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ABSTRACT

The Tommy Creek Domain is a complex, yet little studied, terrane in the Eastern Subprovince of the
Mount Isa Province, northwest Queensland Australia. In this study, we take advantage of modern low-
cost and rapid geochronology techniques to undertake an iterative dating approach integrated with
detailed fieldwork to define the ages and extents of numerous lithologies and units of the Tommy
Creek Domain. This includes some units not previously identified, lithologies previously grouped
together based on field observations but now shown to have multiple distinct ages and dates not com-
monly represented in Mount Isan time-space plots. We identify an episode of felsic magmatism at ca
1640 Ma, and multimodal intrusions (ca 1615Ma) immediately preceding the onset of the Isan
Orogeny. A major rock package of the Tommy Creek Domain, the Milo beds, are characterised here as
the youngest pre-Isan Orogeny sedimentary unit in the Eastern Subprovince (1660-1620 Ma), confirm-
ing that sedimentation and possibly rifting continued after deposition of the Soldiers Cap, Mount
Albert and Kuridala groups (ca 1690-1650 Ma) before the onset of the Isan Orogeny (ca 1600 Ma). The
Milo beds are thus age equivalent to the Mount Isa and McNamara groups of the Western Succession.
There is evidence of a compositional shift in sedimentation coincident with the ca 1640 Ma Riversleigh
Inversion event, previously only observed in the Western Subprovince in the Lawn Hill Platform. The
application of geochronology as part of the mapping workflow can assist with differentiating geological
units in terranes where field evidence is ambiguous and can aid in the focusing of objectives for field
campaigns to enable the best possible interpretations to be made.
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KEY POINTS

1. New ages constrain the Milo beds in the Tommy Creek Domain as the youngest stratigraphy

in the Eastern Subprovince of the Mount Isa Province.

2. The Milo beds are age equivalents of the McNamara and Mount Isa groups of the Western

Subprovince of the inlier.

3. Recognition of felsic and mafic intrusions with ca 1640 Ma and ca 1615 Ma ages.
4. Evidence for Riversleigh Inversion event ca 1640 in the Eastern Subprovince.

Introduction

The Proterozoic Mount Isa Province is one of the most richly
mineralised and geologically complex crustal blocks on Earth,
and hence has been the focus of geological research for
many decades. The Tommy Creek Domain (TCD) is a com-
paratively understudied region in the central area of the
Mount Isa Province (Figure 1), despite having a number of
intriguing characteristics such as: containing the youngest
pre-lsan Orogeny sedimentary sequence in the Eastern
Subprovince (Betts et al., 2011); exhibiting higher apparent
metamorphic grade than the adjacent, older blocks (Derrick,

1980a; Foster & Rubenach, 2006); and containing significant
volumes of felsic and mafic volcanic rocks compared with
other upper parts of the Eastern Subprovince stratigraphy.
The similarities in age and sedimentary lithologies of the Milo
beds—one of the major units of the TCD—and the younger
units of the Western Subprovince may provide important
information about the problematic links between the Eastern
and Western subprovinces, as well as insights into the onset
of deformation and magmatism in the Isan Orogeny.

The widespread adoption of laser ablation inductively
couple mass spectrometry (LA-ICPMS) over the past decade
for radiogenic isotope analysis has had a profound impact
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on the volume, cost and accessibility of geochronology
(Harrison et al., 2015; Spencer et al., 2016). This has dramat-
ically broadened the collective knowledge of age con-
straints across the globe but has also allowed
geochronology to contribute to other aspects of Earth
Science, such as geomorphological processes and paleo-
climate. In this case study from the TCD, an integrated and
iterative approach of detailed mapping, sample collection
and geochronology analysis has yielded significant new
insights into this enigmatic part of a well-studied terrane
that has a robust existing geochronological framework.

Regional geology

The Mount Isa Province, located in northwestern Queensland,
Australia (Figure 1), is a sequence of sedimentary, bimodal

volcanic and intrusive igneous rocks (Blake, 1987) deposited
and emplaced in an extensional, upper plate setting that
have undergone polyphase metamorphism and contractional
deformation (Betts et al., 2006, 2011; Gibson et al., 2018). It is
also an important metallogenic province, with significant his-
toric and current reserves of copper, gold, lead, zinc, silver
and uranium in many mineralisation styles including 10CG,
sediment hosted copper, shale hosted/SEDEX Pb-Zn-Ag,
Broken Hill Type Ag-Pb-Zn and U-REE (Geological Survey of
Queensland, 2011).

The geological framework of the Mount Isa Province has
been summarised and reworked numerous times since the
first major government mapping campaigns in the 1960s,
1970s and 1980s (Betts et al., 2006; Blake, 1987; Blake &
Stewart, 1992; Foster & Austin, 2008; Southgate et al,
2000). These frameworks divide the province into both

north-south-trending tectonic domains including the
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Figure 1. Overview of the Proterozoic Mount Isa Inlier. Outcropping Proterozoic basement is shaded and divided into the three main tectonic divisions. The
finer tectonostratigraphic domains of Betts et al. (2011) are also shown, along with significant current or historic mining operations.



Western Succession/Fold Belt, Kalkadoon-Leichardt Belt and
Eastern Succession/Fold Belt, and stratigraphic divisions.
Two stratigraphic frameworks are used in the literature; the
Cover Sequence terminology initiated by Blake (1987), and
the more detailed (and Western Succession-derived) super-
basin nomenclature (Southgate et al., 2000).

The Blake framework divides the sedimentary and vol-
canic accumulations into three cover sequences. Cover
Sequence 1 spans ca 1880-1800 Ma, Cover Sequence 2 ca
1800-1740 Ma and Cover Sequence 3 ca 1720-1575Ma.
Divisions are largely on the basis of regional scale uncon-
formities. Further work on stratigraphic correlations and
geochronology have allowed for revisions of this original
framework, such as that in Foster and Austin (2008).

Detailed studies of the Western Succession resulted
in the identification of the Leichardt (1800-1750Ma),
Calvert (1730-1690Ma) and lIsa (1665-1590 Ma) superba-
sins, and a number of sedimentary cycles and hiatuses
(Jackson et al., 2000; Southgate et al., 2000).

Continued stratigraphic and geochronological investiga-
tions, particularly from the Geological Survey of
Queensland, have led to further refinement of both the
tectonic domains and stratigraphic framework (Betts et al.,
2011; Geological Survey of Queensland, 2011; Jell, 2013).
Fifteen tectonic domains are now recognised (Figure 1)
within  three subprovinces; Western, Eastern and
Kalkadoon-Leichardt. The stratigraphy and magmatic
phases are broken into the superbasin nomenclature of
Southgate et al. (2000) and are well summarised as
time-space plots presented by Betts et al. (2011).

Regionally, metamorphism is dominated by high-
temperature, low to medium-pressure greenschist to upper
amphibolite facies assemblages, with metamorphic evolu-
tion along an anticlockwise P-T-t path (Foster & Rubenach,
2006; Hand et al., 2002). Prograde metamorphic events in
the Eastern Subprovince are reported at a number of ages
between ca 1650 and 1590 (Abu Sharib & Sanislav, 2013;
Giles & Nutman, 2002; Hand et al., 2002; Pourteau et al.,
2018; Rubenach et al., 2008). The thermal peak is under-
stood to have occurred at around 1590-1575 Ma; however,
this does not coincide with any regionally significant mag-
matic intrusions. There are numerous postulated models
for producing this anomalous geothermal gradient, includ-
ing compression of previously extended continental crust
(Etheridge et al., 1987; Oliver et al., 1991); mantle delamin-
ation (Loosveld & Etheridge, 1990); heat advection via
intrusions owing to high mantle heat flow (Rubenach,
1992; Rubenach & Barker, 1998; Sandiford et al., 1995);
radiogenic heating owing to enrichment of heat-forming
elements in the upper crust (MclLaren et al, 1999;
Sandiford et al., 1998); and the burial of heat-producing
stratigraphic sequences (Hand et al., 2002).

Numerous tectonic syntheses have been put forward in
the literature, describing multiple phases of basin develop-
ment, inversion and orogeny (e.g. Betts et al., 2006, 2011;
Blake, 1987; Foster & Austin, 2008; Loosveld, 1989;
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Southgate et al., 2000). The three cycles of dominantly
east-west extensional rifting and sediment deposition rep-
resented in the superbasin stratigraphic framework are
punctuated by periods of sedimentary hiatus or basin
inversion, and in many places igneous intrusions (e.g.
Burstall suite, Sybella Batholith).

The Isan Orogeny commenced ca 1600 Ma and contin-
ued through to ca 1500 Ma (Betts et al., 2006), halting the
superbasin development. This is the dominant period of
deformation and metamorphism in the province, and can
be broadly broken into four main stages; early north-south
to northwest-southeast shortening (D1, 1600-1580 Ma),
east-west shortening resulting in the dominant fabric of
the inlier (D2, 1570-1550 Ma), reactivation and wrenching
in continued east-west compression (D3, 1545-1530 Ma);
and east-southeast-west-northwest direct shortening, fault
reactivation and emplacement of the Williams Supersuite
(1530-1500 Ma; Betts et al., 2011).

The geodynamic setting of basin formation has been
the subject of considerable debate. Early work suggested
an intracratonic setting (Carter & f)pik, 1961), then a con-
tinental margin, based on a geochemical interpretation of
the volcanic rocks (Wilson, 1978). Further geochemistry and
broader scale paleogeography interpretation refuted this
hypothesis (Blake, 1987; Loosveld, 1989) in favour of intra-
continental rifting. A far-field margin influence forming a
backarc basin in response to a southern subduction zone
was put forward by workers in the early-mid 2000s (Betts
et al., 2006; Giles et al., 2002) and is currently a favoured
interpretation, although more recent work considers the
associated subduction zone to have been located between
the Mount Isa and Georgetown inliers, which were sutured
by collision with Laurentia during the Isan Orogeny as part
of the assembly of the Nuna supercontinent (Gibson et al.,
2018; Pourteau et al., 2018).

Tommy Creek Domain

The TCD is a fault and shear bounded block covering
approximately 375km? in the central Eastern Fold Belt
(Figures 1 and 2). It is separated from the Mary Kathleen
Domain to the west by the Pilgrim-Fountain Range fault sys-
tem. Unnamed structures separate TCD from the Mitakoodi
Domain to the south and the Canobie Domain to east.

The dominant stratigraphic units present in the domain
include the felsic volcaniclastic rocks of the Bulonga
Volcanics (ca 1760Ma) and the variable metasediments,
marbles and calc-silicate rocks of the Corella Formation (ca
1740 Ma). Owing to the lack of the Mitakoodi Quartzite,
this contact is a disconformity. In the central and southern
parts of the TCD, the younger Milo beds (ca 1660-
1620 Ma), which comprise volcaniclastics, metasediments,
marbles, graphitic shales/schists and mafic lavas, are struc-
turally juxtaposed against the Corella Formation.

The TCD has received relatively little attention in the
literature compared with other parts of the Mount Isa
Province (e.g. Leichardt River Domain, Mary Kathleen
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Figure 3. Sample locations with successful ages and geology of the study area. Many samples are taken from drill core and are projected to surface, and their

lithology may not match the surface mapping.

Domain). The key work consists of the original government
mapping (Marraba 1:100 000 sheet; Derrick, 1980b), struc-
tural mapping and geochronology by the Bureau of
Mineral Resources (Hill, 1987; Hill et al., 1992), and a PhD
thesis (Lally, 1997). These workers identified the TCD as a
fault-bounded package of calc-silicate, metasedimentary
and metavolcanic rocks with felsic and mafic intrusions,
and a complex and intense deformation history. The meta-
morphic grade is anomalously high relative to neighbour-
ing domains, being dominated by amphibolite facies rather
than the greenschist facies of adjacent blocks (Foster &
Rubenach, 2006; Hill et al., 1992).

The interpretation of the TCD has evolved significantly
as new work was performed. The area was first mapped by
the Bureau of Mineral Resources and the Geological Survey
of Queensland in 1969, with revisions and first edition of
the map and commentary published in 1980 (Derrick,
1980a, 1980b). In this work, the majority of the TCD is
assigned to the metasedimentary Corella Formation

(described as ‘calcareous, dolomitic and silty beds, quartzo-
feldspathic rock, limestone, basalt and black slate, and their
various metamorphic variations’), intruded by the Tommy
Creek Microgranite and minor mafic dykes. The commen-
tary notes the complex cross-folding within black slates
(described as andalusite and kyanite bearing) that is a
feature of the central TCD (Figure 2), and the zone of
amphibolite-facies metamorphism that roughly outlines
the TCD.

Two samples of what was interpreted to be rhyolite
within the Corella Formation were analysed by conven-
tional zircon geochronology techniques and returned ca
1600 Ma ages (Page, 1983). It was recognised that these
samples were strongly deformed (mylonite fabric),
and shortly after, Page and Bell (1986) documented an
age of 161013 Ma for D1 deformation in the western
part of the inlier. Thus, the age from the Tommy Creek
rhyolites was interpreted to be that of metamorphic
recrystallisation.
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Targeted structural mapping of the Tommy Creek area
performed in the late 1980s first recognised the Tommy
Creek Block’ as a discrete domain, bounded by the Pilgrim
Fault Zone to the west, and unnamed fault and shear
zones to the south and east blocks (Hill, 1987; Hill et al.,
1992). The Tommy Creek Microgranite was interpreted to
be felsic volcanic rocks (rather than intrusive) on the basis
of field relationships and rock textures. The ages of Page
(1983) were refined using ion microprobe (SHRIMP) techni-
ques on the same sample fractions as previously dated and
yielded an interpreted igneous crystallisation age of
1625+4Ma. The younger original determinations were
attributed to lead-loss causing averaging in bulk digestion
of zircons. The volcanic and associated metasedimentary
units described were therefore interpreted to represent a
young sequence in comparison with the rest of the Eastern
Subprovince (Hill et al., 1992).

Mapping and further geochronology by Lally (1997)
allowed for significant refinement of this stratigraphy. Lally
recognised that the felsic volcanic rocks and porphyry on
the eastern margin of the domain were much older than
the previously sampled rhyolites at ca 1760 Ma, and likely a
correlative of the Bulonga or Argylla volcanics in the Mary
Kathleen and Mitakoodi domains, respectively.

Further geochronological work by Carson et al. (2011)
reported an age of 1615+ 5 Ma for a probable volcaniclastic
rock in the Milo Basin, a 1649 +4.5 Ma age for a sample of
Tommy Creek Microgranite, and a 1660+ 6 Ma maximum
depositional age for a psammitic unit nearby the Tommy
Creek Microgranite sample (Figure 2). This culminated in a
revision of the Marraba Mapsheet in 2015.

Previously published ages from the TCD are listed in
Table 1. Central to the young interpretation of the Milo
beds are samples of volcaniclastic rocks with ages of
1618+ 6 Ma (Page & Sun, 1998) and 1615+5Ma (Carson
et al., 2011). The early conventional U-Pb ages of Page
(1983) have been omitted in Table 1 in favour of the
SHRIMP ages of the same samples reported in Page and
Sun (1998).

Study area geology

The study area, covering approximately 13 km? in the cen-
tral portion of the TCD, comprises a complexly folded

exposure of the Milo beds juxtaposed against the sur-
rounding Corella Formation across a faulted and sheared
contact (Figure 3). The Corella Formation is dominated by
granoblastic calc-silicates with variable proportions of
amphibole (actinolite, hornblende), diopside, albite, ortho-
clase, calcite and quartz, as well as calcareous metasilt-
stones and lenses of calcitic marble.

The Milo beds can be separated into an upper and
lower sequence, with the lower sequence comprising feld-
spathic psammites and volcano-sedimentary rocks with
lenses of dolomitic marble. The volcano-sedimentary rocks
include ribbon breccias, as well as probable relict fiamme,
and correlate to the Tommy Creek Beds of Hill et al. (1992).
The upper sequence comprises biotite metasiltstones, mus-
covite schist, graphitic phyllite (generally 5-15% total
graphitic carbon), lenses of dolomitic marble and biotite-
garnet schist. The graphitic phyllite locally contains anda-
lusite, staurolite and sillimanite.

This metasedimentary package is intruded by a multi-
tude of felsic, mafic and alkaline igneous rocks, of which
only the Tommy Creek Microgranite has been named and
described in  the literature (Geological Survey of
Queensland et al., 2015). It is a generally pink two-feldspar
equigranular leucocratic granitic rock with grainsize 1-
5mm, with local hornblende or biotite as accessory phases.
This unit is predominantly found to the northeast of the
study area in a doubly plunging sill complex intruding
Corella Formation.

A number of rhyodacitic porphyritic igneous units have
been identified as sills and stocks intruding into both the
Corella Formation and Milo beds. These include quartz and
feldspar phyric (QFP), quartz phyric (QP) and biotite ocelli
bearing (QFB) variants. The study area is also host to alka-
line intrusive phases including syenitic pegmatite and glim-
merite, which form dykes up to 10 m wide that have only
been identified in drill core.

Two mafic phases have been identified in the study
area. The most prominent is a sill of gabbro and pyroxen-
ite, although metamorphism has altered these rocks to a
coarse amphibolite and a magnesian chlorite-pyroxene-
amphibole schist, respectively, both locally garnet bearing.
Relict olivine has been observed in the chlorite schist. The
second phase is a fine- to medium-grained biotite bearing
dolerite to trachyte. Both are found as dykes or sills

Table 1. Summary of geochronology results from the Tommy Creek Domain. SHRIMP data from Geoscience Australia (Anderson et al., 2017).

Error
Lithology Unit Method Age (Ma) (Ma) Age type Publication
Rhyolite Bulonga Volcanics SHRIMP 1762 5 Crystallisation
Psammite Milo beds SHRIMP 1660 6 Max dep
Rhyolite Tommy Creek Microgranite  SHRIMP 1650 3 Crystallisation
Pink microgranite Tommy Creek Microgranite  SHRIMP 1649.5 45  Crystallisation
Rhyolite ‘Tommy Creek Beds’ SHRIMP 1629 8 Crystallisation (Page & Sun, 1998)
Microgranite ‘Tommy Creek Beds’ SHRIMP 1625 4 Crystallisation (Hill et al., 1992; Page & Sun, 1998)
Brecciated volcanic ‘Tommy Creek Beds’ SHRIMP 1618 6 Max dep (Page & Sun, 1998)
Meta volcanoclastic Milo beds SHRIMP 1615 5 Max dep (unimodal) (Carson et al., 2011)
Garnet-staurolite schist  Milo beds Sm-Nd garnet 1585 Prograde metamorphism  (Hand et al., 2002)
Garnet-staurolite schist  Milo beds Sm-Nd garnet 1575 Prograde metamorphism  (Hand et al., 2002)

The Sm-Nd garnet ages are from an abstract (Hand et al., 2002), so further details are unavailable.



primarily in the upper Milo beds, with the metagabbro-
pyroxenite true thickness likely exceeding 100 m.
Deformation at the map scale is apparent as an early
east-west fold subsequently refolded in a north-south
orientation (Figure 2). Strong foliations and crenulation
cleavages manifest in micaceous lithologies of the upper
Milo beds, and the rhyodacite porphyries exhibit strong lin-
ear fabrics. Metamorphic assemblages, particularly the silli-
manite in the graphitic phyllite, point towards peak
thermal conditions of >500°C, as reported by previous
workers (Foster & Rubenach, 2006; Hand et al., 2002).

Methods

Mapping, surface and drill-core sampling was conducted
over a number of field campaigns, with the results helping
to inform subsequent sampling priorities and remapping.
Target minerals zircon and titanite were collected from
samples via heavy mineral separation techniques and
mounted in epoxy resin pucks prior to polishing. Mounts
were analysed using a Hitachi SU5000 for both backscat-
tered electron (BSE) and cathodoluminescence (CL) imaging
for grain screening and spot analysis location selection.
Spot analyses were performed using a Teledyne Analyte G2
193 nm ArF Excimer Laser Ablation system with a Helex Il
sample cell, and a Thermo iCAP-RQ quadrupole mass spec-
trometer. Ablation was performed at 5Hz and 2.5-3J/cm?,
with spot sizes varying with target species and grainsize
between 20 um and 50 um. Full instrument conditions are
outlined in Todd et al. (2019).

For zircon, calibration standard GJ1 was used (Jackson
et al., 2004), with FC1, Temora and 91500 used as second-
ary check standards (Black et al., 2003; Paces & Miller, 1993;
Wiedenbeck et al., 1995). Titanite standard MKED1 was
used for calibration, with KHAN as check standard
(Spandler et al., 2016). All analyses were carried out at the
Advanced Analytical Centre, James Cook University,
Townsville. Data reduction was performed using the lolite
software package (Paton et al., 2011), and final processing
utilised lIsoplot v. 4.15 (Ludwig, 2012). Detailed method-
ology, QAQC and processing notes are available in the data
repository.

Results

A total of 23 ages were determined for samples across
nine units, taken from the central region of the TCD. The
samples yielded a variety of distributions of analyses with
examples given in Figure 4; including concordant analyses
(Figure 4d), concordant groups with tails of discordant
results indicating Pb loss trends (Figure 4b, ¢, e, f) and
detrital populations (Figure 4a). Ages reported here are
Tera Wasserberg intercept ages unless otherwise noted.
Sample locations are shown in Figure 3, and results are
represented in the context of the study area stratigraphy
schematically in Figure 5. It should be noted that many
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samples are from drill core, and thus the given rock type
does not always correlate with the surface geology.
Detailed results and concordia plots for all samples are
included in the data repository.

Zircon U/Pb dates from volcanic and metasedimentary
rocks

Zircon dates were collected from five samples of metavol-
canic and metasedimentary rocks of both the Corella
Formation and Milo beds (Table 2).

One sample of albite-rich banded calc-silicate of the
Corella Formation (EX096248) was taken from drill core and
yielded a high number of zircons. The 63 spot analyses show
a relatively clear spectrum of results, as would be expected for
a detrital population (Figure 4a). A large proportion of the
data are discordant; however, inspection of their distribution
indicates three arrays are present, with a few outliers. Two of
these arrays plot at 2572+110Ma and 1891 +47 Ma, along
with a few near concordant outliers >3000 Ma. These likely
represent pre-Barramundi basement sources (Betts et al.,
2011). The most numerous and concordant array yields a Tera
Wasserberg age of 1756+ 10 Ma and a Pb-Pb weighted aver-
age (concordant samples only) of 1747 + 6 Ma. For this sample,
this is considered the maximum depositional age.

Extracting zircons from various rocks of plausible vol-
canic origin from the Milo beds was problematic, despite
many samples returning whole-rock assays of 500 ppm Zr
or greater. Closer inspection of these samples, thought to
represent tuffs or similar volcanic rocks, showed a high
abundance of rutile and other titanium minerals, which are
likely reservoirs for some Zr. Additionally, SEM imaging
indicated extremely small (<10pm) zircon inclusions pre-
sent in other minerals. Only two samples of volcanic or
clastic origin yielded good data.

EX32127, a feldspathic rock interpreted as a fine felsic
volcanic rock towards the base of the Milo beds, produced
an age of 1659+10Ma from mostly concordant analyses
with minor Pb loss (Figure 4b). Although interpreted as a
volcaniclastic rock, it is not clear that this represents the
age of crystallisation, and it is thus considered a maximum
depositional age. This age is consistent (1660 +6 Ma) with
GSQ/GA sample 19256950 (Anderson et al., 2017), also
taken in the very lowest part of the sequence.

EX096917 is a sandy muscovite schist taken from near
the top of the exposed Milo beds in the study area and
forms an interlayer in the dominantly graphitic part of the
stratigraphy. A main population of concordant and discord-
ant analyses yields an age of 1640+ 11 Ma, with some near
concordant outliers present around 2400 and 1800 Ma. The
age is best interpreted as a maximum depositional age,
although if this material were dominantly volcanic in origin,
it might represent the age of deposition. The lack of sub-
stantial additional populations, and coherent U/Th ratio,
suggests the zircons are mostly from a single source. This
age overlaps with that of the Quartz-Feldspar Porphyry
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Figure 4. Selected Concordia diagrams from eight zircon or titanite samples from this study. (a) EX096248—Corella Formation metasediment showing
multiple detrital zircon populations. Concordant members of population C were used to calculate the Pb-Pb age of 1747 +6 Ma. (b) EX32127—concordant-
discordant array of the dominant population from a massive felsic rock. Interpreted as a maximum depositional age but may be crystallisation age.
(c) EX32129—concordant-discordant single population from QFP unit (Quartz Feldspar Porphyry). (d) EX096916—concordant single population from a thin
dark porphyritic rock intruding the Milo beds, thought to be equivalent to GA sample 1980491 (Carson et al., 2011). (e) EX21982—concordant-discordant
single population from biotite-bearing rhyodacite (QFB) stock that intrudes the upper Milo beds and metagabbro sills. (f) EX096901—concordant-discordant
single population from fine-grained mafic dyke cutting through coarse metagabbro. (g) EX096904—zircon results showing a high degree of scatter and dis-
cordance typical of those from the syenitic pegmatites, and also glimmerite. (h) Possible coherent population; confidence in what this age represents is low.
(i) EX32148—mostly concordant single population from a single large titanite crystal in syenitic pegmatite (same source as EX096904).

(QFP), which intrudes the middle part of the Milo beds,
pointing towards intrusion (and associated extrusive coun-
terparts) contemporaneous with deposition.

In addition to felsic and clastic rocks, a number of samples
from carbonate rocks successfully yielded ages. Two
(EX096931, EX096932) are interpreted to be metasedimen-
tary from field relations and produced detrital populations.
The ages represented in these samples of ca 1650 Ma, ca
1725Ma and 2700-1850 Ma are consistent with the clastic
Milo beds samples and other major zircon sources for the
Eastern Succession. As such, a maximum depositional age of
1652 + 5 Ma is indicated for these rocks.

These ages also confirm a significant age gap of ca 90 Ma
and disconformity/structural contact between the Corella

Formation (ca 1750 Ma maximum depositional age) and the
Milo beds (ca 1660 Ma maximum depositional age).

Zircon U/Pb dates from intrusive rocks

Eleven samples of eight different intrusive igneous units
are presented in Table 3. Three samples were taken from
the prominent QFP unit, which forms a folded sill intruding
into the transition between the upper and lower Milo beds.
The three samples yielded good ages within error of each
other at ca 1641 Ma. This coherent age group is distinct
from the second group of felsic samples dated both in age
and in subtle compositional and textural characteristics.
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Five felsic samples have consistent ages of ca
1615 Ma, which is distinct from that of the QFP unit.
However, this group is more compositionally diverse,
including quartz-dominated porphyry, a darker biotite-
rich stratiform porphyry, a two-feldspar microgranite
and a fine quartz-feldspar biotite rock with biotite
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Figure 5. Schematic stratigraphy of the study area broken into four age ranges based on published ages and those presented in this paper. Disconformity
between the Milo beds and Corella Formation is a fault boundary, and unit relationships represent observed field relationships. True thickness of units is poorly
understood and is not to scale. (a) 1650 Ma—Corella Formation ‘basement’ with Tommy Creek Microgranite, and lower Milo beds; (b)1650-1630 Ma—upper
Milo beds deposition and intrusion of Quartz—Feldspar Porphyry (QFP) sills; (c) 1630-1610 Ma—polymodal intrusions; and (d) post 1600 Ma—Titanite alteration
events.

ocelli. All of these except the dark porphyry form as
stocks intruding into Corella Formation calc-silicates
proximal to the disconformity, or the Milo beds. The
dark porphyry (EX096916) was sampled from a thin
stratiform horizon towards the base of the graphite-rich
upper Milo beds.
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Table 2. U-Pb zircon ages from volcanic and metasedimentary rocks.

Sample Lithology Unit Spots Age 1 (Ma) Age 2 (Ma) Comment
EX096248  Albite calc-silicate Corella Formation 63 (20 um) 1747 +6 (n=14) Pb—Pb max depositional age
EX32127 Medium- to fine-grained Lower Milo beds 24 (30 pm) 1659+9 (n=12) Max depositional age
felsic rock
EX096917  Muscovite schist, graphitic ~ Upper Milo beds 55 (30um) 1640£11 (n=39) Max depositional age. One main
sequence population, some outliers/singletons
EX096931  Biotite marble with shale Upper Milo beds 60 (30 um) 1652+5 (n=36) 1720+ 21 Pb-Pb max depositional age. Concordant
interbeds (h=12) singletons 2600-1850
EX096932  Biotite marble Upper Milo beds 47 (30 um) 1725+17 (h=9) 2700-1850  Pb-Pb max dep on concordant results
Table 3. U-Pb zircon ages from intrusive igneous rocks.
Sample Lithology Unit Spots (size) Age (Ma) Comment
EX21973 Feldspar porphyry QFP 24 (30 um) 1642+ 10 (n=24) Crystallisation age
EX32129 Quartz—feldspar porphyry, foliated, QFP 24 (30 um) 1641+ 8 (n=24) Crystallisation age
minor muscovite
EX32136 Quartz—feldspar porphyry QFP 28 (30 um) 1639+ 11 (n=28) Crystallisation age
EX096901 Fine-grained mafic within coarse Metagabbro 19 (30 um) 161810 (n=19) Crystallisation age
metagabbro
EX096238 Pink microgranite 23 (30 um) 1617 +£9 (n=23) Crystallisation age
EX096916 Narrow dark porphyritic rock below 31 (30 um) 1616+ 12 (n=31) Crystallisation age
graphitic schist
EX096919 Porphyritic schist with strong QP 48 (30 um) 1615+ 13 (n=22) Crystallisation age. Long Pb loss
lineation trend
EX096250 Medium coarse quartz porphyry QP 30 (40 pum) 1612+ 15 (n=30) Crystallisation age
EX96904 Very coarse pegmatitic syenite. Syenite pegmatite 94 (30 um) 161621 (n=11) Very scattered data, possible
Amph-fd-bt-tit. Some late qtz common Pb
EX096247 Coarse phlogopite- K-feldspar Glimmerite 32 (20 um) 1616+20 (n=11) Scattered data, difficult to
identify populations
EX21982 Fine quartz—feldspar with biotite QFB 25 (20 um) 1611+9 (n=25) Crystallisation age

ocelli to 20mm

Numerous attempts were made to extract zircons from
the various mafic units in the study area, including some
exceptionally Zr rich samples (>500ppm Zr). Only one
sample (EX096901) yielded zircons during mineral separ-
ation, a small fine-grained mafic dyke cutting through the
coarse-grained gabbro unit. This sample yielded a reason-
ably robust age of 1618+ 10Ma (Figure 4f), placing it as
contemporaneous with the late felsic intrusions. Given the
mafic composition, it is plausible that these zircons are
xenocrystic; however, considering the uniformity of the
concordant results, the zircon morphology (low aspect
ratio) compared with potential sources (generally high
aspect ratio) and that the sample is a late stage within the
metagabbro intrusion, a syn magmatic interpretation is fav-
oured (Bea et al., 2022). The samples of alkaline rocks (glim-
merite, syenitic pegmatite) yield quite poor data that are
difficult to interpret. Both the syenite and glimmerite have
populations indicative of ca 1616 Ma and include older
populations that are perhaps inherited zircons.

U/Pb titanite dates

Seven samples of titanite from alteration (e.g. vein) and of
metamorphic origin yielded good dates and are presented
in Table 4, with textures illustrated in Figure 6. Analyses for
samples form populations that are both concordant and dis-
cordant (e.g. Figure 4i), but they do not show clear evidence

for multiple populations. Analyses generally show very low
to absent common lead, which is commonly seen in hydro-
thermal titanites from the Mount Isa Province (Spandler
et al., 2016). For samples where common lead trends are
apparent, the upper 2°°Pb/?*’Pb intercept is broadly consist-
ent with the common lead composition of Stacey and
Kramers (1975). In these cases, the lower concordia intercept
is interpreted as the titanite crystallisation age.

Two samples of the fine pervasive titanite alteration that
appears proximal to carbonatite veins (EX096245, EX22000;
Figure 6b, d) returned consistent ages of ca 1525Ma. The
single grain sample from an amphibole-scapolite-calcite
vein (EX21959; Figure 6¢) cutting QFP returned an older
age of 1575+ 6 Ma.

Samples  EX32145 (1560+10Ma) and EX32148
(1524 +9Ma) have exceptionally large crystals of titanite
(>15mm) within a syenitic pegmatite (Figure 6a). The anal-
yses do not indicate there is any distinct age zonation
within the crystals; however, the ages of the two crystals
are distinctly different. Sample EX96904 is a bulk rock sam-
ple from drill core, which includes EX32148 (although none
of the specific crystals would have been present). Thus, it is
interesting that there was no evidence for the EX32148 age
within the data for EX096904, which formed a reasonably
tight concordant-discordant array around 1554+9Ma and
is within error of the single crystal age of EX32145. Both
sets of ages are considerably younger than the ages



Table 4. U-Pb dates from titanite.
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Sample Lithology Unit Spots (size) Age (Ma) Comment

EX096909 Coarse metagabbro Metagabbro 24 (50um) 1597 +28 (n=24) Multiple grains. Discordant

EX21959  Large crystal in vein in QFP QFP 20 (50 um) 1574+6 (n=20) Single crystal. Most concordant

EX096245 Pervasive alteration of QFP QFP 16 (30um) 1528 +30 (n=15) Multiple grains. Discordant. 30 um

EX22000  Pervasive alteration of QFP QFP 20 (50 um)  1525+26 (n=15) Multiple grains. Discordant

EX32145  Coarse amph-K-spar-bio pegmatite  Syenite 20 (50pum)  1560£10 (n=14) Single grain. Most concordant

EX096904 Coarse amph-K-spar-bio pegmatite  Syenite 17 (50 um) 1554+9 (n=17) Multiple grains (interval includes EX32148). Concordant
EX32148  Coarse amph-K-spar-bio pegmatite  Syenite 20 (50 um) 1524+9 (n=18) Single grain. Most concordant

2 mm

500 um

EX096245}

2 mm

Figure 6. Photomicrographs illustrating various titanite textures of the analysed samples: (a) EX32148, a megacrystic (>1cm) titanite within a syenitic pegmat-
ite, plane-polarised light (PPL); (b) EX22000, vein and pervasive titanite alteration through Quartz-Feldspar Porphyry (QFP), PPL; (c) EX21959, diopside—calcite
vein with large (~1cm) titanite grain cutting through altered QFP, cross polarised light; (d) EX096245, pervasive fine titanite-biotite alteration in QFP, PPL;
and (e) EX096909, metagabbro bearing fine titanite, likely as reaction products of original titanomagnetite, pyroxenes and/or amphiboles, PPL.

indicated from zircon, but the zircon data are scattered
and imprecise (1616+21 Ma; Figure 4g). The titanite ages
are interpreted to represent ages of metamorphism or
hydrothermal alteration, particularly as indicated peak ther-
mal conditions for the area approach the U-Pb closure
temperature for titanite ~600°C (Cherniak, 1993; Frost
et al., 2001).

Analyses in the gabbro sample EX096909 (Figure 6e)
show a common lead trend without any concordant analy-
ses, but still form a reasonable array that intersects concor-
dia at 1597 £ 28 Ma.

Discussion

Chronostratigraphic framework of the Tommy Creek
Domain

The interpretation of stratigraphy and lithologies present in
the TCD has evolved each time new geochronology data
have been presented. The data in this study build substan-
tially on the previous work, with additional units identified
largely owing to the new ages. This allows for more
detailed interpretation and expansion of the previously
published frameworks (Betts et al., 2011; Hill et al, 1992).
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The oldest units present in the TCD are found on the east-
ern margin as a wedge of metavolcanics and metasedi-
ments of the Bulonga Volcanics at 1762Ma (Anderson
et al, 2017), followed by the ca 1740 Ma Corella Formation
(Betts et al, 2011). The calc-silicate metasediments of the
study area are most likely from the Corella Formation, with
sample EX096248 showing a maximum depositional age of
1747 £ 6 Ma.

The earliest intrusive activity is recorded in the largest
and most prominent intrusive feature of the TCD, the dou-
bly plunging sill complex of the Tommy Creek Microgranite
intruding the Corella Formation, with an age of ca 1650 Ma
(Anderson et al., 2017). This closely followed deposition of
volcaniclastic rocks at the base of the Milo beds at ca
1660 Ma, from this study and previous workers (Figure 5a;
Anderson et al., 2017).

The QFP sills represent a further pulse of intrusive activ-
ity at ca 1641 Ma; an age that is similar to the maximum
deposition age of the higher parts of the Milo beds
(EX96917; this study). While no field textures indicative of
synsedimentary intrusion have been observed, it is plaus-
ible that these intrusions represent subsurface elements of
magmatism contributing to the sedimentary pile that they
intrude. The ca 1641 Ma QFP intrusions have only been
observed within the Milo beds (Figure 5b).

Between 1620 and 1610 Ma, additional stocks and strati-
form sills of variable composition, including quartz por-
phyry, biotite-rich rhyodacite and microgranite intruded
into both the Milo beds and the Corella Formation, includ-
ing along the now structural disconformity between them
(Figure 5c). Initial field interpretations did not differentiate
between the QP and the QFP units, although the ages
clearly demonstrate they are different phases.

This 1620-1610Ma period included mafic activity and
probably also the alkaline dykes. This may point towards a
burst of tectonic activity preceding or during the early
stages of the Isan Orogeny. The most prominent unit, a
metagabbro-pyroxenite sill, produced a titanite age (likely
metamorphic) of 1597 £28Ma as a lower limit to the pos-
sible intrusion age, although this age is relatively imprecise.
A better constraint for the metagabbro comes from a small
crosscutting fine-grained dyke (EX96901), with a robust age
of 1618 + 10 Ma. Additionally, map patterns indicate the sill
is also intruded by a 1611+9Ma felsic stock (QFB,
EX21982; Figure 5c).

An upper limit for the age of the sill is the 1660 Ma
maximum depositional age of the lower Milo beds. No dir-
ect interaction between the metagabbro and QFP has been
observed, with the metagabbro intruding at a slightly
higher level in the stratigraphy. Thus, the 1641 Ma age of
the QFP cannot be used to robustly constrain the mafic
intrusion age. The metagabbro intrudes into the lower
graphitic part of the upper Milo package, and sample
EX096917 indicates these rocks to be younger than
1640 Ma, providing a likely upper limit on the intrusion
age. Like the QFP, this suggests emplacement occurred

during, or quickly following, deposition of sediment at high
levels in the crust.

The age of the second major phase of mafic rocks—bio-
tite-rich trachyte dykes—is much more difficult to con-
strain. These intrude through the graphitic portion of the
package and are thus younger than their deposition (max-
imum 1640Ma). The trachyte also shows evidence of
deformation; thus a pre- or syn-metamorphism age is
likely.

The results from the alkaline rocks (syenite, glimmerite)
are not easily interpreted. The U-Pb data across these sam-
ples are poor with significant discordance and generally
scattered results. These rocks, as with the similarly dis-
rupted felsic pegmatites, are commonly fluorite-bearing.
Notwithstanding these difficulties, the data presented
above suggests a ca 1616 Ma age for both the syenitic peg-
matite and glimmerite. This age places these as coeval
with the youngest (and compositionally variable) felsic
phase, as well as some (if not all) mafic phases in the study
area.

The various felsic pegmatites in the study area failed to
yield any useful geochronological data owing to a lack of
recovered zircons, and very imprecise analyses on those
that were recovered. Field relationships with the 1641 Ma
QFP are not clear, and it is probable that the pegmatites
form part of the 1620-1610 Ma group. However, a younger
age, such as peak of metamorphism, cannot be ruled out.

Bracketing the Milo beds

Attempts to directly date the various volcanic horizons
within the Milo beds, in particular the apparent ‘tuff’ layers
in the upper graphitic portions, were largely unsuccessful
(zircons <10 um), despite high Zr abundance in many bulk
rock analyses. However, a number of sedimentary samples
(including marble) as well as the many other dates
obtained during the study do allow for robust bracketing.

A presumed volcaniclastic rock (EX32127, this study) and
GA sample 1925950 (Anderson et al., 2017) suggest max-
imum depositional ages of ca 1660 Ma for the base units of
the Milo beds. Other samples from this study from the mid
(marble, 1651 Ma, EX096931) and upper sequence (schist in
graphitic package, 1640 Ma, EX096917) have younger max-
imum depositional ages. These changes may represent a
progression of time and sediment provenance through
depositional history. The 1640+ 11 Ma age from a musco-
vite schist at the top of the graphitic package (the highest
part of the exposed Milo beds) is particularly interesting, as
this age overlaps with the 1641 Ma QFP intrusion into the
mid part of the sequence, which provides a minimum age
for at least the lower Milo beds.

The stratigraphic position of the QFP intrusive unit in
the study area approximately marks a shift in the sediment-
ary nature of the Milo beds. The lower sequence is domi-
nated by quartzo-feldspathic volcaniclastic and clastic units,



and the upper sequence is dominated by phyllosilicate and
graphite rich metasiltstone and schists.

The maximum depositional age of 1640+ 11 Ma for sam-
ple EX096917 suggests that at least part of the upper
sequence postdates the QFP event, with rocks related to
the QFP (perhaps extrusive equivalents) a likely source of
the detrital zircons. With evidence of both a significant shift
in sedimentary character and timing of deposition hinged
around an intrusive event, it is possible that an unconform-
ity or sedimentary hiatus exists between the upper and
lower Milo beds, although the intense deformation fabrics
would make identification of such in the field difficult. The
timing of this event is similar to that of the Riversleigh
Inversion identified in the Western Subprovince (Betts
et al., 2011); an unconformity in the Milo beds would be
evidence for more widespread regional effects of this
event.

The 1620-1610 Ma felsic units are intrusive and, along
with an intruding mafic-ultramafic sill constrained as older
than 1618+ 10 Ma, place a lower bound on deposition in
the central Tommy Creek area at ca 1620 Ma. This is in con-
trast to the interpretation of some previously reported
samples with ages of ca 1615Ma as being volcaniclastic
(Carson et al., 2011; Page & Sun, 1998). Field observations
of the EX096916 (1616+12Ma) and GA/GSQ sample
1980491 (1615+5Ma) suggest they are the same rock
type. However, the additional context of the intrusive
1641 Ma QFP and 1618 Ma gabbro in the study area and
other ages from the Milo beds make the original interpret-
ation of sample 1980491 as biotite psammite of possible
volcanic origin difficult to justify. Instead, it is proposed
that these samples represent thin sills, with subsequent
metamorphism and deformation obscuring the contact
relationships. Further work on the upper Milo beds, particu-
larly to the south and east of the study area, may yield
important information to constrain the upper age limit of
deposition.

Overall, the data from this study bracket the deposition
of the Milo beds between 1660 and 1620 Ma, with contem-
poraneous deposition of sediments and bimodal intrusive
and extrusive units. Although perhaps not quite as young
as previously suggested (Betts et al, 2011; Carson et al.,
2011; Page & Sun, 1998), the ages presented here for the
Milo beds still place it as the youngest pre-lsan Orogeny
sedimentary sequence deposited in the Eastern
Subprovince (Figure 7). Work by Griffin et al. (2006) showed
the presence of detrital zircons in modern sediments taken
within the Soldiers Cap Domain with a ca 1625 Ma age and
highlighted a potential correlation with ages from the TCD.
These zircons were interpreted to be mafic in origin and to
be from the Toole Creek Volcanics. Although this age is
not represented in the better-constrained samples of the
Toole Creek Volcanics, they potentially indicate a correl-
ation of mafic events in both domains. The lower Milo
beds have a similar age to the youngest parts of the
Soldiers Cap Group, Mount Albert Group and Kuridala
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Group, as well as the Mount Isa Group and lower
McNamara Group of the Western Subprovince (Betts et al.,
2011; Foster & Austin, 2008).

A change in the sedimentary composition, and thus
likely depositional environment, of the Milo beds from feld-
spathic metasediments and volcaniclastic rocks to organic
rich shales could reflect the cessation of active extension at
this time and may also relate to the Riversleigh Inversion
event recorded in the Western Subprovince at ca 1640 Ma
(Betts et al., 2011). If this were the case, it would
strengthen the interpretation of Gibson et al. (2016) on the
stratigraphic position of the Isa Superbasin, although fur-
ther consideration relating to some ages in the Loretta and
River supersequences is required, and might place this
event at ca 1647 Ma (Bradshaw et al., 1999).

Metamorphism and hydrothermal events

The titanite U-Pb dataset provides some insight into the
metamorphic and hydrothermal events. Most of the titanite
data come from large single crystals, which may be vulner-
able to outlier behaviour. This is highlighted in the results
of EX32148 and EX096904, where the conventional crushed
multigrain mineral separate data showed no evidence of
the age produced from a single coarse (1-5cm) crystal
taken from same drill core.

The ca 1525 Ma age found in three of the seven titanite
samples is well represented in other geochronological stud-
ies of the Eastern Subprovince, such as titanites from Mary
Kathleen (Spandler et al., 2016) and some of the William
Batholith intrusive suite (Betts et al., 2011; Murphy et al.,
2017). This age is postulated to be a significant time for
hydrothermal alteration across the region (Oliver et al.,
2008), so it is not surprising to see it represented at
Tommy Creek.

The two ages (ca 1560Ma and ca 1525Ma) obtained
from the syenite samples point to some complexity in the
ages preserved by the titanites. The multigrain 1560 Ma
result is likely a more robust age representing a high pro-
portion of titanite within these rocks, with some titanite
modification at 1525Ma possible. Neither of these ages
matches the zircon ages, suggesting that the titanite is not
magmatic in origin or that any such titanite has been com-
prehensively reset. The titanite from the metagabbro also
likely represents a metamorphic event, with the ca 1600 Ma
age consistent with the work of Pourteau et al. (2018).

Comparison with previous work

This study has significantly expanded the breadth of ages
to constrain the evolution of the TCD. The previous work
focused primarily on the felsic rocks, and the stratigraphic
framework hinged on the interpretation of the nature of
these samples. These earlier works have only recognised
one or two felsic phases (the ca 1650 Ma Tommy Creek
Microgranite and volcaniclastic rocks). However, the results
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Figure 7. Simplified time-space plot of the tectonostratigraphic framework of the Mount Isa Inlier, including the Tommy Creek Domain. Modified from Betts
et al. (2011) and Murphy et al. (2017) with interpretations from this study, the Wonga Orogeny from Spence et al. (2022) and the Isa Superbasin interpretation

of Gibson et al. (2016).

of this study suggest at least four phases of felsic rocks,
both volcanic (lower Milo beds) and intrusive (Tommy
Creek Microgranite, 1641 Ma porphyritic sills, 1620-1610 Ma
sills, dykes and stocks), including ages not previously rec-
ognised in the Eastern Subprovince. The earlier volcaniclas-
tic interpretations depended largely on field observations
such as relict fiamme (Hill et al., 1992), which were made
separately to the geochronology samples in other locations
(Page & Sun, 1998). This study suggests that the

volcaniclastic rocks are part of the lower Milo beds (ca
1660 Ma), and that the previous geochronology samples
are from the 1620-1610 Ma intrusive suite. Given the scale
at which the previous work was performed, and the com-
plication of complex deformation and metamorphism, such
generalisation of units is understandable. A more inte-
grated approach of mapping and geochronology has
allowed a more robust and nuanced interpretation of the
geology of the TCD and highlights the need to carefully



consider scale when interpreting geochronological datasets,
particularly in complex terranes.

Tectonic setting

The sedimentary and intrusive history of the TCD is consist-
ent with a rifting environment; however contemporaneous
deposition and emplacement of bimodal magmatism at
high crustal levels at ca 1640-1620 Ma (Figure 5) suggest
that active extension may have continued through to the
early stages of the Isan Orogeny (ca 1605 Ma; Pourteau
et al, 2018). The multimodal intrusions identified in this
study at ca 1615 Ma may be part of this switch to compres-
sional tectonics, but they may also be indicative of other
crustal processes such as crustal thinning and/or delamin-
ation and mafic underplating associated with extension
(Chen et al., 2021; Cheng et al., 2013).

Although the geodynamic history of the Mount Isa
Province is broadly described as extensional between the
Barramundi Orogeny (ca 1900-1870Ma) and the Isan
Orogeny (ca 1600-1500 Ma), some workers have recognised
sedimentary hiatuses and basin inversion events punctuat-
ing the depositional record (Betts et al., 2011; Gibson et al.,
2016). Spence et al. (2022) reinterpreted evidence of exten-
sional decollement (Holcombe et al., 1991; Oliver et al,
1991) with new field data to propose the Wonga Orogeny,
which points towards significant contractional deformation
at 1750-1710Ma marking the boundary between rifting
cycles of the Leichardt and Calvert superbasins. The high-
level felsic intrusions and switch in sedimentary character
of the Milo beds (ca 1640Ma) are coincident with the
Riversleigh Inversion identified in the Lawn Hill Platform
(Betts et al.,, 2011; Bradshaw et al, 2000) in the Western
Subprovince, as well as an early foliation development in
the Snake Creek Anticline in the Soldiers Cap Domain
(Rubenach et al., 2008). This may point to a widespread
but transient contractional event at this time, and that the
evolution of the Mount Isa Inlier is more correctly charac-
terised by oscillatory extensional-contractional tectonic
environment, rather than a continuous series of rift-sag
phases.

Conclusions

A total of 23 new ages from sedimentary and igneous lith-
ologies of the central TCD allow refinement of the geo-
chronological framework of the Mount Isa Province. The
Milo beds (1660-1620 Ma) are confirmed as the youngest
stratigraphic unit in the Eastern Subprovince, with the
upper Milo beds comparable with the upper McNamara
Group of the Century and Mount Oxide domains of the
Western Succession, whereas the lower Milo beds correlate
with the lower McNamara and Mount Isa groups in the
west, and the Soldiers Cap, Mount Albert and Kuridala
groups in the east. Previously reported ages of ca 1615 Ma
are reinterpreted to represent intrusive units. Detrital zircon
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and intrusive ages in the Milo beds show contemporan-
eous intrusion of rhyodacite sills coincident with a switch
from feldspathic and volcaniclastic metasediments to car-
bon rich and clastic starved sediments at ca 1640 Ma. This
suggests a change from an active extensional setting, and
the correlation with the Riversleigh Inversion event
recorded in the Lawn Hill Platform suggests a brief regional
contractional event may have occurred. An expanded and
more nuanced framework for the TCD includes a suite of
felsic, mafic and alkaline rocks with ages (1640 Ma, 1620-
1610 Ma) not previously recognised as prominent in the
Mount Isa Province, occurring immediately before, or in the
early stages of, the Isan Orogeny.

The accessibility of laser ablation geochronology affords
a shift in sampling attitude to allow for a higher-volume
approach, including unconventional target lithologies (such
as mafic or carbonate dominant). Combined with fast turn-
around times, this allows for the field mapping and geo-
chronology to be integrated in an iterative approach, and
results in efficient identification of complexities and distinc-
tion between similar units in a field area. This has been the
case in this study from the TCD, with new ages presented
here identifying previously unrecognised intrusive phases,
leading to a new framework for a complicated terrane
within the Eastern Subprovince of the Mount Isa Province.
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