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The Mount Isa Inlier, located along the eastern margin of the North Australia Craton (NAC) preserves a long
history of intrusive activity linked to the assembly of the Nuna supercontinent. The intrusive rocks in the Inlier
formed during six igneous events between ca. 1880 and 1490 Ma. Intrusive rocks in the south-western part of the

I(\:/Irii?:t::mtion Inlier (Dajarra region) were previously assigned ages of ca. 1680-1650 Ma without direct U-Pb geochronological
Zircon U-Pb constraints. New U-Pb zircon ages from granitic rocks in the Dajarra region reveal intrusive events at ca. 1860

Ma, ca. 1820-1780 Ma, ca. 1710-1690 Ma, and ca. 1670-1650 Ma corresponding to the Kalkadoon, Argylla,
Wonga-Burstall and Sybella Igneous Events, respectively. These results indicate that these granites are much
older than previously thought and have important implications for intrusive relationships and stratigraphic
correlations. Zircon Hf isotopic compositions show negative eHf(;) values (40.0 to —5.5) at ca. 1860 Ma, mixed
values (—5.3 to + 8.4) at ca. 1820-1780 Ma, and unradiogenic signatures at ca. 1710-1690 Ma (—8.1 to —0.1)
and ca. 1650 Ma (—5.1 to —4.3). These isotopic data indicate that the magmas were generated predominantly by
internal reworking of older crust with limited juvenile input. The magmatic belts corresponding to the Kalkadoon
and Argylla Igneous Events can be correlated with coeval igneous events in the NAC and the South Australia
Craton (SAC) and may have formed in response to a northerly dipping subduction system located along the
southern margin of the NAC. The Wonga-Burstall and the Sybella Igneous Events may have formed in response to
a westward dipping subduction system developed along the eastern margin of the NAC during the final stages of
Nuna assembly. The new geochronological and isotopic data presented here fill in an important gap in the
magmatic history of the Mount Isa Inlier and contributes towards a more comprehensive understanding of
tectonic activity along the eastern margin of the NAC and the final assembly of the Nuna supercontinent.

1. Introduction

Magmatic belts are linear zones of igneous activity that typically
form at plate boundaries due to tectonic activity like subduction, colli-
sion or rifting. Felsic magmatic belts are common in orogens and
represent a record of tectonic activity that can spread the entire duration
of tectonism recorded by an orogen. Thus, studying and understanding
the timing, distribution and evolution of magmatic belts in orogens is
essential for tectonic and paleogeographic reconstructions (Bonin, 1990;
Li et al., 2016; Wyllie, 1988; Zhao et al., 2023). The Mount Isa Inlier,
located in northwest Queensland is a Proterozoic orogen along the
eastern margin of the North Australian Craton (NAC; Fig. 1a) and pre-
serves a record of tectonic and magmatic activity linked to the final
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assembly of the Nuna Supercontinent (e.g. Betts & Giles, 2006; Gibson
et al., 2025). Its tectonic evolution is marked by the development of
linear magmatic belts over a protracted period between ca. 1880 and
1500 Ma (e.g. Betts et al., 2006; Cocker et al., 2025; Neumann et al.,
2009). This makes Mount Isa Inlier ideal for studying tectonic activity
related to magmatism in an evolving orogen over prolonged time pe-
riods. Similar age magmatic belts have been identified in other Paleo-
proterozoic cratons including the South Australian Craton (SAC), West
Australian Craton (WAC), Antarctica, and North America which reflect
global tectonic processes during Nuna assembly. Therefore, the granit-
oids in the Mount Isa Inlier preserve strong evidence linked to super-
continent assembly in their distribution and genesis as preserved by
zircon U-Pb and Lu-Hf records.
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Most studies suggest that this prolonged magmatic activity reflects a
long-lived subduction system associated with a continental margin
setting (Betts et al., 2016; Betts & Giles, 2006; Giles et al., 2002; Zhao
et al., 2004) although some studies have suggested that some igneous
activity may be related to a mantle plume (e.g. Betts et al., 2009; Oliver
et al.,, 1991). The location of the subduction system linked to the
tectonism in Mount Isa Inlier is unclear. Some authors (e.g. Betts & Giles,
2006; Gibson et al., 2025) have proposed a northerly dipping subduction
system along the southern margin of the NAC between ca. 1880 and
1760 Ma followed by the Wonga Orogeny (ca. 1750 to 1710 Ma)
developed in response to a westerly dipping subduction system along the
eastern margin (Korsch et al., 2012; Spence et al., 2021, 2022). Since
magmatic belts develop in direct response to tectonic processes, un-
derstanding their timing and distribution is essential for correlating
magmatic events between various Proterozoic terranes, reconstructing
global tectonic processes and paleogeography. For example, the ca.
1880 to 1850 Ma magmatic episode documented in the Kalkadoon-
Leichardt Belt (KLB; Figs. 1b and c) of the Mount Isa Inlier is common
in other NAC terranes, in the SAC and North America suggesting some
form of continuity between the Australian and the North American
orogens (e.g. Gibson et al., 2025). In contrast, the ca. 1550-1490 Ma
magmatism in the Eastern Fold Belt (EFB; Figs. 1b and c) of the Mount
Isa Inlier does not have equivalent magmatic episodes in other NAC
terranes or in the SAC suggesting plate reconfiguration and a shift in
subduction location and related magmatic activity.

The magmatic belts from the Mount Isa Inlier consist of multiple
granitoid intrusions aligned along a north-south trend (Fig. 1c).
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Geophysical interpretations (e.g. Spampinato et al., 2015) and recent
dating by Olierook et al., (2022) of igneous rocks from deep drill holes
from the southern part of Mount Isa Inlier indicate that the magmatic
belts occur over a strike length of ~ 700 km. The timing of intrusions
from the KLB and EFB is well constrained, and various plutons were
assigned to the known magmatic events in the region (Brown et al.,
2023; Bultitude et al., 2021; Cocker et al., 2025; Le et al., 2021a; Neu-
mann et al., 2009; Page & Sun, 1998; Withnall, 2019; Wyborn, 1998). In
contrast, there has been no dating of intrusions from the southern part of
the Western Fold Belt (WFB) and most of the igneous rocks from this
area have been attributed to the ca. 1680-1650 Ma Sybella Igneous
Event (Connors & Page, 1995; Neumann et al., 2006). Therefore, to
construct the geochronological framework, we conducted fieldwork and
sample collection in the Dajarra region, the southern part of WFB. In this
contribution, we present new zircon U-Pb geochronology and Hf isotope
data from granitic intrusions from the southern part of the WFB (Dajarra
region) thus filling an important gap in understanding the distribution
and age of various intrusive rocks in the inlier. The new findings are
discussed in terms of magmatic evolution of the Mount Isa Inlier and the
larger geodynamic context including supercontinent assembly and cor-
relations with similar age magmatic events across Proterozoic Australia.

2. Background
2.1. Regional geological setting

The Mount Isa Inlier is part of the North Australia Craton which
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Fig. 1. Mount Isa Inlier located in the North Australian Craton (NAC) (a) was divided into three domains: the Western Fold Belt (WFB), Kalkadoon-Leichhardt Belt
(KLB), and Eastern Fold Belt (EFB) (b). Simplified geological map of the inlier showing the distribution of basement rocks, volcano-sedimentary successions related to
the three superbasins events, and the magmatic rocks related to the six igneous events (c).
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preserves a protracted Paleoproterozoic to Mesoproterozoic evolution
spanning from ca. 1870 to 1490 Ma including multiple orogenic and
basin forming events (Betts et al., 2006; Blake & Stewart, 1992; MacC-
ready et al., 1998; Scott et al., 2000; Spence et al., 2021, 2022). The
Mount Isa Inlier was subdivided into three main tectonostratigraphic
components, comprising the EFB, the WFB and the central KLB (Fig. 1b).
Furthermore, these three belts have been further subdivided into N-S
trending domains based on variations of their geological settings and the
presence of bounding structures (Fig. 2a; Geological Survey of Queens-
land, 2011).

The earliest sequences within the inlier are basement rocks deposited
before ca. 1870 Ma (Blake & Stewart, 1992) consisting of a series of units
(Kurbayia Metamorphic Complex, Plum Mountain Gneiss, Yaringa
Metamorphics, Saint Ronans Metamorphics and Sulieman Gneiss) that
are mapped on the geological survey maps as Pre-Barramundi basement
and are mainly exposed in the southern region of Mount Isa Inlier. The
Pre-Barramundi basement has been deformed and metamorphosed
during the ca. 1870-1850 Ma Barramundi Orogeny which is spatially
extensive in the North Australia Craton (Bierlein et al., 2008; Etheridge
et al., 1987). The Barramundi Orogeny was contemporaneous with
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voluminous emplacement of felsic magma and comagmatic volcanic
rocks between ca. 1870 and 1850 Ma (Bierlein et al., 2011; Etheridge
et al., 1987; Page, 1983; Page & Williams, 1988). This period of mag-
matism, the Kalkadoon Igneous Event, includes the Kalkadoon Grano-
diorite and the Ewen Granite as well as the Leichhardt Volcanics
cropping out in the Kalkadoon-Leichhardt Belt. The emplacement of
felsic magma during ca. 1870-1850 Ma is likely related to a magmatic
arc setting during the amalgamation of the North Australian Craton
(Bierlein et al., 2011; McDonald et al., 1997).

A series of bimodal volcanics and sedimentary successions from the
Mount Isa Inlier have been mapped on the geological survey maps as
Post-Barramundi basement with ongoing debate surrounding the timing
of metamorphism, deformation and their stratigraphic position
(Withnall & Hutton, 2013). These include the pre 1800 Ma volcano-
sedimentary successions between ca. 1857 Ma (e.g., the Oroopo Meta-
basalt; Magee et al., 2012) and ca. 1823 Ma (e.g. the Bucket Hole Met-
avolcanic; Carson et al., 2009). This period ends with the emplacement
of the ca. 1810 to 1795 Ma, Big Toby pluton (Carson et al., 2011;
Withnall & Hutton, 2013; Wyborn et al., 1988). Zircon age dating sug-
gests that granites of similar age can be found in the southern part of the
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Fig. 2. (a) Simplified geological map focused on the distribution of magmatic events in Mount Isa Inlier and the location of Dajarra region with a square
demonstrated in Fig. 3. (b) Probability density distribution and histogram complied from previously published U-Pb ages of intrusive rocks across the Inlier,
combined with new dating results from this study (Published age data has been provided in Supplementary material).
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exposed Mount Isa Inlier (Magee et al., 2012) and undercover (Olierook
et al., 2022).

The major volcano-sedimentary successions deposited between ca.
1800 and 1575 Ma were classified as the Western Succession (WS) in the
Western Fold Belt (WFB) and the Eastern Succession (ES) in the Eastern
Fold Belt (EFB). They were further subdivided in three distinctive
superbasins separated by unconformities and interpreted to represent
episodes of continental rifting in a back-arc setting of a complex sub-
duction system occurring either along the southern or the eastern
margin of the North Australian Craton (Blake & Stewart, 1992; Cawood
& Korsch, 2008; Foster & Austin, 2008; Giles et al., 2002; Iaccheri, 2019;
Scott et al., 2000). The three superbasin events include the ca.
1790-1740 Ma Leichhardt Superbasin, the ca. 1730-1640 Ma Calvert
Superbasin and the ca. 1635-1575 Ma Isa Superbasin (Gibson et al.,
2016). Furthermore, these basin-forming events were interpreted to be
coeval with significant magmatism, including the Argylla Igneous Event
from ca. 1780 to 1770 Ma, the Wonga-Burstall Igneous Event from ca.
1750 to 1720 Ma, the Weberra Granite at ca. 1710 Ma, and the Sybella
Igneous Event from ca. 1680 to 1650 Ma (Withnall & Hutton, 2013;
Wyborn et al., 1988).

Following the Barramundi Orogeny, two periods of orogenic events
were proposed, the ca. 1750-1710 Ma Wonga Orogeny (Spence et al.,
2021, 2022) and the ca. 1650-1490 Ma Isan Orogeny (Abu Sharib &
Sanislav, 2013; MacCready et al., 1998; O’Dea et al., 1997b). A
compressive event between ca. 1800 and 1770 Ma was documented
from the Tick Hill region, but the full extent and its regional significance
is not yet known (Le et al., 2021b, 2024). The onset of the Wonga
Orogeny coincides with the cessation of sedimentation during the
Leichhardt Superbasin, and it appears that the deformation and meta-
morphism during this orogenic event was most intense in the EFB (Betts,
1999; Blaikie et al., 2017; Spence et al., 2021, 2022; Wilson, 1975). The
Isan Orogeny affected the entire inlier and resulted in the reactivation of
previous structures and the cessation of sedimentation in the region
(Abu Sharib & Sanislav, 2013; Connors & Page, 1995; Gibson et al.,
2016; O’Dea et al., 1997b). The final stages of the Isan Orogeny coincide
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with the emplacement of voluminous I-type magmatism with A-type
affinities, the Williams Igneous Event, in the EFB between ca.
1550-1490 Ma (Page & Sun, 1998).

2.2. Geological setting of Dajarra region

The Dajarra region lies in the southwestern part of the Mount Isa
Inlier and consists of four distinct geological domains from west to east;
the Ardmore-May Downs domain, the Sybella domain, the Leichhardt
River domain, and the Kalkadoon-Leichhardt domain (Fig. 2a; Geolog-
ical Survey of Queensland, 2011). The eastern boundary of the Dajarra
region is the Dajarra fault in the Kalkadoon-Leichhardt domain. The
Ardmore-May Downs domain primarily consists of basement rocks,
whereas the Leichhardt River and Kalkadoon-Leichhardt domains pre-
dominantly comprise metasedimentary rocks attributed to the Western
Succession.

Basement rocks in the Dajarra region (Fig. 3a) consist of the Saint
Ronans Metamorphics, the Sulieman Gneiss and the Kalkadoon Grano-
diorite and preserve a complex deformation and metamorphic history
(Bultitude, 1982). Additionally, a series of units (the Oroopo Metabasalt,
Bucket Hole Metavolcanics, Kallala Quartzite and Alpha Centauri
Metamorphics) that predate the Leichardt Superbasin occur mainly in
the western part of the Dajarra region and are commonly interpreted as
Post-Barramundi basement (Withnall & Hutton, 2013). Historically,
these units were mapped as part of the Haslingden Group and inter-
preted to be deposited coeval to the Leichhardt Superbasin (Blake et al.,
1982, 1984; Bultitude, 1982). However, recent studies using U-Pb zircon
dating have constrained the sedimentation and volcanic activity of these
units between ca. 1850-1820 Ma (Carson et al., 2009; Magee et al.,
2012). The metamorphic grade ranges between greenschist and
amphibolite facies (Blake et al., 1984) but the timing of deformation and
metamorphism is unclear.

Most metasedimentary rocks from the Dajarra region (Fig. 3a) were
interpreted to be deposited during the formation of Leichhardt and
Calvert Superbasins. The units deposited during the opening of
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Leichhardt Superbasin belong to the Bottletree Formation and the Lower
Haslingden Group. The Lower Haslingden Group consists of the Yappo
Member, Mount Guide Quartzite, Eastern Creek Volcanics, Jayah Creek
Metabasalt and the Timothy Creek Sandstone Member. They were
interpreted to indicate syn-rift volcanics and rift-related sediments
deposited in a fluvial to lacustrine environment (Eriksson & Simpson,
1993; Jackson et al., 2000; Neumann et al., 2006). The Bottletree For-
mation and the Haslingden Group were mapped as continuous units
extending for more than 600 km from the northern part of the inlier to
the southernmost margin of the inlier and extending undercover until
the Cork Fault (e.g. Spampinato et al., 2015). The succession substan-
tially thickened in the Dajarra region compared to the northern part
(Blake, 1987; Bultitude, 1982; Spampinato et al., 2015). Rocks of the
Calvert Superbasin are represented by metasediments of the Warrina
Park Quartzite and the Moondarra Siltstone which occur as a north-
-south trending narrow zone surrounded by Haslingden Group rocks on
both sides. They are interpreted to indicate marine siliciclastic sedi-
mentation, ranging from shoreface to shallow marine deposits and are
metamorphosed to lower greenschist facies (Foster & Rubenach, 2006).

The metasediments of the Dajarra region are intruded mainly by
plutons and dykes mapped as belonging to the Sybella Igneous Event and
minor intrusions of the Kalkadoon and Wonga-Burstall Igneous Events
(Fig. 3a). All intrusions occurring on the western side of the Dajarra
region are mapped as belonging to the Sybella Igneous Event. The
largest of these intrusions is the Steeles Granite. In the eastern side, a
large intrusion mapped as Kalkadoon Granodiorite is in uncertain con-
tact with rocks mapped as the Bottletree Formation. In the north-eastern
corner of the region, the Bottletree Formation is intruded by a north-
-south trending granite, the Camel Creek Granite which is mapped as
part of the Wonga-Burstall Igneous Event. The Mount Guide Quartzite is
intruded by a long and narrow ~ north-south trending porphyritic dyke,
the Garden Porphyry Dyke, mapped as part of the Sybella Igneous Event.

2.3. Magmatic events in Mount Isa Inlier

A compilation of U-Pb zircon ages of intrusive rocks from the Mount
Isa Inlier reveals almost 400 Ma of episodic magmatic activity that can
be subdivided into six magmatic events occurring between ca. 1870 and
1490 Ma (Fig. 2b). The map pattern shows that these intrusive events
occur as approximately north-south trending belts and occupy distinct
age and structural domains (Fig. 2a).

The earliest intrusive event, the Kalkadoon Igneous Event, occurs
between ca. 1870 and 1850 Ma and is represented by the Kalkadoon-
Ewen Batholith which occurs mainly in the Kalkadoon Leichhardt Belt
(Fig. 2a). Zircon dating in this research indicates that similar age
intrusive rocks occurred further west and intruded into the Sulieman
Gneiss (Fig. 3b). The Kalkadoon Igneous Event forms a continuous
north-south trending belt of intrusive rocks that is ~ 300 km long and
most likely extends further undercover to the north and south of the
exposed area. This is followed by a gap of ~ 40 Ma until the intrusion of
the Yeldham and Big Toby Granites at ca. 1810 Ma (Wyborn et al., 1988)
and the initiation of the Argylla Igneous Event. The Argylla Igneous
Event, new name/event proposed by Bultitude et al. (2021) and Cocker
et al. (2025), occurs between ca. 1810 and 1770 Ma (Fig. 2b) and con-
sists of three sub-parallel trends of plutons and porphyry dykes (Fig. 2a).
The first trend occurs in the Eastern Succession and consists of a series of
isolated plutons located mainly within the Mary Kathleen Domain. The
second trend occurs only in the southern part of the inlier, in the Dajarra
region, represented by the Paper Tank Microgranite. The third trend is
located entirely in the Western Succession and includes the Yeldham and
Big Toby Granites as well as a series of unnamed intrusive rocks in the
south-western corner of the Dajarra region (Fig. 2a).

The third intrusive event, the Wonga-Burstall Intrusive Event,
occurred between ca. 1750 and 1690 Ma (Fig. 2b) and consists of three
subparallel north-south trends (Fig. 2a). The first trend occurs east of
the Mitakoodi Domain and consists of the Gin Creek Granite and the
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Levian Granite. The second trend occurs mainly in the Mary Kathleen
Domain and consists of a series of intrusives starting from the Tick Hill
area in the south to Mount Godkin Granite in the north. The third trend
occurs in the Western Succession and consists of the Weberra Granite in
the north, the Steeles Granite in the Dajarra region and a few unnamed
granites in the south-western area of the Dajarra region included in this
research (Fig. 2a). The fourth intrusive event, the Sybella Igneous Event,
occurred between ca. 1680 and 1650 Ma (Fig. 2b). Most intrusions
associated with this event are in the Western Succession except the
Tommy Creek Microgranite located in the Tommy Creek Domain and
the Ernest Henry Diorite located in the Canobie Domain (Fig. 2a). The
fifth intrusive event, the Tommy Creek Igneous Event, occurred between
ca. 1640 and 1610 Ma (Fig. 2b; Brown et al., 2023) and is found only in
the Tommy Creek Domain (Fig. 2a). Within the Eastern Succession, this
igneous event consists mainly of porphyritic intrusions with minor
amounts of granite. The sixth igneous event, the Williams Igneous Event,
occurred between ca. 1550 and 1490 Ma (Fig. 2b) and is located in the
Eastern Succession forming a north—south belt of large plutons restricted
to the southern part of the inlier (Fig. 2a).

3. Methodology

3.1. Sampling

This study is based on samples collected from intrusive units crop-
ping out in the Dajarra region. The sampling strategy involved sampling
all major intrusive units from the area that were not previously dated as
well as sampling variations within individual intrusive units. Only the
least altered samples, with no veins and no visible enclaves of other
material were sampled. From each sampling site about 3-4 kg of rock
was collected.

3.2. Zircon u-pb dating

All samples were prepared and analysed at James Cook University,
Townsville. Zircon grains were obtained using standard crushing
methods and the Wilfley table technique. Subsequently, all zircons were
handpicked and mounted in epoxy discs, which were then polished to
expose the zircons for analysis. The zircon standard GJ1 was used as the
primary standard. GJ1 has an ID-TIMS 2°7Pb/2%°Pb age of 608.5 + 0.4
Ma (Jackson et al., 2004) and a TIMS 2°°Pb,/238U age of 601.7 + 0.37 Ma
(Horstwood et al., 2016). Additionally, four secondary standards were
utilized during the analysis: 91,500 (ID-TIMS 2%”Pb/2%6Pb age = 1065.4
+ 0.3 Ma; Wiedenbeck et al., 1995), FC1 (3*’Pb/2°°Pb age = 1099.0 +
0.6 Ma; Paces and Miller, 1993), Plesovice (TIMS 2°7Pb/?°°Pb age =
337.96 + 0.61 Ma; Slama et al., 2008), and Temora-2 (TIMS 2°°Pb,/238U
age = 416.8 + 0.3 Ma; Black et al., 2003; Tichomirowa et al., 2019).
Furthermore, the NIST 610 and 612 reference glass were analysed at the
beginning and the end of the run to monitor instrument stability.

Zircon grains were analysed for U-Pb dating at the Advanced
Analytical Centre (AAC), James Cook University. All zircons were
imaged with a Hitachi SUS000 FE-SEM and cathodoluminescence im-
ages were collected to investigate growth zoning and the presence of
inherited cores. The cathodoluminescence images informed the selec-
tion of the laser ablation sites to ensure that analyses were performed on
the same growth domain. Selected grains were analysed by LA-ICP-MS
technique (Thermo Scientific iCAP RQ-ICP-MS connected to a Tele-
dyne Photon Machines Analyte G2 Laser) to obtain U-Pb isotope
composition. Each analysis started with 30-second blank gas measure-
ment followed by an analysis time of 30 s using a spot size of 25 or 30
um, 5 Hz repetition rate, and 3 J/cm? energy density. Zircon standards
were analysed repeatedly after every 10 unknown zircon analyses to
ensure data quality and consistency. For igneous samples, 70-80
magmatic zircons with a range of morphologies and cath-
odoluminescence responses were analysed to determine the magmatic
crystallization ages. The Iolite package (Paton et al., 2011) was utilised
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to process data, and the results were displayed by using IsoplotR
(Vermeesch, 2018). The 2°”Pb/?°°Pb age and a discordance limit of 10 %
were used to calculate the weighted average age. The age of magmatic
crystallization was determined by either using the weighted mean or the
upper intercept of a discordia line when the sample lacked sufficient
concordant grains for calculating weighted mean age.

3.3. Zircon Lu-Hf isotopic data

For Lu-Hf isotopic data acquisition, the analytical procedures fol-
lowed those outlined by Kemp et al. (2009a). The Hf isotope composi-
tions were acquired using a Thermo-Scientific Neptune MC-ICP-MS
coupled with a Teledyne Photon Machines Analyte G2 laser ablation
system. Analyses targeted the same zircon areas previously dated by LA-
ICP-MS, or the same growth domains defined by cathodoluminescence
(CL) imaging. The laser spot size was 50 pm, operating at a repetition
rate of 4 Hz.

Reference zircons used in this study included Mud Tank (MTZ) and
FC1, with FC1 specifically used to monitor the correction of isobaric
interferences from Yb. The Mud Tank zircon was used as primary
reference with a 17°Hf/177Hf ratio of 0.282507 + 0.000006 (Woodhead
& Hergt, 2005). The measured average 1761£/177H4f value for MTZ
during the analytical session was 0.282495 + 0.000014, which falls
within analytical uncertainty of the accepted value. This result yielded a
normalization factor of 1.000042, which was applied to both the FC1
reference zircon, and the unknown samples analysed in this study. After
normalization, the average 17%Hf/1””Hf value for FC1 was 0.282182 +
0.000012. Epsilon hafnium (eHf) values were calculated using the
present-day chondritic uniform reservoir (CHUR) values of 1761£/177Hf
= 0.282785 and 7®Lu/"77Hf = 0.0336 (Bouvier et al., 2008). Initial
176H£/Y77Hf ratios were determined using a ”®Lu decay constant of
1.867 x 10 My! (Soderlund et al., 2004).

4. Results
4.1. Kalkadoon Igneous Event (1880-1850 Ma)

4.1.1. Sample SP19 — Kalkadoon Granite

This sample is from a north-south trending porphyritic granodiorite
intrusion along the contact between the Bottletree Formation and the
north-western margin of a large intrusion mapped as part of the Kal-
kadoon Granodiorite (Fig. 3b and Fig. 4a). The larger intrusion is foli-
ated, fine to medium grained and consists of quartz, feldspars and
biotite. The porphyritic intrusion does not display a clear foliation
although on some surfaces a weakly developed alignment of minerals
can be identified. The groundmass is medium to coarse grained and
consists of quartz, feldspar and biotite whereas the porphyritic appear-
ance is given by undeformed, 2-3 cm long, pink potassic feldspars. The
Bottletree formation consists of an intercalation of folded and foliated
quartzite, mica schist, metasiltstone and metaconglomerate. The for-
mation is folded around north-south trending axes, and the folded layers
are truncated on the map pattern by the smaller porphyritic and the
larger intrusion. The direct contact between the two granitic intrusions
and the Bottletree Formation is not exposed but indirect field observa-
tions are consistent with the mapped pattern.

Zircon grains separated from sample SP19 have euhedral to sub-
hedral shapes and range in colour from brown to colourless. Cath-
odoluminescence (CL) images reveal that most grains have low
luminescence, with zones of higher luminescence found only in some
grains as a concentric rim or irregular shaped zones around the rim.
Most analyses are highly discordant and have experienced lead loss.
Twenty-nine zircon grains form a well-defined discordia line with an
upper intercept age of 1860 + 6 Ma (Fig. 5a) whereas twenty-two of
these zircons have concordant ages yielding a 2°’Pb/2%Pb weighted
average age of 1856 + 6 Ma (Fig. 5b). The two ages are identical within
uncertainty 27Pb/2%Pb weighted average age of 1856 + 6 Ma is
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interpreted as the emplacement age for the Kalkadoon Granodiorite at
this location.

4.1.2. Sample SP36 — Sulieman Gneiss

The Sulieman Gneiss is poorly exposed and most outcrops in the
region consist of quartzite and amphibolite. A quartzofeldspathic rock
with a gneissic texture, mapped as the Sulieman Gneiss, crops along the
road-cutting on the Boulia-Mount Isa Highway (Fig. 3c). Sample SP36
was collected from this road cut (Fig. 4b). The sample consists of
deformed and aligned quartz, feldspar (plagioclase > microcline) and
muscovite (probably after biotite) defining a gneissic foliation trending
north south and dipping steeply (~70°) west. The homogenous
composition and texture of this gneissic rock suggest that the most likely
protolith is granite. The relationship between this quartzofeldspathic
gneiss and the surrounding rocks could not be defined due to the lack of
outcrops.

Zircons grains separated from sample SP36 generally prismatic
shaped, euhedral and vary in colour from brown to colourless. CL images
reveal that most grains have oscillatory growth zoning with evidence of
metamictization present in some grains. Sixteen zircon grains yield an
upper concordia intercept age of 1855 + 6 Ma (Fig. 5¢) and form a single
cluster with a weighted average 2°’Pb/?°°Pb age of 1854 + 6 Ma
(Fig. 5d), which is interpreted to represent the best estimate for the
crystallization age of this gneissic rock.

4.2. Argylla Igneous Event (1820-1770 Ma)

4.2.1. Sample SP16 and SP 33 — Camel Creek Granite

The Camel Creek Granite is an ~ 4 km long and 400 m wide intrusion
in the Bottletree Formation (Fig. 3b). It was previously assigned to the
Wonga-Burstall Igneous Event, but our dating indicated that it belongs
to the Argylla Igneous Event. The intrusion contains a well-developed,
north south trending subvertical foliation similar to the main struc-
tural trend including the axial planar foliation of the folds in the sur-
rounding Bottletree Formation. Along the margin of the intrusion the
deformation is more intense and a mylonitic fabric is well developed
(Fig. 4c). This was particularly well developed on the eastern side of the
intrusion. On the western side of the intrusion enclaves of the sur-
rounding Bottletree Formation are more common compared to the
eastern side. The granite is medium grained, equigranular, and the
mineralogy is dominated by quartz, feldspars and micas. Sample SP16
was collected from the less deformed part of the intrusion whereas
sample SP33 was collected from the mylonitic granite along the eastern
margin of the intrusion.

Zircon grains separated from sample SP16 are mainly subhedral with
euhedral grains being less common and vary in colour from brown to
transparent. The CL images reveal concentric zoning with moderate
luminescence cores surrounded by higher luminescence concentric
zones towards the rim. Thirteen zircon grains define a discordia line
with an upper concordia intercept age of 1806 + 13 Ma (Fig. 5e)
whereas eight concordant grains yield a 2°’Pb/2°Pb weighted average
age of 1801 + 12 Ma (Fig. 5f) which is interpreted as the emplacement
age for this granite.

Zircon grains separated from sample SP33 are transparent in colour
and have subhedral to euhedral shapes. Cathodoluminescence imag-
ining reveals that zircons grains from this sample have a variety of in-
ternal structures ranging from thin concentric growth zoning to wide
planar growth zones to grains that display no zoning. Most grains
separated from this sample are concordant. Eighty-nine of these grains
define a discordia line with an upper intercept age of 1785 + 3 Ma
(Fig. 5g) whereas eighty-six analyses yield 2°’Pb/2%°Pb weighted
average age of 1784 + 3 Ma (Fig. 5h), which is interpreted as the
magmatic crystallization age for this mylonitic granite.

4.2.2. Sample SP17 — Garden Creek Porphyry
The Garden Creek Porphyry, previously assigned to the Wonga-
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Fig. 4. Field photographs of representative outcrops from intrusive rocks sampled in this study: (a) a porphyritic weakly deformed bouldery outcrop of Kalkadoon
Granite (SP19); (b) quartzofeldspathic gneiss from the Sulieman Gneiss outcropping along the road cut (SP36); (c) mylonitic Camel Creek Granite at the contact with
the Bottletree Formation (SP33); (d) bouldery outcrop of undeformed, porphyritic Garden Creek Porphyry (SP17); (e) gneissic granite of an unnamed intrusive unit
(SP20); (f) foliated bouldery outcrop of unnamed granite containing mafic enclaves aligned with the regional strain fabric (SP58); (g) strongly foliated to gneissic
unnamed granite cut by a later granitic dyke (SP67); (h) porphyritic biotite granite with mafic enclaves from the central part of the Steeles Granite (SP01); (i) strongly
foliated porphyritic biotite granite from the margin of the Steeles Granite (SP22); (j) foliated porphyritic granite intruding strongly foliated granodiorite (SP24)
within the Steeles Granite; (k) migmatitic Copper Valley Granite (SP61); (1) unnamed felsic intrusive adjacent to the Copper Valley Granite (SP65); (m) bouldery
outcrops of Sybella Granite (SP47).
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Fig. 5. U-Pb zircon data from magmatic zircons of the Kalkadoon Igneous Event (SP19 and SP36) and the Argylla Igneous Event magmatic event (SP16 and SP33).
The results are illustrated as an upper intercept age on concordia plots and as weighted average ages.
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Burstall Igneous Event, is a ~ 37 km long and 100 to 250 m wide, north
south trending dyke that intrudes the Mount Guide Quartzite (Fig. 3b).
Sample SP17 was collected from the southern part of the Garden Creek
Porphyry ~ 7 km north of Dajarra town. The dyke is sub-vertical and
crosscuts the layering and foliation in the Mount Guide Quartzite
(Fig. 4d). It is undeformed, dark grey and consists of centimetre size
potassic feldspar crystals in a medium to fine grained matrix of quartz,
feldspar and biotite.

Zircon grains from sample SP17 are euhedral to subhedral shaped
and brown to colourless under the binocular microscope. They have
concentric growth zoning with low to medium luminescence cores sur-
rounded by higher luminescence rims. Forty-three analyses define a
discordia line with an upper concordia intercept age of 1783 + 5 Ma
(Fig. 6a) that is identical to the 2°’Pb/2°Pb weighted average age of
1783 + 5 Ma (Fig. 6b) obtained from thirty-six concordant grains and
interpreted as the emplacement age for the Garden Creek Porphyry.
Additionally, eleven concordant analyses yielded a 2°’Pb/?°°Pb
weighted average age of 1827 + 10 Ma and are interpreted as inherited
grains (Table 1).

4.2.3. Sample SP20 — Sybella Granite

Sample SP20 has been collected from a pluton mapped as Sybella
Granite, but our dating indicates that this pluton belongs to the Argylla
Igneous Event. It was collected from the southern part of a pluton that
occurs in the northwestern part of the Dajarra region (Fig. 3c). The
pluton consists of two separate intrusions. A larger one, in the northern
part, that intrudes into the Alpha Centauri Metamorphics, the Sulieman
Gneiss and is cut on the western side by the Rufus Fault; and a smaller
one, in the southern part, that intrudes only in the Sulieman Gneiss. This
pluton is strongly foliated to gneissic, and its grain size varies from
medium grained to coarse grained to porphyritic (Fig. 4e). It is mainly
granodioritic in composition consisting of quartz, feldspar biotite and
hornblende; locally grading into leucogranite.

Zircon grains from sample SP20 have euhedral to subhedral shapes
with elongate morphologies and are translucent and colourless. CL im-
ages reveal that most grains have concentric growth zoning with low to
medium luminescence cores surrounded by higher luminescence zones
towards the rim. There are also a few metamict grains. Twenty-six zircon
grains define a discordia line with an upper concordia intercept age of
1783 + 5 Ma (Fig. 6¢) which is identical, within uncertainty, to the
207ph,/296pp weighted average age of 1782 + 6 Ma (Fig. 6d) obtained
from 19 concordant grains and interpreted as the emplacement age for
this granite.

4.2.4. Sample SP58 and SP67 — Unnamed Granite

Sample SP58 was collected from intrusive bodies located in the
southwestern part of the Dajarra region whereas sample SP67 was
collected from an intrusion located south of the Steeles Granite. These
intrusions are not named on geological maps but have been assigned to
the Sybella Igneous Event. Our dating indicates that they belong to the
Argylla Igneous Event.

Sample SP58 is from a granitic pluton that intruded in the Oroopo
Metabasalt (Fig. 3e). It is mainly composed of equigranular to porphy-
ritic, foliated biotite granite and locally is grading into granodiorite and
diorite. Deformed xenoliths and mafic enclaves are common within the
pluton (Fig. 4f).

Zircon grains from sample SP58 are translucent with colour ranging
from colourless to brown, and euhedral with needle-like shapes. Most
zircon grains exhibit low to moderate luminescence with visible
concentric zoning. Fifty-five analyses define a discordia line with an
upper concordia intercept age of 1786 + 4 Ma (Fig. 6e), which is
identical, within uncertainty, to the 2°’Pb/2%°Pb weighted average 1787
+ 4 Ma (Fig. 6f) obtained from forty-seven concordant analyses. The
1787 + 4 Ma 207Pb/?%Pb weighted average age is interpreted to
represent the emplacement age for this granite. Moreover, eleven
concordant analyses form a single population with a 2°Pb/2%pb

Precambrian Research 432 (2026) 107965

weighted average age of 1829 + 9 Ma (Table 1), which is interpreted to
represent inherited zircon grains.

Sample SP67 was collected from a small, north south trending,
granitic pluton intruding the Sulieman Gneiss (Fig. 3d). The granite is
strongly foliated, displaying a gneissic texture and contains minor
amounts of augen gneiss (Fig. 4g).

Zircon grains extracted from sample SP67 are euhedral to subhedral
with elongated shapes and vary in colour from semi-translucent to
yellowish to brown. Twenty-four zircon grains define a discordia line
with an upper concordia intercept age of 1793 + 7 Ma (Fig. 6g), which is
identical, within error, to the 207Pb/2%5Pb weighted average age of 1791
+ 8 Ma (Fig. 6h) obtained from twenty concordant analyses. The
207p, /206ph, weighted average age of 1791 + 8 Ma is interpreted as the
emplacement age for this granite. Additionally, eight analyses form a
single population and yield a 2°’Pb,/2%Pb weighted average age of 1870
+ 13 Ma (Table 1), interpreted as inherited zircon grains.

4.3. Wonga-Burstall Igneous Event (1750-1690 Ma)

4.3.1. Sample SPO1, SP22 and SP24- Steeles Granite

The Steeles Granite intrudes the Sulieman Gneiss and the Alpha
Centaury Metamorphics. The eastern side is in structural contact with
the Jayah Creek Metabasalt whereas on the western side is cut by the
Rufus Fault. In the northern part, the Steeles Granite intrudes into a
gneissic granite unit mapped as Sybella Granite. The Steeles Granite was
previously assigned to the Sybella Igneous Event, but our results indicate
it belongs to the Wonga-Burstall Igneous Event.

Samples SPO1 and SP22 were collected from the main phase of the
Steeles Granite along the Boulia—-Mount Isa Highway and consist of
porphyritic biotite granite (Fig. 3c). The Steeles Granite is mainly coarse
grained, porphyritic, with large (up to 4 cm) potassic feldspar crystals in
a matrix of coarse quartz and biotite. Dykes and smaller intrusions are
common within the Steeles Granite, and they consist of leucocratic
biotite granite, leucogranite, biotite-hornblende granodiorite, micro-
granite and pegmatites. Xenoliths of various igneous compositions are
common within the Steeles Granite. Dolerite dykes of variable thickness
crosscut the granite. The central part of the granite is weakly deformed;
the deformation intensity increases towards the margins and may
contain localized zones of intense deformation. The foliation trends
northwest southeast and is subvertical. Sample SP01 was collected from
a weakly deformed granite (Fig. 4h) whereas sample SP22 was collected
from a well foliated granite (Fig. 4i).

Sample SPO1 yielded zircons that are mainly euhedral and prismatic
with a small number of grains having a subhedral morphology and they
are brown to colourless. CL images reveal the presence of growth zoning
with low luminescence zone in the cores and higher luminescence zones
towards the rims. Twenty-one zircon grains define a discordia line with
an upper concordia intercept age of 1686 + 6 Ma (Fig. 7a) which is
similar, within uncertainty, to the 27Pb/2%°Pb weighted average at
1693 + 9 Ma (Fig. 7b) obtained from seventeen concordant grains. The
1693 + 9 Ma 297Pb/2%°Pb weighted average age is considered to
represent the magmatic crystallization age for this granite.

Sample SP22 yielded prismatic zircon grains that are euhedral to
subhedral shaped and brown to colourless under the binocular micro-
scope. CL images reveal the presence of weakly zoned and homogenous
zircon grains with overall low luminescence except a few grains that
display a higher luminescence towards the rims. Nineteen zircons define
a discordia line with an upper intercept age of 1705 + 7 Ma (Fig. 7c),
which is identical, within uncertainty, to the 27Pb/2%°pPb weighted
average age of 1697 + 6 Ma (Fig. 7d) obtained from fifteen concordant
grains. The 1697 & 6 Ma 2°7Pb/2°°Pb weighted average age is consid-
ered the magmatic crystallization age of this sample. Additionally,
eleven concordant grains yielded a 2°”Pb/2%°Pb weighted average age of
1744 + 9 Ma. These grains are interpreted as inherited (Table 1).

In the central part of the Steeles Granite occurs a series of small,
compositionally distinct, northwest trending granitic intrusions crosscut
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Table 1
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Summary of 2°’Pb/2°°Pb ages (weighted average) from the intrusive rocks sampled from the Dajarra region. Coordinates are GDA94 UTM.

Previous interpretation New defining of this Intrusive name Sample Easting Northing Age Age Inherited zircons [n;
study (Ma) comment MSWD]
Kalkadoon Igneous Event Kalkadoon Igneous Kalkadoon SP19 351,484 7,595,987 1856 + n=22
(1870-1840 Ma) Event Granodiorite 6 MSWD =
1.4
Sulieman Gneiss SP36 324,082 7,602,967 1854 + n=16
6 MSWD =
1.6
Wonga-Burstall Igneous Event Argylla Camel Creek SP16 354,072 7,606,668 1801 + n==8
(1750-1690 Ma) Igneous Event Granite 12 MSWD =
1.7
Camel Creek SP33 353,941 7,606,676 1784 + n=_86
Granite 3 MSWD =
0.79
Garden Creek SP17 350,710 7,606,745 1783 + n=36 1827 +10 [11; 0.66]
Porphyry 5 MSWD =
0.75
Sybella Igneous Event Unnamed granite SP20 323,250 7,602,768 1782 + n=19 1823 +9[9; 0.1], 1869 +
(1680-1650 Ma) 6 MSWD = 13 [5; 0.98]
0.65
Unnamed granite SP67 324,234 7,590,364 1791 + n=16 1870 + 13 [8; 0.54]
8 MSWD =
0.8
Unnamed granite SP58 311,441 7,562,176 1787 + n =47 1829 +9[11;1.1]
4 MSWD =
0.92
Wonga-Burstall Steeles Granite SPO1 327,616 7,602,354 1693 + n=17
Igneous Event 9 MSWD =
0.87
Steeles Granite SP22 326,518 7,602,768 1697 + n=15 1744 +9 [11; 0.5]
6 MSWD =
0.95
Unnamed granite SP24 325,625 7,601,793 1704 + n=17 1775 + 9 [15; 1.6], 1873
9 MSWD =1 +19 [6; 1.3]
Unnamed granite SP65 318,657 7,565,571 1713 + n=11 1770 + 22 [2; 0.04]
10 MSWD =
0.45
Copper Valley SP61 317,780 7,564,568 1695 + n=7 1742 + 11 [4; 0.6]
Granite 8 MSWD =
1.5
Sybella Unnamed granite SP47 316,976 7,567,736 1665 + n=38
Igneous Event 14 MSWD =
1.8

by a dolerite dyke. Sample SP24 was collected from one of these in-
trusions (Fig. 3c). These intrusions are granodioritic in composition,
coarse grained, phaneritic and consist of quartz, feldspar, biotite and
hornblende (Fig. 4j). They contain xenoliths of various igneous phases
including porphyritic biotite granite and locally along the margins a
transitional zone to the main phase of the Steels Granite can be found.

Zircon grains from sample SP24 are colourless and semi-translucent,
have elongate to prismatic shapes and subhedral morphologies. Growth
zoning with low luminescence cores surrounded by higher luminescence
rims is common in the CL images. Eighty zircons from this sample yield
concordant ages with thirty-eight analyses. Seventeen concordant grains
define a discordia line with an upper intercept age of 1709 + 17 Ma
(Fig. 7e), which is identical, within uncertainty, to the 207pp, /206pp,
weighted average age of 1705 + 9 Ma (Fig. 7f) obtained from the same
analyses. The 1705 + 9 Ma 29Pb/2%Pb age is interpreted as the
emplacement age for this granite. Twenty-one zircon grains with
concordant analyses yielded older ages. Fifteen of these grains form a
single population with a 2°’Pb/2%°Pb weighted average ages of 1775 + 9
Ma (Table 1) whereas the remining six grains form a single population
with a 2%7pb/2%6pp weighted average ages of 1873 + 19 Ma (Table 1).
These two older populations are interpreted to represent inherited
zircon grains.

4.3.2. Sample SP61 — Copper Valley Granite
Sample SP61 was collected from an intrusive unit located in the
southwestern part of the Dajarra region and mapped as the Copper
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Valley Granite (Fig. 3e). The intrusion consists of two different plutons
intruding into the Sulieman Gneiss and the Alpha Centauri Meta-
morphics. The granite is fine to medium grained, equigranular,
composed mainly of quartz, feldspar, biotite and muscovite that un-
derwent intense deformation and metamorphism with migmatites
developed locally (Fig. 4k). The Copper Valley Granite was mapped on
geological maps as belonging to the Sybella Igneous Event but our dating
suggests it belongs to the Wonga-Burstall Igneous Event.

Zircon grains from sample SP61 are brown to colourless and have
subhedral to subrounded shapes. Metamictization and low to moderate
luminescence were observed from CL images. Sixteen zircon grains
define a discordia line with an upper concordia intercept age of 1694 +
9 Ma (Fig. 7g), which is identical, within uncertainty, to the 2°7Pb,/2°pb
weighted average age at 1695 + 8 Ma (Fig. 7h) obtained from eight
concordant grains and interpreted as the magmatic crystallization age
for the Copper Valley Granite. Additionally, there are four concordant
grains that define a single population with 2°Pb/2%Pb weighted
average age of 1742 + 11 Ma interpreted as inherited grains (Table 1).

4.3.3. Sample SP65 — Unnamed Granite

Sample SP65 was collected from a granite dyke trending NNE-SSW
that intruded into the basement rocks of the Sulieman Gneiss (Fig. 3e
and Fig. 41). This dyke occurs close to the Copper Valley Granite and is
most likely part of the same intrusive event which was previously
assigned to the Sybella Igneous Event but our dating suggests it belongs
to the Wonga-Burstall Igneous Event.
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Zircon grains separated from sample SP65 are colourless, prismatic
and subhedral to euhedral shaped. The CL mages reveal growth zoning
with low to moderate luminescence and metamictization. Twenty-three
analyses define a discordia line with an upper concordia intercept age of
1713 + 10 Ma (Fig. 8a), which is identical to the 207p, /206p, weighted
average age of 1713 + 10 Ma (Fig. 8b) obtained from eleven concordant
grains. The 2%Pb/2%Pb weighted average age of 1713 + 10 Ma is
interpreted to represent the emplacement age of this granite dyke.
Moreover, there are two inherited grains that yield a combined
207ph,/296ph weight average age of 1770 + 22 Ma (Table 1).

4.4. Sybella Igneous Event (1680-1650 Ma)

4.4.1. Sample SP47 — Sybella Granite

Sample SP47 has been mapped as Sybella Granite and assigned as the
Sybella Igneous Event. This sample was collected from a pluton located
in the southwestern part of the Dajarra region (Fig. 3e). The pluton in-
trudes into the Alpha Centaury Metamorphics and the Jayah Creek
Metabasalt whereas its northern part is cut by the Rufus Fault. It is
foliated, medium to coarse grained porphyritic granite composed mainly
of quartz, feldspar and biotite (Fig. 4f).

Zircons grains from sample SP47 are dominated by subhedral shaped
grains varying from colourless to translucent under the binocular
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microscope. They are low to moderate luminescence with weakly
defined concentric growth zoning. Twenty-two analyses define a dis-
cordia line with an upper concordia intercept age of 1667 + 12 Ma
(Fig. 8c), which is identical, within uncertainty, to the 207pp,/206pp
weighted average age at 1665 + 14 Ma (Fig. 8d) obtained from eight
concordant grains. The 1665 + 14 Ma 27Pb/2%pb weighted average
age is interpreted as representative of the magmatic crystallization age
for this sample.

4.5. Zircon Lu-Hf isotopic data

Zircon Hf isotopic analyses were conducted on 70 zircon grains from
thirteen samples representing newly constrained intrusive events in the
Dajarra region. These results are presented as initial 17°Hf/Y77Hf ratios
and eHf(y) values plotted against interpreted crystallization ages (Figs. 9a
and b). Zircon grains separated from the Kalkadoon Granodiorite and
the Sulieman Gneiss, with crystallization ages at ca. 1850 Ma, have
similar Hf isotopic composition and yield initial "®Hf/}””Hf ratios
ranging from 0.281446 to 0.281603, and have eHf() values between 0.0
and —5.5.

Zircon grains separated from intrusive units with ages between ca.
1810 and 1780 Ma have unradiogenic Hf isotopic composition except
SP58 which is the only sample with radiogenic composition. The two
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samples collected from the Camel Creek Granite (SP16, SP33) have
similar Hf isotopic compositions with the 7SHf/*”7Hf ratios varying
between 0.281493 and 0.281563 whereas the eHf() values vary between
—2.6 and —5.3. Zircon grains analysed from sample SP20 show very
little variation in the Hf isotopic composition with the 17®Hf/!7”Hf ratios
varying between 0.281499 and 0.281524 whereas the eHf(;) values vary
between —4.4 and —5.3. The Y7°Hf/!77Hf ratios of zircons form sample
SP67 vary between 0.281522 and 0.281629 whereas the eHf(y) values
vary between —0.5 and —4.3. Zircon grains analysed from the Garden
Creek Porphyry (SP17) also shows little variation with the 76Hf/17’Hf
ratios varying between 0.281596 and 0.281646 whereas the eHf(;
values vary between + 0.0 and —1.8. One unnamed granite (SP58 with a
207pp/206ph weighted average age of 1787 + 4 Ma), located in the
southwestern corner of the Dajarra region and intruding into the Oroopo
Metabasalt, plots above the CHUR line, indicating a more radiogenic
signature. The 178Hf/!77Hf ratio of zircon grains from this sample varies
between 0.281601 and 0.281882 whereas the eHf() values vary be-
tween + 8.4 and —1.6.

Zircon grains from intrusive units with ages between ca. 1710 and
1690 Ma have unradiogenic Hf isotopic compositions. The two samples
from the Steeles Granite (SPO1 and SP22) have very similar zircon Hf
isotopic compositions with the 7®Hf/!7’Hf ratio varying between
0.281479 and 0.281507 whereas the e¢Hf) values vary between —7.0
and —8.1. Due to the small grain size only one zircon grain from sample
SP24 was analysed for Hf isotopic composition with a }”®Hf/””Hf ratio
of 0.281514 and an eHfy) value of —6.6. Zircon grains from sample SP65
have a 7®Hf/Y7Hf ratio that varies between 0.28162 and 0.28169
whereas the eHf () values vary between —0.1 and —2.6.

Sample SP47 with an emplacement age of 1665 + 14 Ma has zircon
grains with 7®Hf/!”7Hf ratios between 0.281582 and 0.281602 and
eHf(y) values between —4.3 and —5.1.

5. Discussion
5.1. Implications for the stratigraphy and stratigraphic correlations

The field relationships and the emplacement ages for the Kalkadoon
Granite, the Camel Creek Granite and the Garden Creek Porphyry have
implications for the stratigraphic relationships and correlations in the
Mount Isa Inlier, particularly for the Bottletree Formation and the Mount
Guide Formation. The Bottletree Formation, dated at ca. 1790 Ma (Page,
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1983) is typically interpreted to uncomfortably overlie the Kalkadoon
Granodiorite and other rocks of the Kalkadoon Leichhardt Belt, to form
the base of the Leichhardt Superbasin and as the Western Succession
equivalent of the Argylla Formation (Derrick et al., 1977; Foster &
Austin, 2008; Neumann et al., 2006; Spampinato et al., 2015). However,
the map pattern and our field observations suggest that the Kalkadoon
Granite, dated at 1856 + 6 Ma, intrudes the Bottletree Formation in the
Dajarra area (Fig. 3b). Moreover, the Camel Creek Granite, dated be-
tween ca. 1800 and 1780 Ma, clearly intrudes the Bottletree Formation
and contains enclaves of the surrounding country rock (Fig. 3b). These
relationships demonstrate that at least in the Dajarra area the Bottletree
Formation is much older or that these rock units do not belong to the
Bottletree Formation and need to be reassigned. Initially, Derrick et al.
(1977) proposed that the Bottletree Formation is the Western Succession
equivalent of the Argylla Formation whereas Blake (1980) proposed that
the formation is much older and has no stratigraphic equivalent in the
Eastern Succession. The current stratigraphic position of the Bottletree
Formation is based on two zircon age dates from the northern part of the
sequence at ca. 1808 and 1790 Ma (Page, 1983). The two dated samples
are described as porphyritic metadacites undisturbed by the regional
deformation and metamorphism (Page, 1983). It is possible that they
represent intrusive dykes rather than volcanic flows, postdate the
deposition of the formation and the two zircon ages are unrelated to the
timing of deposition of the Bottletree Formation. While this is specula-
tive in the absence of direct field observations, in conjunction with the
new field observations and ages for the Kalkadoon Granite and the
Camel Creek Granite, it is clear that the issue regarding the stratigraphic
position and continuity of the Bottletree Formation remains unresolved.
Our interpretation is consistent with the observations of Blake (1980)
and indicate that the Bottletree Formation is older than the Argylla
Formation and has no Eastern Succession equivalent.

The Garden Creek Porphyry trends north-south and intrudes the
Mount Guide Quartzite over a length of ~ 40 km despite being only ~
100-200 m wide and very likely represents a vertical intrusion (Fig. 3b).
The Mount Guide Quartzite on the other hand is internally tightly folded
along north-south axes, the layering dips both east and west at angles
varying between 20° and 85° and overturned bedding is common,
especially along the eastern margin of the formation. All these obser-
vations suggest that not only the intrusion of the Graden Creek Porphyry
postdates the deposition of the Mount Guide Quartzite, but it also
postdates most of the deformation that affected these rocks. Maximum
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depositional ages for Mount Guide Quartzite from the northern part of
the Western Succession, near Mount Isa town, are ca. 1793 Ma for the
lower part and ca. 1773 Ma for the upper part of the formation
(Neumann et al., 2006). The new emplacement age for the Garden Creek
Porphyry at 1783 + 5 Ma indicates that in the southern part of the inlier
the units mapped as the Mount Guide Quartzite are either older or are
not stratigraphic equivalents to the units mapped as Mount Guide
Quartzite in the northern part. Based on the observations that the units
mapped as Mount Guide Quartzite in the Dajara area were deformed and
metamorphosed prior to the intrusion of the Garden Creek Porphyry we
suggest that these units should be assigned a different name and their
stratigraphic position be reassessed.

5.2. Inlier wide magmatic activity

The compilation of U-Pb zircon ages suggests that the magmatic
history of the Mount Isa Inlier can be separated into six igneous events
(Fig. 2). The Kalkadoon Igneous Event (ca. 1880-1850 Ma) is a well-
defined period of igneous activity in the Mount Isa Inlier (Bultitude
etal., 2021; Page, 1978; Withnall, 2019) but until this study all igneous
rocks of this age were known only from the Kalkadoon-Leichhardt Belt
and from the Mary Katheleen Domain (Bierlein et al., 2008; Bultitude
et al., 2021). We have shown that the Sulieman Gneiss, from the Western
Succession also belongs to this igneous event and probably other units
mapped as Pre-Barramundi basement (i.e. Saint Ronan Metamorphics),
are similar in age. The units mapped as Pre-Barramundi basement
(Fig. 3a) occur along the western margin of the exposed Precambrian
rocks forming a north-south trending zone, sub-parallel to the
Kalkadoon-Leichhardt Belt whereas the intervening rocks are younger.
We propose that the units mapped as Pre-Barramundi basement and the
units forming the Kalkadoon-Leichhardt Belt are equivalent and prior to
ca. 1820 Ma they formed a continuous unit along the eastern margin of
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the North Australia Craton. The Kalkadoon Granite and the Sulieman
Gneiss have an almost identical Hf isotopic signature (Fig. 9) not only
with each other but also with similar age rocks from the Kalkadoon-
Leichhardt Belt (Fig. 10) suggesting at least similarity in source mate-
rial if not a common genesis.

Our data suggests that there are numerous intrusive rocks in the
Dajarra region with emplacement ages between ca. 1800 and 1780 Ma
(Table 1; Fig. 3a) belonging to the ca. 1820-1770 Ma Argylla Igneous
Event. Previously, these intrusive rocks were assigned to either the
Wonga-Burstall Igneous Event (Camel Creek Granite, Garden Creek
Porphyry) or the Sybella Igneous Event (unnamed granites, samples
SP20, SP67 and SP58). Until recently, in Mount Isa Inlier, the only felsic
intrusive rocks with ages between ca. 1820 and 1770 Ma were known
from the Big Toby and Yeldham granites (Carson et al., 2011; Wyborn
et al., 1988) from the Western Succession but recent work (Cocker et al.,
2025; Le et al., 2021a) found numerous granitic intrusions within this
age bracket from the Mary Kathleen Domain and from deep drill core
sample (Olierook et al., 2022) south of the Dajarra region. The Argylla
Formation (felsic volcanics, volcaniclastics and metasediments), from
the Eastern Succession has similar ages suggesting that the plutonic
activity ranging from ca. 1820-1770 Ma has an extrusive equivalent.
Similar, to other intrusive events from the Mount Isa Inlier, the Argylla
Igneous Event forms two north-south trending subparallel belts, one
located in the Eastern Succession, and one located in the Western Suc-
cession (Fig. 2a). The Hf isotopic composition of zircon grains from these
igneous rocks is mostly unradiogenic with negative eHf() values sug-
gesting derivation from reworked crustal material, except for the sample
SP58 that is dominated by radiogenic Hf and positive eHf(;) values
consistent with derivation from a more primitive source (Fig. 9).
Considering that the Argylla Igneous Event is synchronous with the
emplacement of the mafic Eastern Creek Volcanics and the equivalent
Jayah Creek Metabasalt, it is surprising that only one granitic intrusion
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indicates derivation from a mantle source. The overall Hf isotopic
composition (Fig. 10) of igneous rocks emplaced during the Argylla
Igneous Event is also dominated by unradiogenic Hf and negative eHf(y
values suggesting that the mantle event that resulted in the emplace-
ment of Eastern Creek Volcanics and equivalent mafic rocks was also
responsible for intracrustal melting and the generation of crustal melts
across the inlier.

The Dajarra area also contains intrusive rocks belonging to the
Wonga-Burstall Igneous Event such as the Steeles Granite, the Copper
Valley Granite and unnamed intrusion (SP65). In general, igneous rocks
belonging to the Wonga-Burstall Igneous Event are mainly found in the
Eastern Succession, particularly in the Mary Kathleen Domain and were
emplaced during the ca. 1750 to 1710 Ma Wonga Orogeny (Spence et al.,
2021, 2022) with most intrusions having emplacement ages between ca.
1740 and 1720 Ma. Prior to this study the only intrusive rocks with
similar ages from the Western Succession was the Weberra Granite, in
the far northern part of the inlier, with emplacement ages at ca.
1711-1698 Ma (Neumann et al., 2006; Wyborn et al., 1988). The new
granite ages from the Dajarra region span the same time interval, ca.
1711 to 1693 Ma, with the Weberra Granite indicating that the Wonga-
Burstall Igneous Event in the Western Succession postdates the
emplacement of the Wonga-Burstall plutons in the Eastern Succession.
The ca. 1710 to 1690 Ma magmatism from the Western Succession could
represent the waning states of the Wonga Orogeny as well as indicate a
migration of magmatic activity towards west. The Hf isotopic compo-
sition of the ca. 1710 to 1690 Ma intrusions (Fig. 9) is dominated by
unradiogenic Hf with negative eHf(y) values consistent with the Hf iso-
topic composition of similar aged granites (Fig. 10) from other parts of
the inlier and indicate magma derivation primarily by crustal
reworking.

The last igneous event recognised in the Dajarra area is the Sybella
Igneous Event although only one intrusion from the southwestern corner
(SP47; Fig. 3e) has emplacement ages at 1665 + 14 Ma consistent with
this igneous event. Prior to this study most of the intrusions in this re-
gion were assigned to the Sybella Igneous Event but it is clear now that
the magmatic activity associated with the emplacement of the Sybella
batholith is restricted to the area west of the Rufus Fault and with the
exception of the unnamed granite dated in this study at 1665 + 14 Ma
there are no granites of this age east of the Rufus fault. Magmatism of
this age is rare in the Eastern Succession, and the bulk of magmatic
activity appears to have occurred in the Western Succession. There is
limited zircon Hf isotopic composition available for rocks belonging to
the Sybella Igneous Event, but the rocks analysed in this study appear to
be dominated by unradiogenic Hf with negative eHf(y) values consistent
with derivation from reworking crustal material (Fig. 9).

5.3. Tectonic and geodynamic setting along the eastern margin of the
north Australia Craton (NAC)

5.3.1. The 1880-1850 Ma Kalkadoon Igneous Event and the Barramundi
Orogeny

The Barramundi Orogeny, a widespread orogenic event in the NAC,
occurred between ca. 1890 and 1850 Ma and affected the entire eastern
margin of the NAC (e.g. Bierlein et al., 2011; Etheridge et al., 1987;
Gibson et al., 2025). It is typically interpreted as a Cordilleran style
orogeny build on older continental crust (Gibson et al., 2025). However,
in the Mount Isa Inlier the oldest known rocks belong to the Kalkadoon
Igneous Event, and so far, no rocks predating this igneous event have
been found in the inlier. Rocks mapped as Pre-Barramundi basement
such as the Yarringa Metamorphics, the Kurbayia Metamorphic Com-
plex, Saint Ronan Metamorphics, Sulieman Gneiss and the Plum
Mountain Gneiss consistently return U-Pb zircon ages within the ca.
1890 to 1850 Ma interval thus overlapping with the Kalkadoon Igneous
Event (Bultitude et al., 2021; Cocker et al., 2025; Withnall, 2019). The
Kalkadoon Igneous Event is generally considered to have occurred
during the final stages of the Barramundi Orogeny (e.g. Bierlein et al.,
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2011; Neumann et al., 2009; Page & Williams, 1988), however, in the
light of the data presented here and the lack of older rocks we consider
that it actually represents the defining geological activity for the
Barramundi Orogeny in the Mount Isa Inlier and should be seen as a
series of magmatic events occurring during the entire orogenic cycle.
The only indication of older basement comes from inherited zircons and
from Hf (Fig. 10) and Nd isotopic compositions which are consistent
with reworking of older (>2Ga) crust during the Barramundi Orogeny
(e.g. Bierlein et al., 2011; Wyborn et al., 1992). The lack of primitive
magmas and older rocks is puzzling and suggest that whatever the tec-
tonic environment during the Barramundi Orogeny was somehow
different from modern Cordilleran style orogeny. Similar age igneous
rocks, the Donington Suite, are found in the SAC and in some tectonic
reconstructions (Reid et al., 2008a), the Kalkadoon-Leichhardt Belt and
the Donington Suite are interpreted to form a continuous belt since the
Barramundi Orogeny (Fig. 11a; Gibson et al., 2025). If the Mount Isa
Inlier and fragments of the SAC were linked since the Barramundi
Orogeny it could explain the presence of Archean detrital zircons in
Mount Isa Inlier by sourcing them from the Gawler Craton without the
need of a proximal Archean source rocks.

5.3.2. The 1820-1770 Ma Argylla Igneous Event — Rifting or collisional
magmatism?

The Argylla Igneous Event is synchronous with similar aged
magmatic events from the NAC such as the ones in the Arunta Inlier, the
Granites Tanami and the Halls Creek orogens (e.g. Bagas et al., 2010;
Claoué-Long & Edgoose, 2008; Crispe et al., 2007; Hand and Buick,
2001; Howlett et al., 2015; Iaccheri, 2019; Page et al., 2001). However,
there are certain discrepancies in the tectonic interpretations between
these terrains and the Mount Isa Inlier during this period. The
emplacement of granites in the ca. 1820 to 1770 Ma interval in the
Arunta Inlier, the Granites Tanami and the Halls Creek orogens are
attributed to orogenic events and collisional tectonics related to the final
assembly of the Nuna supercontinent (e.g. Betts et al., 2016; Gibson
et al., 2025) whereas in the Mount Isa Inlier this period is in general
interpreted to represent intracontinental rifting associated with the
opening of the Leichhardt Superbasin (Derrick, 1982; O’Dea et al.,
1997a; O’Dea et al., 1997b; Passchier & Williams, 1989). The main ar-
guments favouring this tectonic scenario in Mount Isa Inlier relies on the
presence of extensive bimodal volcanism represented by mafic volca-
nism of the Eastern Creek Volcanics and felsic volcanism of the Bot-
tletree Formation in the Western Succession and by the mafic Magna
Lynn Metabasalt and the felsic volcanic rocks of the Argylla Formation
in the Eastern Succession. Moreover, these units occur as continuous,
linear, north-south trending belts along the lengths of the inlier inter-
preted to indicate east-west rifting on either side of the Kalkadoon-
Leichhardt Belt either due to plume activity (O’Dea et al., 1997b) or
because of back-arc extension and rifting behind a distal arc in the
Arunta Inlier (Fig. 11b; Giles et al., 2002; Scott et al., 2000). The pres-
ence of extensive intrusive magmatism during this period brings some
new perspectives to the tectonic interpretation and the geodynamic
setting of Mount Isa Inlier. Firstly, as discussed above, the continuity and
timing of some stratigraphic units (Bottletree Formation, Mount Guide
Quartzite) in the southern part of the inlier needs revising. This can have
crucial implications for the tectonic interpretation. For example, if the
units mapped as Mount Guide Quartzite in the southern part of the inlier
do not belong to the Haslingden Group, it is also possible that the
stratigraphic units overlying the Mount Guide Quartzite such as the
Eastern Creek Volcanics and the Jayah Creek Metabasalt from this part
of the inlier are also older. If this is the case, the volume and spatial
extend of the Easter Creek Volcanics will be significantly reduced and
the geometry and extent of the interpreted rift will have to be reassessed.
Secondly, recent results from the Tick Hill area (east of Dajarra) docu-
mented ca. 1800 to 1770 Ma magmatism that intruded during
compressional deformation and the formation of upright tight fold at
upper amphibolite facies conditions (Le et al., 2024). In the Dajarra
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Fig. 11. Reconstruction models (modified from Betts & Giles, 2006; Gibson et al., 2025) to put in context the magmatic activity in Mount Isa Inlier for the period
1880 Ma to 1650 Ma and to illustrate some possible tectonic relationships with other Australian Proterozoic terranes during the final assembly of the Nuna Su-
percontinent. a) The Kalkadoon Igneous Event is in general interpret to occur along a continental margin during the Barramundi Orogeny and form a continuous belt
with the Donington Suite in the SAC. b) In general, tectonic models indicate intracontinental extensional tectonics in Mount Isa Inlier during the period 1820 Ma to
1770 Ma in response to a far field subduction system along the southern margin of the NAC. However, as discussed in the text, new evidence suggests that at least
some of this interpretation may require updating. ¢) The Wonga Orogeny and the Wonga-Burstall Igneous Event can be correlated to similar orogenic events in the
SAC and along the southern margin of the NAC. It is possible that the Wonga-Burstall Igneous Event occurred in response to a west dipping subduction zone located
east of the Mount Isa Inlier. d) The emplacement of the Sybella Igneous Event plutons is in synchronous with the opening of the Calvert Superbasin and is probably
related to slab retreat and back-arc extension prior to the final collision with Laurentia at ca. 1600 Ma. KIE = Kalkadoon Igneous Event. AIE = Argylla Igneous Event.

WBIE = Wonga-Burstall Igneous Event. SIE = Sybella Igneous Event.

region, the Camel Creek Granite intruded between ca. 1800 and 1784
Ma in the complexly deformed Bottletree formation whereas the Garden
Creek Porphyry intruded at ca. 1783 Ma the deformed Mount Guide
Quartzite (Fig. 3b). Further work is needed to confirm whether they
intruded during deformation, or the deformation recorded in the Bot-
tletree Formation, and the Mount Guide Quartzite predates the intrusion
of these granites.

5.3.3. The 1750-1690 Ma Wonga-Burstall Igneous Event and the Wonga
Orogeny

A series of intrusive rocks in the Dajarra region including the Steeles
Granite, Copper Valley Granite and unnamed granites have emplace-
ment ages between ca. 1710 and 1690 Ma (Table 1; Figs. 3c and e) which
are slightly younger than the ca. 1750-1710 Ma Wonga orogeny as
defined by Spence et al. (2022). Together with similar aged granites
further north (i.e. Weberra Granite), the ca. 1710-1690 Ma granites
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from Dajarra region define a north south trending belt sub-parallel to the
intrusive belts emplaced during the Wonga orogeny in the eastern suc-
cession between ca. 1750-1710 Ma (Fig. 2). Spence et al. (2021, 2022)
interpreted that the principal strain during the Wonga Orogeny occurred
in the Eastern Succession with decreasing intensity of deformation in the
western part of the inlier. We interpret that the younger, ca. 1710-1690
Ma granites, emplaced in the Western Succession represent the wanning
stages of the Wonga Orogeny and may also indicate a western migration
of the locus of tectonic activity in the Mount Isa Inlier (Fig. 11c). This
westward migration of the locus of tectonic activity in the inlier is
further supported by the emplacement of the voluminous Sybella
batholith during the Sybella Igneous Event soon after the end of the
Wonga Orogeny.

The Wonga Orogeny and the corresponding igneous activity can be
correlated with the Strangways Orogeny and the Kimban Orogeny,
recorded from the southern part of the NAC and along the eastern part of
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the SAC, respectively. The Strangways Orogeny was documented be-
tween ca. 1740 and 1690 Ma (Claoué-Long et al., 2008; Collins & Shaw,
1995; Scrimgeour, 2013; Zhao & Bennett, 1995) and interpreted to have
formed in response to a north dipping subduction zone located in the
southern part of the NAC (Giles et al., 2002; Zhao et al., 2004; Zhao &
McCulloch, 1995) whereas the Kimban Orogeny occurred between ca.
1730 and 1690 Ma (Dutch et al., 2008; Dutch et al., 2010; Hand et al.,
2007; Payne et al., 2008; Reid & Hand, 2012; Reid et al., 2008b) in
response to a northeast dipping subduction zone representing a
continuation of the subduction system responsible for the Strangways
Orogeny. One possible interpretation is that the magmatic and tectonic
activity in Mount Isa Inlier are related to the subduction systems
responsible for the Strangways and the Kimban Orogenies and repre-
sents a far field intraplate environment rather than a plate margin (e.g.
Betts & Giles, 2006). An alternative interpretation suggests that a west
dipping subduction system developed east of Mount Isa Inlier, repre-
sented by the Gidea Suture (Korsch et al., 2012), and was responsible for
the tectonic and magmatic activity during the Wonga Orogeny (Spence
et al., 2021). Based on similar orientation of tectonic fabrics, magmatic
A-type affinity and zircon isotopic record, Olierook et al. (2022) pro-
posed that during the Wonga and Kimban orogenies there was a con-
tinuum of the NAC and SAC during the amalgamation of Nuna. If that is
the case, it is possible that the NAC and SAC shared a common driver for
the tectonic activity along its eastern margin at least since the Wonga
and Kimban Orogenies.

5.3.4. The 1680-1650 Ma Sybella Igneous Event

The Sybella Igneous Event occurs almost exclusively in the Western
Succession and forms a north-south trending belt of granitoids (Fig. 2a).
Our study has shown that most intrusions attributed to this event in the
Dajarra region are actually older and the distribution of rocks of the
Sybella Igneous Event are closely related to the vicinity of the Rufus-Mt
Isa fault system. Actually, with the exception of one pluton from the
southwestern part of the Dajarra region that appears to be located east of
the Rufus-Mt Isa Fault System and all the igneous rocks belonging to this
event are located west of this fault system (Fig. 3e). Since the exact
geometry of the Rufus Fault in this part of the inlier is not clearly defined
it is likely that this intrusion is also located west of the fault. If that is the
case, the strong control of the Rufus-Mt Isa fault system on the locus of
magmatic activity during the Sybella Igneous Event suggests that this
fault system may represent a major crustal boundary.

The Sybella Igneous Event starts ~ 10 my after the Wonga-Burstall
Igneous Event and the end of the Wonga Orogeny further confirming a
westward shift of the igneous activity. In general, the emplacement of
the granitoids related to the Sybella Igneous Event is interpreted to have
occurred during crustal extension and opening of the Calvert Superbasin
(Gibson et al., 2008, 2016). It could be related to slab retreat and back
arc extension of the subduction system responsible for the Wonga
Orogeny and the corresponding Wonga-Burstall Igneous Event as pro-
posed by Spence et al. (2021) before the final closure of an eastward
facing ocean and collision with Laurentia at ca. 1600 Ma (Pourteau
et al., 2018) (Fig. 11d).

5.4. An active continental margin during Nuna assembly

The position of the NAC on various tectonic reconstruction models
varies widely during the Paleoproterozoic (Elming et al., 2021 and
reference therein) but most models indicate that its eastern margin was
facing an ocean at least until ca. 1600 Ma when a collision with Lau-
rentia is envisaged by some authors (Nordsvan et al., 2018). The Mount
Isa Inlier forms a linear belt that is at least 700 Kms long in its present
configuration. The Kalkadoon-Leichardt Belt is the oldest tectonic
element and its continuity along the entire length of the inlier indicates
that the current geometry of the inlier was already in place during the
Kalkadoon Igneous Event and controlled the subsequent tectonic and
magmatic activity. The granites and granodiorites emplaced during the
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Kalkadoon Igneous Event have an I-type character and their geochem-
ical signature is similar to modern continental arc magmas (Bierlein
et al., 2011; Wyborn et al., 1992) indicating an active continental
margin from the onset of tectonic activity. The subsequent Argylla,
Burstall-Wonga, Sybella and Williams igneous events produced plutons
distributed in sub-parallel magmatic belts following the earlier estab-
lished geometry in a similar way to modern day active continental
margins. However, following the Kalkadoon Igneous Event all the sub-
sequent magmatic events are dominated by A-type magmatism
(Wyborn, 1988; Wyborn et al., 1992) which is different from the typical
calc-alkaline magmatism occurring along modern active continental
margins. This can be attributed to hotter Proterozoic orogens which
favoured the generation of voluminous A-type magmatism globally
during the Proterozoic (Spencer et al., 2021). Nordsvan et al. (2022)
proposed that the Mount Isa Inlier is similar to retreating orogens such as
the Paleozoic Lachlan Orogenic Belt along the eastern coast of Australia
where magmatism was active over a protracted period. The isotopic data
from the Lachlan Orogenic Belt indicates that periods of crustal
reworking alternated with periods of juvenile crust input corresponding
to back arc closure and opening events in response to complex sub-
duction dynamics involving alternating periods of slab retreat and
advance (Kemp et al., 2009b). In contrast, Hf isotope data (Fig. 9 and
Fig. 10) from Mount Isa indicates that crustal reworking was the
dominant mechanism of crustal growth through most of its almost 400
Myr of magmatic history. This could indicate a thicker crust, a possible
Archean-Paleoproterozoic core (Kerr et al., 2024), and/or a more
limited back-arc extension which favoured heating of the crust to pro-
duce A-type magmatism but inhibited the ascend of mantle derived
magmas which most likely pondered in the lower crust. In general
Mount Isa Inlier shows many similar characteristics to modern, active
continental margins but with typical Proterozoic affinities such as vol-
uminous A-type magmatism and higher thermal gradients.

6. Conclusion

New U-Pb zircon geochronological data from granitic intrusions in
the Dajarra region reveal the presence of four distinct magmatic events
in the southern part of the Western Fold Belt, Mount Isa Inlier: the
Kalkadoon Igneous Event (ca. 1880-1850 Ma), the Argylla Igneous
Event (ca. 1820-1770 Ma), the Wonga-Burstall Igneous Event (ca.
1750-1690 Ma), and the Sybella Igneous Event (ca. 1680-1650 Ma).
These events occur as a series of sub-parallel, north-south trending
magmatic belts that extend across almost the entire length of the inlier.
The Hf isotopic data show that most of these granites were formed by
crustal reworking and there is limited evidence of juvenile crustal input.
The new ages and the Hf isotope data are consistent with the igneous
evolution recorded across the inlier and points to a tectonic and
magmatic evolution dominated by episodic reworking of an active
continental margin. The new ages, particularly the age of the Garden
Creek Porphyry and the Camel Creek Granite have significant implica-
tions for the stratigraphy of the Western Succession and suggests that the
stratigraphic framework needs refining. Notably, our results emphasize
that the Argylla Igneous Event (ca. 1820 to 1770 Ma) can now be
considered an inlier wide intrusive event forming a series of two sub-
parallel magmatic belts that can be correlated with similar magmatic
activity in other parts of the NAC. We consider that the ca. 1710-1690
Ma intrusive from the WFB are part of the Wonga-Burstall Igneous Event
and represent a westward shift in magmatic activity during the waning
stages of the Wonga Orogeny. Overall, the new data provides improved
spatial and temporal correlations of magmatic belts spanning between
ca. 1880 and 1650 Ma across both the North Australian Craton (NAC)
and the South Australian Craton (SAC) and will help better understand
models leading to paleogeographic reconstruction and supercontinent
assembly processes.
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