




























































































In the Central domain of the Casey Inlier (Close et al
2007), a metagabbro intrusion has a SHRIMP U-Pb zircon
crystallisation age of 1771 £ 5 Ma, within error of the age of
granulite-facies metamorphism in the same region (Worden
et al 2008). Biotite granite and leucogranite intrusions in
the same area are also interpreted to be of a similar age,
and may be locally derived from partial melting of the
metasedimentary succession.

Intrusive igneous rocks with ages in the range
1780—1760 Ma are likely to occur through the Strangways
Range region, but have been mostly mapped as granulites
withinmetasedimentaryunitsinthe Strangways Metamorphic
Complex. For example, metadiorite mapped as felsic granulite
within the Utnalanama Granulite has a SHRIMP U-Pb age
of 1778 + 5 Ma (Black and Shaw 1995), and these rocks,
which were originally interpreted as supracrustal, are now
considered more likely to be 1780—1770 Ma felsic intrusions
within a an older metasedimentary succession (Hussey et al
2006). Immediately to the south, in the Ankala domain,
the Qolbra Orthogneiss (Shaw et al 1979) is a schistose
porphyritic orthogneiss that includes the Sliding Rock
Metamorphics and Narbib Granulite. In the type location,
the orthogneiss contains biotite, garnet and hornblende, with
coarse K-feldspar phenocrysts.

The Wigley domain is dominated by meta-igneous
rocks of a granitic to tonalitic composition, although most
have been mapped as part of metamorphic units such as
the Randall Peak Metamorphics or un-named units (Shaw
et al 1979, described above). A SHRIMP U-Pb zircon age
of 1771 £9 Ma for a strongly foliated tonalite from the
Randall Peak Metamorphics (Zhao and Bennett 1995) is
currently the only age constraint on these intrusive rocks.
However, a number of named meta-igneous units in the
Wigley domain are likely to have intruded during the
Yambah Event. The Trephina Granitic Gneiss (Shaw et al
1979) is a sparsely porphyritic foliated biotite granite that
is considered to intrude the Randall Peak Metamorphics
and unassigned gneisses of the Wigley domain. It is locally
very biotite rich and has strong affinities with biotite granite
of the Cement Dam Gneiss, which outcrops around 10 km
to the west. The Mulga Creek Granitic Gneiss is a foliated
muscovite-biotite leucocratic granite, which is intruded by
megacrystic biotite granite of the Georgina Gap Granitic
Gneiss. The Jennings Granitic Gneiss comprises a large
body of gneissic granite, containing elongate masses of felsic
gneiss and minor amphibolite, that covers most of Mordor
Pound. It also includes bodies of gneissic biotite granite
and biotite-hornblende granite southeast of the pound near
Trephina Gorge. Garnet occurs in some localities. The unit
is locally strongly migmatitic, with contorted layering,
and is interlayered with an extensive unnamed unit of
hornblende gneiss that was interpreted by Shaw et al (1979)
as a metasomatised raft within the granite. The Jennings
Granitic Gneiss is locally discordant to, and is interpreted
to intrude the Randall Peak Metamorphics. Zhao and
McCulloch (1995) geochemically grouped the Georgina
Gap and Jennings Granitic Gneisses and the 1771 + 9 Ma
orthogneisses within the Randall Peak Metamorphics as
part of their Jennings Suite. The Old Hamilton Downs
Gneiss (Shaw et al 1979) outcrops over a wide area north
of the Charles River Gneiss, west of Simpsons Gap. It is a
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homogeneous, medium-grained, foliated leucocratic biotite-
and/or muscovite-bearing granite. It intrudes banded biotite
gneiss on its northeastern margin.

Felsic, intermediate and mafic intrusive rocks of the
Mount Chapple Metamorphics include mafic granulite,
quartzofeldspathic gneiss, felsic granulite, intermediate
gneiss and gneissic charnockite. Claoué-Long and Hoatson
(2005) interpreted an age of 1774 + 2 Ma for the mafic and
felsic granulites, on the basis of SHRIMP U-Pb zircon
dating.

The Forty-Five Augen Gneiss (Warren and Shaw 1995)
formsthe southern partofRedbank Hill and comprises gneissic

a

Figure 12.29. 1780-1760 Ma granites. (a) Entia Gneiss Complex.
Typical outcrop of interleaved felsic orthogneiss (lightt), biotite
orthogneiss (grey) and mafic amphibolite (dark) with a nearly flat-
lying pervasive fabric (53K 509664mE 7453924mN). (b) Rapide
Granite. Undeformed leucocratic granite with coarse garnet and
K-feldspar phenocrysts (52K 554896mE 7554399mN).
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porphyritic granite with K-feldspar augen, and aggregates
of non-foliated granoblastic granitoid in a foliated matrix
(Warren and Shaw 1995). Lesser equigranular gneissic granite
also occurs. Within the Forty-Five Augen Gneiss, dyke-like
non-foliated microgranite with a SHRIMP U-Pb zircon age
of 1760 £ 11 Ma intrudes gneiss dated at 1754 + 9 Ma (Black
and Shaw 1992), and this has been interpreted as reflecting
syn-tectonic intrusion (Black and Shaw 1992, Collins and
Shaw 1995). The Mount Zeil Granite (Warren and Shaw
1995) outcrops immediately north of the Redbank Thrust and
forms Mount Zeil, which is the highest point in the Northern
Territory. It comprises homogeneous to migmatitic medium-
grained granodiorite and granite, and lesser augen gneiss
(Warren and Shaw 1995). The Mount Zeil Granite has been
metamorphosed at granulite-facies conditions. Budd (1997)
quoted an Sm-Nd isochron age of 1760 + 9 Ma for the Mount
Zeil Granite. A number of other unnamed granites intruding
the Mount Chapple and Bunghara Metamorphics may be of
a similar age to the Forty-Five Augen Gneiss and Mount Zeil
Granite (Warren and Shaw 1995).

A 1780-1770 Masuite of granites occurs in the Anmatjira
and Reynolds ranges, and shows evidence for varying
degrees of deformation and metamorphism associated with
the 1590-1560 Ma Chewings Orogeny. In the Reynolds
Range, these granites intrude the Reynolds Range Group,
and commonly have associated contact aureoles containing
andalusite and/or cordierite. The Coniston Schist in the
northwestern Reynolds Range comprises a 500 m-thick
semi-conformable biotite-sericite-quartz schist with quartz
and K-feldspar augen that occurs within the Reynolds
Range Group. Stewart (1980a) interpreted this rock as
a shallow-level intrusive, as it is petrologically similar to
other 1780—-1770 Ma intrusive rocks, whereas Dirks (1990)
interpreted it as a felsic volcanic, due to its apparently
conformable nature and lack of a contact aureole. Buick and
Cartwright (1994) proposed that the Coniston Schist was
intrusive, due to stable isotopic evidence and the presence
of screens of pelitic composition in the schist. Based on
existing evidence, an intrusive origin appears most likely for
this unit, which has a SHRIMP U-Pb age of 1780 + 10 Ma
(Smith 2001). In the same region, the Yakalibadgi
Microgranite intrudes the Lander Rock Formation and
is interpreted to have been emplaced along the contact
with the overlying Mount Thomas Quartzite. The rock
comprises medium-grained granite and microgranite that
grades into micaceous orthoschist (Stewart et al 1980a). In
the central Reynolds Range, foliated granite of the Warimbi
Schist forms a series of sills and lopolith-like bodies with
a maximum thickness of 1 km, intruding both the Lander
Rock Formation and Reynolds Range Group. It typically
occurs as a quartz augen schist, but locally forms weakly
foliated, fine-grained biotite-bearing quartz monzonite.
The Warimbi Schist has a SHRIMP U-Pb zircon age of
1785 £ 22 Ma (Collins and Williams 1995). The Uldirra
Porphyry outcrops in the Ngalurbindi Hills southeast of
Mount Denison homestead and comprises porphyritic
microgranite and microgranodiorite, and equigranular
muscovite leucogranite (Stewart et a/ 1980a).

The Napperby Gneiss is a gneissic granite that
outcrops along the entire length of the Yalyirimbi Range
and in the southeastern Reynolds Range. It forms a
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medium-grained, strongly foliated to gneissic grey biotite
(-muscovite) granitic gneiss, and has S-type geochemical
characteristics (Collins and Williams 1995). Towards the
east, with increasing metamorphic grade, the unit changes
from muscovite-biotite gneiss into a grey, discontinuously
layered migmatitic gneiss that shows extensive evidence for
partial melting. Where the metamorphic grade has reached
granulite facies, leucosomes in the Napperby Gneiss
contain garnet (Hand and Dirks 1992). In the southeastern
Reynolds Range, the unit intrudes the Pine Hill Formation,
Aileron Metamorphics and the Mount Dunkin and Mount
Freeling schists, and it extensively intrudes calc-silicate of
the Wickstead Creek beds (Reynolds Range Group) in the
eastern Yalyirimbi Range (Stewart ef al 1980a). SHRIMP
U-Pb zircon dating of migmatitic Napperby Gneiss by
Collins and Williams (1995) identified complex zircon
age populations. The oldest population (1780 + 10 Ma)
may represent the intrusive age, although the significance
of 1775+ 12 Ma and 1659 + 6 Ma populations remains
uncertain. Zircon rims at 1587 = 6 Ma reflect high-grade
metamorphism during the Chewings Orogeny. These
granites form part of the Low-Al Type of the Main Group of
Arunta granites as defined by Zhao and McCulloch (1995).

The Redhackle Granite (Donnellan 2008) outcrops
sparsely in the vicinity of the Giles Range, west of Mount
Stafford. It is a grey, K-feldspar porphyritic biotite granite
that typically has a gneissic fabric. Late pegmatite and
aplite occur, and biotitisation and tourmalinisation are
seen in the granite at the margins of pegmatite dykes. The
Redhackle Granite is interpreted to intrude the Lander
Rock Formation, which shows evidence for contact
metamorphism, and it is in sheared and faulted contact
with the Mount Thomas Quartzite in the Giles Range.
The Redhackle Granite is mineralogically and texturally
very comparable with the other feldspar megacrystic,
tourmaline-bearing granites and granitic orthogneisses
in southwestern MOUNT PEAKE and adjacent areas of
NAPPERBY in the Yundurbulu, Anmatjira and Reynolds
ranges. Donnellan (2008) interpreted the Redhackle
Granite as being syntectonic with respect to the Yambah
Event, and indicated that it was affected by a subsequent
high-grade event during the Chewings Orogeny. The
granite has a SHRIMP U-Pb zircon age of 1772 + 3 Ma
(Worden et al 2004). Two metamorphic zircon rims have an
age of 1579 + 7 Ma, suggesting metamorphic zircon growth
during the Chewings Orogeny (Worden et al 2004).

In the southeastern Anmatjira Range, the Possum
Creek Charnockite (Stewart 1980b) forms a series of
sheets of pyroxene-bearing granite that truncate granulite-
facies fabrics in adjacent country rocks and contain
angular xenoliths of granulite-facies rocks. However, the
charnockite has also undergone high-grade metamorphism.
This led Collins and Williams (1995) to interpret the
charnockite as syn-tectonic, whereas Hand et al (1992)
interpreted that it intruded between two discrete high-grade
events. The Possum Creek Charnockite has a SHRIMP
U-Pb age of 1774 + 6 Ma (Collins and Williams 1995). A
similar age of 1767 + 14 Ma was derived by Hand ef a/
(1995) for an orthogneiss in the Tyson Creek Granulite in the
southeastern Anmatjira Range. The Yulyupunyu Granitic
Gneiss (Young et al 1995a) outcrops west of Mount Denison
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homestead and is a strongly deformed, porphyroblastic
biotite-muscovite granite with feldspar augen up to 4 cm in
length. The Yumurrpa Granophyre (Young et al 19953a) is a
dark grey, strongly foliated biotite-muscovite granite on the
northern side of the Wabudali Range, and is interpreted to
have intruded the Lander Rock Formation at shallow levels
prior to deposition of the Reynolds Range Group.

The Wangala Granite outcrops in the area around
Mount Denison homestead and contains multiple phases of
variably fractionated, crustally contaminated granodiorite—
granite (Stewart et al 1980a, Hussey 2003). It also includes
granite mapped as Yaloolgarrie Granite in eastern MOUNT
DOREEN (Young et al 1995a). The body includes biotite-
muscovite porphyritic granite, equigranular granite,
rapakivi granite, microgranite and leucogranite. Stewart
et al (1980a) interpreted the majority of the granite, with the
exception of the rapakivi granite, to have been derived from
the melting of sediments, although the presence of allanite in
some phases led Hussey (2003) to suggest that these phases,
at least, are metaluminous rather than peraluminous, as
previously reported. The Wangala Granite is enriched in
uranium, thorium and light rare earth elements (REE),
and is interpreted to have potential for uranium, REE and
iron-oxide Cu-Au mineralisation (Hussey 2003). It contains
the Quartz Hill apatite-REE occurrence, which comprises
uraniferous REE-rich apatite-mica schists (Davies 1979,
Stewart et al 1980a) that may represent hydrothermally
altered pegmatite or granite (Hussey 2003).

Most foliated granites in the southwestern Aileron
Province are interpreted to have intruded during the Yambah
Event. The Carrington Suite was defined by Young et al
(1995a) and included most weakly to strongly foliated biotite-
rich granitic rocks in MOUNT DOREEN, both north and
south of the Ngalia Basin. The composition of the granites
ranges from biotite tonalite to biotite-muscovite granite,
and they are most commonly equigranular and medium-
grained, although porphyritic varieties also occur. A
sample of the Carrington Suite from near Mount Hardy has
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yielded a SHRIMP U-Pb zircon age of 1779 + 7 Ma (Young
et al 1995b). Young et al (1995a) considered the granites
to be geochemically similar to the Main Group of I-type
Arunta granites of Zhao and McCulloch (1995). The local
observations of andalusite-bearing granite and of granite
merging into migmatite (Young ef al 1995a) suggests that
some granites may be S-type and have more affinities with
the 1803 Ma Ngadarunga Granite. These foliated Carrington
Suite granites extend west into LAKE MACKAY, where a
granite intruding the Reynolds Range Group has a SHRIMP
U-Pb zircon age of 1773 +2 Ma (Worden et al 2006), and
where a high-level felsic intrusive or metavolcanic rock in the
Nicker beds has an age of 1772 + 5 Ma (Young et al 1995a).
South of the Ngalia Basin, an isolated outcrop of strained
porphyritic biotite granite from northeastern MOUNT
RENNIE has a SHRIMP U-Pb zircon age of 1767 £4 Ma
(Worden et al 2006).

The Rapide Granite (Edgoose et al in prep) comprises
leucocratic, typically undeformed garnet-bearing granite
and syenogranite, locally with coarse tabular K-feldspar
(Figure 12.29b), that outcrops poorly over an extensive
arca east of Lake Mackay. The granite is peraluminous
and locally contains minor amounts of orthopyroxene or
spinel = corundum. It appears to have been generated
through extensive granulite-facies partial melting of
a metasedimentary succession. SHRIMP U-Pb dating
of the Rapide Granite by Kinny (2002) yielded an
interpreted magmatic zircon population with ages in the
range 1760-1590 Ma, which was tentatively interpreted
as a 1760 Ma granite that was isotopically disturbed at
1590 Ma.

1770-1750 Ma METASEDIMENTARY UNITS

Units that are interpreted to have been deposited after
the Yambah Event and before the Strangways Event are
widespread in the eastern Aileron Province, but have
not been definitively identified elsewhere in the Aileron
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Province. The distribution of units interpreted to have an
age of 1770-1750 Ma is shown in Figure 12.30.

Ledan Schist and related units

A quartz-rich metasedimentary succession unconformably
overlies rocks of the Strangways Metamorphic Complex and
equivalents in the eastern Aileron Province. It comprises the
Ledan Schist, Utopia Quartzite and Mendip Metamorphics,
and may also include the Laughlen Metamorphics.

The Ledan Schist (Shaw and Warren 1975) is a
metasedimentary unit that outcrops in a northwest-trending
belt between Mount Tops and Delmore Downs homestead,
north of the Delny Shear Zone in northern ALCOOTA and
southern BARROW CREEK. It unconformably overlies the
Delmore Metamorphics,and comprisesanupper greenschist-
to lower amphibolite-facies succession of muscovite-
quartz £ biotite schist, with lesser quartzite, tourmaline-
rich quartzite, amphibolite and a basal conglomerate. On
the basis of SHRIMP U-Pb dating of detrital zircons from
the Ledan Schist, Maidment et al (2005) considered the
schist to have a poorly defined maximum deposition age of
around 1780-1770 Ma. The Ledan Schist is disconformably
overlain by massive to flaggy clean crystalline quartzite of
the Utopia Quartzite. The Utopia Quartzite also contains
highly weathered ironstone layers.

The Mendip Metamorphics outcrop south of the Delny
Shear Zone, and comprise a succession of quartzite and
quartz-biotite rock with minor granule conglomerate,
amphibolite, calc-silicate rock and biotite-muscovite quartz
schist (Shaw et al 1979). The quartzite is thickly bedded and
tightly folded with a steeply dipping schistosity, defined by
muscovite in more pelitic layers (Maidment ez al 2005). The
metamorphic grade is upper greenschist to lower amphibolite
facies, and the unit has been interpreted to unconformably
overlie the Mount Bleechmore Granulite (Shaw et al 1979).
SHRIMP U-Pb dating of a quartzite from this unit by
Maidment ef al (2005) yielded ages of detrital grains that
were typically in the range 1890—1770 Ma, and metamorphic
zircon overgrowths with an age of 1723 + 9 Ma. A pegmatite
that intrudes the Mendip Metamorphics has an age of
1730 + 4 Ma (Maidment et al 2005).

The Laughlen Metamorphics (Shaw et al 1979), which
occurs within the Ankala domain south of the Winnecke
Goldfield, is characterised by thin beds of quartzite within a
unitthatis dominated by muscovite-biotite schist. Amphibolite
is absent, apart from one intrusive body. Surrounding units of
the Ankala domain comprise un-named upper amphibolite-
facies gneisses, and the nature of the contacts is not recorded.
Shaw et al (1979) considered this unit to be younger than the
rest of the Ankala domain, and this unit may be a correlative
of the Ledan Schist and/or Utopia Quartzite.

Bungatina Metamorphics and related units

Supracrustal successions with an age of 1770—1750 Ma occur
in the Strangways and Harts Range areas. They are dominated
by pelitic and psammo-pelitic metasedimentary rocks with
lesser calc-silicate rock, marble and quartzite. Zircons in
these rocks are typically dominated by a single 1770 Ma
population, consistent with a proximal igneous source.
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The Bungatina Metamorphics outcrops in the
Oonagalabi ‘Tongue’, and in areas to the south that are
immediately west of the Florence-Muller Shear Zone. It is
dominated by variably garnetiferous, quartzofeldspathic
biotite gneiss, which is interpreted as metamorphosed pelitic
and psammo-pelitic metasedimentary rock (Figure 12.31a,
Hussey et al 2006). The unit also contains clinopyroxene-
plagioclase-quartz  and  hornblende-plagioclase-quartz
rock, garnet quartzite, biotite schist, garnet- and diopside-
bearing calc-silicate rock and megacrystic gneiss (Shaw
et al 1979). Massive gedrite-anthophyllite rock and garnet-
quartz rock occurs at the Oonagalabi prospect (Hussey et al
2006), which is a carbonate-replacement Cu-Pb-Zn deposit
(Warren and Shaw 1985, Skidmore 1996, Hussey et al 2006).
In the Oonagalabi region, the Bungatina Metamorphics
comprises migmatitic rocks that have been largely reworked
by mylonitic deformation in which porphyroclastic
K-feldspar has been wrapped by the mylonitic fabric. Thin
units of quartzite, and marble and calcsilicate rocks occur
in this area, as do concordant to discordant bodies of mafic
granulite and amphibolite and granitic and pegmatitic gneiss
(Hussey et al 2006). The Bungatina Metamorphics were
metamorphosed under granulite-facies conditions during
the Palacoproterozoic, and were reworked under upper
amphibolite-facies conditions during juxtaposition of the
unit with the Irindina Province during the late Ordovician. A
biotite-garnet quartzofeldspathic gneiss from the Oonagalabi
prospect, interpreted to be a reworked migmatitic metapelite,
has a single population of zircons with a SHRIMP U-Pb
age of 1765 £ 4 Ma, which is interpreted as the timing of
deposition of volcaniclastic precursors to the Bungatina
Metamorphics (Hussey et al 2006).

The Alooarjara Metamorphics occupy a fault-bounded
domain between the structurally overlying Irindina
Province to the north and east, and the structurally
underlying Bruna Granitic Gneiss, in the southeastern
Harts Range. The unit outcrops along the Alooarjara Range
and in a smaller exposure, immediately south of the Entia
Dome. It is dominated by granulite-facies metapelitic and
metapsammitic rocks, with abundant interlayered mafic
granulite. Calc-silicate rock is rare. The metapelitic rocks
are garnet-rich and locally sillimanite-bearing, and contain
stromatic leucosomes with coarse garnet that locally
forms up to 50% of the rock (Figure 12.31b). A sample
of quartzite from the Alooarjara Metamorphics has an
interpreted maximum deposition age of ca 1785 Ma, and
a metapelitic rock has a tentatively interpreted maximum
deposition age of 1754 + 6 Ma (Worden et al 2008). The
Alooarjara Metamorphics were metamorphosed under
conditions of 9.2 kbar and >840°C during the Strangways
Event at ca 1730 Ma (Goscombe 2007, Worden et a/ 2008).

The Albarta Metamorphics comprises amphibolite-
facies metapelitic, metapsammitic and calcsilicate rocks,
and minor quartz magnetite layers that occur south of the
[llogwa Shear Zone (Figure 12.31c). Mineral assemblages
in metapelitic rocks typically contain biotite, cordierite,
andalusite, fibrolitic sillimanite, quartz and plagioclase,
locally with muscovite. Metamorphic grade locally
increases to upper amphibolite facies in the northeast. A
quartzofeldspathic layer in the Albarta Metamorphics that
is interpreted to be volcaniclastic in origin has a unimodal
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zircon population of 1771 £ 9 Ma, interpreted to be the
timing of deposition of the unit. Further south, near Mount
Isabel, an upper amphibolite-facies cordierite-biotite-
magnetite-sillimanite gneiss has a complex population of
zircons with ages in the range 2700-1720 Ma (Worden
et al 2008). The maximum deposition age is equivocal, but
is likely to be <1780 Ma. The Albarta Metamorphics also
contains a number of deformed igneous rocks, including
mafic amphibolite, metagabbro, metatonalite, foliated
biotite granite and abundant leucogranite.

The Entia Gneiss Complex is dominated by orthogneiss
that ranges in composition from granitic through to
tonalitic and gabbroic (Sivell and Foden 1985, Foden et al
1988, see 1780-1760 Ma magmatism). It also contains
volumetrically minor metasedimentary units, including calc-
silicate, quartzite, metapelitic rocks and metabasite. Para-
amphibolites in the Entia Gneiss Complex include unusual
Al-rich staurolite-hornblende-bearing varieties that have been
described in detail by Arnold et al (1995). The geochemistry
of metabasic rocks belonging to the supracrustal succession
suggests they formed in a rift environment (Sivell and Foden
1985). Metapelitic rocks are most commonly kyanite-bearing
and include kyanite-garnet-biotite schist (Figure 12.31d),
although sillimanite-bearing rocks locally occur. The
supracrustal rocks in the Entia Gneiss Complex locally
contain unusual, coarse-grained rocks that appear to have
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been formed as a consequence of fluid flow. These include
cordierite-orthoamphibole + kyanite-rich rocks (Dobos 1978)
and bi-mineralic kyanite phlogopite ‘pods’ (Mawby 2000).
In calc-silicate units, skarn-like andraditic garnet locally
forms near-monomineralic masses up to 25 m across (Mawby
2000). In low-strain domains, evidence is locally preserved
for Proterozoic granulite-facies conditions. Nd whole-rock
isotopic analysis and LA-ICPMS and SHRIMP analysis of
detrital zircons from five supracrustal rocks from the Entia
Gneiss Complex (Wade et a/2008) hasidentified two groupings
with distinct provenances; a group with a relatively evolved,
largely Neoarchaean source and maximum deposition ages
of 24702460 Ma, and a group with maximum deposition
ages of 1780—1770 Ma. Two samples of the latter group have
dominant single detrital zircon populations at 1766 = 7 Ma and
1778 + 5 Ma, which are within error of similar populations in
the Bungatina and Albarta metamorphics. A sample of garnet-
bearing, migmatitic metapelitic gneiss from the western Entia
Dome has a maximum deposition age of 1788 + 3 Ma (Carson
et al 2011). The metamorphic evolution of supracrustal rocks
of the Entia Gneiss Complex is complex; there is LA-ICPMS
monazite evidence for events at 1773 + 9 Ma and 1719 += 9 Ma
(Wade efal in 2008), and significant evidence for near-
pervasive, regional kyanite-grade deformation in the mid-
Carboniferous (340—320 Ma, Hand et al 1999a, Maidment
et al 2005, Wade et al 2008).

Figure 12.31. 1770-1750 Ma sediments. (@) Bungatina Metamorphics; highly strained quartzofeldspathic gneiss with transposed garnet-
bearing leucosomes, Oonagalabi prospect (from Hussey er a/ 2006). (b) Alooarjara Metamorphics; Typically garnet-rich migmatitic
psammopelite. (€) Albarta Metamorphics; folded calc-silicate rock in Illogwa Creek. (d) Entia Gneiss Complex; kyanite-biotite schist
(53K 510264mE 7445985mN).
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1760-1740 Ma INTRUSIVE ROCKS

Intrusive rocks with an age of 1760—1740 Ma are generally
confined to the southeastern Aileron Province, southeast of
a line running approximately from Jervois to Alice Springs
(Figure 12.28).

The Atnarpa Igneous Complex (Shaw etal 1979,
outcrops through the Giles Creek Synform and White
Range and Ruby Gap nappes, and comprises tonalite,
diorite, trondhjemite, granodiorite, granite and aplite. Zhao
and Cooper (1992) recognised three major rock suites in
the complex on the basis of field relations, petrographic and
geochemical characteristics: (1) a gabbro-diorite-tonalite-
trondhjemite suite; (2) a low-Al tonalite-trondhjemite-
granodiorite suite; and (3)a younger tonalite suite.
Conventional TIMS U-Pb zircon dating of the three suites
has resulted in ages of 1879 +11/-10 Ma, 1873 +11/-10 Ma
and 1751 &+ 12 Ma, respectively (Zhao and Cooper 1992).
Modern SHRIMP geochronology accompanied by
cathodoluminescence imaging is required to determine
whether the 1880—1870 Ma ages reflect crystallisation ages
or whether they have been affected by zircon inheritance.
The Atnarpa Igneous Complex forms part of the CAT
(Calc-alkaline Trondhjemitic Group) suite of Zhao and
McCulloch (1995) and has geochemical characteristics
interpreted as reflecting subduction-related magmatism.

The Alice Springs Granite is a homogeneous

foliated biotite-muscovite granite that varies from being
equigranular to porphyritic. The granite has a SHRIMP
U-PDb zircon age of 1752 = 11 Ma (Zhao and Bennett 1995)
and is likely to intrude biotite porphyritic granite of the

Figure 12.32. Bruna Granitic Gneiss. Typical highly strained
porphyritic granite from the Bruna Detachment Zone (53K
508080mE 7454009mN).
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Sadadeen Gneiss. The Jessie Gap Gneiss is typically an
equigranular to porphyritic, medium-grained, foliated
leucocratic granite that is locally interlayered with gneissic
and metasedimentary rocks. A sample of strongly foliated
biotite granite from the Jessie Gap Gneiss has a SHRIMP
U-Pb zircon age of 1747 =9 Ma (Zhao and Bennett 1995).
Zhao and McCulloch (1995) grouped the Alice Springs
Granite within their arc-related CAT suite, whereas the
Jessie Gap Gneiss was included within the High-Al Main
Group.

Granites that outcrop poorly in the far-eastern Aileron
Province, extending east of Jervois to the Queensland border,
have ages that are typically in the range 1760—1750 Ma.
The Mount Tietkins Granite Complex (Stewart et al 1980b,
Shergold 1985, Kruse efal 2002) encompasses most
granites in this region, and includes an ‘older phase’ of
medium even-grained muscovite-biotite leucogranite, and
a younger phase of porphyritic leucogranite with associated
tourmaline leucogranite and late-stage pegmatite (Stewart
et al 1980). Kruse et al (2002) tentatively included granites
intersected indrillholes beneath the southern Georgina Basin
within the Mount Tietkins Granite Complex. These granites
have ages of 1749 = 8 Ma and 1763 + 4 Ma (Hacking-1 and
Owen-2 drillholes, respectively; Cross et al 2005a). Poorly
exposed undeformed to moderately foliated granites in
southwestern TOBERMOREY include biotite-muscovite
granite and granodiorite, biotite-bearing quartz diorite and
leucogranite (Kruse et al 2002). A sample of undeformed
leucocratic biotite-muscovite granite from this area has
a SHRIMP U-Pb zircon age of 1753 + 7 Ma (Cross et al
2005). Further east, the Mount Dobbie Granite (Shergold
1985) is a homogeneous coarse-grained muscovite granite
that outcrops poorly to the east of Mount Barrington. On
the basis of white-mica geobarometry, Goscombe (2007)
estimated a depth of emplacement of 12—15 km for this
granite.

A partially exposed granitoid outcrops over 25 km?,
20 km northwest of Atula Homestead, and was informally
named the Atula granite by Maidment (2005). A sample of
porphyritic biotite granite with pink K-feldspar phenocrysts
from near the western margin of this intrusion has yielded
a SHRIMP U-Pb zircon age of 1753 £ 6 Ma (Maidment
2005). No detailed petrological or geochemical studies have
been undertaken on these granites.

The Bruna Granitic Gneiss is a flat-lying, sheet-like
body of highly-deformed megacrystic granite, between
ca 50 and ca 400 m thick, that separates the Entia Gneiss
Complex from the structurally overlying Neoproterozoic
to Cambrian Harts Range Metamorphic Complex (Irindina
Province). It consists of deformed, hornblende-bearing,
coarsely porphyritic granodiorite and an equigranular
granitic phase. Although the Bruna Gneiss is typically
mylonitic (Figure 12.32), locally it preserves primary
magmatic textures in low-strain domains (Mawby 2000).
It is compositionally distinct from the felsic gneisses of
the underlying Entia Gneiss Complex, and appears to have
been emplaced at shallower crustal levels (Foden et al 1988,
Hand et al 1999b). Zhao and McCulloch (1995) included the
Bruna Gneiss within the High-Al type of the Main Group of
Arunta granites. The Bruna Granitic Gneiss has been dated
by conventional zircon ID-TIMS methods at 1748 £5 and
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1752 = 15 Ma (Mortimer et al 1987), and at 1745 +9 Ma
(Cooper et al 1988), giving a pooled age of 1747 + 2 Ma
(Cooper et al 1988). LA-ICPMS U-Pb zircon dating of the
Bruna Granitic Gneiss has yielded an emplacement age of
1747 = 11 Ma (Hollis et a/ 2010). The high-strain fabrics
along the margins of the Bruna Granitic Gneiss formed during
south-directed transport of the Harts Range Metamorphic
Complex over the Entia Gneiss Complex at around 450 Ma
(Mawby et al 1999). A large megaboudin east of Huckitta
Bore preserves undeformed fragments of a bimodal igneous
complex, composed of gabbroic, anorthositic, troctolitic,
doleritic and charnockitic rocks that have been interpreted
to have originated from the differentiation of a tholeiitic
magma, leading to the formation of mafic cumulates
and fractionated potassic, two-pyroxene mangeritic-
charnockitic melts (Foden et al 1995). The geochemistry
and structural setting of this igneous complex is consistent
with a genetic relationship with the Bruna Granitic Gneiss
(J Whelan, NTGS, pers comm 2008), and a hypersthene
granite from the complex has a LA-ICPMS U-Pb zircon age
of 1756 + 3 Ma (Hollis et al 2010).

Anumber of highly deformed Palaeoproterozoic granites
that are structurally interleaved with the Harts Range
Metamorphic Complex (Irindina Province) have a similar
age to the Bruna Granitic Gneiss. Megacrystic gneiss within
an area mapped as Irindina Gneiss in the northern Harts
Range near Atitjere community and similar granitic gneiss
near Rockhole Dam in the southeastern Harts Range have
SHRIMP U-Pb zircon ages of 1745 + 6 Maand 1746 + 6 Ma,
respectively (Maidment 2005). These megacrystic gneisses
both contain K-feldspar, quartz, plagioclase, biotite and
minor garnet, with coarse K-feldspar phenocrysts preserved
in low-strain domains. These granites are distinguished
from the Bruna Granitic Gneiss by the presence of garnet
and absence of hornblende (Maidment 2005). In addition,
a foliated megacrystic garnet-hornblende biotite granite
from the eastern end of the Alooarjara Range and a
quartzofeldspathic orthogneiss in the Alooarjara Range
have SHRIMP U-Pb zircon ages of 1752 +6 Ma and
1760 + 5 Ma, respectively (Maidment 2005, Worden et al
2008). An unexposed foliated porphyritic biotite granite
intersected in drillhole HKDG, beneath the Simpson Desert
130 km southeast of the Entia Dome, has a SHRIMP U-Pb
zircon age of 1744 + 4 Ma (Carson et al 2011).

The Atneequa Suite (Whelan et al 2011; formerly the
Atneequa Granitic Complex of Zhao and Bennett 1995)
is a suite of coeval felsic and mafic rocks that intrudes the
Albarta Metamorphics, south of the Illogwa Shear Zone,
The suite includes porphyritic biotite granite with lesser
granodiorite and more mafic compositions including quartz
gabbro and gabbro. SHRIMP U-Pb dating of the Atneequa
Suite yielded an age of 1743 + 4 Ma (Whelan et al 2011,
Kositcin et a/ 2011).

STRANGWAYS EVENT (1735-1690 Ma)

The term Strangways Event (or Orogeny) was originally
applied to all deformation and metamorphism in the interval
1780—1720 Ma; this was divided into the Early and Late
Strangways events by Collins and Shaw (1995). Scrimgeour
(2003) renamed the Early and Late Strangways events

Geology and mineral resources of the Northern Territory
Special publication 5

Aileron Province

the Yambah and Strangways events, respectively. The
Strangways Event is now defined as being in the time range
1735-1690 Ma, and it appears to be relatively complex, with
multiple structural events and stages of metamorphism
(see below). It resulted in granulite-facies metamorphism
throughout the Strangways Range, and amphibolite-facies
metamorphism south of the Harry Creek and Illogwa Shear
Zones. North of the Delny Shear Zone, the Strangways
Event is expressed a significant belt of lower-amphibolite-
to granulite-facies high-T, low-P metamorphism that
occurred at 1730-1720 Ma. A map of the distribution
of geochronological data, interpreted amphibolite and
granulite metamorphism, and magmatism associated with
the Strangways Event is shown in Figure 12.33. This
highlights the localisation of the Strangways Event to the
eastern and southeastern Aileron Province.

Deformation and metamorphism
Strangways Range area

Early studies of the structural and metamorphic evolution
of the Strangways Metamorphic Complex and related rocks
in the southeastern Aileron Province were undertaken by
Woodford et al (1975), Shaw et al (1979), Allen and Stubbs
(1982) and Shaw et al (1984b). Warren (1983) undertook
the first detailed study of metamorphism in the Strangways
Range region and calculated peak metamorphism for
the Yambah Granulite at Mount Milton (8 % 1 kbar,
850-920°C). Oliver et al (1988) estimated P-T estimates of
metamorphism associated with northeast-trending folding
in the southeastern Cadney Metamorphics near Paradise
Well to be 5—7 kbar and 700—800°C.

The most detailed published studies of the structural and
metamorphic evolution of the Strangways Metamorphic
Complex are from the Mount Pfitzner area (Goscombe
19923, b, c, Diener et al 2008), the Ongeva Granulite and
‘Anamarra Granite domain’ (Norman and Clarke 1990) and
the Wuluma Hills (Collins ef al 1989, Lafrance et al 1995,
Sawyer et al 1999). These studies all found two cycles
of high-grade metamorphism (D,/M, and D,/M,). D,/M,
at Mount Pfitzner involved development of a bedding-
parallel migmatitic layering, with no evidence of deviatoric
strain (Goscombe et al 1992c). Peak M, metamorphic P-T
estimates for the Mount Pfitzner area include 8—9 kbar and
850-950°C (Goscombe et al 1992b) and 8.8 kbar and 850°C
(Diener et al 2008). Goscombe (1992b) proposed an anti-
clockwise P-T path with isobaric cooling, whereas Diener
et al (2008) proposed a clockwise P-T path, with minor
decompression prior to cooling. In the Ongeva Granulite,
M, was lower grade (5—6 kbar, 750°C) and was followed by
apparent near-isobaric cooling (Norman and Clarke 1990).

The second metamorphic cycle (Proterozoic Reworking
of Goscombe 1992b, ¢) was associated with non-coaxial
strain and sheath fold development. At Mount Pfitzner,
this reworking event (M, ., Goscombe eral 1992b)
was associated with transpressional sinistral east—west
compression, with west- to southwest-directed deformation
(Goscombe 1992c). Goscombe (1992b) estimated peak P-T
conditions of >9—10 kbar with a thermal peak of 800°C
and an anticlockwise P-T path. However, more recent
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studies have revised the estimates for M, to 6-7.5 kbar and
670-720°C (Clark et al 2007, Diener et al 2008). Diener
et al proposed a near-isobaric heating-cooling P-T-t path
for M, but also suggested that M, may relate to retrograde
reworking as part of the same event as M,. Subsequent
sinistral oblique compression (M, ) associated with east—
west-trending mylonites was interpreted by Goscombe
(1992¢) as reflecting sequential episodes of the same event.

In the Ongeva Granulite, the second cycle reached
maximum P-T conditions of 7—8 kbar and 800°C, associated
with northwest-vergent isoclinal and open folding. Subsequent
east—west-trending, south-side-up ultramylonites in the
‘Anamarra Granite domain’ were interpreted by Norman
and Clarke (1990) as forming a late stage of the same event.
Peak metamorphic P-T estimates for the Yambah Granulite
at Mount Milton (8 + 1 kbar, 850—920°C, Warren 1983) were
considered by Collins and Williams (1995) to be related to the
second metamorphic cycle. In the Wuluma Hills, the second
cycle of metamorphism and deformation involved northeast-
vergent folding and steep reverse shear zones, with a dextral
component of strike-slip movement. Metamorphic conditions
of migmatite formation, which was associated with shear
zones in the Wuluma Hills, have been variously estimated
at 5—6 kbar and 750°C (Lafrance ef al 1995), 4-5 kbar and
900°C (Sawyer et al 1999) and 6—6.5 kbar and 850-900°C
(Clarke et al 2007), implying a decrease in metamorphic
pressures to the south. Unpublished geochronological data
quoted in Sawyer ef al (1999) constrained this leucosome
development to the period 1739-1712 Ma.

The timing of high-grade metamorphism in the
Strangways Metamorphic Complex has been the subject of

considerable debate. In a review of existing geochronology
at the time, Collins and Shaw (1995) proposed that the
M, event occurred at 1780-1770 Ma (now referred to as
the Yambah Event) and M, occurred at 1745-1730 Ma.
Subsequent work by Moller et al (2003) found no evidence
for 1780—1770 Ma metamorphism, but provided evidence
for two events at 1730 and 1715 Ma. A large amount of
geochronology by Geoscience Australia after 2000 found
complex zircon growth in the Strangways Metamorphic
Complex, with an apparent continuum of metamorphic
ages in the range 1740—-1690 Ma (Claoué-Long et al 2008c).
This led Claoué-Long et al (2008c) to propose long-lived
residence at granulite-facies conditions over this period.
In contrast, Clark et al (2007) presented electron probe
geochronological data for two events at Mount Pfitzner:
M, at 1725 Ma and M, at 1645 Ma. LA-ICPMS dating of
metamorphic monazite from the Cadney Metamorphics by
B. Wade (University of Adelaide, unpublished data, 2008)
suggests that the migmatitic M, metamorphism occurred
at 1730-1720 Ma, and that M, reworking occurred at
1700 -1690 Ma, rather than 1645 Ma as proposed by Clark
et al (2007). This data places the 1740—1690 Ma continuum
of Claoué-Long et al (2008¢c) in a structural context, and
suggests that the M, metamorphism and M, reworking
events both occurred in the period 1730-1690 Ma, possibly
as two discrete events.

Mount Bleechmore and Kanandra granulites

The Mount Bleechmore and Kanandra granulites both
underwenthigh-grademetamorphismduringthe Strangways
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Event. In the Kanandra Granulite south of the Mopunga
Range, an S, migmatitic layering is overprinted by, and
locally transposed into a planar high-strain fabric of variable
intensity (S,), which is characterised by a well developed
south-plunging quartz stretching lineation (Scrimgeour and
Raith 2001b). Granulite-facies metamorphism in this area
occurred at 5—7 kbar and 770—-850°C, and was followed by
near-isobaric cooling (Scrimgeour and Raith 2001b). The
timing of peak metamorphism in the Kanandra Granulite
is constrained by a garnet-bearing granite, interpreted
to have been a locally derived pooled melt, which has a
LA-ICPMS U-Pb zircon age of 1726 + 6 Ma (Hollis et al
2010). SHRIMP U-Pb zircon dating of felsic granulite,
also interpreted to be a pooled melt, has yielded an age
of 1734 + 6 Ma (Claoué-Long ef al 2008c). A metapelite
from the Kanandra Granulite has metamorphic zircon rims
with a SHRIMP U-Pb zircon age of 1729 =4 Ma (Beyer
et al 2010). SHRIMP U-Pb zircon dating of the Mount
Bleechmore Granulite showed evidence of metamorphic
resetting at 1713 & 7 Ma (Beyer et al 2010).

North of Delny Shear Zone

The area north of the Delny Shear Zone (Jinka domain)
is dominated by high-temperature, low-pressure
metamorphism associated with the Strangways Event.
In the Deep Bore Metamorphics, peak granulite-facies
metamorphism is estimated to have occurred at 2.6—4.0 kbar
and 750-800°C, whereas peak conditions in Cackleberry
Metamorphics to the west were 2.5-3.0 kbar and 650—-680°C
(Scrimgeour et al 2001). Prograde and retrograde reaction
textures have been interpreted to reflect near-isobaric
heating—cooling, or an anticlockwise P-T path. SHRIMP
U-Pb dating of metamorphic zircon rims in the Deep Bore
Metamorphics gave an age of 1730+ 7 Ma (Scrimgeour
etal 2001). The Cackleberry Metamorphics contain a
bedding parallel S, gneissic layering that is overprinted
by a steeply dipping north—south-oriented S, fabric with a
south-plunging stretching lineation. In the east, the Bonya
Hills and Jervois Range were metamorphosed at lower- to
mid-amphibolite facies at 2—3 kbar and 520-600°C (Dobos
1978, Cartwright et al 1997), although rare sillimanite
occurrences and migmatite suggest localised increases in
metamorphic grade (Shaw et al 1984b). Garnets associated
with metamorphic fluid flow in the Bonya Hills have a
combined Sm-Nd isochron age of 1720 + 20 Ma (Cartwright
et al 1997).

To the west of the Mopunga Range, cordierite-
orthopyroxene and cordierite-sillimanite granulites of
the Perenti Metamorphics were estimated by Warren and
Hensen (1989) to have been metamorphosed at 4 kbar, which
is likely to be a maximum estimate, given the lack of garnet
within pelitic lithologies. The westernmost known low-
pressure granulite-facies rocks in this domain are the Anira
Metamorphics (Haines and Scrimgeour 2007), which have
metamorphic zircon rims with a SHRIMP U-Pb zircon age
of 1724 + 3 Ma (Carson et al 2009). Therefore, the east—west
extent of high-T, low-P metamorphism north of the Delny
Shear Zone extends for over 150 km, with metamorphic
temperatures between 500—800°C at pressures of 2—4 kbar
(Scrimgeour and Raith 2001b).
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Harts Range area

The Strangways Event resulted in granulite-facies
metamorphism in the Entia Dome, Alooarjara
Metamorphics and the Bungatina Metamorphics. In the
Entia Dome, evidence for Palacoproterozoic granulite-
facies metamorphism is only preserved in rare zones of low
Palacozoic strain. The granulite-facies fabric in the Entia
Dome is a layer-parallel migmatitic layering with garnet-
bearing leucosomes in sillimanite-bearing metapelitic
gneiss, and garnet-absent assemblages in mafic granulites,
consistent with medium pressure (5—9 kbar) granulite-facies
metamorphism. Cooper et al (1988) reported a multigrain
U-Pb ID-TIMS age of 1730 + 1 Ma for zircons from a felsic
vein within an amphibolite, and Maidment et al (2005)
reported two generations of metamorphic rims on igneous
zircon cores of the Huckitta Granodiorite, the inner rim
giving a poorly defined SHRIMP U-Pb age of ca 1710 Ma
and the outer rim giving a Palacozoic age. LA-ICPMS
dating of metamorphic monazite from a metapelite in the
Entia Dome by Wade et al (2008) gave an upper intercept
age of 1719 £ 9 Ma.

In the Alooarjara Metamorphics, peak metamorphic
conditions associated with low-strain metapelitic migmatite
gives P-T estimates of >840°C and 9.2 kbar, with an
inferred anti-clockwise P-T-t history (Goscombe 2007). A
high-strain granulite-facies reworking fabric varies in dip
from steeply west in the northernmost outcrops, through
to northwest and north in the Alooarjara Range, with rare
northeast-side-up kinematic indicators. P-T conditions
of the reworking event are slightly lower than the peak
metamorphism (ca 750°C and 8-9 kbar; Goscombe 2008).
Interpreted metamorphic overgrowths from the Alooarjara
Metamorphics have yielded SHRIMP U-Pb zircon ages
of 1728 =7 Ma and 1735 £ 7 Ma (Worden et a/ 2008), and
1713 + 30 Ma (Maidment 2005).

South of the Illogwa Shear Zone

Inthe Albarta Metamorphics, an early layer-parallel S, fabric
is reworked by S, fabrics, which are associated with large-
scale tight to isoclinal folds that have a subvertical plunge,
and that are typically sub-parallel to S . S, is generally sub-
vertical and strikes north—south throughout most of the unit,
except for the eastern areca where the orientation is variable.
All meso- and map-scale D, folds have a sub-vertical plunge.
Moderate to strong stretching lineations typically have a
shallow plunge to the north or south, with a dextral sense
of movement, although in the eastern part of the unit, they
plunge northeast, east or west. Metamorphic grade is most
commonly mid-amphibolite facies, with biotite, muscovite
and fibrolitic sillimanite (enveloping early andalusite) in
metapelitic rocks, and P-T conditions of about 625°C and
4.0 kbar estimated by Goscombe(2007). Metamorphic grade
increases to the east, with localised development of migmatite
and garnet-bearing metapelite, and estimated P-T conditions
of 700°C and 4.8 kbar (Goscombe 2007). SHRIMP U-Pb
dating of metamorphic monazite from a foliated garnet-
biotite-cordierite-quartz-plagioclase + K-feldspar metapelite
in the higher grade area has yielded an age of 1729 + 3 Ma
(Carson et al 2009).
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South of the Strangways Range

Although no detailed metamorphic or structural studies
have been undertaken in areas south of the Strangways
Range (including the Wigley domain, Arltunga Nappe
Complex and Giles Creek Synform), it is likely that mid-
to upper amphibolite-facies metamorphism throughout
this region occurred during the Strangways Event. In
the vicinity of Alice Springs, it is likely that the Aileron
Province is affected by both the Strangways and Chewings
orogenies at amphibolite-facies conditions.

Narwietooma Metamorphic Complex

In the Narwietooma Metamorphic Complex, a number of
workers have proposed that peak metamorphism occurred
during in the time period 1770—-1750 Ma, with subsequent
reworking during the Chewings Orogeny (Black and
Shaw 1992, Bonnay efal 2000). However, SHRIMP
U-Pb zircon dating of metamorphic zircon rims in the
Mount Hay Granulite and Mount Chapple Metamorphics
by Claoué-Long and Hoatson (2005) has yielded ages of
1700 £ 17 Ma and 1725 + 11 Ma, respectively, suggesting
that high-grade metamorphism may have occurred during
the Strangways Event. All structures associated with
high-grade metamorphism at Mount Hay are developed
coaxially around an intense northeast-plunging lineation,
with southwest-directed thrusting (Bonnay ef a/ 2000). At
Mount Chapple, the lineation and foliations are folded into
upright east—west-trending structures likely to have formed
post-1600 Ma (Collins 2000).

1730-1710 Ma MAGMATISM
Intrusive rocks with ages in the range 1730-1710 Ma are

volumetrically minor within the Aileron Province, with the
exception of the Jinka domain (Figure 12.34). Zhao and

McCulloch (1995) grouped granites of this age as the High
Heat Production (HHP) Group, and considered that they
were generated through remelting of 1780—1750 Ma granites
of the Main Group. Zhao and McCulloch considered the
granites to be predominantly I-type, although some granites
(eg Wuluma Granite, and some phases of the Woodgreen
Granite Complex) are peraluminous and demonstrably
S-type. Most known magmatism of this age is restricted to
the eastern Aileron Province (east of the Stuart Highway),
with the exception of a few small plutons near the northern
margin of the province.

Within the Jinka domain, granites that intruded at
1730-1710 Ma can be distinguished from the 1770 Ma
granites, such as the Jervois and Dneiper granites, by
their relative lack of a pervasive fabric development or
metamorphism. The Jinka Granite (Joklik 1955), which
outcrops poorly across the Jinka Plain west of Jervois,
is a coarse-grained biotite-bearing granite that is most
commonly equigranular and undeformed to weakly
foliated. The Marshall Granite (Smith 1964) is a weakly
foliated hornblende granite, with lesser leucogranite, aplite
and microgranite. Although the Marshall Granite has been
interpreted by some authors to be a 1730—1710 Ma granite
(eg Scrimgeour et al 2001), it was geochemically grouped
with the 1771 Ma Dneiper Granite by Zhao and McCulloch
(1995). The Mount Swan Granite (Smith 1964, Shaw et al
1975) is a pink, porphyritic, biotite-hornblende granite
that locally contains rafts of the Perenti Metamorphics.
It is generally undeformed except in the vicinity of major
faults and is characterised by coarse-grained K-feldspar
phenocrysts, locally up to 10 cm long (Freeman 1986). The
Mount Swan Granite has a SHRIMP U-Pb zircon age of
1713 + 7 Ma (Zhao and Bennett 1995) and a LA-ICPMS
U-Pb zircon age of 1724 + 6 Ma (Hollis et al 2010).

The Woodgreen Granite Complex (Haines and
Scrimgeour 2007) comprises diverse granites and minor
migmatite that outcrop over a wide area south of Mount
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Figure 12.34. Map of the distribution of igneous rocks younger than 1730 Ma in the Aileron Province.
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Skinner and Kunoth Knob. The dominant rock-types
include coarse-grained biotite-garnet granite with tabular
K-feldspar phenocrysts, finer-grained equigranular biotite
granite and biotite-rich, garnet-absent porphyritic granite.
Cordierite-bearing migmatitic rocks are locally intercalated
with garnet-bearing granite. The Woodgreen Granite
Complex intrudes granulite-facies metasedimentary
rocks of the Anira Metamorphics, which have also been
incorporated in the granite as large rafts. The similarity
of the granite to melt segregations in the metasedimentary
rocks suggests that the granite may have been generated
as part of the same processes that resulted in granulite-
facies partial melting in the metasedimentary rocks. The
abundance of garnet and metasedimentary enclaves is also
consistent with an S-type origin for the granite.

The Mollie Granite Complex (Haines and Scrimgeour
2007) comprises scattered outcrops of granitoid rocks that
lie in a belt that trends northwest from the Utopia tantalite
prospects. An early phase, comprising dark biotite-rich
granodiorite with abundant dark enclaves, is intruded
by leucocratic microgranite and leucocratic porphyritic
granite with a distinctive flow foliation of tabular K-feldspar
phenocrysts. The later phases are intimately interlayered
and appear to be co-magmatic.

In the Strangways Range, the Wuluma Granite is a
sheet-like body of weakly deformed, equigranular biotite
+ muscovite granite that has gradational contacts with
the enclosing Ingula Migmatite. The granite has been
interpreted to have formed through in situ, near-isochemical
anatexis of felsic migmatite, and to have been emplaced in
extensional fractures parallel to the regional gneissic fabric,
towards the end of the Strangways Event (Collins ef al 1989,
Lafrance ef al 1995). The Wuluma Granite has a SHRIMP
U-Pb zircon age of 1728 + 3 Ma (Lafrance et al 1995). The
Anamarra Granite (Shaw et al 1979) is a strongly deformed
hornblende-biotite megacrystic granite that intrudes the
Ongeva Granulite. The Anamarra Granite has a SHRIMP
U-Pb zircon age of 1733 + 5 Ma (Cobb 2007).

The Gumtree Granite (Shaw et al 1979) comprises a
7 x 3 km pluton and a number of dykes and smaller bodies
that intrude the Utnalanama Granulite, Harry Anorthositic
Gabbro, Erontonga Metamorphics and Johannsen
Metagabbro in the southwestern Strangways Range. Shaw
etal (1979) considered that the Gumtree Granite also
intrudes the Ankala Gneiss, south of the Harry Creek Shear
Zone, where it resulted in skarns in calc-silicate rocks. The
main pluton comprises a foliated porphyritic biotite granite
that contains appreciable titanite and allanite.

South of the Illogwa Shear Zone, a fine- to medium-
grained, weakly porphyritic, foliated biotite granite that
intruded the Albarta Metamorphics prior to regional fabric
development hasa SHRIMP U-Pb zircon age of 1736 + 3 Ma
(Worden et al 2008). Further south within the Albarta
Metamorphics, Whelan ef al/ (2011) identified a suite of
1730—1720 Ma, high-level, quartz-rich granitic intrusions,
characterized by abundant tourmaline, muscovite and rare
miarolitic cavities. These granites have a spatial association
with uranium mineralization at the Albarta and Tourmaline
Gorge prospects.

The only dated 1730-1700 Ma granite in the northern
Aileron Province is the Windajong Granite. This is an
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even-grained to porphyritic, undeformed to weakly
foliated biotite-muscovite granite, which coincides with a
subcircular, non-magnetic gravity low (Donnellan 2008).
The Windajong Granite has an igneous crystallisation
age of 1730+ 3 Ma (Cross et al 2005a). It is interpreted
to be associated with the Devils Suite granites in the
Davenport Province. Evidence for magmatism of this age
also exists near Fiddlers Lake, in the Tanami Region close
to the northwestern margin of the Aileron Province, where
an S-type granite has a maximum emplacement age of
1731 + 4 Ma (Cross et al 20053).

The Wabudali Granite (Young et al 1995a) occurs in
the western part of the Wabudali Range and in outcrops
up to 20 km to the west. It is a pale, undeformed to weakly
foliated, medium- to coarse-grained biotite-muscovite
granite with tabular white feldspar phenocrysts up to 3 m
long (Figure 12.35). In the Wabudali Range, the granite
intrudes deformed metasedimentary rocks of the Lander
Rock Formation and Reynolds Range Group. A metamorphic
aureole is defined by andalusite porphyroblasts in metapelite
of the Pine Hill Formation. The age of the Wabudali Granite
is not known, but it intruded after isoclinal folding of the
Reynolds Range Group (Young et al 1995a),and the most likely
ages of intrusion are at 1730—1720 Ma, or at 1570-1530 Ma.
The Wabudali Granite hosts copper-tungsten mineralisation
at Wilsons Find, where wolframite, malachite, azurite,
chrysocolla and haematite are found both in quartz veins and
greisenised granite (Blake 1993). The Yaloogarrie Granite
(Young et al 1995a) intrudes the Lander Rock Formation
west of the Yarunganyi Hills, and may be similar in age to the
Wabudali Granite. It is a weakly foliated porphyritic biotite-
muscovite granite with tabular K-feldspar phenocrysts, and
is associated with Cu-Pb-Zn-Ag mineralisation hosted by
greisen veins in adjacent metasedimentary rocks at the Silver
King prospect (Young et al 1995a).

1650-1600 Ma INTRUSIVE ROCKS
Western domain, Casey Inlier (1640-1625 Ma)

The western domain of the Casey Inlier is dominated by
magmatic units, comprising abundant muscovite-biotite

Figure 12.35. Wabudali Granite. Porphyritic granite showing
abundant tabular K-feldspar phenocrysts, 10 km east-southeast of
Mount Farewell (52K 640903mE 7565132mN).
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leucogranite, and lesser porphyritic biotite granite and
mafic rock (Close et al 2007). Foliated, biotite porphyritic
granite and weakly K-feldspar-phyric, foliated Dbiotite
granite from this domain have SHRIMP U-Pb zircon ages
of 1642 +4Ma and 1638 =4 Ma, respectively (Carson
etal 2009). A hornblende-biotite-magnetite-plagioclase-
bearing unit from the Western domain, interpreted to be an
intermediate to mafic volcanic or proximal volcaniclastic
rock, has a SHRIMP U-Pb zircon age of 1627 +5 Ma
(Carson et al 2011). The presence of 1640 Ma granites
led Close et al (2007) to suggest that the Western domain
may have affinities with the Warumpi Province, which
has widespread ca 1640 Ma magmatism. However,
quartzofeldspathic metasedimentary enclaves within these
granites have zircon populations more consistent with
the Aileron Province (Carson et al 2011), and the tectonic
significance of the Western domain of the Casey Inlier
remains uncertain.

Andrew Young Igneous Complex (1635 Ma)

The Andrew Young Igneous Complex was first defined
in the Andrew Young Hills, where it forms a complex of
gabbronorite and mafic tonalite, with minor granite and
aplite (Young etal 1995a). The outcropping intrusion
in the Andrew Young hills consists of a homogeneous
mafic sequence of fine- to medium-grained gabbronorite,
magnetite gabbronorite, biotite gabbronorite, gabbro,
hornblende tonalite and diorite (Hoatson et al 2005). The
rocks contain well preserved igneous features (mafic pillows,
co-mingling of magmas, zoned xenocrysts; Figure 12.36)
and are not foliated or strongly recrystallised. Contacts
between rock types tend to be diffuse and gradational,
and the most marked compositional variation relates to the
degree of felsic crustal contamination (Hoatson et a/ 2005).
Gabbronorite from the Andrew Young Hills has a SHRIMP
U-Pb zircon age of 1633 = 3 Ma (Claoué-Long and Hoatson
2005) and a granite interpreted to be coeval with the mafic
rocks has a SHRIMP U-Pb zircon age of 1635+ 9 Ma
(Young et al 1995b).

Hoatson et al (2005) interpreted the exposed part of
the Andrew Young Hills intrusion to represent a high-
level fractionated gabbronorite-tonalite body, possibly near

Figure 12.36. Andrew Young Igneous Complex. Mafic pillow
with cuspate and contaminated margins enclosed in fine-grained
granite (Andrew Young Hills, near 52K 697394mE 7474200mN,
after Hoatson and Stewart 2001).
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the roof zone, that was strongly contaminated with felsic
crustal material. They considered that lower stratigraphic
levels, which are concealed by alluvial cover, have potential
for accumulations of massive and disseminated Ni-Cu-Co
sulfides near the basal contact and/or within the feeder
conduit.

Around 100 km west-southwest of the Andrew Young
Hills, mafic outcrops, interpreted to form part of the
Andrew Young Igneous Complex, occur as small bouldery
outcrops scattered through an area 5—10 km east-northeast
of Sandy Blight Junction (Close et al in prep). Geophysical
interpretation suggests a more widespread subsurface
extent, with a number of mafic bodies interpreted to occur
under surficial cover in a zone extending west-southwest
from the Andrew Young Hills (Meixner and Hoatson
2003). Mafic lithologies, exposed in low scattered outcrops
northeast of Sandy Blight Junction, include coarse-grained
augite-bearing norite, porphyritic micro-crystalline
norite, olivine- and K-feldspar-bearing norite, biotite-
bearing olivine gabbronorite, quartz-bearing microdiorite,
anorthosite  and  plagioclase-andradite-clinopyroxene
rock. The geochemistry of these units suggests varying
degrees of crustal contamination. Throughout this area,
there are outcrops of weakly foliated biotite granite, which
is interpreted to be genetically related to the mafic rocks.
A sample of one of these granites has a SHRIMP U-Pb
zircon age of 1640 + 6 Ma (Cross et al 2005b). A granulite-
facies contact aureole in this region suggests intrusion at
1015 km depth (Close et al in prep).

Unnamed granites in the Ennugan Mountains
(1620 Ma)

A multi-phase informally named granite (Ennugan
Mountains suite of Bubb 1997, Ennugan Mountains granite
of Smith 2001) outcrops in the Ennugan Mountains, northeast
of the Anmatjira Range. In the northern Ennugan Mountains
in MOUNT PEAKE, the granite includes a homogeneous
and massive grey biotite granite and a separate phase,
which is porphyritic with elongate K-feldspar phenocrysts
(Donnellan 2008). Further south in NAPPERBY, the
granite has differing geophysical characteristics and also
contains hornblende and allanite (Bubb 1997). A sample of
foliated, coarsely porphyritic hornblende-biotite rapakivi
granite of the Ennugan Mountains granite has a SHRIMP
U-Pb zircon age of 1622 + 7 Ma (Smith 2000, 2001). The
Ennugan Mountains granite is U, Th, Nb and Ta enriched,
and is one of the highest radiogenic heat-producing granites
in the Aileron Province. Traces of uranium mineralisation,
which is associated with xenotime in biotite-rich shear
zones, were reported by Kojan (1980a). Tin mineralisation
in the Ennugan Mountains granite is probably associated
with a greisenous roof zone and with alluvial sediments
shed from it; the greisen veins carry chrysoberyl, topaz and
fluorite (Kojan 1980a).

CHEWINGS OROGENY (1590-1560 Ma)
The term Chewings Orogeny was originally restricted to

deformation in the eastern Warumpi Province (Teyssier
et al 1988) that was considered to have occurred in the
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interval 1610-1600 Ma (Collins et al 1995, Collins and
Shaw 1995). However, more recent work has established
that the Chewings Orogeny was also an event of
fundamental importance throughout large regions of
the central and southern Aileron Province in the interval
1590—1560 Ma (Vry et al 1996, Rubatto et al 2001, Hand
and Buick 2001, Scrimgeour et al 2004, Figure 12.37). 1t
also forms part of more extensive tectonothermal activity
at this time throughout much of the North and South
Australian cratons, including the Isan Orogeny in Mount
Isa (Queensland), the Olarian Orogeny in the Curnamona
Province (South Australia), the Ewamin—Janan orogenies
in the Georgetown and Yambo inliers (Queensland), and
widespread magmatism in the Musgrave Province (central
Australia) and Gawler Craton (South Australia, Hand 2006).

The best constraints on the structural and metamorphic
evolution of the Chewings Orogeny in the Aileron
Province come from the Reynolds Range, where a well
preserved transition in metamorphic grade is preserved,
from granulite facies (750-800°C; spinel + cordierite) in
the southeast to greenschist facies (400—500°C; chlorite +
muscovite) in the northwest (Dirks ef al 1991, Hand and
Buick 2001). A similar, but less well preserved transition
occurs in the Anmatjira Range to the north (Clarke et al
1990, Collins and Vernon 1991). Although the timing of this
metamorphism was a matter of considerable debate in the
early 1990s, (Hand et al 1992, Collins and Vernon 1993,
Collins and Williams 1995, Williams et a/ 1996), a large
amount of geochronological data has since established the
timing of metamorphism to be in the interval 1590-1560 Ma

Aileron Province

(Vry et al 1996, Buick et al 1999, Rubatto et al 2001). The
most detailed study of the timing of metamorphism was
by Rubatto et al (2001) who obtained a range of SHRIMP
U-Pb ages of 1587-1562 Ma for zircon overgrowths
and 1585-1557 Ma for monazite from granulites in the
southeastern Reynolds Range, and an age of 1576 =5 Ma
for monazite from an amphibolite-facies metapelite in the
central Reynolds Range. In the Anmatjira Range, SHRIMP
U-Pb dating of zircon overgrowths in granulite-facies
rocks has yielded ages between 1588 + 5 Ma (Collins and
Williams 1995) and 1570 + 14 Ma (Hand ef a/ 1995). Hand
and Buick (2001) considered this to be the timing of the
regional gneissosity in the Anmatjira Range, although
Collins (2000) proposed that this fabric is related to earlier
(1770 Ma) deformation.

Structures associated with the Chewings Orogeny in
the Reynolds Range are associated with regional upright
southeast-trending isoclinal folds, with a steeply plunging
mineral stretching lineation (Dirks and Wilson 1990, Hand
and Buick 2001). The folds show no consistent asymmetry
and the movement direction changes systematically across
folds, suggesting largely coaxial deformation (Dirks and
Wilson 1990, Hand and Buick 2001). In contrast, mineral
lineations in the Anmatjira Range have a shallower
easterly plunge, with shear-sense indicators suggesting
northeast-over-southwest movement, with a sinistral
strike-slip component (Hand and Buick 2001). Throughout
the Anmatjira and Reynolds ranges, the regional fabric
is overprinted by conjugate, steeply dipping shear and
crenulation bands that increase in scale and complexity
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towards the southeast (Dirks and Wilson 1991, Hand and
Dirks 1992). The dominant set trends east—west and plunges
shallowly to moderately east, with a subordinate set that
trends north—south and plunges north.

Peak metamorphism in both the southeastern
Reynolds Range and eastern Anmatjira Range resulted
in migmatisation at conditions of 750—-800°C and 5 kbar
(Clarke and Powell 1991, Dirks etal 1991, Vry and
Cartwright 1994, Buick efal 1998). In the Reynolds
Range, partial melting assemblages overprint the gneissic
foliation, suggesting that high-T metamorphism outlasted
deformation (Hand and Buick 2001). In both the Reynolds
and Anmatjira ranges, retrograde reaction textures related
to the Chewings Orogeny suggest a clockwise P-T-t time
path (Hand et a/ 1992, Vry and Cartwright 1994, Buick et al
1998, Hand and Buick 2001).

At the northwestern end of the Reynolds Range,
the metamorphic grade in the Chewings Orogeny was
greenschist facies. However, east of the northern end of
the Giles Range, zircons in the Redhackle Granite have
rims with a SHRIMP U-Pb zircon age of 1579 +7 Ma,
suggesting a high-T fluid flow or metamorphic event at this
time (Worden et al 2004).

In the Narwietooma Metamorphic Complex, north
of the Redbank Thrust, the effects of the Chewings
Orogeny remain poorly constrained. In the Mount Chapple
Metamorphics, early composite fabrics associated with
peak metamorphism are overprinted by upright east—west-
trending folds with a steeply dipping axial planar surface.
Anecdotal evidence [Collins and Williams, unpublished
SHRIMP U-Pb data, quoted in Collins (2000)] suggests that
these folds formed later than 1600 Ma. This is supported
by SHRIMP U-Pb zircon dating of a felsic granulite from
the Mount Chapple Metamorphics, in which metamorphic
overgrowths have an age of 1591 =6 Ma, interpreted to
reflect a second, possibly granulite facies high-grade event
at Mount Chapple (Claoué-Long and Hoatson 2005).

The Redbank Thrust is a north-dipping crustal-scale
structure that has had a prolonged history extending from
the Mesoproterozoic to the Palacozoic. It locally separates
the Aileron Province from the Warumpi Province to the
south. Shaw and Black (1991) recognised that shearing on
the Redbank Thrust can be separated into an early upper
amphibolite-facies episode and a later greenschist-facies
episode. The second phase of shearing is well recognised to
be associated with the Alice Springs Orogeny (Teyssier 1985,
Shaw and Black 1991, Shaw et al 1992, Biermeier et al 2003).
The timing of the earlier, upper amphibolite-facies phase of
movement was considered by Shaw and Black (1991) to have
occurred at 1500—1400 Ma, on the basis of Rb-Sr isochrons
from mylonites. However, their oldest two Rb-Sr ages were
1560 + 150 Ma and 1530 + 70 Ma, and the younger ages can
be re-interpreted as partial isotopic resetting, particularly as
mylonitisation occurred well above the closure temperature
of the Rb-Sr isotopic system. There are strong similarities
between the metamorphic grade and structural nature of
the Redbank Thrust and fabrics attributed to the Chewings
Orogeny in the Yaya Domain of the Warumpi Province
(Scrimgeour et al 2005). 1t is therefore inferred that the upper
amphibolite-facies thrusting along the Redbank Thrust
occurred during the Chewings Orogeny.

Geology and mineral resources of the Northern Territory
Special publication 5

Localised evidence exists for high-temperature fluid-
flow or metamorphism relating to the Chewings Orogeny
in the eastern Aileron Province. In the Strangways Range
(Gillen Creek, east of the Woolanga Fault), zircons from
an orthopyroxene-bearing leucosome have low-U zones
and rims with a SHRIMP U-Pb age of 1559 + 16 Ma,
interpreted to be a fluid-related crystallisation event
(Ballevre et al 1997). It remains possible that late stages of
Proterozoic reworking in the Strangways Range, involving
D,, sinistral, southwest-directed high-grade mylonites
of Goscombe (1992¢) may be related to the Chewings
Orogeny.

The Chewings Orogeny also affected units north of the
Strangways Range, south of the Delny Shear Zone. In the
Mendip Metamorphics, north of the Strangways Range,
late-stage high-U zircon overgrowths have a SHRIMP
U-Pb age of 1572 + 16 Ma (Maidment et al 2005). The
Mount Bleechmore Granulite and Chirripee Gneiss have
zircon rims with LA-ICPMS U-Pb ages of 1554 £ 16 Ma
and 1558 + 9 Ma, respectively, likely to reflect amphibolite-
facies metamorphism at the time (Beyer et a/ 2010).

In the northwestern Aileron Province, immediately
south of the Tanami Region, “*Ar/*?Ar mica cooling ages are
ca 1550 Ma, consistent with cooling and isotopic closure
soon after the Chewings Event (Fraser et a/ 2006). Similarly,
hornblende and biotite in the Jinka domain have **Ar/*°Ar
cooling ages in the range 1600—1550 Ma (Scrimgeour
and Raith 2001). In the Barrow Creek region, five zircons
analysed from the Bullion Schist have a combined SHRIMP
U-Pb age of 1587 + 55 Ma, interpreted to be the timing of a
metamorphic and/or fluid flow event (Smith 2001).

The Chewings Orogeny has no significant associated
magmatism and is also a long-lived event, with no evidence
for rapid cooling or exhumation (Hand and Buick 2001,
and references therein). In the southeastern Reynolds
Range, it has been estimated that temperatures were
above the granite solidus for 26 + 7 Ma (Williams et a/
1996). The high geotherm in the southeastern Reynolds
Range during the Chewings Orogeny has been attributed
to abnormal levels of crustal heat production from large
1810-1770 Ma granite bodies, such as the Napperby
Gneiss and Anmatjira Orthogneiss (Sandiford and Hand
1998, Hand and Buick 2001).

MESOPROTEROZOIC TO NEOPROTEROZOIC
Southwark Suite (1570-1530 Ma)

The Southwark Suite (Southwark Granitic Suite of Young
et al 1995a, Figure 12.34) comprises biotite and biotite-
muscovite granite, which commonly contains K-feldspar
megacrysts, and which outcrops immediately north of the
Ngalia Basin. A number of outcrops south of the basin have
also been assigned to this suite by Young et al (1995a). It
is undeformed, apart from discrete narrow shear zones.
K-felspar phenocrysts are typically >1 cm in length, and
are locally up to 10 cm long. Rapakivi granite also occurs
locally within the suite. The suite contains four named
units, comprising the Wakurlpa Granite, Yarunganyi
Granite, Ethel Creek Granite (Young et al 1995a) and the
coarse-grained Yunkanjini Granite (Edgoose et al in prep).
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The Yarunganyi Granite has a SHRIMP U-Pb zircon age
of 1567 + 11 Ma (Young et al 2005b) suggesting that it
intruded at about the end of the Chewings Event. The
Yunkanjini Granite has a significantly younger age of
1533 £ 5 Ma (Cross et al 2005). The Southwark Suite
has high SiO,, K, Th and U and is a high-heat producing
granite with I-type affinities (Young ef a/ 1995a). It is
interpreted to be the source of tungsten mineralisation at
Wolfram Hill (Warren et al 1974).

Unnamed Quartzite, Casey Inlier

A structurally bounded sedimentary succession of quartz
conglomerate, quartzite and porphyroblastic pelitic
phyllite lies between the Eastern and Central domains
of the Casey Inlier (Close ef al 2007). This succession
was deformed under peak upper greenschist-facies
conditions, producing a pervasive schistose fabric, with
an east-directed sense of movement, that parallels the
northwest—southeast regional amphibolite-facies fabric
elsewhere in the Casey Inlier. Phyllitic units contain
muscovite, chlorite, garnet, staurolite and quartz.
The unit is unconformably overlain by the flat-lying
Neoproterozoic Heavitree Quartzite (Amadeus Basin),
providing an upper age constraint to the depositional
and deformational age of this succession. SHRIMP U-Pb
zircon dating of the greenschist-facies metasedimentary
rocks in this succession has yielded an interpreted
maximum deposition age of 1235 + 74 Ma (Worden et al
2008). The presence of metamorphic zircon rims in the
Western domain of the Casey Inlier with a SHRIMP U-Pb
age of 1157 £ 22 Ma (Carson ef al 2011) suggests that this
is the most likely time of deformation and metamorphism
of this succession.

Aileron Province

Mordor Complex (1130 Ma)

The Mordor Complex (Figure 12.34) outcrops over an
area of 6 x 6 km inside Mordor Pound and is a composite
undeformed plug-like alkaline intrusion that intrudes the
Palaeoproterozoic Jennings Granitic Gneiss (Figure 12.38).
The following description of the complex is summarised
from Hoatson and Stewart (2001) and Hoatson et al (2005).
The intrusion can be broadly subdivided into a western zone
of homogeneous syenite and an eastern zone comprising a
highly fractionated comagmatic suite of alkaline felsic-
mafic rocks, spatially associated with phlogopite-bearing
ultramafic rocks. The dominant felsic-mafic rocks are
syenite, monzonite, melamonzonite and shonkinite,
whereas the ultramafic rocks comprise wehrlite, olivine
clinopyroxenite, lherzolite, dunite and pyroxenite. The
medium- to coarse-grained ultramafic rock types contain
large (up to 2 cm) plates of phlogopite, show no compositional
layering or metamorphic recrystallisation, and have well
preserved primary minerals and cumulus igneous textures.
In contrast to the massive ultramafic rocks, shonkinite and
syenite locally have an apparent flow fabric, defined by
the alignment of tabular K-feldspar phenocrysts. All mafic
and ultramafic rocks have trace amounts of disseminated
magmatic sulfides (pyrite, pyrrhotite, chalcopyrite) that
form lobate aggregates interstitial to coarser-grained silicate
minerals and magnetite-ilmenite (Gole 1996). Remobilised
anhedral pentlandite grains are associated with serpentinised
olivine. The ultramafic bodies occur mainly in shonkinite or
monzonite, or along the contacts between these rock types.
Gole (1996) suggested, on the basis of field relationships,
that the order of emplacement for the major rock groups was
the ultramafic bodies, then shonkinite, followed by syenite,
which is opposite to the order proposed by Langworthy and
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Black (1978). Plagioclase pyroxenite dykes with 0.5 m-wide
chilled margins intrude syenite in the northeast corner of
the intrusion (Hoatson and Stewart 2001). Langworthy and
Black (1978) interpreted that the Mordor Complex formed
from magmatic differentiation of a K-rich magma, derived
from an enriched mantle source (Langworthy and Black
1978, Nelson et al 1989). The rocks are unusually rich
in K, Al, Rb, Ba, Sr and La, and have low Mg/Fe* and
high K,O/Na,O ratios. Sr isotopes and geochemical data
demonstrate that the magma did not experience extensive
contamination by country rocks. A plagioclase pyroxenite
from the Mordor Complex has a SHRIMP U-Pb zircon age
of 1133 + 5 Ma (Claoué-Long and Hoatson 2005).

The Mordor Complex has generated exploration interest
for Ni, Cu, Cr, PGE, diamonds, vermiculitic phlogopite,
U and REE. Minor occurrences of Ni and Cu occur
(Barraclough 1981), and uranium and thorium silicates,
including brannerite and uranophane, have been reported
in some plagioclase-rich rocks. Ultramafic rocks contain
trace amounts of chrome spinel. Orthomagmatic PGE-Au
mineralisation has also been documented within a layered
ultramafic phase of the complex (Huston efal 2006).
Hussey (2003) considered the Mordor Complex to also have
significant potential for magmatic- and vein-style REE
mineralisation.

Stuart Pass Dolerite

The Stuart Pass Dolerite (Warren and Shaw 1995; formerly
the Stuart Dyke Swarm, Zhao and McCulloch 1993a, b)
forms a swarm of dykes that is most extensive in the eastern
Warumpi Province, but also extends into the Aileron
Province in the vicinity of Alice Springs. Individual dykes
range in width from 1-50 m, and dykes are most commonly
oriented north—south, although other orientations, including
conjugate sets occur. The dykes contain cumulus olivine
and are dominantly olivine-normative, high-Mg tholeiites,
with a geochemical signature similar to island-arc basalts
from subduction regimes (Zhao and McCulloch 1993a).
The Stuart Pass Dolerite has an Sm-Nd mineral isochron
age of 1076 =33 Ma (Zhao and McCulloch 1993b), and
is correlated with the Alcurra Dolerite in the Musgrave
Province (Camacho et al 1991, Zhao and McCulloch 1993a,
b, Edgoose et al 2005). The dolerite has been interpreted as
reflecting crustal extension, with melting of a subduction-
modified sub-continental lithospheric mantle (Zhao and
McCulloch 1993a).

Mud Tank Carbonatite

The Mud Tank Carbonatite (Shaw et al 1979, Crohn and
Moore 1984, Currie etal 1992) intrudes the Yambah
Granulite near the northern margin of the Strangways
Range. The carbonatite consists of three major rock types:
crystalline carbonate rocks, with subordinate magnetite,
apatite, phlogopite, chlorite and sodic amphibole; foliated
micaceous carbonate rocks, rich in pale brown phlogopite;
and feldspathic carbonate rocks with variable amounts of
sodic plagioclase, clinopyroxene, amphibole and biotite
(Crohn and Moore 1984). Significant vermiculite occurs in
the weathered zone and has been mined since 1996, and the
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intrusion has also been the focus of fossicking activity, due
to the presence of coarse zircon.

The carbonatite is deformed and has been stretched into
an elongate shape with a weakly to strongly developed,
steeply northwest-dipping to subvertical foliation/layering
(Crohn and Moore 1984, Currie ef al 1992). Intrusion of
the Mud Tank Carbonatite may have been controlled by a
prominent east-northeast-trending structure (Currie ef al
1992, Hussey 2003), which was subsequently reactivated
during later tectonic events. Other workers have suggested
a spatial relationship to the Woolanga lineament (Crohn and
Moore 1984), which is located more than 10 km to the west.
Hussey (2003) proposed that the east-northeast-trending
structure may have been related to the initiation of rifting
that formed the Irindina Province, and that the presence of
carbonatite and alkaline igneous rocks is compatible with
a continental rift setting. Black and Gulson (1978) dated
the Mud Tank Carbonatite at 732 + 5 Ma using the TIMS
conventional U-Pb method on zircon separates. Additional
carbonatite dykes have been identified west of Mount
Bleechmore, 20 km north of the Mud Tank Carbonatite
(Flinders Diamonds, ASX Announcement, 9 April 2003).

UNASSIGNED MAFIC ROCKS

A number of mafic units across the Aileron Province are of
uncertain age. Only named units are discussed below.

The llappa Metadolerite (Shaw et al 1984b) consists
of two north-trending dykes that intrude the Cackleberry
Metamorphics in the Jinka domain, and may also include
other stocks and dykes in the same region. The dykes contain
lath-like cummingtonite in a groundmass of actinolitic
hornblende, with titaniferous biotite and clinozoisite-
muscovite intergrowths (Freeman 1986).

The Whistleduck Dyke Swarm (Shaw et al 1979) is a
swarm of east-trending dolerite dykes in the Whistleduck
Bore area in the Wigley domain, northeast of Alice Springs.
The dykes are mafic amphibolites and appear to have
intruded along east-trending faults through the region.
There is no age data on these dykes, which intrude a number
of lithologies including the Randall Peak Metamorphics
and Trephina Granitic Gneiss. However, the amphibolite-
facies metamorphism of these dykes suggest that they may
be Palaeo- or Mesoproterozoic in age.

ALICE SPRINGS OROGENY (450-300 Ma)

The Alice Springs Orogeny was a major intraplate orogenic
event that variably affected large regions of central Australia,
including the Aileron Province, in the period 450 -300 Ma
(Collins and Teyssier 1989, Haines ef a/ 2001, and references
therein). The orogeny was long-lived and involved a series
of discrete events, commencing with juxtaposition of the
Aileron and Irindina provinces at 450—-440 Ma, followed
by a thick-skinned, bivergent east-trending orogenic system
in the Devonian, and an east-southeast-trending, south-
directed thrust system in the Carboniferous. Through the
highest grade core of the orogen, from the Reynolds Range
through to the Harts Range, metamorphic grades were up
to mid-amphibolite facies at crustal depths of 15-25 km.
Total shortening across the Aileron Province during the
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Alice Springs Orogeny was at least 60—125 km (Dunlap
et al 1995, Flottmann and Hand 1999) and this resulted in
high-amplitude east-trending gravity anomalies.

Collins and Teyssier (1989) first recognised the
significance of the Alice Springs Orogeny as a major
bivergent intraplate orogenic event that exhumed rocks
from the mid-crust during the Palacozoic. A comprehensive
summary of the relationship between the Alice Springs
Orogeny and synorogenic sedimentation in central
Australian basins is given by Haines et a/ (2001) There is
increasing recognition of the episodic nature of the orogeny,
with events at 450—-440 Ma, 390-375 Ma, 365-360 Ma and
340-320 Ma (Haines et al 2001; Buick et al 2008). These
events correspond to movements identified in adjacent
basins (Shaw et al 1991, Haines et al 2001) as well as periods
of pegmatite and granite intrusion in the Entia Dome and
Irindina Province (Buick et al 2008).

Late Ordovician (Rodingan Event)

The earliest known Palacozoic convergent structures
in the Aileron Province are in the Harts Range area,
where regional-scale reverse and transpressional shear
zones juxtaposed the Aileron Province with high-grade
Neoproterozoic to Cambrian rocks of the Irindina Province
(Figure 12.39a). Deformation was partitioned into south-
directed thrusting in the south (Florence-Mueller Shear
Zone and Bruna Detachment Zone, Mawby et a/ 1999) and
sinistral strike-slip movement in the north (Entire Point
Shear Zone, Scrimgeour and Raith 2001a, b).

In the Harts Range, the Bruna Detachment Zone
(Mawby et al 1999, Harts Range Detachment Zone of
James and Ding 1988) forms near flat-lying, mid to upper
amphibolite-facies, south-directed high-strain zones, up to
100 m thick at the upper and lower surfaces of the sheet-
like Bruna Granitic Gneiss. Movement on the detachment
(D, of Mawby et al 1999) transported rocks of the Irindina
Province south over the Entia Dome, at metamorphic
conditions estimated at 600—650°C and 5—6 kbar (Mawby
etal 1999). A Sm-Nd isochron on a garnet-hornblende
migmatite from the Bruna Detachment Zone gave an age
of 449 + 10 Ma (Mawby et al 1999). To the west, movement
on the Florence-Mueller Shear Zone thrusted the Irindina
Province over the Strangways Metamorphic Complex and
Bungatina Metamorphics, at similar metamorphic grades to
the Bruna Detachment Zone (Hand et al 1999b). Southeast
of the Entia Dome, the Basil Shear Zone juxtaposed the
Irindina Province against the Alooarjara Metamorphics.
Immediately north of the Irindina Province, Scrimgeour
and Raith (2001b) documented late Ordovician reworking
of the Kanandra Granulite within the Entire Point Shear
Zone. This reworking was associated with sinistral, south-
up transpression along steeply dipping mylonites, at
conditions of 670-730°C and 6.4-7.6 kbar, associated with
juxtaposition of the two provinces. SHRIMP U-Pb dating
of monazite from mylonitised metapelitic rock from the
Kanandra Granulite within the Entire Point Shear Zone has
yielded an age of 445 + 5 Ma (Scrimgeour and Raith 2001b).
Additional evidence for amphibolite-facies reworking of the
Aileron Province at this time was provided by Moller et al
(1999), who reported U-Pb evidence for zircon growth in
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shear zones at 443 = 6 Ma in the Strangways Metamorphic
Complex near Edwards Creek. This timing corresponds
to the Rodingan Event, which is the first Palaecozoic
compressional event identified in the Amadeus Basin (Shaw
et al 1991).

Devonian (Pertnjara-Brewer events)

Following a period of relative tectonic quiescence in the
Silurian, large areas of the Aileron Province were deformed
and exhumed in a thick-skinned intraplate orogenic belt
during the Devonian. On a macroscopic scale, the Devonian
deformation system produced an east-trending, bivergent
orogenic belt, with north- and south-directed deformation
producing forelands on both sides of the orogen (Haines
et al 2001; Figure 12.39b). On the northern side of the
orogen, the most significant active shear zone was the steep,
north-directed Delny Shear Zone (Scrimgeour and Raith
2001a). On the southern side of the orogen, south-directed
thrusting was accommodated along major structures,
including the Redbank Thrust, Ormiston Thrust Zone and
Illogwa Shear Zone. Flottmann and Hand (1999) interpreted
the MacDonnell Homocline to have formed at this time,
which led to progressive tilting of successive synorogenic
successions in the Pertnjara Group (Jones 1991).

In spite of the sedimentary evidence in surrounding
basins for a major orogenic system in the Devonian (Haines
et al 2001), direct precise geochronological data relating
to Devonian deformation in the Aileron Province remains
sparse. However, significant evidence suggests that mid-
amphibolite-facies deformation in the northern Strangways
Range is Devonian in age. A garnet amphibolite from the
West Bore Shear Zone, which is a steeply north-dipping
shear zone along the northern margin of the Strangways
Range has a Sm-Nd isochron age of 381 +7 Ma, and
estimated P-T conditions of 3 kbar and 600°C (Ballévre et al
2000). In the northwestern Strangways Range, a garnet-
hornblende-staurolite amphibolite from the Yambah Schist
Zone has a Sm-Nd isochron age of 379 + 30 Ma (Bendall
et al 1998). Metamorphic conditions associated with peak
Palacozoic metamorphism in the northern Strangways
Range have been estimated at 600°C and 5—6 kbar (Bendall
et al 1998, Ballévre et al 2000).

The Delny Shear Zone, which is a steeply south-
dipping, north-directed shear zone that accommodated
significant Palaeozoic exhumation, has Ar-Ar muscovite
ages of 365-360 Ma for the lowest-grade mylonites on the
northern edge of the shear zone (Scrimgeour and Raith
2001a). Garnet-biotite-muscovite assemblages within the
Delny Shear Zone suggest P-T conditions of 600—650°C
and 5 kbar (Scrimgeour and Raith 2001b). Precise dating
of the Palaeozoic south-directed thrusting on the Redbank
Thrust is poorly constrained, although evidence exists
that it may have been active as early as 420 Ma, with most
movement in the period 420-350 Ma (Shaw and Black 1991,
Shaw et al 1992, Biermeier et al 2003). Deformation on the
Redbank Thrust during the Alice Springs Orogeny led to a
significant offset of the Moho (Goleby et al 1989).

In a review of geochronology on Palacozoic pegmatite
intrusion, deformation and metamorphism in the Harts
Range region, Buick eral (2008) identified pulses of
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magmatic, deformational and metamorphic activity at
ca 382 Ma and 360 Ma.

Dunlap and Teyssier (1995) proposed that the
southeastern part of the Aileron Province, in the vicinity of
the Paradise Nappes, cooled from 500°C to 350°C during
the Devonian, implying regional average cooling rates of
around 3°C/My. Given the existence of active Devonian
shear zones and voluminous Devonian synorogenic
sediment, Haines et al (2001) proposed that the Devonian
cooling history of the southeast Aileron Province was
strongly influenced by exhumation along major shear zones.

Carboniferous (Eclipse Event)

Carboniferous tectonism in the Aileron Province during the
Alice Springs Orogeny had a distinctly different structural
and metamorphic style to the Devonian, with a change to more
northwest-trending regional structures and the development of
pervasive amphibolite-facies deformation in the Entia Dome.
Existing evidence suggests that Carboniferous deformation
was localised in a east-southeast-trending belt from the
Reynolds Range to the Harts Range area (Cartwright et al
1999, Hand et al 1999a; Figure 12.39c). Also in contrast to
Devonian deformation, Carboniferous deformation appears
to have been principally south-directed, with local ‘pop-
up’ style domains bounded by steeply dipping structures
indicating a transpressional regime (Haines et al 2001).
Carboniferous foreland sediments are largely restricted to
the Ngalia Basin, where the Mount Eclipse Sandstone was
derived from thrust-generated topography to the northwest
(Haines et al 2001). Haines et al (2001) estimated the total
Carboniferous shortening in the eastern Alice Springs
Orogen to have been in excess of 90 km.

The Palacoproterozoic rocks of the Entia Dome have
been substantially reworked by a recumbent, pervasive,
amphibolite-facies high-strain foliation, with a variably
developed, shallow north-northeast- or south-southwest-
trending lineation (Figure 12.40). Peak metamorphic
assemblages include kyanite-garnet-biotite-muscovite-
quartz in aluminous metapelitic rocks and kyanite-
hornblende-garnet-quartz, with P-T estimates of 7—8 kbar
and 680—720°C (Arnold et al 1995). Abundant evidence
exists that the kyanite-grade fabric in the Entia Dome is
Carboniferous in age, including SHRIMP U-Pb dating of
zircon rims and monazite (343 + 8 Ma and 332 + 3 Ma,
respectively, Hand et a/ 1999a, Maidment et a/2005)and LA-
ICPMS dating of monazite from two localities (325 = 8 Ma
and 341 £5Ma, Wade etal 2008). The Entia Dome
underwent high-temperature decompression following
340 Ma, with sillimanite overprinting kyanite (Hand et al
1999a). A pegmatite from the central Entia Dome, which
was deformed at P-T conditions of 4.5 kbar and 550°C, has
a SHRIMP U-Pb zircon age of 330 + 6 Ma, implying that
high-temperature metamorphism extended into the late
Carboniferous (Hand ef a/ 1999a). Carboniferous pegmatite
intrusion is restricted to the Entia Dome and northern Harts
Range; there is a wide range of pegmatite ages through the
Carboniferous (Hand et al 1999a, Maidment 2005) down
to a youngest age of 313 £ 5 Ma (SHRIMP U-Pb monazite,
Buick efal 2008), with two weakly defined dominant
populations at ca 340 and 320 Ma (Buick et al 2008).
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Elsewhere in the Aileron Province, Carboniferous
deformation is largely partitioned into discrete shear
zones. In the southern Strangways Range in the Winnecke
region, samples from amphibolite-facies shear zones
have yielded Sm-Nd isochron ages of 332+ 7 Ma and
318 £24 Ma (Bendall efal 1998). In the southeastern
Reynolds Range, northwest-trending amphibolite-facies
shear zones in metapelites contain kyanite and staurolite,
and formed under P-T conditions estimated at 550—600°C
and 5-6 kbar, (Dirks et al 1991). Rb-Sr dating of these
shear zones has yielded an age of 333 = 16 Ma, and Ar-Ar
dating of greenschist-facies shear zones in the same region
has yielded four ages within error at ca 334 Ma (Cartwright
et al 1999).

Development of the Ruby Gap Duplex and Arltunga
Nappe Complex occurred during the Carboniferous, with
structural interleaving of the southeastern Aileron Province
and basal Amadeus Basin sedimentary rocks within south-
directed mid-crustal imbricate thrust stacks (Dunlap et al
1995, 1997). The Ruby Gap Duplex has been interpreted to
be a forward-propagating thrust system that accommodated
ca 60 km of shortening, with a peak in estimated strain rates
at 335-320 Ma, based on extensive Ar-Ar geochronology
(Dunlap et al 1995, 1997).

Evidence exists for rapid cooling in the period
320-290 Ma, with temperatures decreasing to <250°C
in the southeastern Aileron province, (Dunlap ef al 1995,
Mawby et al 1998), and cooling of around 300°C to <110°C
at 320-300 Ma in the Ormiston Thrust Complex (Shaw
et al 1992).

MINERAL RESOURCES
Introduction

The Aileron Province has seen relatively limited historical
mining and is underexplored in comparison with other
Australian Proterozoic orogenic regions. The province has
high base metals and gold endowment and potential, and
has a major rare earth element (REE) deposit at Nolans
Bore. There is significant granite-related molybdenum-
tungsten and tin-tantalum mineralisation, and widespread,

Figure 12.40. Planar amphibolite-facies Carboniferous foliation
in the Entia Dome, boudinaging an Alice Springs Orogeny-aged
pegmatite, Huckitta Creek.
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Figure 12.41. Map of the distribution of known mineral deposits and occurrences in the Aileron Province, including the location of

deposits discussed in the text. Red box shows location of Figure 12.42.

highly uraniferous granites provide an excellent source
for uranium mineralisation both within the basement and
in overlying sandstones. The Aileron Province also has
widespread, under-explored mafic rocks with potential for
mafic-hosted vanadium-magnetite and nickel-copper sulfide
mineralisation. Previous summaries of mineralisation in the
Aileron Province have been compiled by Warren et al (1974)
and Wygralak and Bajwah (1998). Figure 12.41 shows all
mineral occurrences in the Aileron Province, including the
location of deposits and prospects described below.

Lead-zinc-copper (-silver-gold)
Strangways Range base metals deposits

Base metals and gold deposits hosted by the Strangways
Metamorphic Complex and Bonya Schist were grouped
together by Warren and Shaw (1985) into their ‘Oonagalabi-
type’ and interpreted as metamorphosed VMS deposits.
However, Hussey efal (2006) identified systematic
differences within Warren and Shaw’s (1985) ‘Oonagalabi-
type’. Although most of these deposits are associated
with marble lenses, there are important differences in the
age of the host rock, the abundance of magnetite, metal
assemblages and the composition of the dominant alteration
assemblage. Therefore, Hussey et al (2006) replaced the
Oonagalabi-type of Warren and Shaw (1985) with three
separate deposit types: (1) the Utnalanama-type, interpreted
as VMS deposits, (2) the Johnnies-type, interpreted as IOCG
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deposits, and (3) a redefined Oonagalabi-type, interpreted
as either carbonate-replacement or VMS deposits. The
location of the deposits in the Strangways Range region is
shown in Figure 12.42.

Utnalanama-type deposits

Utnalanama-type deposits (Hussey et al/ 2006) constitute the
majority of known Palaeoproterozoic base metals deposits
in the Strangways Metamorphic Complex. They comprise
Zn-Pb-Cu-(Ag-Au) deposits that are characterised by the
extensive development of asymmetric alteration zones
dominated by quartz-cordierite + orthopyroxene + biotite +
orthoamphibole + garnet gneiss. Feldspar is typically absent.
Although magnetite is present in these deposits, it is generally
not a major component of the ores or alteration assemblage.
Geochemical analyses suggest that the quartz-cordierite
rocks had a quartz-chlorite + muscovite/illite protolith,
interpreted to be the alteration assemblage associated
with mineralisation, along with lesser talc, tremolite and
carbonate. These rocks are magnesian-rich, and oxygen
isotope data is consistent with formation through interaction
with high-temperature evolved seawater (Hussey et al 2006).
The presence of asymmetric proto-quartz-chlorite alteration
zones formed via interaction with heated seawater and
100Zn/(Zn+Pb) values in the range 60—75 are characteristic
of VMS deposits (Hussey et al 2006). The host rocks of
the Utnalanama-type deposits consistently contain a zircon
population with a SHRIMP U-Pb zircon age in the range
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Figure 12.42. Map of the distribution of known mineral deposits and occurrences in the Strangways Range region, including the location

of deposits discussed in the text. For location see Figure 12.9.

1810—1800 Ma, consistent with volcaniclastic sedimentation
at this time (Hussey et a/ 2006).

The Utnalanama base metals prospect is located in the
Utnalanama Range and includes the abandoned Johannsens
phlogopite mine, which was worked from 1942-1944. Most
of the known base metals mineralisation at the Utnalanama
prospect is associated with olivine-bearing rock units and
marble lenses. The local geology and geochemistry of the
prospect is described in detail in Hussey et al (2006). Cu-
Pb-Zn sulfides occur in the Johannsens phlogopite mine and
numerous samples are present in the dumps nearby. Olivine-
rich rocks in the dumps contain patches or segregations of
interstitial yellow-brown to red-brown sphalerite, galena
and chalcopyrite. Minor bornite, chalcocite and possible
smithsonite are present. Despite the oxidised coatings on
the dump samples, sulfides are readily found on freshly
broken surfaces. Drilling by the Northern Territory Mines
Branch intersected low- to medium-grade base metals
mineralisation in marble to the north of Johannsens
phlogopite mine (Morlock 1972). The mineralisation is Zn-
rich with anomalous Pb and Cu, and a sample from one
of the dumps assayed 2.5% Zn, 0.46% Pb and 0.21% Cu
(Morlock 1972, Hussey et al 2006).

The Edwards Creek prospect is a relatively small
stratabound Zn-Cu-Pb deposit, with trace amounts of Au,
Ag and Sn. Details of the geology and exploration history
of the prospect are given in Hussey ef a/ (2006). At surface,
the mineralised zone is expressed mainly by malachite and
manganese surface staining on siliceous rocks that form a
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Figure 12.43. View towards prominent siliceous rock unit at
Edwards Creek prospect (ALICE SPRINGS, 53K 400206mE
7455284mN, from Hussey et al (2006).

north-trending ridge (Figure 12.43). This ridge also contains
remnant mineralised marble and amphibole-rich rock with
gossanous voids after probable sulfides. A mineralised
lenticular zone of amphibole-gahnite rock also occurs.
Limited drillhole evidence suggests that the siliceous rock
passes downward into ferruginous gossan and/or mineralised
marble and amphibole-rich rock. Hole DD80 ECI1, which was
drilled underneath the siliceous rock, penetrated mineralised
quartz-haematite ironstone and quartz-haematite-magnetite
from 47.5 to 53.7 m. This intersection had an average recovery
of about 43.5% with an average grade of 2.25% Cu, 0.11% Pb,
1.54% Zn, 22.7 ppm Ag, 0.1 ppm Au and 188 ppm Sn. Hussey
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et al (2000) attributed poor recovery at shallow depths to
gossanous weathering and the leaching of pre-existing sulfide
ores, implying that grades might be higher at depth. According
to available data, the best sulfide mineralisation appears to
be related to a relatively narrow 200 m-long interval on the
northeastern side of the main ridge. The mineralised interval
may be up to about 500 m long and 10 m wide in places.
Hussey et al (2006) estimated that the Edwards Creek prospect
may contain 0.1-0.5 Mt with grades of about 2—4% total base
metals as sulfides, although this figure is poorly constrained.
Despite encouraging sulfide intersections reported in drill
core intersections, most of the surface mineralisation appears
to be relatively sulfide-poor. Although sphalerite does occur,
Zn is also present as zincian spinel or gahnite in marbles and
silicate rocks (Hussey et al 2006).

The Harry Creek prospect (Fruzzetti 1971a, Hussey
et al 2006) occurs within the Erontonga Metamorphics
(Shaw et al 1979), between the Enbra Hills and Wuluma
Hills. It is a small stratabound Zn(-Cu-Pb) deposit, hosted
by a medium- to coarse-grained amphibole-magnetite rock
unit, which is dominated by cummingtonite-grunerite
(Hussey et al 2006). Unmineralised Mg-Fe-Al-rich rocks,
such as cordierite quartzite, and other less prominent rock
types, such as quartz-absent cordierite-spinel-sillimanite,
cordierite-orthopyroxene, biotite-magnetite-spinel and
plagioclase-calcic amphibole, are spatially associated with
this mineralised interval and are interpreted to underlie
it. Mineralisation is only known to occur in the Al-poor,
Fe- and Mg-rich amphibolites and magnetite amphibolites.
However, by analogy with the Utnalanama prospect, poorly
exposed impure marbles, and calcsilicate and magnetite-
biotite rocks on the northern side of the ridge may also host
mineralisation. Geochemical data (Fruzzetti 1971a, Moore
and Woyzbun 1977, Hussey et al 2006) indicate anomalous
Cu, Pb, Zn, Ag, Au, Bi, Cd, Mo, Sn and possibly U. Drilling
of the prospect by the Northern Territory Mines Branch
intersected 4.3 m of mineralised cummingtonite gneiss,
averaging 0.21% Cu, 0.27% Pb and 2.1% Zn (Moore and
Woyzbun 1977). Pyrite, chalcopyrite and sphalerite form
small segregations and veins within drill core, and locally
represent up to 10% of the rock (Hussey et al 2006).

The Coles Hill prospect, also known as the Red Rock
Bore prospect, is located 3 km north of Red Rock Bore
in the Yambah Granulite. The Northern Territory Mines
Branch drilled three diamond holes into the prospect in
1966 (Tipper 1969, Fruzzetti 1970). The most extensive
exploration at the prospect was from 1995-1997, when a
total of 28 drillholes established that subeconomic Zn-Pb-
Cu mineralisation was continuous for at least 1 km along
strike. The most significant intersection during this period
of exploration was 2 m grading 10.8% Zn (Lees and Randell
1996, Rossiter and Lees 1997). The lode horizon dips steeply
to the south-southwest and consists of quartz-biotite-garnet-
magnetite rock with variable amounts of sulfide minerals,
including pyrite, sphalerite, galena, chalcopyrite and minor
pyrrhotite. Other minerals reported in the lode rock include
clinopyroxene, gahnite, wollastonite, calcite, epidote and
feldspar (Warne 1995, Lees and Randell 1996, Rossiter and
Lees 1997, Hussey et al 2006). Texturally, the sulfides occur
in stockworks, disseminations and veinlets, with the highest
grade being 13.6% Zn, 0.14% Pb and 0.08% Cu over 1.0 m,
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from an intersection of 12.3m at 3.3% Zn, 0.5% Pb and 0.08%
Cu (Rossiter and Lees 1997). However, typical intersections
grade 0.2-2.0% combined Zn, Pb and Cu over 4—14 m. The
Coles Hill prospect differs from other Utnalanama-type
prospects in that it lacks significant cordierite-quartz rock.

Oonagalabi-type base metals deposits

Oonagalabi-type deposits, which are represented by the
Oonagalabi deposit and two nearby prospects, are hosted
by the ca 1765 Ma Bungatina Metamorphics. Like the
Utnalanama-type deposits, Oonagalabi-type deposits are
magnetite-poor and are characterised by a Zn-Cu-Pb(Ag-
Au) metal assemblage, with high 100Zn/(Zn+Pb) ratios
(87 at Oonagalabi). However, unlike the Utnalanama-type
deposits, the main alteration assemblage, outside of the
host marble, is a quartz-garnet-feldspar rock, and quartz-
cordierite rock is absent. Carbonate in the ore host is
progressively replaced by calc-silicate and then by massive
anthophyllite rock. All three rock types are mineralised.
These characteristics are most consistent with a carbonate
replacement origin, although a VMS origin cannot be ruled
out (Hussey et al 2006).

The Oonagalabi deposit (Hussey et al 2006) is hosted
by a metasomatised carbonate lens that can be traced for
at least 4 km along strike. This marble lens is within a
succession dominated by biotite-quartzofeldspathic gneiss,
with lesser concordant to discordant amphibolite (mafic
sills and dykes) lenses. The succession was interpreted by
Hussey et al (20006) to be dominated by pelitic and psammo-
pelitic rocks, although the nearly unimodal population
of zircon ages from these rocks indicates volcaniclastic
derivation for the protolith. Copper was first identified at
Oonagalabi in the 1930s, and the area was explored by
Russgar Minerals NL in the 1970s. The best grades reported
by Russgar Minerals NL were from a gossanous rock that
contained 31.25% Cu, 915 ppm Pb, 4.75% Zn, 2.7 ppm Au,
750 ppm W and 220 ppm Ag, although in general, grades
were considered to be uneconomic (Nielsen 1973). Cu-Zn-
(Pb-Ag-Au) zones at Oonagalabi are hosted by marble and
its metasomatised equivalents, massive orthoamphibole
rock and diopside-rich calc-silicate rocks (Figure 12.44).

Figure 12.44. Mineralised massive orthoamphibole rock,
Oonagalabi prospect (ALICE SPRINGS, 53K 485402mE
7442299mN, from Hussey et al 2006).
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All three of these rock types are characterised by low
ALO, and Zr, confirming that the orthoamphibole and
calc-silicate rocks formed by replacement of a marble
protolith. Chalcopyrite, sphalerite and pyrrhotite, along
with minor galena and pyrite, are disseminated mostly
through the marble and orthoamphibole rock at levels up
to a few percent (Hussey ef a/ 2006). These minerals are
commonly preserved in marble exposures at surface.
Geochemical analyses indicate that the pre-metamorphic
alteration assemblage for the massive orthoamphibole rock
was likely to have been talc-quartz, with variable amounts
of carbonate. Outside of the metasomatised marble lens,
alteration zones are restricted, rarely extending more
that 10 m from mineralised rock. Quartz-garnet rock is
by far the dominant assemblage, with cordierite-bearing
assemblages restricted to one small exposure. Geochemical
analyses suggest that the protolith to the quartz-garnet rock
was part of the psammo-pelitic assemblage that hosts the
marble lens and that the pre-metamorphic assemblage was
quartz-chlorite (Hussey et a/ 2006).

Johnnies-type copper—gold-base metals deposits

Johnnies-type deposits (Hussey et al 2006), which include
the Johnnies Reward and Gumtree prospects in the
Strangways Metamorphic Complex and the base metals-
Au deposits of the Jervois district in the Bonya Schist
further to the east, are Cu-Au-(Pb-Zn-Ag) deposits with
an asymmetric quartz-biotite-garnet + feldspar alteration
assemblage. These deposits are closely associated with
magnetite, either in a magnetite-diopside = amphibole
skarn assemblage (eg Johnnies Reward) or in an ironstone
(amphibole-quartz-magnetite rocks, eg Gumtree). The host
rocks are considerably more Fe rich than the Utnalanama-
type deposits (Hussey et al 2006). Although base metals
are most concentrated in magnetite-rich zones, Au is
concentrated in the structural footwall of these deposits.
Johnnies-type deposits are characterised by highly variable
100Zn/(Zn+Pb) ratios, with Pb concentrations generally
greater than Zn abundances. Gold values are typically one
or two orders of magnitude higher in the Johnnies-type
than the Utnalanama-type. Moreover, at Johnnies Reward,
Mn and some high field strength elements (HFSE) and rare
earth elements (REE) are highly enriched in places within
the lode. Based on these characteristics, Johnnies-type
deposits are more likely to be IOCG deposits rather than
VMS deposits (Hussey et al 2006).

The Johnnies Reward prospect is hosted by the lower
part of the Cadney Metamorphics, which consists mainly
of metapelitic gneiss, quartzofeldspathic gneiss and
felsic granulite (Hussey et al 2006). The overlying unit is
predominantly marble and calcsilicate rocks, and hosts
the Pinnacles Cu district to the east (Warren 1980). The
hangingwall to the deposit comprises migmatitic, biotite
quartzo-feldspathic gneiss (of probable metasedimentary
origin) with local bodies of mafic granulite thatare interpreted
as mafic sills. The lode unit consists of an apparently
stratiform body of diopside-tremolite-magnetite rock, up
to 50 m wide, that extends for about 200 m along strike
(Chuck 1984, 1985). The presence of isolated, small bodies
of forsterite marble at surface and in drill core suggests that
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the lode rock replaced a carbonate lens. At surface, tremolite
is the main mineral, other than magnetite, and quartz and
malachite staining are locally present. The lode rock is
characterised at depth by a Cu-Pb(Zn-Ag-Au) assemblage,
and pyrite, chalcopyrite, galena and sphalerite are the main
ore minerals. Unweathered lode rock is characterised by
highly variable 100Zn/(Zn+Pb) ratios with an average of 30.
The lode rock is characterised by an overall enrichment in
Fe and Mg. From structural bottom to top the metal zonation
appears to be: Au(Cu-Bi-StMo) — Cu-Pb-S(Zn-Ag-Au)
— Pb-Mn(Cu-S+Ca) — REE-HFSE — Ca (Hussey et a/
2006). The footwall to the lode rock at Johnnies Reward is
characterised by quartz-garnet-biotite-feldspar gneiss with
minor magnetite, spinel and orthopyroxene. Chalcopyrite
and pyrite are present at depth (Chuck 1984, 1985). The most
significant Au grades (to 10 g/t) are present at depth within
the garnet-rich footwall rocks. On the basis of lead isotope
data, Hussey ef al (2006) proposed that mineralisation at
Johnnies Reward occurred at around 1795-1770 Ma.

Initial drilling of the deposit by Geopeko Ltd in 1965
intersected 17 m grading 0.45 g/t Au and 0.26% Cu (Mackie
2002). In 1982, Alcoa of Australia Ltd, drilled five diamond
holes over the prospect and another hole at the Mark Hill
prospect, which is located 6.5 km to the south (Chuck 1984).
Four of the holes from Johnnies Reward returned significant
mineralisation, with the best gold intersection being 50 m
at 0.91 g/t Au including 5 m at 3.34 g/t and 6 m at 2.53 g/t
Au (Chuck 1984, 1985). In 1988, Tectonic Resources NL
re-assayed these intervals using the fire assay technique,
increasing the average grade of the 50 m composite interval
to 1.83 g/t and a 32 m interval in another hole to 1.06 g/t
(from 0.74 g/t; Mackie 2002). Intersections of up to 25 m at
>0.9% Cu+Pb+Zn with Ag and Au credits were encountered
in most Alcoa holes (Chuck 1984, 1985). Chuck (1985) made
a ‘very approximate’ resource estimate of 0.525 Mt grading
0.1-0.9 g/t Au. In 1988, Tectonic Resources undertook
soil sampling and a series of 15 shallow reverse circulation
drillholes. Most of these holes returned significant Cu-Au
intersections, with the best result of 15 m grading 1.04 g/t Au
and 0.81% Cu (re-assay in 1997; Mackie 2002).

Jervois Cu-Pb-Zn prospect

The Jervois copper-lead-zinc prospect (Grainger 1967,
Freeman 1986, Frater 2006) is hosted within the Bonya
Schist. It was discovered in 1929 and, following small-
scale mining of oxide ore, the first modern exploration
program was undertaken by New Consolidated Goldfields
in the period 1961-1965. Three zones of mineralisation
(Reward, Green Parrot and Bellbird) were outlined over
a distance of 5 km. This phase of exploration defined a
combined ore reserve of 2.4 Mt at 2% copper to a depth
of 95 m. Subsequent exploration by Petrocarb (1969-1973),
Union Corporation (1973—-1974) and Plenty River Mining
(1980—1983) added substantially to the known resource.
Petrocarb established a ‘reserve’ of 3 Mt at 2.5% copper and
50 g/t silver to a maximum depth of 130 m (Ypma 1983). In
addition, a further 300 000 t at 9% lead, 3% zinc and 170 g/t
silver were estimated for Green Parrot.

Mining of oxidised ore was undertaken at the Green
Parrot orebody by Plenty River Mining in 1982-1983,



Aileron Province

producing 44 000t at 1.5% Cu, 8.5% Pb, 2.5% Zn and
160 g/t Ag. In 1997, Britannia Gold NL estimated 1.83 Mt
at 2.4% Cu at the Marshall-Reward deposit, 300 000 t at 2%
Cu at Bellbird and 500 000 t at 8% Pb, 3% Zn, 1.5% Cu
and 150 g/t Ag at Green Parrot. Under a Britannia Gold-
MIM Exploration (MIMEX) joint venture in 1999-2001,
MIMEX applied high-resolution geophysical techniques
and a deep RC and diamond-drilling program to map and
test the lode interval at depth and along strike from the
Marshal-Reward, Green Parrot and Bellbird deposits.
This phase of exploration identified the presence of gold
mineralisation that is associated with copper in primary
ore. Reward Minerals Ltd purchased the Jervois tenements
from Britannia in late 2003. Further drilling at Reward has
extended known mineralisation at depth, with intersections
including 22m at 2.9% Cu from Reward, and 5.7 m
at 7.4% Pb and 5.8% Zn from Bellbird North (Reward
Minerals Ltd, ASX Announcement, 21 January 2008).
Reward Minerals Ltd have estimated a global non-JORC
compliant copper resource of 6.2 Mt at 2.1% Cu at Jervois.
The base metals mineralisation at Jervois is stratabound
and hosted within steeply dipping lenses of calc-silicate
rocks, garnet-chlorite-magnetite rock and garnet-
magnetite quartzite, within a thick succession of spotted
andalusite-cordierite schist and quartz-sericite-feldspar

schist (Figure 12.45). The mine succession, in addition
to these lithologies, also contains chlorite schist, garnet
+ magnetite quartzite, calc-silicate rocks, epidote-rich
units and impure marbles. Pb-Zn-Cu-Ag mineralisation
(eg Green Parrot deposit, Figure 12.46a) is typically
hosted in the calc-silicate rock types, whereas the copper
mineralisation (eg Bellbird deposit, Figure 12.46b, ¢) is
best developed in magnetite-bearing schist layers that
grade into magnetite-quartzite layers (Freeman 1986).
The known strike length of the mineralised zone is about
12 km, around a regional synform known as the ‘J-fold’.
Pervasive magnetite extends the length of the ‘J’ fold, and
to the east and north. Magnetite appears to occur in both
S, and S, foliations, and preferentially replaces bedded
calc-silicate rocks to produce massive ironstones (Frater
2006). Haematite occurs only in trace amounts, replacing
magnetite, but haematite and goethite impregnate and form
veins in brecciated granite, five kilometres north of Jervois
(Frater 2006). The initial influx of magnetite appears
to be associated with D, and hydrothermal alteration
associated with early granite emplacement (Frater 2006).
At the Bellbird deposit, copper mineralisation occurs as
massive chalcopyrite-bornite-pyrrhotite disseminations
in magnetite-bearing schist and quartzite (Watson
1975). In contrast to the copper mineralisation, lead-

Georgina Basin sedimentary rocks
Quartz-chlorite-(magnetite)-schist

Andalusite-muscovite schist

Lode sequence
Quartz sericite schist
Cordierite-biotite schist, chlorite-biotite schist

Gneiss
Amphibolite, diorite or gabbro
Granite, granodiorite

Antiform
Synform
Fault
Unconformity
Road or track

Stk

Historic mine,
prospect

Figure 12.45. Simplified geology of the
Jervois base metals field (adapted from
Jinka Minerals prospectus, 2010).
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zinc mineralisation is localised in calc-silicate rock,
which is locally skarn-like. Mineralisation in these rocks
comprises galena, sphalerite, bornite, pyrite and scheelite,
and is associated with quartz-epidote-garnet-diopside-
amphibole-fluorite rock (Freeman 1986).

Frater (2006) considered the Jervois mineralisation
to have many of the characteristics of an IOCG system,
including a large volume of magnetite, elevated Ag, Co, U,
P (and Au), and prominent structural control, with highly
oxidised Fe-rich (S-poor) ore fluids being responsible for
the abundant magnetite. The Pb-Zn-Ag mineralisation
is largely confined to skarn bodies that represent Fe-
replaced calc-silicate rocks. Ferenczi (2005) considered the
Pb-Zn-Ag mineralisation at Jervois to have many geological
features in common with Broken Hill-type (BHT)
Pb-Zn-Ag mineralisation, including the close association of
disseminated scheelite in the stratabound calc-silicate rocks
(Ypma 1990).

Other copper and copper-gold occurrences in the eastern
Aileron Province

A large number of copper occurrences have been recorded
through the eastern Aileron Province. The Arthur Popes
prospect occurs in the eastern domain of the Casey Inlier,
and in outcrop, comprises malachite and azurite in an
east-northeast-trending retrograde shear zone, within
amphibolite-facies metapelites. Resampling of this prospect
by NTGS has yielded 7.9% Cu and 12 ppm Ag in one
sample (Close et al 2007). Rock chip sampling by Mithril
Resources in 2007 returned values of up to 22% copper. The
samples were also anomalous in REE and the mineralised
vein system at Arthur Popes was mapped over a 3 km
strike length. Further mapping and prospecting identified
a similar vein set, 1.7 km to the south of Arthur Popes, and
rock samples have returned values of up to 27% copper with
elevated REE (Mithril Resources, ASX Announcement,
6 August 2007).

The Pinnacles copper district, which is located 2—3 km
east of the Johnnies Reward prospect, was discovered in
1889 and produced a total of 248 t of ore averaging 12.4% Cu,
when mining ceased in 1968 (Mackie 2002). The prospect
is hosted by interlayered phlogopite-diopside marble and
scapolite marble of the upper Cadney Metamorphics. The
mineralisation occurs in shallowly dipping veins comprised
of quartz and siderite that are oriented sub-parallel to
bedding within the host marble. At depth, the main Cu
mineral is chalcopyrite, but most ore was extracted from
the oxidised zone, where malachite, chalcocite and bornite
are the main ore minerals. In addition to Cu, these deposits
also contain significant Au, Ag and Bi (Warren ef al 1974).
Huston et al (2006) interpreted these veins to have formed
during the Alice Springs Orogeny, based on the brittle
character of the veins.

Copper and gold mineralisation also occurs within shear
zones and quartz veins in the Illogwa Shear Zone, which
is spatially associated with the oxidised 1770-1760 Ma
Aremra Suite. This includes the Harding Springs and Hale
River prospects, which have rock chip assays of 13.0% Cu,
2.9 ppm Au, and 37 ppm Ag, and 35.4% Cu, 0.2 ppm Au
and 92 ppm Ag, respectively (Whelan et a/ 2009).
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The Perenti copper prospect occurs in sheared Dneiper
Granite within the Jinka domain. Central Pacific Minerals
NL drilled three holes into the prospect during 1969 (Ivanac
1970). The holes intersected haematite- and chlorite-altered
granite, with chalcopyrite- and haematite-bearing quartz
veins, and haematite-quartz-chlorite-fluorite breccia. The
best intersection recorded was 13 m at 0.6% Cu.

Copper-PGE-gold

A number of copper-PGE-gold prospects occur in the
Harts Range, south of Mount Riddock homestead in the
Bungatina Metamorphics, and close to the structural contact
with the Irindina Province. PNC Exploration (Australia)
discovered the mineralised veins during their U-exploration

Figure 12.46. Jervois base metals field. (8) Open pit from mining in
198283 at the Green Parrot lead-zinc-silver deposit. (b) Oxidised
copper mineralisation in steeply dipping Bonya Schist, Bellbird
prospect. (C) Historic copper workings, Bellbird prospect.
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programs in the mid-1990s. The Kongo prospect consists of
mineralised quartz-carbonate-tourmaline veins, associated
with  chlorite-haematite-altered amphibolite. Surface
sampling by PNC Exploration gave maximum values of
0.6 g/t Pt, 1.4 g/t Pd, 5.8 g/t Au, 6.8% Cu and 12 g/t Ag, and
resampling by Tanami Gold yielded results up to 0.3 g/t Pt,
2.4 g/tPd, 3.8 g/t Au, 11% Cu and 29 g/t Ag (Kavanagh and
Smith 2002). However, two RAB holes at the prospect did
not intersect significant mineralisation. At Copper Queen,
4.5 km southeast of Kongo, a zone of outcropping malachite
runs semi-continuously over 600 m strike, and rock chip
sampling returned a best value of 12% Cu, 4.3 g/t Au, 7.9 g/t
Pt and 1.0 g/t Pd. The mineralised zone is generally less
than 1-2 m in width, and is hosted in altered/metasomatised
calc-silicate gneiss, with pods of almost 100% garnet or
epidote. The mineralisation strikes east-west and dips
approximately 70° north. RAB drilling returned a best
intersection of 1 m at 2.17% Cu and 1.44 g/t Au from 40 m
depth, in a garnet-magnetite-rich alteration zone within
calc-silicate gneiss. High-grade mineralisation (maximum
of 38.5 ppm Au, 4.8 ppm Pd, 0.1 ppm Pt) has also been
reported at the Copper King prospect, 800 m southeast of
Kongo, and drilling at the MR/ prospect returned a best
intersection of 1 m at 7.54% Cu, 0.90 g/t Auand 14.7 g/t Ag.
The polymetallic character of the vein systems, associated
Fe alteration and erratic metal ratios are features common
to other hydrothermal Au-PGE deposits, such as Coronation
Hill and EI Sherana in the Pine Creek Orogen.

Copper (-gold-silver-lead-zinc) within Lander Rock
Formation

The Home of Bullion Cu-Pb-Zn prospect outcrops over
a strike length of 240 m and was mined intermittently
between 1923 and 1957, producing about 1370t of Cu
from 7115 t of ore (grading 20% Cu). The deposit consists
of four, possibly shear zone-hosted, massive sulfide lenses
within quartz-muscovite schist of the Bullion Schist
(Ferenczi 2005). Most production came from the ‘main
lode’, which is around 150 m long and is 2 m wide at the
surface, thickening to over 4 m underground (Smith and
Milligan 1964). The ‘main lode’ strikes west-northwest and
dips steeply (55—65°) to the north, parallel to bedding and
a pervasive cleavage. The deposit was worked to a depth
of 61 m, including a 33 m-deep oxidised zone containing
limonite, azurite, malachite and cerussite, and an underlying
chalcocite ore with relict chalcopyrite that assayed 12—24%
Cu, 2-3% Pb and 1% Zn (Sullivan 1953). This high-grade
mineral system is open at depth and along strike in both
directions. Drillholes that intersected the lode at deeper
levels encountered primary ore containing pyrite, sphalerite,
bornite, chalcopyrite, galena and minor chalcocite assaying
3-5% Cu, 1-6% Pb and 5% Zn (Sullivan 1953). A crude
mineral resource of 130 000t at 7.1% Cu, 4-6% Zn and
1-2% Pb to a depth of 107 m was estimated by Bell (1953).
Limited drilling of the prospect by Goldstake Explorations
Ltd in 2006 yielded a best intersection of 4.7 m at 6.22%
Cu, 3.8% Zn, 1.4% Pb, 0.6 g/t Au and 78.7 g/t Ag (Dunster
2009). The origin and style of the mineralisation at Home
of Bullion remains uncertain. Drown (1993) reported the
presence of pre-deformational chlorite alteration in the
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footwall schist, metamorphic recrystallisation textures in
the sulfide ore, some primary ore metal zonation, banded ore
textures and a chert unit (exhalite? cap) in the hangingwall
succession, and interpreted this as possible evidence for
a syngenetic (VMS) origin for the deposit. Limited Pb-
isotope data is more consistent with an epigenetic origin
(Warren et al 1995).

The Clark copper prospect (Fruzzetti 1971b) is hosted
in quartz veins and pegmatite within granite and phyllite
of the Lander Rock Formation, 25 km east of the Wabudali
Range. At the surface it consists of malachite and azurite,
and diamond drilling has intersected primary chalcopyrite,
pyrite and bornite. It was worked briefly from three small
open cuts in the 1950s, and in 1970, the workings were
estimated to contain 2800 t of broken ore grading 7% Cu,
and 5700 t of probable ore grading 3% Cu (Fruzzetti 1971b).
More recent rock chip samples from the Clark prospect
assayed up to 1.3 g/t Au, 10 g/t Ag and 3% Cu (Tanami
Gold NL, ASX Announcement, 19 August 2002).

The Mount Hardy copper district comprises a series
of copper-gold-silver occurrences over an area of 25 km?,
Mineralisation comprises primary pyrite and chalcopyrite,
with minor galena associated with quartz veins and
pegmatite, within folded amphibolite-facies schist of the
Lander Rock Formation. A historical resource of 12 200 t
at 3—4% Cu was estimated for the Mount Hardy mine by
Grainger (1968). Rock-chip sampling by Tanami Gold NL at
the Mount Hardy-1 workings yielded values up to 4.3 g/t Au,
7 g/t Ag and 6% Cu, and at the Mount Hardy-7 workings,
vein material assayed 0.25 g/t Au, 64 g/t Ag and 16% Cu
(Tanami Gold NL, ASX Announcement, 19 August 2002). At
the Wolfram Hill tungsten prospect, 20 km west of the Mount
Hardy workings, a rock chip sample from a waste dump
yielded 15.1% Cu, 45 g/t Ag and 0.19 g/t Au (Callabonna
Uranium, ASX Announcement, 5 January 2010).

The Rock Hill copper prospect is hosted in steeply-
dipping, east-trending greenschist-facies shear zones
cutting high-grade Lander Rock Formation, north of
Yuendemu (Fruzzetti 1971c). Copper minerals occur at
several localities along a strike length of 5 km, and consist
mainly of malachite and quartz with lesser azurite and
chrysocolla (Warren et al 1974). An average grade for chip
and channel samples has been estimated at 10% Cu, and
one drillhole intersected 1 m of massive chalcopyrite at a
depth of 37 m.

The Silver King copper-lead-silver prospect is hosted
within schist of the Lander Rock Formation immediately
west of the Yaloogarrie Granite, and comprises lead,
copper, silver and bismuth minerals, associated with
quartz-rich greisen and leached porphyry veins (Warren
et al 1974, Young et al 1995a). Historical workings include
a 16 m-deep shaft. High grades from grab samples at the
prospect include 16—55% Pb, 11-31% Cu and 140—-1490 ppm
Ag (Warren et al 1974).

The Reward copper-silver-gold prospect forms a series
of small historic workings over a strike length of 120 m,
9 km southeast of the Sabre gold prospect, north of the
Reynolds Range. Rock chip samples from the prospect have
yielded 17.8% Cu, 271 g/t Ag and 0.55 g/t Au, and 20.3%
Cu, 191 g/t Ag and 0.33 g/t Au (ABM Resources NL, ASX
Announcement, 24 May 2010).
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Gold
Lode gold in the Lander Rock Formation

A number of gold occurrences occur through the Lander
Rock Formation in the northern and western Aileron
Province and appear likely to be lode gold of a similar style
to mineralisation in the Tanami Region, although some
IOCG mineralisation may also occur. Given the relative
lack of exploration, poor exposure and widespread sand
cover throughout this region, the potential of this area for
gold discoveries remains high.

At the Abrolhos prospect, 7 km west-southwest of
McDiarmid Hill in MOUNT THEO, wide zones of low-
grade gold mineralisation have been intersected by drilling,
with higher grade intervals including 4 m at 2.5 g/t Au.
Historical gold workings occur at Waldrons Hill, near the
northern margin of the Aileron Province, in a shear zone
within rocks mapped as Lander Rock Formation. Drilling
at Waldrons Hill by Newmont Australia returned a best
intersection of 12 m at 2.54 g/t Au (ABM Resources NL,
ASX Announcement, March 16, 2010). At Kroda, 50 km
north of Barrow Creek, four gold prospects (Kroda 1-4)
have a combined anomalous strike length of 14 km. Drilling
of Kroda 3 by Newmont Australia yielded intersections of
27 m at 6.42 g/t Au (including 6 m at 25.9 g/t Au) and 15 m
at 5.85 g/t Au (ABM Resources NL, ASX Announcement,
March 16 2010).

The Lake Mackay area was effectively unexplored until
after 2000, when Newmont Australia and then Tanami
Gold NL began exploration for gold in amphibolite-facies
metasedimentary rocks of the Lander Rock Formation.
The Tekapo prospect is a gold-copper prospect hosted by
high-grade Lander Rock Formation, 30 km west-northwest
of Mount Nicker. The prospect was discovered by Tanami
Gold in 2005, as a gossanous ironstone that was traced
as sporadic outcrop and lag surface material over a strike
length of almost 500 m. Surface sampling of the ironstone
in July 2006 returned assay results peaking at 3.1 g/t Au.
Drilling at Tekapo in 2006 returned an intersection of 16 m
at 3.4 g/t Au. Follow-up drilling intersected significant
copper and gold mineralisation, including 4 m at 2.7% Cu
and 4 m at 3.27 g/t Au. Pink-red haematite alteration has
been observed in fresh rock, suggesting that this may be
an iron-oxide copper-gold system (Tanami Gold NL, ASX
Announcement, 27 September 2006). Other significant
prospects includes Dodger, which has rock chip samples
assaying up to 10.8 g/t Au and 12.2% Pb, and a best drill
intercept of 3 m at 2.3 g/t Au (Tanami Gold NL, ASX
Announcements, 30 July 2004 and 28 October 2004).

A number of gold occurrences occur in a northwest-
trending zone within the Lander Rock Formation, between
the Reynolds and Anmatjira ranges. In these occurrences,
gold is contained in quartz veins and is associated with pyrite
and arsenopyrite. The Falchion and Sabre prospects are
hosted within the Lander Rock Formation in the Reynolds
Range region (Exodus Minerals Ltd, ASX Announcement,
6 May 1998). The Sabre-Falchion anomaly extends for 3 km
along strike. Mineralisation is present as multiple pods of
stockworks or sheets of centimetre-scale quartz veins
within altered metagreywacke. Individual mineralised pods
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are 50—-100 m long. Concordant fine- to medium-grained
mafic rocks present in this succession are also mineralised.
Drilling of the prospects in the 1990s yielded peak values of
25 g/t Au and 3.3% Sb (best intersection 30 m at 2.5 g/t Au)
at Sabre, and 14 g/t Au and 7.2% Sb (best intersection 12 m
at 3.9 g/t Au and 4.2% Sb) at Falchion (Tanami Gold NL,
ASX Announcement, 25 October 2005). Follow-up drilling
at Sabre has yielded 35 m at 2.02 g/t Au including 17 m at
3.93 g/t Au (ABM Resources NL, ASX Announcement, 24
May 2010). Other prospects in the area include Black Knight
(best intersection 40 m at 1.2 g/t Au), Troutbeck (8 m at
9.4 g/t Au), Lander 1, Aileron Gold Reef and Pine Hill. The
Pine Hill prospect also contains minor copper (Warren et al
1974).

Gold in Palaeozoic basement-cover duplexes

Arltunga goldfield

The Arltunga goldfield comprises a number of prospects
and occurrences centred 110 km northeast of Alice
Springs, within the Arltunga Nappe Complex (Figures
12.42, 12.47). The Arltunga Nappe Complex is a structural
duplex of interleaved Palaeoproterozoic basement and
Amadeus Basin sedimentary rocks, related to south-
directed thrusting during the late Alice Springs Orogeny
(Dunlap et al 1995). The deposits are hosted both by the
Palacoproterozoic basement and by the Neoproterozoic
Heavitree Quartzite. Palacoproterozoic metamorphic rocks
that host the deposits include the Cadney Metamorphics, the
Hillsoak Bore Metamorphics, the Cavenagh Metamorphics
and the Atnarpa Igneous Complex (Mackie 1986).
The mineral assemblages, together with the structure,
metamorphism and evidence from fluid inclusions are
indicative of epigenetic, mesothermal gold mineralisation
(Burlinson and Mackie 1985).

Alluvial gold at Arltunga was first discovered in 1887
at Paddy Rockhole, with reef mining beginning prior to
1890. Historical mining around Arltunga was most active
between 1896 and 1913, with peak production in 1903
corresponding to the peak in population (Mackie 1986).
The opening of the government battery coincided with the
discovery of the White Range veins, which produced 81%
of the 15 396 0z (0.479 t) produced in the Arltunga goldfield
prior to 1984 (Mackie 1986). After 1989, an additional
2.098 tonnes of Au were produced from the White Range
veins (to December 2003; Ahmad et al 1999, Huston et al
2006). The Arltunga goldfield can be divided into four
separate areas or ‘vein camps’, based on location and
geology (Ahmad et al 1999). The White Range vein camp
has dominated production in the field, and was the only
area subjected to modern mining operations. Auriferous
quartz occupies tension gashes, fractures and breccia zones
in the Heavitree Quartzite, related to the Alice Springs
Orogeny. The reefs are composed of milky quartz, which
contains veins, stringers and small pods of pyrite, together
with chalcopyrite, minor covellite and chalcocite. At the
surface, sulfides are oxidised to goethite, which forms
cellular boxworks. Gold is fine grained, up to 0.3 mm, and
is associated with an iron oxide boxwork. In the primary
zone, gold forms minute inclusions in chalcopyrite, and,
to a lesser extent, in pyrite (Mackie 1986). Where reefs
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intersect siltstone interbeds, sericitic and argillic alteration
can be observed along vein edges.

The Claraville vein camp is located 4.5 km north of
White Range. Mineralisation is located in shears within
retrogressed tonalite, gneiss and granite of the Atnarpa
Igneous Complex. The lodes comprise narrow zones (ca 1 m
wide) of 0.01—-0.3 m-thick near-vertical veins, composed of
ferruginous quartz, calcite and siderite. Gold is associated
with goethite. No pyrite occurs in the workings, but it may
be present at depth (Warren et al 1974).

The Mount Chapman vein camp comprises numerous
small workings 6 km northeast of White Range, and is
bounded to the west by the Wheal Mundi Fault, which
strikes 015°. Narrow auriferous quartz veins, associated
with shear zones, often have an en echelon arrangement and
strike parallel to the Wheal Mundi Fault. The main reefs dip
steeply west and are hosted by the Cadney Metamorphics.
Gold occurs as free grains, or is associated with sulfides. In
some workings, the most common sulfide is chalcopyrite,
which is altered near the surface to iron oxides, bornite and
malachite. Sulfides and gold also occur in the wall rock.

The Aritunga vein camp includes mines within a 3 km
radius of the Arltunga Battery. The host rock comprises
retrograde granite, tonalite and schist of the Atnarpa
Igneous Complex. Part of the Valentine mine workings

are also hosted by metasedimentary rocks of the Cavenagh
Metamorphics. Apart from iron oxides occupying boxwork,
the quartz reefs contain pyrite, minor cuprite and malachite.

Winnecke goldfield

The Winnecke goldfield (Ahmad et al 1999) forms a 15 km-
long easterly trending belt, southwest of The Gardens
homestead. The Winnecke goldfield was discovered in the
late 1890s and most mining occurred in 1901-1905 and
to a lesser extent between 1933 and 1937. Total recorded
production from this goldfield is 41.4 kg Au, including
3.9 kg Au produced from alluvial deposits. Hossfeld (1940)
considered that the actual production may have been much
higher because a considerable amount of gold won in the
early days was not officially recorded.

The Winnecke goldfield is similar to Arltunga,
being dominated by vein-hosted, structurally controlled
mesothermal gold mineralisation related to the Alice Springs
Orogeny, hosted both in retrogressed Aileron Province
basement and in the basal Amadeus Basin succession
(Ahmad et al 1999). Two types of gold mineralisation can
be distinguished. The main type consists of quartz veins, in
which gold is concentrated in portions of the veins composed
of cellular goethite. These concentrations form irregular
patches in otherwise barren pods and ‘blows’ of milky white
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quartz. Goethite is formed by oxidation of pyrite, which
occurs in unoxidised ore about 12 m below the surface.
The second type includes stratabound mineralisation in
altered quartz-muscovite-kaolinite schist, graphitic schist or
sericitic schists. Both styles of mineralisation are present in
the Golden Goose workings.

During the mid 1980s, extensive exploration at the
Winnecke goldfield was conducted by Australian Anglo-
American Ltd (Piggot 1984, 1985), concentrating on the
Golden Goose, Coorong and Ciccone workings. Sampling
of the underground workings at Golden Goose returned
3.76 g/t Au over a horizontal distance of 18 m at a depth
of 39—41 m (cut-off grade 1 g/t Au). This indicates that
economic gold grades persist below the zone of oxidation.

Nickel

Prospect D, located on the southwestern flank of the Osborne
range, 30 kmnortheastof Barrow Creek, comprises pyrrhotite,
pentlandite, chalcopyrite, sphalerite, pyrite, malachite
and violarite in an unexposed amphibolite, within rocks
mapped as Ooradidgee Group. The prospect was explored
by Kewanee Australia Pty Ltd in the 1970s. Twelve diamond
holes were drilled initially, testing the mineralised zone to
a shallow depth. Significant diamond drill intersections
were 0.91 m at 4.65% Ni and 1.4% Cu; 2.4 m at 1.95% Ni
and 1.23% Cu; 7.6 m at 0.93% Ni and 1.46% Cu; 5.2 m at
0.48% Ni, 1.48% Cu, 5.8 g/t Au and 215 g/t Ag (Cogar 1972).
Following this drilling program, Felderhof and Barraclough
(1974) reported an inferred (non-JORC compliant) resource
of 1.63 Mt at 0.151% Ni, 0.521% Cu over an average width
of 9.1 m for oxide ore, and 1.53 Mt at 0.247% Ni and 0.621%
Cu over an average width of 8.5 m for sulfide ore. Follow-
up reverse-circulation drilling has proven nickel-copper-
silver mineralisation to a vertical depth of about 200 m
(Figure 12.41). Mineralisation is hosted within a narrow,
conformable mafic intrusive rock. The mineralisation has
a known strike extent of 1.5 km. Mineralisation in other
mafic bodies in the region remains untested. Additional
drilling at the prospect in 2004 yielded further intersections
of mineralisation including 8.6 m at 0.47% Cu and 0.16%
Ni (Mithril Resources, ASX Announcement, 29 September
2004, Dunster 2009).

Exploration by Mithril Resources Ltd in the Harts Range
area has identified anomalous nickel-copper sulfide and
nickel-platinum mineralisation in surface samples of gabbroic
rocks in the Alooarjara Metamorphics (Mithril Resources
Ltd, ASX Announcement, 11 August 2009), suggesting that
these gabbros may be fertile for nickel mineralisation.

The Aileron Province has significant remaining untested
nickel sulfide potential. In a study of the geological setting
and mineral potential of mafic rocks in the Arunta Region,
Hoatson efal (2005) considered that S-saturated mafic
intrusions in the western and central Aileron Province, such as
the Andrew Young Igneous Complex, Mount Hay Granulite
and Mount Chapple Metamorphics have high potential for
orthomagmatic nickel-copper sulfides. These intrusions
were interpreted to have potential for accumulations of
massive and disseminated Ni-Cu-Co sulfides in structural
embayments and/or depressions along the basal contacts
and/or within feeder conduits. Nickel exploration in the
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Andrew Young Igneous Complex has failed to intersect
anomalous mineralisation, but only a very small proportion
of the extensive mafic-ultramafic complex has been tested. A
number of other mafic and ultramafic bodies in the Aileron
Province, particularly in the poorly outcropping northern and
western areas, have never been explored.

Tin-Tantalum

Anningie pegmatite field

The Anningie pegmatite field, which is approximately 80 km
southwest of Barrow Creek, comprises deformed, tantalite-
and cassiterite-bearing pegmatites that intrude the Lander
Rock Formation. The pegmatites are likely to have been
sourced from the nearby, tin-rich 1790 Ma Esther Granite
(Frater 2005). The most important prospect in the field is the
Reward prospect, where alluvial tin was discovered in 1935.
Two tonnes of SnO, concentrate, grading 63.65% Sn, was
produced by the end of February 1936 (Fruzzetti et al 1974).
Other alluvial leases that have been worked at the tin field
include Halls Claim, Clarks Application and Bismarks Show,
all within about 1.5 km to the south and southeast of the
Reward Lease. Otter Exploration NL explored the Anningie
tin field during 1977-1979 (Kojan 1980b). In 19801981, Jays
Exploration Pty Ltd carried out a semi-regional geochemical
survey, collecting samples from auger drillholes and surface
‘scrapes’ (Powell 1981). Jays estimated that the Reward
Claim contained 70 000 m? of ore at 0.181 kg/m? cassiterite
and 0.031 kg/m’ tantalite for a total of 12.67 t of SnO, and
217t of Ta,O, (Powell 1981). The alluvial mineralisation
is sourced from a north-striking pegmatite with associated
vein quartz and greisen (Frater 2005). The greisen has been
reported to be radioactive, containing 240 ppm U,O, (Daly
and Dyson 1963).

Barrow Creek pegmatite field

A number of tin-tantalum-tungsten-bearing pegmatites
intrude the Palaeoproterozoic Bullion Schist within 30 km
of Barrow Creek, mainly to the north and northwest. In this
area, biotite-muscovite schist of mid-greenschist to lower
amphibolite facies is intruded by the Bean Tree Granite
(1803 £+ 6 Ma; Smith 2001), a tourmaline-bearing leucocratic
granite, which is probably the parent to the tin-tantalum
pegmatites of the Barrow Creek field. The pegmatites are
divided into eastern and western groups, and a third weakly
mineralised group to the east of Barrow Creek, referred to as
the Neutral Junction pegmatite group by Frater (2005). The
Neutral Junction group has been mined for mica, but at least
one pegmatite is reported to have contained significantly
elevated tantalum. RB Mining carried out an evaluation
of the pegmatite and eluvial resource of the Eastern group
of pegmatites on the Barrow Creek field in 1981 (Forsythe
1982). Both the tonnage and grade of the pegmatites were
too low to consider a mining operation, but an eluvial gravel
resource was estimated at 5430 m®, containing 170.3 kg
Ta,0,, 191.5 kg SnO,, 69.7 kg Nb,O, and 114.2 kg WO..
Alcoota pegmatite field

Tantalite and cassiterite occurs at three small prospects
collectively known as Utopia, 10 km west of the Utopia
settlement (Powell 1981, Frater 2005). Shaw (1968)
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described the host rock as a tourmaline-muscovite-feldspar-
quartz pegmatite that intruded parallel to the foliation of
the muscovite-biotite gneiss country rock. Some of the
mineralisation contains bismuth and is weakly radioactive
(Daly and Dyson 1963). Old workings occur in two areas
approximately 1.8 km apart, referred to as Utopia 1 and
Utopia 3. Utopia 1 is the most southern and the smaller of
the two workings, and contains minor tantalite and quartz,
with rare native bismuth and bismutite, and no evidence of
radioactivity (Daly and Dyson 1963). Utopia 3 is the main
prospect in the area and is 1.8 km northwest of Utopia 1.
Although there is no record of production, several pits
and costeans in eluvial deposits and two open-cuts in the
outcrop indicate small-scale mining prior to 1949 (Daly
and Dyson 1963). Utopia 3 consists of humerous pegmatite
outcrops, varying from veins to dykes of considerable
size, with two small open-cuts in a northwest-trending
pegmatite dyke. Tantalite, biotite, tourmaline, magnetite,
beryl and bismuth minerals have been recorded from this
prospect (Daly and Dyson 1963, Shaw 1968). The workings
terminate where the pegmatite passes under sand cover to
the north. However, a pegmatite with associated greisen and
vein quartz reappears 400 m to the north (Utopia North),
where it is exposed over a 200 m strike length and a width of
40 m. Recent geochemistry suggests that Utopia 3 contains
elevated Ta (eg 300 and 390 ppm) and Nb (550 and 80 ppm)
levels, but contains no significant Sn mineralisation (Frater
2005). Small amounts of tantalite were also produced from
greisenised pegmatite at a prospect known as Spotted
Wonder, 5km northwest of Delmore Downs homestead
(Frater 2005). This prospect also contains bismuth minerals
with anomalous levels of uranium (Daly and Dyson 1963).

Rare Earth Elements

The central and eastern Aileron Province contains significant
accumulations of rare earth elements (REE), with the most
significant occurrence being the Nolans Bore fluorapatite-
hosted deposit. Most deposits in the Aileron Province
are related to REE-bearing pegmatites and hydrothermal
systems. Despite the presence of carbonatite and alkaline
intrusions in the Strangways Range region, these do not
host significant REE mineralisation. A summary of REE
mineralisation and prospectivity in the Arunta Region is in
Hussey (2003).

Nolans Bore

The Nolans Bore REE-P-U-Th deposit consists of a series
of REE-bearing fluorapatite veins that are hosted mostly
by gneissic granite. The prospect area, which is located in
the southeastern part of the Reynolds Range, is dominated
by granulite-facies Lander Rock Formation intruded by
gneissic granites, which have been correlated with the
Boothby Orthogneiss and Napperby Gneiss. Much of the
prospect is covered by alluvial sand and gravel, which can
be up to 4.5 m in thickness (Goulevitch 2004). The deposit
consists mostly of a series of north-northeast-trending and
steeply (65-90°) west-northwest-dipping fluorapatite veins
or dykes that are emplaced in strongly kaolinitised rock with
a granitic gneiss protolith. The veins vary in thickness from
0.3 to 25 m and are concentrated in two zones, the Northern
and Southern zones (Figure 12.48; previously eastern and
western zones; Goulevitch 2004). The Nolans Bore deposit
has a JORC-compliant resource of 30.3 Mt at 2.8% REO,
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Figure 12.48. Geology and mineral resource outline of the Nolans Bore REE-U-P deposit.

Geology and mineral resources of the Northern Territory
Special publication 5

12:60



12.9% P,O, and 0.02% U,O, (Arafura Resources NL,
ASX announcement, 11 November 2008). This includes a
Measured Resource of 5.1 Mt at 3.2% REO, 13.5% P,0O,
and 0.03% U,O, in the Central North zone (Figure 12.47)
The style of mineralisation within the Nolans Bore deposit
clearly indicates that it is a structurally controlled, energetic
hydrothermal fluid-driven system, as shown by textures
such as veining, open-space infill, brecciation and fluidised
milling in a chamber, with forceful emplacement of the
brecciated mineralisation into country rock (Hussey 2008).

The mineralised zones are inferred to have a north-
northeast-trending sigmoidal shape which is consistent
with emplacement in dilatant zones during the development
of sinistral west-northwest-trending shears (Hussey 2008).
Four styles of REE mineralisation have been recognised at
Nolans Bore: (1) massive fluorapatite veins that typically
contain 4-6% REO and constitute most of the defined
resource; (2) very high-grade (7-10% REO) zones found in
apatite-poor kaolinitic zones outside of the veins; (3) apatite-
allanite-epidote zones hosted by calc-silicates; and (4) low-
grade stockwork zones in gneiss and kaolinitised rock,
adjacent to the veins and mylonite zones (Goulevitch 2004).
The main difference between the ore types is the REE/P ratio,
which is significantly higher in the high-grade cheralite-
dominated zones outside of the main fluorapatite veins. In
the veins, the apatite is generally fine-grained, although local
zones are coarse-grained, with grains up to 15 mm. Locally
the apatite has been brecciated, with coarse clasts (to 15 mm)
in a fine-grained matrix (Figure 12.49). Mineralogically,
most of the REE are hosted by cheralite, a phosphate-
deficient REE-bearing mineral. Only about 30-35% of the
REE is hosted in the crystal structure of apatite. Texturally,
cheralite fills microfractures and microveins within the
apatite (Goulevitch 2004). A detailed description of the
lithology and geochemistry of cored drillhole NBDH37 from
the Nolans Bore deposit is in Hussey (2008).

Arafura Resources commenced a bankable feasibility
study on the Nolans Bore deposit in 2008 and indicated a
potential mine life in excess of 20 years (Arafura Resources
NL, ASX Announcement, 28 October 2009).

Other REE prospects

The Entia pegmatite field (Hussey 2003) comprises swarms
of REE-bearing pegmatites, which intrude both the
Entia Dome (Aileron Province) and the adjacent Irindina
Province, and which were explored for uranium by PNC in
the 1990s (Drake-Brockman 1995, Drake-Brockman et al
19964, b). Pegmatites in the Entia Dome are relatively mica-
poor and potassic, relative to those in the Irindina Province.
Although most of the REE-bearing pegmatites occur in the
Irindina Province, some potassic pegmatites are known to
host accessory REE minerals and examples of centimetre-
sized gem-quality monazite are locally present. Samarskite
has been recorded at the Lone Pine mica mine. These
pegmatites are Palacozoic in age (Drake-Brockman et al
19964, b, Hand et al 1999a, b, Buick et a/ 2008). Hussey
(2003) considered the pegmatites to be analogous to the
Nb>Ta, Y, REE, Sc, Ti, Be, Th, U, F (NYF)-type pegmatite
and associated granitic suite of Cerny (1991), which are
considered to be prime candidates for REE mineralisation.
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An assessment by Hussey (2003) of PNC’s geochemical data
from these prospects suggests the existence of two types of
alkaline pegmatites. Some prospects are enriched in U>Th,
Ti, Nb>Ta and Y, with relative enrichment in HREE, and
a second group are typically enriched in Th>U, LREE, P,
and sometimes Y, Zr, Ba, Sr and Fe. In general, uranium
contents are high in the HREE-enriched occurrences,
whereas thorium contents are typically much higher than
uranium in the LREE-enriched occurrences (Hussey 2003).

At Blueys Folly, south of Arltunga, allanite occurs as
a primary igneous mineral in a pegmatite swarm, which
has plug-like to lenticular subvertical bodies and sheet-like
apophyses that intrude the surrounding amphibolite-facies
metamorphic rocks (Murrell 1988). Murrell indicated that
allanite also occurs as a metamorphic mineral in some
amphibolite and marble units adjacent to these pegmatites.
This prospect outcrops over an area of about 4 km? that
consists predominantly of pegmatite and is estimated
to contain several million tonnes grading in access of
0.4% allanite (Murrell 1988). In addition to Blueys Folly,
numerous allanite-bearing pegmatites occur between
Alice Springs and Ruby Gap. The REE potential of these
pegmatite-related mineralisation systems remains untested.

In addition to the Palacozoic REE-rich pegmatites in the
eastern Arunta, anumber of Proterozoic REE-rich, allanite-
bearing granites and pegmatites occur in the Arunta
Region. Hussey (2003) considered the Ennugan Mountains

Figure 12.49. Nolans Bore REE-U-P deposit. Typical breccia in
main apatite mineralised subzone in drillhole NBDHO037 (from
Hussey 2008).
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granite and Wangala Granite to be particularly prospective
for allanite-related REE mineralisation, with lower potential
in the Gumtree and Wuluma granites. Hussey also proposed
that the Wangala Granite may have potential for Fe-oxide
Cu-Au-REE mineralisation and that the adjacent country
rocks may have potential for Mary Kathleen-style U-REE
deposits. The Quartz Hill apatite-REE prospect is hosted
within the Wangala Granite and appears to be related to
metasomatic/igneous fluids, derived from the granite or its
associated pegmatites. The prospect comprises uraniferous
REE-rich apatite-mica schists that occur locally in an
east-northeast-trending belt over an area of about 2 km?
within the Wangala Granite (Davies 1979, Stewart et al
1980a). The schists comprise up to 55% biotite and 25%
apatite, and were originally interpreted as metasomatised
metasedimentary rocks (Stewart efal 1980a). However,
based on field relationships, Hussey (2003) suggested that
the apatite-biotite schists may be hydrothermally altered
pegmatite and/or Wangala Granite.

In the Eastern Zone of the Casey Inlier, a series of east-
northeast-trending siliceous vein sets has been identified
(Close and Scrimgeour 2008) and these contain anomalous
REE and elevated copper geochemistry (up to 1150 ppm La,
3550 ppm Ce, 2150 ppm Y and 3750 ppm Cu). From limited
geochemical sampling, the highest total REE content is
1.1%. These veins are yet to be dated, but they cross-cut the
regional fabrics and are most likely to be Neoproterozoic or
Palaeozoic.

Molybdenum-tungsten

The Molyhil deposit is the most significant granite-related
Mo-W deposit known in the Aileron Province. It is located
in the Jinka domain just to the north of the Delny Shear zone,
within unnamed metasedimentary rocks (possibly related to
the Bonya Schist) that are present as rafts within the Marshall
Granite (Freeman 1990). Between 1974 and 1976, 20 000 t
of ore were mined from the current open cut, yielding
100 t of concentrate grading 70% WO, (Barraclough 1979,
Freeman 1990; note that MoS, was not extracted). Following
renewed exploration activity, Thor Mining PLC defined a
JORC-compliant mineral resource of 3.75 Mt grading 0.32%
WO,, 0.19% MoS, and 28% Fe,O, (Thor Mining, ASX
Announcement, 17 June 2009). This resource is split between
the larger Southern and smaller Yacht Club orebodies, which
are localised within metasedimentary roof pendants within
the granite (Huston et al 2006), and remains open at depth.
These roof pendants are composed of variably chloritised
biotite quartzo-feldspathic paragneiss and skarn, which has
probably replaced dirty carbonate rocks (as indicated by
the chemical composition of the skarn assemblage; Huston
et al 2006). The structure within the deposit appears to be
dominated by south-southwest plunging folds (Barraclough
1979, Huston et al 2006).

The Marshall Granite in the vicinity of the Molyhil
deposit is a medium-grained biotite granite that has been
chloritised and sericitised (‘green’ granite) along the
southern and eastern walls of the open cut, and K-feldspar
altered (‘pink’ granite) along the northern and western walls.
Barraclough (1979) described three skarn assemblages at the
Molyhil deposit: (1) granitoid endoskarn; (2) unmineralised
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(or ‘banded’ or ‘mixed’ hornfels) calc-silicate exoskarn; and
(3) ‘ore zone’ calc-silicate exoskarn. Granitoid endoskarn
occurs as veins and pods within the host granite and
consists mostly of K-feldspar and hornblende with varying
amounts of quartz, calcite, biotite, molybdenite, magnetite
and scheelite. Unmineralised skarn generally separates the
mineralised calc-silicate rocks from the granite. The banded
variety contains alternating diopside-rich and garnet-rich
bands. This rock type also contains accessory garnet, quartz,
biotite and epidote, and locally contains minor magnetite,
pyrite and molybdenite. The mixed variety comprises a
mixture of garnet, pyroxene, epidote and calcite; it lacks
opaque minerals (Barraclough 1979). Mineralised skarn
is Fe-rich and generally dominated by magnetite. Other
minerals present include pyrite, pyroxene, garnet, amphibole,
scheelite, molybdenite, chalcopyrite and quartz (Barraclough
1979, Huston et al 2006). Geochemically, the mineralised
skarn is enriched in Fe, Cu, S, Sn and Y, in addition to W
and Mo. Relative to unmineralised skarn, mineralised skarn
is depleted in K and F. Hornblende from exoskarn associated
with the deposit has yielded an “°Ar*°Ar plateau age of
1702 £ 5 Ma (G Fraser, Geoscience Australia, pers comm
2003), which is broadly consistent with the age of granites
elsewhere in the area (eg Mount Swan Granite).

A number of occurrences of tungsten, with variable
amounts of copper, occur in calc-silicate rock in the Bonya
Schist, mainly within the Bonya Hills. Numerous prospects
were identified by prospecting in the 1960s and 1970s, and
small mining operations were undertaken at Jericho, Ultra
Violet and White Violet. The scheelite occurs within layered
calc-silicate rock and skarn-like massive calc-silicate rock,
forming elongate bodies parallel to the regional fabric, up
to several hundred metres long and 20 m wide (Freeman
1986). The skarn mineralisation typically comprises garnet,
epidote, actinolite, tremolite and quartz, and the main ore
mineral is scheelite with minor powellite and malachite
(Bajwah 1996). Studies of the petrology, geochemistry and
tourmalinisation associated with the Bonya Hills scheelite
deposits were undertaken by Riemer (2000) and Schoener
(2000).

At Wolfram Hill (Mount Doreen wolfram field) on
Mount Doreen station, muscovite-bearing pegmatites
intruding the Lander Rock Formation contain wolframite
with accessory chalcocite, scheelite, anglesite, pyrite,
galena, malachite, azurite, chrysocolla, siderite and
wulfenite (Young et al 1995a). The prospect also contains
significant copper, silver, gold and tin. Ninety tonnes of
wolframite were mined from the deposit between 1926 and
1956. The wolframite-bearing pegmatites are interpreted
to be related to the nearby 1567 Ma Yarunganyi Granite of
the Southwark Suite. Minor amounts of tungsten were also
mined from the nearby Ringer prospect and at Wilsons Find
near the Wabudali Range (Warren et al 1974).

A number of tungsten prospects occur in the pegmatites
and quartz veins cutting the Bullion Schist in the Barrow
Creek region, often associated with tin and tantalum
mineralisation. Some of these prospects were worked in
the 1930s—1950s, with around 5t of tungsten produced at
Ballaces Mine (Dunlop 1942). Up to 5% scheelite has been
reported in calc-silicate rock at the Ringing Rocks prospect,
30 km northwest of Barrow Creek (Cogar 1972).
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Uranium

The Aileron Province includes numerous very highly
U-enriched granites, and has high prospectivity for
basement-hosted mineralisation, as well as providing
an excellent source of uranium for sandstone-hosted
mineralisation in overlying and surrounding basins. Known
uranium occurrences in the Aileron Province include
minor prospects and occurrences that can be categorised
as metasomatite and intrusive-type uranium in the eastern
Aileron Province, and vein- and shear-hosted mineralisation
at Barrow Creek and north of the Ngalia Basin (Lally and
Bajwah 2006). Uranium also occurs within the Nolans Bore
fluorapatite-hosted REE-P-U deposit, which has a resource
of 30.3 Mt at 2.8% REO, 12.9% P,O, and 0.02% U.O,
(Arafura Resources NL, ASX announcement, 11 November
2008), and which is described in detail above. There is
also significant surficial (calcrete-hosted) uranium in the
Napperby region, and very high prospectivity for uranium
in Cenozoic basins and palaeochannels overlying the
Aileron Province.

The Albarta prospect was discovered by Esso Australia
Ltd in the late 1970s, and occurs in a brecciated shear zone
within quartzo-feldspathic gneiss and chlorite-muscovite
schist of the Albarta Metamorphics. The Tourmaline Gorge
prospect, 4 km west of Albarta, is located in sheared,
sericitised and chloritised tourmaline-rich 1730-1720 Ma
granite (Fraser 1978, Whelan et al 2011). The proximity of
these prospects to the overlying Heavitree Quartzite raises
the possibility that this may represent unconformity-style
mineralisation.

A significant uranium exploration program was
undertaken in the Harts Range area by PNC Exploration
(Australia) Pty Ltd inthe 1970s. Reconnaissance exploration
identified a number of different prospects, most of which
are located on the margin of the Entia Dome (Drake-
Brockman 1995, Drake-Brockman et al 1996b, Follington
1997). Uranium occurrences in the area were divided into
four types, based on mineralogy (Drake-Brockman et al
1996b): uraninite type, epidosite type, retrogressed type and
pegmatite type; these are briefly described below. Uraninite-
type occurrences are characterised by macroscopic
uraninite in 1 mm- to 1 cm-sized crystals, crystalline
aggregates or nodules (‘eggs’), which may be intergrown
with brannerite, xenotime or allanite. The host rocks are
intermediate to mafic amphibolite and paragneiss, in which
mineralisation is always associated with felsic phases.
The felsic material may be quartz veins, quartz-feldspar-
aplite melts, feldspar-tourmaline metasomatism, or albite-
scapolite metasomatism. Epidosite-type mineralisation is
related to epidote or epidote-garnet metasomatism, which
is principally controlled by low-angle shear and cataclasite
zones. Sub-microscopic uraninite and uraniferous-
allanite grains occur in veinlets and vugs, on epidote
grains, and in quartz-apatite-sulfide pockets (Drake-
Brockman et al 1996b). The main occurrences (Haddock,
Midori, Swallow) are located along the outer margins of
the Entia Dome as a series of discontinuous epidosite
lenses. Retrogressed-type mineralisation is defined by the
presence of clay-silica alteration and finely disseminated
uranium mineralisation along discrete fault structures.

Geology and mineral resources of the Northern Territory 12:63

Special publication 5

Aileron Province

Examples include Pony, which has smectite-nontronite
clay mineralogy and uranium-apatite mineralisation, and
Torbernite, which has kaolinite clay mineralogy and U-Cu-
phosphate mineralisation. Pegmatite-type mineralisation
is characterised by uranium-bearing Y/Nb/Ta/Ti/REE
oxides, embedded within, or immediately adjacent to east-
and southeast-trending pegmatites that intruded during the
Alice Springs Orogeny. Uranium minerals are samarskite,
fergusonite, brannerite and uraninite. At the Daicos
prospect in the western Entia Dome, exploration by Thor
Mining PLC identified a number of pegmatites with a strong
uranium/REE association. Rock-chip samples contained
up to 19% U,O,, with other results including 13.8% Ta and
8.54% Nb (Thor Mining, ASX Announcements, 9 October
2007 and 6 March 2008).

U-Pb dating of uranium minerals from uraninite-type
and pegmatite-type mineralisation indicates that uranium
precipitation and remobilisation occurred in three main
phases, at 550 Ma, 425 Ma and 350 Ma (Drake-Brockman
etal 1996b). The youngest ages are from the most
significant uraninite-type occurrences at Yambla (within the
Irindina Province) and Brumby. Petrological information
combined with results of the geochronology indicate that
uranium mineralisation in the eastern Arunta is related to
metasomatism during the Alice Springs Orogeny (Drake-
Brockman et al 1996b).

Numerous other uranium occurrences occur through
the Aileron Province, typically associated with U-rich
granites. Barrow Creek is located 5 km southwest of Barrow
Creek, and consists of torbernite and carnotite coatings on
fracture planes within the Bean Tree Granite. Two chip
samples from a shallow pit returned assays of 0.9% and 0.4%
U,O, (Clarke 1978). Rankins Reward lies on the northern
margin of the Ngalia Basin, within Mesoproterozoic rocks
of the Aileron Province. It has a weak ground radiometric
anomaly, up to 600 m long, and 2 m wide, that relates to
steeply southwest-dipping, lenticular goethitic gossan and
quartz haematite breccia, in steeply dipping sedimentary
rocks. Gossanous breccia zones are weathered to depths of
up to 200 m, but no deposit of economic significance has
yet been identified (Wells and Moss 1983). At Anomaly B,
10 km north of Rankins Reward, a east-northeast-trending
shear zone contains a 3 km-long zone of significant uranium
mineralisation within greisenised granite of the Southwark
Suite, with rock chip samples assaying up to 0.41% U,O, and
a best drilling intersection of 3 m at 346 ppm U,O, (Uranium
Exploration Australia, ASX Announcements, 27 August
2009 and 25 January 2010). Other highly uranium-enriched
granites include the Wangala Granite (rock chips up to
674 ppm U,O,, Callabonna Uranium, ASX Announcement,
January 5, 2010) and an un-named alaskite identified by
Uramet Minerals at their Adnera project, 40 km northwest
of Utopia (rock chips up to 540 ppm U,O,, Uramet Minerals,
Quarterly Report to Shareholders, September 30, 2009)

In addition to the basement-related uranium
mineralisation in the eastern Aileron Province, significant
potential exists for surficial uranium deposits in calcrete,
and sandstone-hosted deposits in overlying Cenozoic
basins, sourced from U-rich basement rocks, such as the
Napperby Gneiss and Southwark Suite (see Cenozoic
geology and regolith).
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Vermiculite

The Mud Tank vermiculite mine is hosted within the Mud
Tank Carbonatite, which has a conventional U-Pb zircon
age of 732 +5 Ma (Black and Gulson 1978). A total of
69 693 t of vermiculite products were sold between 1995 and
December 2003, with an estimated value of $18-25 million.
At least 30 000 additional tonnes of refined vermiculite
product can be extracted from the current stock pile and
open cut. Initial exploration of the Mud Tank Carbonatite
took place in 1940. An exploration title was applied for in
January 1986, which was subsequently granted in June of
the same year, and a small, open-pit mining operation was
established on the site in 1996. The Mud Tank vermiculite is
processed in a dry beneficiation plant, and the concentrate
contains around 90-99% vermiculite flake compared with
a range of 70—75% in the original deposit. The identified
reserves indicate a mine life of approximately 20 years. An
additional swarm of carbonatite dykes has been identified
at the Bleechmore Dykes vermiculite prospect, which has
been estimated to have over 50% vermiculite in an area
500 m long and 50—100 m wide (Flinders Diamonds, ASX
Announcement, 9 April 2003).

lron ore

Small massive haematite lenses are present within the Mount
Thomas Quartzite in the Harverson Pass area in the Reynolds
Range (Stewart 1982). Reconnaissance mapping indicates
that lenses are up to 15 m thick and can be discontinuously
traced for over 10 km along strike (Lindsay-Park 1998). The
haematite contains quartz veinlets and is present as massive
to bladed (specularite) aggregates. Massive haematite
(# quartz) lenses grade laterally into coarse chert ironstone
and haematitic quartz sandstone. In the type section of the
Mount Thomas Quartzite, Stewart (1982) reported a lens
of massive haematite, several metres thick, at the contact
with a sill of Warimbi Schist. In other localities, haematite
lenses are present at the contact with the overlying and
interfingering Pine Hill Formation. The genesis of the
ironstone lenses is uncertain, but may be related to high-
temperature regional and contact metamorphic events that
have affected the haematitic beds of the Mount Thomas
Quartzite (Stewart 1982).

Vanadium-iron-titanium

The Mount Peake deposit is a mafic-hosted vanadium-
titanium magnetite deposit, 60 km west-southwest of
Barrow Creek. A magnetic anomaly at Mount Peake was
originally drilled by CRA in 1982, and subsequently drilled
by Discovery Nickel in 2006, with both drillholes (1.5 km
apart) intersecting magnetite-rich gabbro. Re-evaluation
of Discovery Nickel’s hole ARD02 by TNG Ltd identified
homogeneous magnetite-rich gabbro over at least 100 m,
ending in olivine-rich ultramafic rock. Subsequent drilling
has confirmed that the mineralisation is hosted within a large
layered gabbro intrusion, with a broad zone of vanadium
magnetite mineralisation that is up to 122 m thick with a
north—south strike length in excess of 1 km. The deposithas an
Inferred JORC-compliant resource of 139Mt at 0.29% V., 0O,
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5.3% TiO, and 23.7% Fe (TNG Ltd, ASX Announcement,
3 March 2010). In early 2011, TNG announced positive results
from a scoping study assessing the potential development
of the deposit using a patented metallurgical technique to
produce vanadium, iron and titanium.

The Jervois vanadium prospect comprises a number
of bodies of massive titanium-vanadium-rich magnetite
with elevated copper, PGE and gold that are associated
with fractionated mafic rocks in the Attutra Metagabbro
(Hoatson and Stewart 2001). Anomalous V (1.1%),
Cu (1.4%), Pd (215 ppb), Pt (28 ppb) and Au (104 ppb)
concentrations have been recorded in the magnetite bodies
(Wright 1974, Hunter Resources Limited 1988). Arafura
Resources undertook drilling at this prospect in 2006 and
confirmed the sub-surface continuation of several near-
massive magnetite horizons up to 44 m in thickness over
an area of approximately 20 km?. The average grade of
in situ material from all mineralised drill intercepts was
29.2% Fe, 0.47% V,0O, and 6.48% TiO,, and recovery of
magnetite concentrate using an industry-standard process
delivered an average physical yield of 27.9% grading 64.5%
Fe, 1.34% V,0, and 5.22% TiO, (Arafura Resources Ltd,
ASX Announcement, 19 June 2007).

Manganese

Black manganiferous laterite pods have developed in places
over the Algamba Dolostone Member in the Reynolds Range
area (Stewart et al 1980a). A chip sample from the laterite
assayed 58% Mn, 1200 ppm Pb, 1100 ppm Zn and 730 ppm
Cu (Stewart ef al 1980a). Ferenczi (2001) considered these
laterite pods to be too small to be of significant economic
interest.

Barite and fluorite

The Oorabra Reefs are extensive quartz veins up to 7 m
wide and 13 km long that form prominent reefs on the Jinka
Plain, cutting the Jinka Granite. They comprise brecciated
and recemented hydrothermal quartz, and commonly
contain barite, fluorite and galena (Freeman 1986). A
reserve of 0.23 Mt at 37% CaF, to a vertical depth of 30 m
from three reefs was quoted by Hill (1972). Barite veins up
to 50 cm wide have also been recorded within the Delny
Shear Zone near the Mopunga Range (Freeman 1986).
The barite and fluorite mineralisation in the Jinka domain
extends into the overlying Georgina Basin, and is likely to
have formed during the Palacozoic Alice Springs Orogeny.
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