). Initially intrusions were grouped based on 

the physical characteristics of the rocks; however, many intru-
sions in the MKD appear similar in outcrop (e.g. Bultitude et al., 
2021). Recent geochronological work on the intrusions and 
other units of the MKD has begun to better constrain the 
emplacement ages of the intrusions and has necessitated reas-
signment of some intrusions to different igneous provinces 
(Bodorkos et al., 2020; Bultitude et al., 2021; Carson et al., 2011; 
Kositcin et  al., 2019, 2021; Le et  al., 2021a; Spence et  al., 
2021, 2022).

The work presented in this study was done in collaboration 
with the Geological Survey of Queensland (GSQ) as part of a 
project investigating the mineralisation potential of the MKD 
(Bultitude et al., 2021). Results from Bultitude et al. (2021), other 
GSQ projects, and published and unpublished studies in the 
MKD have been utilised and incorporated in a revised geological 
map of the MKD (Queensland Department of Resources, 2022), 
and throughout this paper, the 2022 revised map unit names 
are used. In addition, Bultitude et al. (2021) revised the southern 
boundary of the MKD (Figure 1), based on a range of published 
and unpublished geochronological studies. We also adopt the 
nomenclature used by Bultitude et al. (2021) for the groupings 
of the igneous units. The principal aim of this study was to 
obtain emplacement ages for a range of intrusions in the MKD 
and constrain the timing of plutonic magmatic events in the 
region. A secondary objective is to determine areas within the 
MKD that host intrusions with emplacement ages ca 1550–
1500 Ma (i.e. Williams Igneous Province related), which is poten-
tially the age most of mineralisation in the region, and therefore 
may provide a direct link between magmatism and mineralisa-
tion at this time period. Synthesis of this new geochronological 
data with published data shows that the intrusions of the MKD 
were emplaced during several discrete periods of magmatic 
activity between ca 1870 and 1500 Ma.

Geological setting

The outcropping rocks of the Mount Isa Inlier are mostly 
Paleoproterozoic to Mesoproterozoic in age and comprise sed-
imentary sequences, volcanic units and intrusions, many of 
which have been metamorphosed and/or hydrothermally 
altered (Blake, 1987; Blake & Stewart, 1992; Withnall & Hutton, 
2013). The Mount Isa Inlier has been divided into three broad 
tectonic belts, the Eastern Fold Belt (Eastern Succession or 
Eastern Province), Kalkadoon–Leichhardt Belt, and the Western 
Fold Belt (Western Succession or Western Province; Day et al., 
1983; Withnall & Hutton, 2013). The Eastern and Western fold 
belts were later further subdivided into several domains based 
on their geological and geophysical characteristics (Geological 
Survey of Queensland, 2011; Withnall & Hutton, 2013; Figure 
1b). The basement units (>1870 Ma) of the Mount Isa Inlier, 
mainly found in the Kalkadoon–Leichhardt Domain, were 
affected by the Barramundi Orogeny (ca 1870–1850 Ma; Betts 
et al., 2006; Blake & Stewart, 1992; Etheridge et al., 1987; Page & 
Williams, 1988). The subsequent Proterozoic units comprise 
three successive basinal sequences that were deposited on top 
of the basement: the Leichhardt (ca 1790–1750 Ma), Calvert (ca 
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1730–1670 Ma) and Isa (ca 1640–1575 Ma; Betts et  al., 2006; 
Foster & Austin, 2008; Gibson et al., 2016; Withnall & Hutton, 
2013) superbasins. Later deformation and metamorphism 
during the Wonga (ca 1750–1710 Ma; Spence et al., 2022) and 
Isan Orogenies (ca 1600–1500 Ma; Abu Sharib & Sanislav, 2013; 
Betts et al., 2006; Foster & Rubenach, 2006; Giles et al., 2006) 
have variably impacted the basin sequences and associated 
intrusions. Rocks associated with major igneous events, pre-
dominantly spanning ca 1870–1500 Ma, crop out throughout 
these domains, intruding the basement and superbasin 
sequences (Figure 2). The igneous rocks include both volcanic 
and plutonic units with a bimodal mafic–felsic compositional 
distribution (Blake, 1987; Bultitude et al., 2021). The reader is 
referred to Withnall and Hutton (2013), Gibson et al. (2016) and 

Withnall (2019) for more detailed information on the geology 
and geochronology of the Mount Isa Inlier, as well as the recent 
publications of Spence et al. (2021, 2022) and Cave et al. (2024) 
for more detailed geological overviews of the MKD.

The MKD is located along the western margin of the Eastern 
Fold Belt, adjoining the eastern margin of the Kalkadoon–
Leichhardt Domain (Figure 1b). Within the MKD, sediments 
deposited during the Leichhardt Superbasin formed the Mary 
Kathleen Group, which includes the Ballara Quartzite and 
Corella Formation (Jackson et al., 1990; 2000). Sediments of the 
Calvert Superbasin are predominantly expressed within the 
MKD as the Mount Albert Group, which were deposited uncon-
formably above the Mary Kathleen Group units (Loosveld & 
Schreurs, 1987; Stewart, 1989). Outcropping geology in the MKD 
is mostly metasedimentary and metavolcanic packages of the 
Mary Kathleen and Mount Albert groups and intrusions of var-
ious ages. Most of these intrusions have been assigned to the 
Kalkadoon–Leichhardt (ca 1870–1850 Ma), Argylla (ca 1780–
1775 Ma), Wonga (ca 1760–1730 Ma), Burstall (1750–1710 Ma) 
or Williams (ca 1550–1500 Ma) igneous provinces (Figures 1b 
and 2; Bultitude et al., 2021; Withnall, 2019). The rocks of the 
MKD were variably deformed, with a major belt of significant 
deformation, the Wonga Belt, forming a north–south-trending 
high strain zone that developed during the Wonga Orogeny (ca 
1750–1710 Ma; Spence et al., 2021, 2022). The Isan Orogeny (ca 
1600–1500 Ma; Abu Sharib & Sanislav, 2013; Withnall, 2019) left 
an additional imprint of high-temperature metamorphism 
across much of the Mount Isa Inlier. In the MKD, peak metamor-
phic conditions during the Isan Orogeny reached mid- to 
upper-amphibolite facies (400–500 MPa at >650 °C; Foster & 
Rubenach, 2006; Gibson et al., 2020; Oliver et al., 1991; Reinhardt, 
1992). Cenozoic aged sediments cover many of the older units 
in the northern part of the domain (Blake, 1987; Bultitude et al., 
2021). In the southern part of the MKD, Bultitude et al. (2021) 
revised the domain boundary, based on their results in conjunc-
tion with a range of other recent geochronology studies (e.g. 
Kositcin et al., 2021; Le et al., 2021a). The new boundary sepa-
rates the Birds Well Granite and most of the other intrusions of 
the Kalkadoon–Leichhardt Igneous Province to the south and 
west from the adjacent intrusions of the Argylla Igneous 
Province and younger units in the north and east of the domain 
(Figure 1b). The MKD hosts most of the intrusions of the Argylla 
Igneous Province and Wonga and Burstall igneous subprovinces 
and a small number of intrusions belonging to the Kalkadoon–
Leichhardt and Williams Igneous provinces. Intrusions in the 
MKD are predominantly intermediate to felsic in composition, 
and they range from monzodiorite to granite. In some locations, 
there are gabbroic intrusions that appear to be coeval with the 
adjacent granitoid rocks, with field occurrences that show min-
gling between mafic and felsic magmas (e.g. Blake, 1987). A 
summary table that details the various intrusions and igneous 
provinces of the MKD is included in the supplemental data 
(Table A1). There are several significant mineral deposits within 
the MKD, including the Dugald River Zn–Pb–Ag, Mary Kathleen 
U–REE and  Tick Hill Au deposits (Le et al., 2021b; Page, 1983; 
Xu, 1996). There are also several Cu ± Au deposits that are spa-
tially associated with intermediate–felsic intrusions throughout 

Figure 2.  Diagram illustrating approximate timing of orogenic events and plu-
tonic magmatism across the Mount Isa Inlier. Note that emplacement of the 
Kalkadoon–Leichhardt, Wonga, Burstall and Williams igneous provinces overlaps 
with interpreted ages of orogenic events. After Withnall (2019), Le et al. (2021a), 
Bultitude et al. (2021), Spence et al. (2021, 2022) and this study.
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the domain, including mineralisation associated with the 
Burstall Granite and the Mount Erle Igneous Complex (Austin 
et al., 2016; Cave et al., 2024; Williams, 1998).

Sampling selection and analytical methods

Intrusive units were sampled during several field campaigns in 
the areas shown as boxes 1–6 in Figure 1b. The samples selected 
for geochronology are mainly from a larger selection of samples 
from the MKD analysed for geochemistry, details of which are 
beyond the scope of this study. The samples are predominantly 
granites, with some granodiorite, quartz monzonite, monzonite, 
gabbrodiorite and one felsic porphyry, based on a TAS diagram 
where geochemical data were available (Table 1). The granites 
are metaluminous to peraluminous with some mild A-type 
granite geochemical affinities that plot on both sides of the 
I/S/M and A-type fields near the boundary in various discrimi-
nation diagrams of Whalen et al. (1987). These petrological and 
geochemical observations are consistent with those of previous 
studies of intrusions in this region (e.g. Budd et  al., 2001; 
Bultitude et al., 2021; Wyborn et al., 1988). The intrusions of the 
Wonga and Burstall igneous subprovinces were the main focus 
of this work. Table 1 provides sample information and brief 
petrological details. Figures 3–8 show more detailed geological 
maps with sample locations, summary geochronology and loca-
tions of samples from other studies. Additional details of each 
sampling area and petrographic descriptions are provided in 
the supplemental data (Figure A1). Fresh samples of each intru-
sion were selected where possible; however, in one case, inten-
sive and pervasive alteration was unavoidable (sample 
MK2020-45; see supplemental data for more details). Samples 
were crushed and zircon grains separated using standard min-
eral separation techniques (see supplemental data for more 
details on sample preparation and analytical techniques).

Zircon geochronology

Zircon grains were analysed in the Advanced Analytical Centre, 
James Cook University, for cathodoluminescence (CL) and 
laser-ablation inductively coupled mass spectrometry 
(LA-ICP-MS). The zircons were imaged using a Jeol JSM5410LV 
with attached CL detector to identify zoning within zircon 
grains. Suitable zircons were analysed for U–Th and Pb isotopes 
(along with Si, Ti, Fe and Zr) with a GeoLas 200 Excimer Laser 
Ablation System in a He ablation atmosphere, coupled to a 
Thermo Scientific iCAP RQ ICP-MS. The zircon standard GJ1 
(ID-TIMS 207Pb/206Pb age = 608.5 ± 0.4 Ma; Jackson et al., 2004; 
LA-ICP-MS 206Pb/238U age of 601.95 ± 0.4 Ma; Horstwood et al., 
2016) was used as the primary standard, and three other zircon 
standards were used for quality control, including zircon 91500 
(207Pb/206Pb age = 1065 ± 0.3 Ma; Wiedenbeck et  al., 1995), 
Temora 2 (ID-TIMS 206Pb/238U age = 416.78 ± 0.33 Ma; Black et al., 
2004) and Plešovice (ID-TIMS 206Pb/238U age = 337.13 ± 0.37 Ma; 
Sláma et  al., 2008). Propagated uncertainties on the final 
weighted mean ages given throughout this paper include the 
population uncertainty on the weighted mean of zircons from 

the sample, the uncertainty on the primary GJ-1 standard 
(0.12%), and the uncertainty on the decay constants (235U 0.07% 
and 238U 0.05%; Jaffey et al., 1971). Data were processed using 
Iolite 4 (U–Pb geochronology DRS; Paton et  al., 2011) and 
weighted mean ages and concordia diagrams were plotted 
using IsoplotR (Vermeesch, 2018). 207Pb/206Pb weighted mean 
ages were calculated in Isoplot. Analyses showing discordance 
of greater than 5%, based on 207Pb/206Pb and 206Pb/238U ages, 
were excluded from age calculations.

Zircon U–Pb ages

Zircons were typically pale purple-grey to brown in colour, tabular 
to prismatic and euhedral to subhedral in shape. The CL images 
of the zircon grains show zonation patterns that range from sim-
ple concentric zoning to complex patterns with zones that appear 
metamict (Figure 9). Magmatic emplacement ages of the intru-
sions based on weighted mean 207Pb/206Pb ages are summarised 
in Table 2. Owing to the complex nature of the region many of 
the zircon analyses were discordant (n = 647/2309 zircons with 
≤5% discordance; Table A2). Of 42 samples analysed, 21 samples 
had only a small population (<10) of concordant analyses, and 
three samples had no concordant analyses at all (supplemental 
data, Table A3). Based on the concordia diagrams, most of the 
discordant grains have been affected by Pb loss, with common 
Pb contamination and U loss rarer. The concordia diagrams also 
showed that some samples yielded multiple populations of con-
cordant analyses, which we interpret as either zircon inheritance 
or growth/overprinting from younger events (e.g. metamor-
phism), depending on the concordia diagram pattern for each 
sample. A combination of concordia and discordia patterns, along 
with ranked 207Pb/206Pb ages (i.e. to identify outliers from the pla-
teau in the weighted mean diagrams; Figures 10–14; supplemen-
tal data, Figure A2) were used to determine the analyses included 
in the final weighted mean magmatic emplacement age (Figures 
10–14). The limited number of concordant zircon analyses, and 
the complexity of the age patterns, made interpretation of some 
of the zircon populations challenging. However, this is consistent 
with the long and complex geological history of the MKD. Age 
results are presented below for 29 samples, with some additional 
sample results included in the supplemental data. The reader is 
advised to exercise caution in comparison of the uncertainties 
reported here with those from other studies owing to differences 
in the calculation methods applied.

Northern MKD

Granitoids from the northern section of the MKD (Box 1 in Figure 
1b; Figure 3) typically yield younger ages than from other parts 
of the MKD. Samples QB2, QB3 and QB5 yield zircon ages of 
1517 ± 19, 1505 ± 19, 1503 ± 46 and 1504 ± 32 Ma, respectively 
(Figure 10). Zircons from sample QB6 yielded an age of 
1750 ± 9 Ma (Figure 10), significantly older that the other QB 
samples. QB2 is an unnamed granitic intrusion, and the age here 
is within uncertainty of a previously reported age from the same 
location (1511 ± 4 Ma; Bodorkos et  al., 2020). Sample QB3 

https://doi.org/10.1080/08120099.2025.2527816
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returned only three concordant data points; however, the dis-
cordia line through most of the discordant analyses generated 
an upper intercept age of 1494 ± 29 Ma (Figure 10), suggesting 
that the calculated mean age has geological significance. Sample 

QB3 is from an area mapped as Mavis Granodiorite, and the crys-
tallisation age herein of 1505 ± 19 Ma is within uncertainty to a 
previous age (1501 ± 6 Ma; Page & Sun, 1998) for the Mavis 
Granodiorite further to the south (Figure 3). Similarly, the age of 

Table 1. S ample locations and summary petrology of the Mary Kathleen Domain samples from this study. Coordinates are MGA-zone 54.

Sample Easting Northing Intrusion unit name/comments Rock typea Major mineral assemblage/description summary

Williams Igneous Province
QB2 416008 7774561 Unnamed granite Granite Medium-grained, comprising quartz, K-feldspar, 

plagioclase, hornblende
QB3 420671 7762420 Mavis Granodiorite Quartz monzonite Medium-grained, comprising quartz, K-feldspar, 

plagioclase, biotite
QB5 423328 7749354 Mavis Granodiorite Granite Medium-grained, comprising quartz, K-feldspar, 

plagioclase, hornblende
Burstall Igneous Subprovince
MGK18-001 403790 7726405 Mount Godkin Granite/m Quartz monzonite Medium-grained, comprising quartz, plagioclase, 

K-feldspar, hornblende
MGK18-002 403665 7726673 Mount Godkin Granite/d Monzonite Medium-grained, comprising quartz, plagioclase, 

K-feldspar, hornblende
MGK18-017 403924 7729408 Mount Godkin Granite/g Granite Fine to medium-grained, with quartz, plagioclase, 

K-feldspar, hornblende
BST18-001 399023 7710890 Burstall Granite/l (leucogranite) Granite Coarse-grained with quartz, plagioclase, K-feldspar, biotite, 

hornblende
BST18-008 403696 7708296 Lunch Creek Gabbro Gabbrodiorite Medium-grained, comprising plagioclase, biotite, 

clinopyroxene
BST18-010 402986 7709157 Burstall Granite Granite Medium-grained, weakly foliated, with plagioclase, 

K-feldspar, quartz, hornblende, biotite
MK2020-01 402159 7701037 Felsic dyke (Burstall area) Granite Medium-grained, weakly foliated, with quartz, plagioclase, 

K-feldspar, hornblende
MK2020-03 403774 7704820 Burstall Granite Granite Coarse-grained, foliated, with quartz, K-feldspar, 

plagioclase, hornblende, minor biotite
MK2020-05 403107 7704809 Lunch Creek Gabbro Gabbrodiorite Medium-grained, comprising plagioclase, biotite, 

amphibole, clinopyroxene
MK2020-20 403355 7708181 Burstall Granite Quartz monzonite Coarse-grained, foliated, with quartz, K-feldspar, 

plagioclase, hornblende, minor biotite
Wonga Igneous Subprovince    
WG18-001 395539 7697950 Greens Creek Quartz Monzonite 

(previously Wonga 
Granite/3a)

Granodiorite/quartz 
monzonite

Medium to coarse-grained, weakly foliated, with quartz, 
plagioclase, K-feldspar, biotite, amphibole

WG18-007 395881 7704314 Natalie Granite (previously 
Wonga Granite/5a)

Granite Fine to medium-grained, foliated, with quartz, plagioclase, 
K-feldspar, minor biotite

WG18-011 395735 7717378 Natalie Granite (previously 
Wonga Granite)

Granite Medium to coarse-grained, weakly foliated, with quartz, 
plagioclase, K-feldspar, biotite, hornblende

Argylla Igneous Province
M13 379907 7669427 Mapped as Bushy Park Gneiss Granitic gneissb Foliated sample, predominantly coarse-grained quartz and 

K-feldspar
M14 379460 7669750 Porphyry intruding Magna Lynn 

Metabasalt
Felsic porphyryb Foliated felsic porphyry

M11 375555 7651540 Argylla Formation Felsic porphyryb Medium-grained, porphyritic, foliated with coarse quartz 
and feldspar with asymmetric tails in a fine-grained 
matrix of mainly felsic material

M02 375530 7639965 Mairindi Creek Granite (foliated) Granitic gneissb Foliated coarse-grained gneiss
M06 371382 7641338 Mairindi Creek Granite 

(undeformed)
Graniteb Undeformed coarse-grained granite

M08 370920 7640802 Argylla Formation Felsic porphyryb Intensely deformed felsic porphyry with coarse feldspar 
and a f﻿﻿iner-grained matrix of quartz, feldspar and mica

Kalkadoon Igneous Province or older    
GC2 396545 7696170 Greens Creek area (now mapped 

as Undaunted Metamorphics)
Granodiorite Medium-grained, weakly foliated, with quartz, plagioclase, 

K-feldspar, biotite, hornblende
MK2020-45 369919 7614053 Birds Well Granite? Granitec Coarse-grained, foliated, intensely and pervasively altered, 

with quartz and minor altered K-feldspar
M16 387822 7703519 Hardway Granite Graniteb Coarse-grained foliated granitic rock with quartz, 

K-feldspar and biotite
M10 375304 7651229 Bushy Park Gneiss Granitic gneissb Deformed coarse-grained granitic gneiss
M05 376347 7638509 Bushy Park Gneiss Granitic gneissb Foliated coarse-grained gneiss
Unassigned to an igneous province – likely Burstall or Wonga Igneous Subprovince
QB6 421468 7753890 Unnamed granite Granite Medium-grained, comprising quartz, plagioclase, 

K-feldspar, minor chlorite (altered from biotite or 
hornblende)

MK2020-33 395060 7697698 Felsic dyke (Greens Creek area) Granite Fine-grained, foliated, with quartz, K-feldspar, plagioclase 
and minor biotite

aRock type based on the TAS diagram of Middlemost (1994) for most samples.
bNo geochemical data, rock type based on field description.
cAltered sample, however, still places in this field but has much lower alkalis than other samples in this group.
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Figure 3.  Geology map of northern study area of the Mary Kathleen Domain, Mount Isa Inlier (Figure 1, box 1). Sample numbers in bold with yellow circles are from 
this study. Sample numbers with white circles are ages of granitoid samples from other studies: (north to south) DPMI049b (unnamed granite; Bodorkos et al., 2020); 
78206019 (Mavis Granodiorite; Page & Sun, 1998); CAP04 and 28G3 (Dipvale Granodiorite and Mavis Granodiorite, respectively; Davis et al., 2001). Approximately 
80 km north of QB2 is the location of sample DPMI013 of an unnamed granite with an emplacement age of 1500 Ma (Bodorkos et al., 2020). Geology modified after 
Queensland Department of Resources (2018, 2022).
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sample QB5 (1504 ± 32 Ma), mapped as a separate outcrop of 
Mavis Granodiorite, is comparable with the reported age for 
another sample of the same unit (1505 ± 7 Ma; Davis et al., 2001).

The Dipvale Granodiorite is mapped as two discrete outcrop-
ping magmatic bodies (Figure 3). Sample QB6 (1750 ± 9 Ma), an 
unnamed intrusion within the southern body of the Dipvale 
Granodiorite, produced an age within uncertainty of a previ-
ously dated sample from the southern section of Dipvale 
Granodiorite (1746 ± 7 Ma; Davis et al., 2001). Sample QB4 was 
collected from the northern body of the Dipvale Granodiorite. 
Although the age result for this sample is not as well constrained 
(1503 ± 46 Ma; Figure A2a), the result does suggest that the 
northern body of the Dipvale Granodiorite is not the same unit 
as the southern body, or that younger intrusions are present in 
the northern body that were not recognised during fieldwork.

Mount Godkin Igneous Complex

Three samples from the Mount Godkin Igneous Complex 
yielded zircon ages of 1749 ± 11 Ma (MGK18-001), 1738 ± 16 Ma 
(MGK18-002) and 1738 ± 10 Ma (MGK18-017; Figure 11). MGK18-
001 and MGK18-002 are from a small intrusive complex located 
southwest of the main Mount Godkin Granite body (Figure 4). 
MGK18-017 is from the southwestern part of the main Mount 
Godkin Granite body. A sample of the main granite body from 
a similar location to MGK18-017 has an age of 1739 ± 3 Ma 
(Bodorkos et al., 2020), which is within uncertainty in the age of 
MGK18-017 (Figure 4). Interestingly, emplacement ages for the 
Mount Godkin Igneous Complex from other areas of the main 
granite body are 25–30 Ma younger than the southwestern 
samples (Figure 4; Spence et al., 2021). This suggests that the 

Figure 4.  Geology map of the Mount Godkin study area in the Mary Kathleen Domain, Mount Isa Inlier (Figure 1, box 2). Sample numbers in bold with yellow circles 
are from this study. Sample numbers with white circles are ages of granitoid samples from other studies: (north to south) MTG17 and MTG10 (Spence et al., 2021); 
DPMI041 (Bodorkos et al., 2020). Geology modified after Queensland Department of Resources (2018, 2022).

https://doi.org/10.1080/08120099.2025.2527816
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main granite body could represent at least two episodes of 
magmatic activity.

Burstall Granite and Lunch Creek Gabbro

Zircon ages were calculated for seven samples from this area, 
with results ranging from 1752 ± 9 to 1720 ± 9 Ma (Figures 11 

and 12). Sample BST18-001, from the leucocratic meta-granite 
(mapped as Burstall Granite/l) at the northwest end of the main 
Burstall Granite intrusion, has an age of 1752 ± 10 Ma. 
Emplacement ages for two Lunch Creek Gabbro samples, 
BST18-008 and MK2020-05, are 1745 ± 7 Ma and 1742 ± 7 Ma, 
respectively. One sample of the Burstall Granite returned an age 
of 1752 ± 7 Ma (MK2020-20). Two other granitic intrusions and 

Figure 5.  Geology map of the Burstall–Lunch Creek Gabbro study area in the Mary Kathleen Domain, Mount Isa Inlier (Figure 1, box 3). Sample numbers in bold 
with yellow circles are from this study. Sample numbers with white circles are ages of granitoid samples from other studies: (north to south) 72205018 A (Burstall 
Granite; Page, 1983); 2004169011 (Burstall Granite; Neumann et al., 2009); DPMI054 (Burstall Granite/l; Bodorkos et al., 2020); 72205017 A (Burstall Granite; Page, 
1983); 2004169013 (Burstall Granite; Neumann et al., 2009); 73200257 (Lunch Creek Gabbro; Page, 1983); 72205013 G (Burstall Granite; Page, 1983); MKS09 (Granitic 
intrusion in Corella Formation; Spence et al., 2021); 2004169010 (Burstall Granite; Neumann et al., 2009); DPMI080 (unnamed leucogranite from drillcore; Bodorkos 
et al., 2020); MKS13 and MKS12 (granitic intrusions in Corella Formation; Spence et al., 2021); MKS16 and MKS08 (Burstall Granite; Spence et al., 2021); MKS15 (doler-
ite porphyry; Spence et al., 2021). Additional intrusions of the Burstall Igneous Subprovince to the south of this map return emplacement ages of 1740 and 1736 Ma 
for the Overlander Granite (samples BB5904 and D16; Bodorkos et al., 2020; Spence et al., 2022), 1741–1722 Ma for the Revenue Granite (samples FBMI5605, 95208071 
and D34B; Bierlein et al., 2011; Jones et al., 2018; Spence et al., 2022), 1727 and 1723 Ma for the Muybee Igneous Complex (samples BB5966 and D45; Bodorkos et al., 
2020; Spence et al., 2022) and 1735 and 1718 Ma for the Mount Erle Igneous Complex (samples BB5933 and FBMI5601; Bierlein et al., 2011; Kositcin et al., 2019). In 
addition, there are other intrusions in the Corella Formation near these intrusions with ages of 1740–1737 Ma (Jones et al., 2018; Kositcin et al., 2019). Geology mod-
ified after Queensland Department of Resources (2018, 2022).
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Figure 6.  Geology map of the Wonga study area in the Mary Kathleen Domain, Mount Isa Inlier (Figure 1, box 4). Sample numbers in bold with yellow circles are 
from this study. Sample numbers with white circles are ages of granitoid samples from other studies: (north to south) DBMK53 (Natalie Granite; Kositcin et al., 2019); 
85205001 (Natalie Granite(?) intrusion in Argylla Formation; Pearson et  al., 1992; Withnall, 2019); 2005169036 (Winston Churchill Granite; Bultitude et  al., 2021; 
Neumann et al., 2009); 72205025 (Playboy Granite; Pearson et al., 1992); DPMI001 (Hardway Granite; Kositcin et al., 2019); 72205021 (Natalie Granite; Pearson et al., 
1992; Withnall, 2019); 2005169037 to 2005169039 (Argylla Formation and Greens Creek Monzonite, respectively; Bultitude et al., 2021; Neumann et al., 2009). Further 
north of this map is a sample of the Mount Maggie Granite with an emplacement age of 1729 Ma (DPMI129; Kositcin et al., 2021) and an unnamed quartz diorite 
adjacent to the Mount Maggie Granite with an emplacement age of 1730 Ma (DPMI056; Kositcin et al., 2019). Geology modified after Queensland Department of 
Resources (2018, 2022).
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Figure 7.  Geology map of the study area around the Mairindi Creek Granite and Bushy Park Gneiss in the western part of the Mary Kathleen Domain, Mount Isa Inlier 
(Figure 1, box 5). Sample numbers in bold with yellow circles are from this study. Sample numbers with white circles are ages from other studies: BB5940 (Bowlers 
Hole Granite; Kositcin et  al., 2019); WPMI682 (Leichhardt Volcanics; Carson et  al., 2009); BB5928 (Bushy Park Gneiss; Kositcin et  al., 2021). The Myubee Igneous 
Complex and Revenue Granite on the eastern part of this map belong to the Burstall Igneous Province and have ages of ca 1735–1717 Ma (Bierlein et al., 2011; 
Bodorkos et al., 2020; Jones et al., 2018; Spence et al., 2022). Geology modified after Queensland Department of Resources (2018, 2022).
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Figure 8.  Geology map of the study area south of the Plum Mountain Fault in and to the west of the southern part of the Mary Kathleen Domain, Mount Isa Inlier 
(Figure 1, box 6). The white dashed line represents the recently revised southern boundary of the Mary Kathleen Domain (Bultitude et al., 2021). Sample numbers in 
bold with yellow circles are from this study. Sample numbers with white circles are ages from other studies: PDMT149 (Plum Mountain Gneiss; Carson et al., 2011); 
OTG (One Tree Granite/d; Le et al., 2021a); SMG (Saint Mungo Granite; Le et al., 2021a); THG1 (granitic dyke crosscutting THG2), THG3, THG4 (Tick Hill Igneous Complex; 
Le et al., 2021a); THG2; maps as Tick Hill Complex but is an older granitic gneiss; Le et al., 2021a); BB5955 (maps as Birds Well Granite?; Kositcin et al., 2021). Geology 
modified after Queensland Department of Resources (2018, 2022).
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a felsic dyke in the area returned younger ages of 1734 ± 9 Ma 
(BST18-010), 1731 ± 10 Ma (MK2020-01) and 1720 ± 9 Ma 
(MK2020-03), respectively. These new ages agree with emplace-
ment ages for other igneous intrusions in this area, which range 
from 1745 to 1723 Ma (Figure 5; n = 15; Neumann et al., 2009; 
Page, 1983; Spence et al., 2021). The large age spread (ca 32 Ma) 
for intrusions mapped as the Burstall Granite can be explained 
by field evidence of multiple phases of intrusion emplacement, 
including many cross-cutting dyke structures, within the Burstall 
Granite–Lunch Creek Gabbro area.

Wonga, Greens Creek and Hardway granites

Three samples of granite from the Wonga Igneous Subprovince 
returned ages that were within uncertainty of each other (Figure 
13): 1748 ± 7 Ma for the Greens Creek Quartz Monzonite (WG18-
001); 1759 ± 8 Ma for the Natalie Granite east of the Burstall 
Granite and the Cameron Fault (WG18-007); and 1750 ± 11 Ma 
for the Natalie Granite northeast of the Burstall Granite and west 
of the Cameron Fault (WG18-011). Previous studies of granites 
from the Wonga Igneous Subprovince have yielded ages 

ranging from 1749 to 1727 Ma, with the Natalie Granite span-
ning this entire range (Figure 6; Kositcin et  al., 2019, 2021; 
Neumann et  al., 2009; Pearson et  al., 1992; Withnall, 2019). 
Another sample to the northwest of WG18-011 is attributed to 
the Natalie Granite and was dated at 1760 ± 12 Ma (Pearson 
et al., 1992; Withnall, 2019). The location of this sample maps as 
Argylla Formation, but the sample represents a microgranite 
that is one of the younger units at the sample site, based on 
field relationships (Pearson et al., 1992). The large age range for 
samples from the Natalie Granite suggests that the granite com-
prises multiple phases of plutonism during the Wonga Orogeny.

Zircons from sample GC2, which was previously mapped as 
Argylla Formation (Queensland Department of Resources, 
2018), yield an age of 1863 ± 10 Ma (Figure 13). This age is sig-
nificantly older than intrusions of the Argylla Igneous Province 
(ca 1780 Ma) and is instead similar to the ages of intrusions in 
the Kalkadoon–Leichhardt Igneous Province (ca 1870–1850 Ma). 
We interpret this intrusion to be a granitic lens belonging to the 
Kalkadoon–Leichhardt Igneous Province within the recently 
remapped Undaunted Metamorphics (Queensland Department 
of Resources, 2022). Emplacement ages for intrusions in contact 

Figure 9. C athodoluminescence images of a number of zircons from selected samples with 207Pb/206Pb age data for individual analyses shown. Images show zoning 
in many of the zircons with some grains showing clear cores with concentric rim zoning. Uncertainties are 2SE.
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with this unit could not be determined. Other outcrops of intru-
sions and gneisses in Greens Creek to the northwest of the 
location of GC2 yielded ages of 1738 ± 3 Ma, 1782 ± 3 Ma and 
1779 ± 3 Ma (Neumann et al., 2009), and have been mapped as 
part of the Wonga and Argylla igneous provinces (Figure 6). 
Sample MK2020-33, a felsic dyke that cross-cuts the 1738 Ma 
Greens Creek intrusion (Neumann et  al., 2009), returned a 
younger age of 1732 ± 14 Ma. Sample GC2 represents one of the 
most northerly and easterly outcrops of an intrusion of this age 
(i.e. >1850 Ma) within the MKD.

A sample of the Hardway Granite (M16) produced an age of 
1884 ± 19 Ma (Figure 13). At the sampling location, the granite 
is strongly deformed and contains a well-developed, steeply 
dipping, gneissic foliation striking 065. This age is older than 
the age currently reported for the Hardway Granite 
(1862 ± 3 Ma; Kositcin et al., 2019), from a sample, described 
as mildly deformed, approximately 1.8 km northeast of sample 
M16. During fieldwork, it was noted that amphibolite with 
foliation-trending 065 was cut by undeformed granite near 
the outcrop associated with sample DPMI001. However, 
around the sampling site of M16, amphibolite with foliation 
bearing 300 occurs in granite with foliation bearing 065. An 
east–west-trending strongly deformed granite occurs 190 m to 

the southwest of sample M16. These observations indicate that 
the Hardway Granite may contain intrusive phases of different 
ages. On the geological maps, the Hardway Granite is sur-
rounded by rocks assigned to the much younger Argylla and 
Corella formations. The field relationships between the Hardway 
Granite and these rocks were not investigated during this study, 
but the map pattern suggests a possible intrusive relationship. 
Further work is recommended to clarify the field relationships, 
since this may have direct implications for the stratigraphic suc-
cession in the area.

Western MKD intrusions of the Kalkadoon–Leichhardt 
and Argylla igneous provinces

Eight of 10 samples from this region (Box 5 of Figure 1; Figure 7) 
returned ages based on multiple concordant zircon analyses. 
Samples from units mapped as Bushy Park Gneiss, an intrusive 
unit assigned to the Kalkadoon–Leichhardt Igneous Province, 
yielded ages of 1863 ± 39 Ma (M05), 1861 ± 27 Ma (M10) and 
1776 ± 29 Ma (M13; Figure 14). Of these results, only samples 
M05 and M10 returned ages associated with the Kalkadoon–
Leichhardt Igneous Province, suggesting that sample M13 is 

Table 2. S ummary of zircon 207Pb/206Pb age data from Mary Kathleen Domain samples of this study.

Sample Intrusion unit name/comments Map figure

207Pb/206Pb 
weighted mean 

(Ma)

Uncertainty
Combined 

uncertaintya

MSWD  n2SE 2SE

Williams Igneous Province
QB2 Unnamed granite Figure 3 1517 11 19b 2.8 7
QB3 Mavis Granodiorite Figure 3 1505 18 19 1 3
QB5 Mavis Granodiorite Figure 3 1504 14 32b 5.1 5
Burstall Igneous Subprovince
MGK18-001 Mount Godkin Granite/m Figure 4 1749 10 11 1.6 4
MGK18-002 Mount Godkin Granite/d Figure 4 1738 15 16 2 2
MGK18-017 Mount Godkin Granite/g Figure 4 1738 7 10 0.83 12
BST18-001 Burstall Granite/l (leucogranite) Figure 5 1752 7 9 1.7 11
BST18-008 Lunch Creek Gabbro Figure 5 1745 3 7 0.93 44
BST18-010 Burstall Granite Figure 5 1734 7 9 1.1 15
MK2020-01 Felsic dyke (Burstall area) Figure 5 1731 8 10 1.1 12
MK2020-03 Burstall Granite Figure 5 1720 4 9b 2.8 27
MK2020-05 Lunch Creek Gabbro Figure 5 1742 3 7 0.94 53
MK2020-20 Burstall Granite Figure 5 1752 4 7 0.94 30
Wonga Igneous Subprovince
WG18-001 Greens Creek Quartz Monzonite (previously 

Wonga Granite/3a)
Figure 6 1748 3 7 1.2 68

WG18-007 Natalie Granite (previously Wonga Granite/5a) Figure 6 1759 5 8 1.3 22
WG18-011 Natalie Granite (previously Wonga Granite) Figure 6 1750 9 11 0.9 5
Argylla Igneous Province
M13 Mapped as Bushy Park Gneiss Figure 7 1776 18 29b 2.6 6
M14 Porphyry intruding Magna Lynn Metabasalt Figure 7 1764 9 11 1.1 23
M11 Argylla Formation Figure 7 1769 20 24 0.75 20
M02 Mairindi Creek Granite (foliated) Figure 7 1781 23 27 0.81 15
M06 Mairindi Creek Granite (undeformed) Figure 7 1814 51 53 0.67 3
M08 Argylla Formation Figure 7 1793 12 13 0.86 18
Kalkadoon Igneous Province or older
GC2 Greens Creek area (now mapped as Undaunted 

Metamorphics)
Figure 6 1863 5 10b 2.3 34

MK2020-45 Birds Well Granite? Figure 8 1890 14 15 1.8 4
M16 Hardway Granite Figure 6 1884 18 19 1.1 6
M10 Bushy Park Gneiss Figure 7 1861 24 27 0.97 14
M05 Bushy Park Gneiss Figure 7 1863 22 39b 3 4
Unassigned to an igneous province – likely Burstall or Wonga Igneous Subprovince
QB6 Unnamed granite Figure 3 1750 5 9b 1.8 36
MK2020-33 Felsic dyke (Greens Creek area) Figure 6 1732 12 14 1.8 4
aTotal uncertainty includes the propagated external uncertainty from IsoplotR (for overdispersion if relevant) plus the uncertainty on the primary reference material.
bIncludes additional uncertainty for overdispersion.



Australian Journal of Earth Sciences 517

Figure 10.  Weighted mean 207Pb/206Pb age and Wetherill concordia plots for samples of the Williams Igneous Province and sample QB6. Uncertainties shown are 
2SE propagated uncertainty for concordia plots and combined propagated uncertainty for weighted mean ages. Weighted mean ages and concordia diagrams were 
calculated and plotted in IsoplotR, with MSWD shown for concordance plus equivalence for the concordia diagrams.
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from a younger intrusion more likely related to the Argylla 
Igneous Province. Sample M05 is from a similar location to that 
of another study that produced a similar age of 1860 ± 5 Ma 
(Kositcin et al., 2021).

Samples M02, from the eastern side, and M06, from the west-
ern side, of the Mairindi Creek Granite returned ages of 
1781 ± 27 Ma and 1814 ± 53 Ma, respectively (Figure 14). 
Although the ages are within error, it is noted that sample M02 
is porphyritic and foliated, while M06 is undeformed. Samples 
of units mapped as the Argylla Formation produced ages of 

1793 ± 13 Ma (M08) and 1769 ± 24 Ma (M11; Figure 14). Sample 
M14, from a porphyry intruding the Magna Lynn Metabasalt, 
yielded an age of 1764 ± 11 Ma (Figure 14), providing a mini-
mum age for the Magna Lynn Metabasalt, which has not been 
previously dated (Bultitude et al., 2021).

Area south of the Plum Mountain Fault

Many of the samples from intrusions in the area south of the 
Plum Mountain Fault are intensely and pervasively altered 

Figure 11.  Weighted mean 207Pb/206Pb age and Wetherill concordia plots for samples of the Mount Godkin Igneous Complex and from the Burstall Granite–Lunch 
Creek Gabbro area (Burstall Igneous Subprovince). Uncertainties shown are 2SE propagated uncertainty for concordia plots and combined propagated uncertainty 
for weighted mean ages. Weighted mean ages and concordia diagrams were calculated and plotted in IsoplotR, with MSWD shown for concordance plus equivalence 
for the concordia diagrams.
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(e.g. supplemental data, Figure A1f ). Only one of five samples 
collected from this area in this study yielded concordant 
results from several zircon grains (MK2020-45), generating a 
weighted mean age of 1890 ± 15 Ma (Figure 13; the limited 
age information for the other samples from this area is 
included in the supplemental data, Table A3). This age is older 
than the age range for the Kalkadoon–Leichhardt Igneous 
Province, to which this unit has been reassigned (Bultitude 
et  al., 2021), and could be interpreted as having been 

emplaced early during, or even before, the Barramundi 
Orogeny (ca 1870–1850 Ma; Betts et al., 2006; de Vries et al., 
2008; O’Dea et  al., 1997). Other ages of intrusions in this 
region correspond to the Kalkadoon–Leichhardt Igneous 
Province (e.g. Plum Mountain Gneiss at 1862 ± 3 Ma, Carson 
et al., 2011; Birds Well Granite? at 1863 ± 6 Ma, Kositcin et al., 
2021; One Tree Granite at 1857 ± 5 Ma, Le et al., 2021a) and 
the Argylla Igneous Province (e.g. Tick Hill Granite at ca 
1777 Ma, Le et al., 2021a; Figure 8).

Figure 12.  Weighted mean 207Pb/206Pb age and Wetherill concordia plots for samples from the Burstall Granite–Lunch Creek Gabbro area (Burstall Igneous 
Subprovince). Uncertainties shown are 2SE propagated uncertainty for concordia plots and combined propagated uncertainty for weighted mean ages. Weighted 
mean ages and concordia diagrams were calculated and plotted in IsoplotR, with MSWD shown for concordance plus equivalence for the concordia diagrams.

https://doi.org/10.1080/08120099.2025.2527816
https://doi.org/10.1080/08120099.2025.2527816
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Discussion

Division of intrusions into igneous provinces

A variety of nomenclatures have been used to refer to groups 
of intrusions, and in some cases also volcanic units, of the Mount 
Isa Inlier. These include references to igneous or magmatic 
events (e.g. Neumann et al., 2009; Withnall, 2019), batholith (e.g. 
Betts et al., 2006; Blake, 1987; Blake & Stewart, 1992; Budd et al., 
2001; Davis et al., 2001; Mark, 1999; Withnall, 2019; Withnall & 
Hutton, 2013; Wyborn, 1998; Wyborn et  al., 1988), suite/

supersuite (e.g. Budd et  al., 2001; Geoscience Australia & 
Australian Stratigraphy Commission, 2025; Pollard et al., 1998; 
Withnall, 2019; Withnall & Hutton, 2013) and association (e.g. 
Budd et al., 2001; Wyborn et al., 1988). Some of these terms are 
not very well defined in the literature, or the usage of the terms 
varies among different sources. Here the term ‘province’ is 
adopted following Bultitude et al. (2021). We interpret a prov-
ince to include all igneous units (both plutonic and volcanic) 
within the spatial extent of the Mount Isa Inlier that formed 
within the time period constrained by geochronology for each 

Figure 13.  Weighted mean 207Pb/206Pb age and Wetherill concordia plots for samples of the Wonga Igneous Subprovince and Kalkadoon–Leichhardt Igneous 
Province. Uncertainties shown are 2SE propagated uncertainty for concordia plots and combined propagated uncertainty for weighted mean ages. Weighted mean 
ages and concordia diagrams were calculated and plotted in IsoplotR, with MSWD shown for concordance plus equivalence for the concordia diagrams.
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Figure 14.  Weighted mean 207Pb/206Pb age and Wetherill concordia plots for samples of the Argylla and Kalkadoon–Leichhardt igneous provinces. Uncertainties 
shown are 2SE propagated uncertainty for concordia plots and combined propagated uncertainty for weighted mean ages. Weighted mean ages and concordia 
diagrams were calculated and plotted in IsoplotR, with MSWD shown for concordance plus equivalence for the concordia diagrams.
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province (e.g. ca 1550–1500 Ma for the Williams Igneous 
Province). In this study, we  focussed on the intrusive units of 
the MKD, which predominantly belong to the Kalkadoon–
Leichhardt, Argylla and Williams igneous provinces, and the 
Wonga and Burstall igneous subprovinces. The Kalkadoon–
Leichhardt and Williams igneous provinces and Wonga and 
Burstall igneous subprovinces are comparable with the suites 
and supersuite groupings referred to in previous works (e.g. 
Budd et al., 2001; Geoscience Australia & Australian Stratigraphy 
Commission, 2025), with some minor revisions based on 
updated geochronology (supplemental data, Table A1; Bultitude 
et al., 2021). The Argylla Igneous Province is a new grouping of 
igneous units that mainly incorporates the Argylla Formation 
along with older intrusions previously mistakenly assigned to 
the Wonga Suite (supplemental data, Table A1; Bultitude et al., 
2021; this study).

Budd et al. (2001) and Withnall (2019) recognised the need 
to test which intrusions in the Mount Isa Inlier were comagmatic 
and revised how the intrusions were grouped together accord-
ingly. This was particularly relevant for the Wonga Igneous 
Subprovince, which previously comprised intrusions with 
emplacement ages overlapping with those of the Argylla and 
Burstall provinces. We agree with the newly revised igneous 
provinces of the MKD, as outlined in Bultitude et al. (2021), sum-
marised in the supplemental data (Table A1; with data from this 
study included). Most noteworthy is that intrusions of the pre-
viously named Wonga Suite (e.g. Budd et al., 2001) have now 
been separated into the Argylla and Wonga provinces based on 
their emplacement ages (Bultitude et al., 2021).

There is significant overlap in the emplacement ages of intru-
sions of the Wonga and Burstall igneous subprovinces (1760–
1727 Ma and 1755–1709 Ma, respectively; Figures 15 and 16), 
and these were originally grouped together as the Wonga 
Batholith (Blake, 1987; Wyborn et al., 1988). The Wonga Batholith 
was separated into (a) more intensely deformed intrusions inter-
preted to have been emplaced at deeper levels in the crust, 
which were later termed the Wonga Suite (e.g. Budd et al., 2001; 
Neumann et al., 2009), and (b) those of the Burstall Suite (e.g. 
Budd et al., 2001; Neumann et al., 2009), which were interpreted 
to have been emplaced at higher crustal levels, with intrusions 
of both suites emplaced during extensional shearing (e.g. 
Holcombe et al., 1991; Oliver et al., 1991; Pearson et al., 1992). 
However, recent work by Spence et al. (2021, 2022) indicates 
that the intrusions of both provinces were instead emplaced 
into high- and low-strain domains of the same stratigraphic 
sequence during compressional deformation of the Wonga 
Orogeny (ca 1750–1710 Ma).

Figures 15 and 16 demonstrate how the emplacement ages 
of most of the intrusions within the MKD fall into discrete time 
periods spanning the Paleoproterozoic to Mesoproterozoic. 
These form the basis for the division of intrusions into the 
various igneous provinces and can be extended across the 
Mount Isa Inlier (e.g. Neumann et al., 2006; Page, 1988; Withnall, 
2019; Wyborn et al., 1988). Within the MKD, there is a general 
trend of younger emplacement ages towards the north and 

east of the MKD, with older intrusions towards the west and 
south (Figure 15). This pattern is partially related to the posi-
tion of the MKD boundary and the overall domain shape. For 
example, units of the Argylla Igneous Province extend from 
the MKD north into the northeastern part of the Kalkadoon–
Leichhardt Domain (Figure 15). The broad trend of older units 
to the west and younger to the east in the MKD possibly relates 
to the orientation of convergent tectonics during orogenic 
events and assembly of the North Australian Craton (e.g. 
Spence et al., 2021). The broad trend of younger units to the 
north and older units to the south also follows an emerging 
pattern observed with the metasedimentary host units. For 
example, the host sediments of the Tick Hill deposit in the 
southern part of the MKD are mapped as the Corella Formation 
(ca 1760–1740 Ma); however, geochronology shows these sed-
iments to be older than 1760 Ma (Kositcin et al., 2021; Le et al., 
2021a). Field relationships and geochronology of units 
mapped as the Corella Formation further north in the MKD 
indicate a younger age (ca 1752–1737 Ma; Kositcin et al., 2019, 
2021; Withnall, 2019).

Intrusions older than 1780 Ma in the MKD

Many of the oldest intrusions within the former MKD boundary 
(Geological Survey of Queensland, 2011; Withnall & Hutton, 
2013), which were interpreted as basement in the eastern part 
of the Mount Isa Inlier, have now been excluded from the cur-
rent MKD, following a revision by Bultitude et  al. (2021). The 
former MKD boundary, along with other domain boundaries of 
the Mount Isa Inlier, was based on structural, basinal, metamor-
phic and geochronological features (Withnall & Hutton, 2013). 
The southern boundary of the MKD has been changed because 
several intrusions near and south of the Plum Mountain Fault 
have yielded radiometric ages that were significantly older than 
expected for the mapped units of the igneous provinces they 
were assigned to (e.g. Bushy Park Gneiss, Birds Well Granite?, 
and Saint Mungo Granite; Bultitude et al., 2021; Kositcin et al., 
2019, 2021; Le et al., 2021a). The revised MKD boundary in the 
southwestern part of the domain now represents a division 
between the Leichhardt Volcanics and the Magna Lynn 
Metabasalt/Argylla Formation (Bultitude et al., 2021). However, 
some intrusions of the Kalkadoon–Leichhardt Igneous Province 
remain within the revised MKD, for example the Hardway 
Granite on the western side of the MKD and the Bushy Park 
Gneiss close to the revised southern boundary. This study iden-
tified an additional outcrop of a similarly aged basement, sam-
ple GC2 with an emplacement age of 1864 ± 9 Ma, situated 
approximately 9.5 km southeast of the Hardway Granite 
(Figure 6). This intrusion is therefore one of the more northerly 
and the most easterly outcrops of an intrusion correlating to 
the age of the exposed basement in the MKD (Figure 15). The 
presence of outcropping units of the Kalkadoon–Leichhardt 
Igneous Province or units of similar ages indicates that the MKD 
may reflect a transitional domain between the Kalkadoon–
Leichhardt Domain and the rest of the Eastern Fold Belt.

https://doi.org/10.1080/08120099.2025.2527816
https://doi.org/10.1080/08120099.2025.2527816
https://doi.org/10.1080/08120099.2025.2527816
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Timing of magmatism, tectonism and mineralisation

The emplacement ages of intrusions from this study, combined 
with previous work, show that magmatism in the MKD occurred 
periodically throughout the Paleoproterozoic to Mesoproterozoic. 
Many of the emplacement age ranges of each igneous province 
also coincide with broader orogenic events: the Kalkadoon–
Leichhardt Igneous Province with the Barramundi Orogeny (ca 
1870 Ma; Bierlein et  al., 2008); the Wonga–Burstall Igneous 

Province with the Wonga Orogeny (ca 1750–1710 Ma; Spence 
et al., 2021, 2022) and the Williams Igneous Province with the end 
of the Isa Orogeny (ca 1530–1500 Ma; Withnall, 2019; Figure 2). 
Emplacement of these batholiths in long parallel N–S belts 
(Figure 1b) contemporaneously with specific orogenic events can 
be indicative of substantial periods of convergent tectonics 
throughout the Proterozoic (Winton, 2014). The orientation of 
these belts is sub-parallel to major sutures associated with the 
formation of the North Australian Craton (Spence et al., 2021).

Figure 15.  (a) Map from Figure 1 with location of samples of intrusions with U–Pb ages from this study and other studies. (b) Interpreted magmatic emplacement 
age data for intrusions in the Mary Kathleen Domain sampled in this study (with 2SE error bars) shown as northing (MGA zone 54) plotted against age. Also shown 
are data from other studies of intrusions in the Mary Kathleen Domain, including those outside the revised southern boundary (Bierlein et al., 2011; Bodorkos et al., 
2020; Carson et al., 2011; Davis et al., 2001; Jones et al., 2018; Kositcin et al., 2019, 2021; Le et al., 2021a; Neumann et al., 2009; Page, 1983; Page & Sun, 1998; Pearson 
et al., 1992; Spence et al., 2021, 2022; Withnall, 2019). In addition, ages interpreted to represent mineralisation ages are shown for Tick Hill (Le et al., 2021a, 2021b), 
Mount Colin (Cave et al., 2024), and Elaine Dorothy (Spandler et al., 2016).
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While the emplacement of intrusions in the MKD occurred 
episodically over a protracted ca 400 Ma time span, most 
known Cu–Au mineralisation and associated alteration in 
the Mount Isa Inlier has been interpreted to have formed in 
a restricted period from ca 1550 to 1500 Ma, coinciding with 
the emplacement of intrusions of the Williams Igneous 
Province (Burnham et al., 2024; Cave et al., 2024; Mark et al., 
2006; Oliver et al., 2004; Perkins & Wyborn, 1998; Spandler 
et al., 2016; Wyborn, 1998). In this study, we found intrusions 
of the Williams Igneous Province only in the northern parts 
of the MKD (Figure 15), with the Mount Philp Breccia the 
only other magmatic related body with possibly a similar 
age (Bultitude et al., 2021). Therefore, there is uncertainty 
around the age of the initial mineralisation events because 
of the possibility of remobilisation of that mineralisation, 
which would result in younger mineralisation ages and cre-
ate doubt in interpretation of the geochronology of miner-
alisation events. Remobilisation of mineralisation has been 
interpreted at several mineral deposits within the MKD, with 
regional metamorphic or hydrothermal activity as likely 
causes. For example, petrographic, structural and geochro-
nological evidence indicates that gold in the Tick Hill deposit 
was first deposited at ca 1790–1770 Ma during metamor-
phism and was later remobilised during metasomatism at 
ca 1525–1520 Ma (Figure 15; Le et  al., 2021a, 2021b). 
Similarly, Page (1983), Spandler et al. (2016) and Cave et al. 
(2024) also interpreted geochronology of various minerals 
as suggesting remobilisation of mineralisation in the region 
around the Burstall Granite (Figure 15). Given that most Cu–
Au mineralisation within the MKD has not been definitively 
dated, this implies that if the mineralisation were sourced 
from the older magmatic intrusions by magmatic–hydro-
thermal fluids, then in many cases that mineralisation had 
been remobilised by later events. Further work to directly 
constrain the sources and ages of mineralisation within the 

MKD is required to determine if this pattern is prevalent 
throughout this region.

Conclusions

We obtained 29 emplacement (crystallisation) ages for various 
intrusions of the MKD in the Mount Isa Inlier, including for one 
intrusion to the south of the revised southern MKD boundary. 
The ages of intrusions from this study span the range of igneous 
provinces that crop out in the MKD: 1884–1861 Ma for intrusions 
of the Kalkadoon–Leichhardt Igneous Province or older, 1759–
1748 Ma for granites belonging to the Wonga Igneous 
Subprovince, 1752–1720 Ma for intrusions of the Burstall 
Igneous Subprovince and 1517–1503 Ma for intrusions of the 
Williams Igneous Province. Comparison with other available 
data shows that some granitic bodies (e.g. Mount Godkin 
Granite, Burstall Granite) have emplacement ages that span 
large time periods, and further study in some areas is required 
to determine if these ages truly represent multiple pulses of 
magmatic activity, which phases may be comagmatic and the 
relationships between different magmatic phases as well as 
with the surrounding stratigraphy. Additionally, better con-
straints of the timing of mineralisation associated with these 
intrusions are now required to generate mineralisation histories 
and deposit formation models across the MKD.
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