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Intracontinental reworking in the Capricorn Orogen,
Western Australia: the 1680 – 1620 Ma Mangaroon
Orogeny*
S. SHEPPARD{, S. A. OCCHIPINTI# AND D. R. NELSON§
Geological Survey of Western Australia, 100 Plain Street, East Perth, WA 6004, Australia.
Structures and metamorphic mineral assemblages throughout much of the Proterozoic Capricorn
Orogen have been attributed to the 1830 – 1780 Ma Capricorn Orogeny. However, in the northern part
of the Gascoyne Complex at the exposed western end of the orogen, precursor sediments to pelitic
gneiss and metamorphosed feldspathic sandstone were deposited after 1680 + 13 Ma. The sediments
were ﬁrst deformed and intruded by voluminous granites during intracontinental reworking (the
Mangaroon Orogeny) between 1680 Ma and 1620 Ma. The Mangaroon Orogeny comprises a
subhorizontal gneissic layering and peak metamorphic conditions of upper amphibolite facies (D1m/
M1m) followed by upright, macroscopic southeast-trending folds and an associated subvertical foliation
formed at greenschist facies (D2m/M2m). Schlieric biotite – muscovite granodiorite dated at 1677 + 5 Ma
represents an anatectic melt that intruded during D2m. Cross-cutting biotite and biotite – muscovite
monzogranites mainly crystallised at ca 1680 – 1660 Ma, but granite plutons were emplaced across the
Gascoyne Complex until 1620 Ma. Our ﬁndings invalidate correlation of these metasedimentary rocks
with lower grade rocks of the upper Wyloo Group along the northern margin of the orogen, and
necessitate a reassessment of tectonic activity in the orogen attributed to the Capricorn Orogeny.
KEY WORDS: Capricorn Orogen, Gascoyne Complex, geochronology, Palaeoproterozoic, SHRIMP,
tectonics.

INTRODUCTION
Orogenic belts, or orogens, are elongate zones marked
by regional deformation, metamorphism and plutonism.
Many orogens are long lived and show evidence of
repeated reactivation (Tyler et al. 1994; Collins & Shaw
1995; Scrimgeour & Raith 2001). Thus, there ‘. . . is a
danger of linking together structural and metamorphic
features that formed during separate events, producing
apparent histories that point toward tectonic processes
that may not have occurred’ (Hand & Buick 2001 p. 237).
The Capricorn Orogen in Western Australia provides an
example of such an apparent history.
The Capricorn Orogen is a major Proterozoic tectonic
zone that is thought to mark the oblique collision of the
Archaean Yilgarn and Pilbara Cratons (Tyler & Thorne
1990; Cawood & Tyler 2004). The orogen consists of
granites and medium- to high-grade metasedimentary
rocks of the Gascoyne Complex, in addition to numerous
basins ﬁlled with low-grade metasedimentary and
metavolcanic rocks, and the deformed margins of the
Yilgarn and Pilbara Cratons (Figure 1). In the Gascoyne

Complex, deformation, regional metamorphism and
granite intrusion were considered to all be related to
the Capricorn Orogeny, poorly constrained by Rb – Sr
and Sm – Nd geochronology to 2.0 – 1.6 Ga (Libby et al.
1986).
Regional mapping and SHRIMP U – Pb geochronology
in the Gascoyne Complex has conﬁrmed the widespread
nature of the Capricorn Orogeny, the age of which is
constrained to 1830 – 1780 Ma (Occhipinti et al. 1998;
Krapez & McNaughton 1999; Sheppard & Occhipinti
2000; Occhipinti & Sheppard 2001; Varvell 2001; Sheppard et al. 2003). Nevertheless, our work in the northern
Gascoyne Complex, following on from that of Pearson
(1996), has identiﬁed an additional orogenic event – here
deﬁned as the Mangaroon Orogeny – between 1680 and
1620 Ma. Deformation and high-T/low-P regional metamorphism up to upper amphibolite facies, and coeval
voluminous granites, dominate a fault-bounded zone
(Mangaroon Zone) roughly 50 km wide. Tectonic fabrics
and granites related to this orogeny are developed
elsewhere in the Gascoyne Complex, although their full
extent is uncertain. There is no evidence that the
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Figure 1 Location of the Capricorn Orogen and its constituent tectonic units, including
the Gascoyne Complex.

Mangaroon Zone is exotic, and there is no record of
subduction leading up to the orogeny; hence it is
interpreted as a zone of intracontinental reworking
some 120 million years after the Capricorn Orogeny.
In this paper we present a preliminary outline of the
Mangaroon Orogeny, based on regional mapping and
SHRIMP geochronology from the central and northern
parts of the Gascoyne Complex. These data constrain the
timing of tectonism and granite magmatism, which is
much younger than the two previously documented
Palaeoproterozoic orogenic events in the complex. The
SHRIMP data are presented in Nelson (2002) and
Geological Survey of Western Australia (2004), and are
also given in Tables 1 – 8*.

REGIONAL SETTING
The Gascoyne Complex is located at the exposed
western end of the Capricorn Orogen (Figure 1)
(Cawood & Tyler 2004). The complex is overlain by
Phanerozoic sedimentary rocks of the Carnarvon
Basin to the west, and by sedimentary rocks of the
Mesoproterozoic Edmund and Collier Basins (formerly
Bangemall Basin: Martin & Thorne 2004) to the east.
To the south, the complex is in faulted contact with
the Archaean Yilgarn Craton and the Yarlarweelor
Gneiss Complex (Figure 2), which is the part of the
Yilgarn Craton that was intensively reworked during
the Capricorn Orogeny (Occhipinti et al. 1998; Sheppard et al. 2003). The boundary of the Gascoyne
Complex to the north is more equivocal, but it is

currently thought that medium- to high-grade metasedimentary rocks of the Gascoyne Complex (‘Morrissey Metamorphic Suite’) grade northwards into lower
grade metasedimentary rocks of the upper Wyloo
Group, in particular the Ashburton Formation (Williams 1986; Myers 1990). The Ashburton Formation
consists of a thick sequence of turbiditic siliciclastic
rocks deposited in a deep-marine setting (Thorne &
Seymour 1991) at ca 1830 – 1800 Ma (Evans et al. 2003;
Sircombe 2003).
The Gascoyne Complex comprises three zones and
one fault-bounded terrane (Figure 2). The Glenburgh
Terrane along the southern edge of the complex is
dominated by foliated and gneissic granites, with
crystallisation ages of 2005 – 1970 Ma, that intruded
Palaeoproterozoic metasedimentary rocks and latest
Archaean granitic rocks (Occhipinti et al. 2001; Sheppard et al. 2004). The Glenburgh Terrane is exotic to the
Yilgarn Craton to the south, and is separated from the
Limejuice Zone to the north by the Chalba Fault. The
Glenburgh Terrane may either be exotic to the Limejuice Zone, or it may extend as basement to the central
and northern parts of the Gascoyne Complex. The
Limejuice Zone consists of medium-grade metasedimentary rocks with protolith ages of 5 1840 Ma (Varvell et
al. 2003), which were intruded by sheet-like foliated
granites, and younger massive granite plutons. Crystallisation ages of the granites range between 1785 Ma
(Geological Survey of Western Australia 2004) and ca
1650 Ma (Culver 2001) (Figure 3).
At the northern end of the complex, the Boora Boora
Zone comprises medium-grade metasedimentary rocks

Reworking of the Capricorn Orogen

445

Figure 2 Subdivision of the
Gascoyne Complex into its constituent zones and terranes.

and metamorphosed granites. The latter have crystallisation ages comparable to granites in the Limejuice
Zone to the south (Figure 3). Protoliths to metasedimentary rocks in the Boora Boora Zone probably have
depositional ages similar to metamorphosed sequences
in the Limejuice Zone and the Ashburton Formation of
the upper Wyloo Group (Figure 3). The boundary
between the Boora Boora Zone and the Ashburton
Formation may be gradational. In contrast, the faultbounded Mangaroon Zone, which separates the Limejuice and Boora Boora Zones, is dominated by mediumto high-grade metasedimentary rocks (Pooranoo Metamorphics), the protoliths to which have depositional
ages of 5 1680 + 13 Ma (Geological Survey of Western
Australia 2004). The Pooranoo Metamorphics were
intruded by plutons of foliated and massive granite of
the Durlacher Supersuite at 1680 – 1620 Ma (Pearson
1996; Geological Survey of Western Australia 2004).
The Glenburgh Terrane and the Errabiddy Shear
Zone were initially deformed during the Glenburgh
Orogeny at ca 2005 – 1960 Ma (Occhipinti et al. 2004). The
whole Gascoyne Complex was overprinted by the
Capricorn Orogeny at 1830 – 1780 Ma (Cawood & Tyler
2004). The effects of the Mangaroon Orogeny are most
pronounced in the Mangaroon Zone, but tectonism
affected all other zones and the Glenburgh Terrane;
preliminary SHRIMP data suggest a strong Mangaroon
Orogeny overprint in the Limejuice Zone. In addition to
these orogenic events, reactivation of faults and shear
zones in the Gascoyne Complex associated with defor-

mation of the Bangemall Supergroup took place during
the Neoproterozoic Edmundian Orogeny (Martin &
Thorne 2004).

MANGAROON OROGENY
Structures and metamorphic assemblages of the Mangaroon Orogeny* are pervasively developed in the
Mangaroon Zone, which is an east-southeast-trending,
fault-bounded zone about 50 km wide (Figures 2, 4). The
zone extends for at least 180 km but is covered by
younger sedimentary rocks to the west and east. The
Minga Bar Fault marks the southern boundary of the
zone, and the poorly exposed Collins Fault the northern
boundary (Figure 4). The oldest rocks exposed in the
zone consist of small exposures of foliated or gneissic
granodiorite to monzogranite of the Gooche Gneiss that
are in tectonic contact with the Pooranoo Metamorphics. The gneiss contains zircons that yielded an
age of 1776 + 8 Ma (Figure 5a), which is interpreted as
the igneous crystallisation age of the protolith. The
Gooche Gneiss may have originally formed basement to

*Deformation events, structures and metamorphic assemblages
related to the Mangaroon Orogeny are denoted by the subscript
‘m’ (for example, D1m/S1m/M1m and D2m/S2m/M2m) so as to avoid
confusion with deformation events related to the other three
orogenies recognised in the Gascoyne Complex.

446

S. Sheppard et al.

Figure 3 Time – space plot
showing the Late Palaeoproterozoic history of the northern
Gascoyne Complex and adjacent Ashburton Basin. Figure
compiled using data from Krapez and McNaughton (1999),
Hall et al. (2001), Culver (2001),
Varvell (2001), Nelson (2002),
Sircombe (2003) and Geological
Survey of Western Australia
(2004).

the sedimentary precursors of the Pooranoo Metamorphics.

Pooranoo Metamorphics
The Pooranoo Metamorphics is a newly deﬁned unit,
which comprises two main lithological units, pelitic
gneiss and metamorphosed feldspathic sandstone, with
minor amounts of metamorphosed conglomerate, quartz
sandstone, and maﬁc and calc-silicate rock. These rocks
were previously included in the Morrissey Metamorphic Suite (Williams et al. 1983; Williams 1986), but
that unit consists of several metasedimentary rock
packages with a range of ages. The full deﬁnition of
the Pooranoo Metamorphics, and other newly deﬁned
units mentioned in this paper, is given in Appendix 1.
Currently, the Pooranoo Metamorphics are known only
from the Mangaroon Zone. Unlike older metasedimentary rock packages in the Gascoyne Complex, the
Pooranoo Metamorphics is not intruded by granites of
the 1830 – 1780 Ma Moorarie Supersuite.
Pelitic gneiss and granofels (Figure 6) outcrop over a
wide area north of the Mangaroon syncline, and with a

more restricted distribution to the south of the syncline
(Figure 4). Metatexite migmatite is a minor component,
although around the Star of Mangaroon mine (Figure 4)
migmatitic pelitic gneiss (metatexite and minor diatexite) is abundant. The pelitic gneiss and granofels locally
have bedding preserved, and some slightly coarser
grained semi-pelitic layers contain a small proportion
of coarse sand and granule sized quartz grains. The
pelitic gneiss and granofels has a gradational contact
with metamorphosed feldspathic sandstone, and the two
rock types are locally interbedded.
Metamorphosed feldspathic sandstone ranges from
massive with well-preserved sedimentary structures, to
pegmatite-banded and gneissic. In low-strain zones,
metamorphosed feldspathic sandstone beds are typically
20 – 30 cm thick, with graded bedding preserved in
places. The rocks are ﬁne-grained, but contain up to
10% coarse sand and granule sized grains of quartz.
Some beds contain scattered granules and pebbles of
milky quartz. Beds of metamorphosed pebble conglomerate are locally present.
Metamorphosed feldspathic sandstone is composed of
coarse sand grains and granules of strained quartz in a
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Figure 4 Simpliﬁed solid geology map of the Mangaroon Zone.

matrix of ﬁne-grained, granoblastic quartz (50 – 60%),
oligoclase, biotite, sericite, and epidote. Porphyroblasts
of muscovite 0.5 – 1.5 mm in diameter are common, but
not abundant. Microcline is a minor component of some
samples. Accessory minerals consist of zircon, apatite,
and, in some samples, tourmaline.
A sample of pelitic gneiss with sparse leucosomes
from southeast of Maroonah Homestead has populations
of zircons at 1680 + 13 Ma (5 analyses of 4 grains:
w2 = 0.70), 1741 + 23 Ma (3 grains) and 1783 + 6 Ma (18
grains: w2 = 1.46), in addition to older ungrouped zircons
(Figure 5b, GSWA 169094; Table 2*) (Geological Survey
of Western Australia 2004). The youngest zircons are
small euhedral grains or fragments with no pitting or

rounding, in contrast to the older zircons. In cathodoluminescence images (Figure 7) the youngest zircons
contain complex growth zoning typical of granitic rocks
(Corfu et al. 2003), and resemble those of the older
populations. In addition, the former do not have the low
Th/U ratios common in many metamorphic zircons
(Rubatto & Gebauer 2000), suggesting that the population at 1680 + 13 Ma is detrital.
Two samples of metamorphosed feldspathic sandstone were analysed for SHRIMP U – Pb zircon
geochronology (Figure 5c, d). The two samples contain
only one Archaean detrital grain between them: the
remainder are Palaeoproterozoic. Sample 169056 (Figure
5c; Table 3*) contains a youngest population at 1808 + 11
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Figure 5 Concordia plots. (a) Gooche Gneiss (GSWA sample 169058: Nelson 2002). (b) Pelitic gneiss (GSWA sample 169094:
Geological Survey of Western Australia 2004). (c) Metamorphosed feldspathic sandstone (GSWA sample 169056: Nelson 2002).
(d) Metamorphosed feldspathic sandstone (GSWA sample 169091: Geological Survey of Western Australia 2004).

sample, GSWA 169091 (Figure 5d; Table 4*), a strongly
hornfelsed, metamorphosed feldspathic sandstone
northwest of Maroonah Homestead indicates a maximum depositional age of 1800 + 4 Ma (w2 = 1.41) for the
precursor sediment. Given that metamorphosed feldspathic sandstone is interbedded with pelitic gneiss,
which has a maximum depositional age of ca 1680 Ma
(Figure 5b), then the precursor to the metamorphosed
feldspathic sandstone must also have been deposited
after 1680 + 13 Ma.

Durlacher Supersuite

Figure 6 Banded pelitic gneiss of the Pooranoo Metamorphics near Maroonah Homestead (MGA 50J 353070E
7402990N).

Ma (w2 = 1.06), thus providing a maximum age for
deposition of the protolith (Nelson 2002). The second

The Durlacher Supersuite comprises numerous granite plutons that largely intruded the Pooranoo
Metamorphics in the Mangaroon Zone at 1680 – 1650
Ma (Figures 3, 4), although granites of the supersuite
with crystallisation ages of ca 1650 Ma or younger are
also scattered throughout the Gascoyne Complex.
Small amounts of gabbro also intrude the Pooranoo
Metamorphics; locally developed net-vein complexes
suggest that the gabbros are coeval with the granites
(Figure 8a).
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Figure 7 Cathodoluminescence images of representative zircons from sample 169094, pelitic gneiss from the Pooranoo
Metamorphics. The U – Pb ages for individual spots are also shown. Numbers for circled SHRIMP spots correspond with
analysis numbers in Table 2*. From Nelson (2002).

The oldest component of the supersuite based on
ﬁeld mapping is a heterogeneous, schlieric muscovite – biotite granodiorite (Figure 8b). It forms
irregular plutons comprising numerous southeaststriking, steeply dipping to vertical sheet-like bodies
with abundant inclusions of metasedimentary rock,

augen gneiss, vein quartz and lumps of sillimanite or
biotite-rich restite. The gneissic layering in metasedimentary inclusions is truncated by the enclosing
granodiorite; this relationship indicates that emplacement of the schlieric granodiorite post-dates the ﬁrst
deformation and associated high-grade metamorphism
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Figure 8 Durlacher Supersuite. (a) Net-vein structure
between gabbro and monzogranite (MGA 50J 372580E
7378920N). (b) Schlieric granodiorite with abundant inclusions of banded, unmelted psammitic gneiss and biotite- and
sillimanite-rich restite (MGA 50J 344510E 7400770N). (c)
Pimbyana Granite with igneous foliation (MGA 50J 355500E
7390570N).

in the Mangaroon Zone. The granodiorite commonly
contains a southeast-striking, steeply dipping tectonic
foliation parallel to the S2m foliation in rocks of the
surrounding Pooranoo Metamorphics, but which is
absent or less well-developed in the granites that

intrude the granodiorite. The granodiorite also displays a weak to prominent igneous layering parallel to
the S2m foliation, and veins and dykes intrude along
the S2m fabric in the country rocks. Collectively, these
features suggest that the granodiorite was emplaced
broadly coeval with D2m. The granodiorite was
sampled for SHRIMP U – Pb geochronology (sample
178027: Figure 9a; Table 5*); the youngest population of
zircons, which deﬁne an age of 1677 + 5 Ma, is
interpreted as the igneous crystallisation age.
The schlieric granodiorite is intruded by all other
phases of the Durlacher Supersuite, the most voluminous of which are the Pimbyana Granite, the Dingo
Creek Granite, and a muscovite – biotite granite. The
Dingo Creek Granite intrudes the Pimbyana Granite.
Dykes and plutons of muscovite – biotite granite intrude
all rocks of the Mangaroon and Boora Boora Zones,
including all other granites of the Durlacher Supersuite.
The Pimbyana Granite (Pearson 1996) is the largest
unit in the supersuite. The most abundant rock type is a
coarse-grained porphyritic to megacrystic biotite( –
muscovite) monzogranite to syenogranite. The tabular
phenocrysts and megacrysts (i.e. phenocrysts 5 5 cm)
that characterise the Pimbyana Granite typically comprise 20 – 40% of the rock. The phenocrysts are
commonly aligned to deﬁne an igneous foliation (Figure
8c), which typically trends subparallel to the regional
S2m tectonic foliation in the area. A sample of the
Pimbyana Granite taken for SHRIMP U – Pb geochronology (sample 169060: Figure 9b; Table 6*), contains a
population of zircons at 1673 + 15 Ma (w2 = 1.38), as well
as a number of older zircons. The youngest population is
interpreted as the age of igneous crystallisation, and the
older zircons as xenocrysts. Two other samples of the
Pimbyana Granite dated by Nelson (2002: GSWA sample
169054) and Geological Survey of Western Australia
(2004: GSWA sample 178029) give indistinguishable ages
of igneous crystallisation of 1674 + 8 and 1675 + 11 Ma,
respectively.
The Dingo Creek Granite (‘Dingo Granite’ of
Pearson 1996) is a ﬁne- to medium-grained porphyritic
biotite – muscovite monzogranite to syenogranite. Intrusions of Dingo Creek Granite are composed of
numerous southeast-striking sheets from a few metres
up to a few hundred metres wide. Thin tabular Kfeldspar phenocrysts, mostly less than 1 cm long,
comprise 30% or more of the rock (Pearson 1996).
Phenocrysts commonly have a strong preferred orientation deﬁning a magmatic foliation. This steeply
dipping foliation typically strikes southeast parallel
to a tectonic foliation (S2m) in rocks of the surrounding Pooranoo Metamorphics. Pearson (1996), using
SHRIMP U – Pb geochronology, determined an igneous
crystallisation age of 1674 + 6 Ma for the Dingo Creek
Granite. A sample selected for SHRIMP U – Pb zircon
geochronology during our remapping (sample 169062:
Figure 9c; Table 7*), has an interpreted igneous
crystallisation age of 1674 + 8 Ma (w2 = 1.70) (Figure
8c) (Geological Survey of Western Australia 2004).
Muscovite – biotite granite consists of equigranular
or weakly porphyritic, medium-grained, muscovite –
biotite granodiorite and monzogranite, and mediumgrained, muscovite – tourmaline( – biotite) monzogra-
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Figure 9 a) Concordia plots. (a) Diatexite granite (GSWA sample 178027: Geological Survey of Western Australia 2004). (b)
Pimbyana Granite (GSWA sample 169060: Nelson 2002). (c) Dingo Creek Granite (GSWA sample 169062: Nelson 2002). (d)
Muscovite – biotite granite (GSWA sample 169092: Geological Survey of Western Australia 2004).

nite. Two samples of the Yangibana Granite have
igneous crystallisation ages of 1659 + 10 Ma (w2 = 0.98)
and 1660 + 9 Ma (w2 = 1.11) determined from SHRIMP U –
Pb zircon geochronology (GSWA samples 169055 and
169059: Nelson 2002). A sample of a muscovite – biotite
granodiorite from the northern edge of the Mangaroon
Zone (sample 169092: Figure 9d; Table 8*) contains one
analysis at 1619 + 15 Ma ( + 1s uncertainty) on the
structureless rim of a euhedral grain (analysis 24.1), in
addition to populations at 1681 + 10 Ma (w2 = 1.48) and
1810 + 21 Ma (w2 = 1.06) (Geological Survey of Western
Australia 2004). This sample contains low Zr (*70 ppm)
in common with several other muscovite – biotite granites of comparable age from the southern Gascoyne
Complex that contain little or no magmatic zircon
(GSWA samples 139466 and 168948: Nelson 2000, 2001).
The grain at 1619 Ma is interpreted to approximate the
igneous crystallisation age of the granite.
Granites with similar crystallisation ages have been
identiﬁed in the Gascoyne Complex farther south.
Culver (2001) reported an age of 1652 + 5 Ma for a pluton
of muscovite – tourmaline – biotite monzogranite in the
Limejuice Zone, and a pluton of muscovite – biotite
trondhjemite in the Glenburgh Terrane was emplaced
at ca 1616 Ma (GSWA sample 169848: Nelson 2001).

In addition to these units, in the Yarlarweelor Gneiss
Complex southeast of the Gascoyne Complex (Figure 2),
there is a large intrusion of massive porphyritic biotite
monzogranite (Discretion Granite: Sheppard & Swager
1999). The intrusion has been dated at 1619 + 15 Ma in
age (w2 = 0.51) (GSWA sample 142855: Nelson 2001)
although elongate ﬁne- to medium-grained monzogranite pendants within the monzogranite have been
dated at 1644 + 6 Ma (w2 = 1.08) (GSWA sample 168751:
Nelson 2001).

Deformation and metamorphism
The Mangaroon Orogeny has been divided into two
deformation and regional metamorphic events (D1m/
M1m, D2m/M2m), although the orogeny encompasses
complex, and possibly progressive, deformation and
metamorphism. Reworking during the Mangaroon
Orogeny appears to be concentrated in the Mangaroon
Zone, although reactivation of faults and shear zones
probably occurred in adjacent terranes at the same
time. Localised deformation was associated with
granite emplacement at ca 1650 – 1620 Ma (Sheppard
& Swager 1999; Culver 2001; Varvell 2001) outside, and
possibly within, the Mangaroon Zone. Faults and
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shear zones active during the Mangaroon Orogeny
record a protracted and probably complicated history
that is poorly understood; these structures were
reactivated during formation of the Mesoproterozoic
Edmund and Collier Basins and were inverted during
the Neoproterozoic Edmundian Orogeny (Martin &
Thorne 2004).

DEFORMATION AND METAMORPHISM (D1m/M1m)
The oldest fabric in the Mangaroon Zone is a regionally
extensive gneissic layering or foliation (S1m) developed
in rocks of the Pooranoo Metamorphics, as well as in the
Gooche Gneiss. In the area around the Star of Mangaroon Mine stromatic migmatites contain leucosomes
parallel, and locally discordant, to S1m. Diatexite
migmatites commonly contain inclusions of unmelted
gneiss with an S1m fabric, indicating that melt transport
and crystallisation post-dated D1m. The age of D1m/M1m
is constrained by the youngest detrital zircon population of 1680 + 13 Ma in the pelitic gneiss and granofels,
and by granites of the Durlacher Supersuite ( 5 ca 1675
Ma) that intrude S1m (Figure 3).
Folds associated with D1m are difﬁcult to identify, but
rare steeply inclined, metre-scale isoclinal F1m folds in
pelitic gneiss are exposed in the hinges of F2m folds
(Figure 10a). Other evidence for F1m folds comes from
small-scale F1m/F2m fold interference structures in
metamorphosed feldspathic sandstone near the Star of
Mangaroon Mine (Figure 10b). There are also rare larger
scale fold interference structures (F1m/F2m) in the
Gooche Gneiss (Sheppard et al. 2004).
Mineral assemblages developed during M1m are
commonly well preserved in the fold hinges of macroscopic F2m folds. Pelitic gneiss and granofels contain the
assemblages biotite – muscovite – quartz – plagioclase –
sillimanite,
quartz – biotite – cordierite – plagioclase –
muscovite( – sillimanite)
and
plagioclase – biotite –
quartz – sillimanite – muscovite – cordierite. All assemblages include accessory tourmaline and iron oxides.
Sillimanite consists of seams and patches of ﬁbrolite
that typically nucleate on biotite crystals or large
muscovite plates. In some rocks sillimanite also forms
small prismatic crystals intergrown with plagioclase
and quartz. Garnet has been identiﬁed at only two
localities. The metamorphosed feldspathic sandstone is
a poor indicator of metamorphic grade, owing to its
quartzo-feldspathic composition. Originally ﬁner
grained, semi-pelitic beds locally contain andalusite
porphyroblasts.
Whole-rock geochemistry (Geological Survey of Western Australia unpubl. data) shows that the gneisses and
granofels have compositions like those of high-Al pelitic
rocks, and the assemblages described above are typical
of high-Al pelitic rocks regionally metamorphosed at
low-pressure amphibolite facies conditions (Spear 1993
pp. 374 – 382). The absence of garnet (other than locally
where it may have been stabilised by high whole-rock
MnO) and staurolite or kyanite, combined with the
abundance of cordierite, suggests that the rocks were
not metamorphosed at intermediate to high pressures.
The cordierite- and sillimanite-bearing assemblages

Figure 10 (a) Mesoscopic F1m fold in an F2m fold hinge in
pelitic gneiss about 4.5 km northwest of James Well (MGA
50J 368020E 7380090N). (b) Small-scale fold interference
structures in pelitic gneiss from near the Star of Mangaroon
mine (MGA 50J 372200E 7360090N).

noted above are stable at about 600 – 6308C at 200 MPa
or 650 – 7008C at 500 MPa (Spear 1993 pp. 375 – 382).
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Migmatites around the Star of Mangaroon Mine are
associated with pelitic gneisses comprising cordierite –
biotite – quartz – microcline – sillimanite( – muscovite) or
quartz – cordierite – biotite – microcline – sillimanite( –
plagioclase). The major difference with non-migmatitic
pelitic gneisses north of the Mangaroon Syncline is the
paucity or absence of plagioclase or muscovite, and the
appearance of microcline. The coexistence of sillimanite
and K-feldspar is consistent with onset of the equivalent
of upper amphibolite facies conditions (Bucher & Frey
2002 p. 110). These changes suggest that melt formed due
to either of the following reactions:
muscovite þ plagioclase þ quartz ¼ sillimaniteþ
K-feldspar þ melt

ð1Þ

muscovite þ plagioclase þ quartz ¼ sillimaniteþ
K-feldspar þ biotite þ melt

ð2Þ

The temperature at which reaction (1) takes place is
strongly dependent on pressure, but a minimum temperature of *6308C at 200 MPa is required, or *7008C at
500 MPa (Spear 1993 p. 368). Reaction (2) requires a
temperature of about 720 – 7508C at 600 MPa (Patiño
Douce & Harris 1998).
We do not know the nature of the melting reaction
that produced the diatexite migmatites. These are
medium-grained, muscovite- and biotite-bearing granodiorite to tonalite that also contain cordierite with or
without minor garnet and sillimanite. Palaeosomes
consist of biotite – cordierite – sillimanite – muscovite –
plagioclase or cordierite – plagioclase – quartz – sillimanite – muscovite.

DEFORMATION AND METAMORPHISM (D2m/M2m)
The dominant fabric in rocks of the Pooranoo Metamorphics is a pervasive, east-southeast-striking
foliation (Figure 4). This foliation cuts the gneissic
layering and is parallel to the axial surfaces of upright
to steeply inclined, metre- to kilometre-scale F2m folds. A
widespread intersection lineation (L1m/2m) or, less
commonly, a crenulation lineation, plunges parallel to
the F2m folds (Figure 4). These folds range from close to
tight, and plunge moderately to steeply to the westnorthwest or east-southeast. There are locally large
variations in plunge direction over short distances, but
there is no cross-cutting fabric to suggest a later phase of
folding or shearing.
The S2m fabric is present in some of the granites of
the Durlacher Supersuite, particularly in the schlieric
granodiorite. In addition, some of the granite units,
most commonly the Pimbyana Granite and the Dingo
Creek Granite, contain a magmatic foliation deﬁned by
tabular K-feldspar phenocrysts aligned parallel to S2m.
Both granites are composed of a series of sheets parallel
to S2m suggesting that they were emplaced during D2m.
However, other granite plutons dated at 1660 Ma or older
cut across S2m, and contact metamorphism associated
with these granites has recrystallised M2m mineral
assemblages. These observations suggest that D2m/M2m
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is the same age as the older granites of the Durlacher
Supersuite: that is, ca 1675 Ma.
Most M1m mineral assemblages are partly or wholly
overprinted by M2m metamorphism. This has resulted in
replacement of sillimanite by sericite, and recrystallisation of cordierite to sericite and chlorite. Microcline is
replaced by sericite, and brown biotite is commonly
recrystallised to a greenish variety and shows exsolution of ﬁne needles of rutile. Plagioclase is partly
sericitised. The result is typically a sericite – chlorite –
quartz – plagioclase – biotite schist. This assemblage,
along with the absence of andalusite, chloritoid or
staurolite, is consistent with greenschist-facies metamorphism (Spear 1993).
Metamorphosed maﬁc rocks in the Pooranoo Metamorphics do not contain high-grade M1m assemblages.
Assemblages of actinolite, plagioclase, epidote and
titanite suggest upper greenschist-facies metamorphism
during M2m. Some actinolite crystals have cores of
clinopyroxene. Metamorphosed ultramaﬁc rock contains cummingtonite and serpentine with minor green
spinel. Lenticular patches of coarser grained cummingtonite contain cores of orthopyroxene with a relict
subophitic texture. This observation suggests that the
pyroxene is not related to M1m, but is igneous in origin.
It also implies that the rocks post-date M1m, and therefore, are intrusive.
In the granitic rocks of the Durlacher Supersuite, the
effects of M2m are most pronounced in the schlieric
granodiorite, which is the oldest unit. Mineralogical
changes during M2m consist of epidote and titanite
replacement of magnetite and ilmenite in conjunction
with plagioclase recrystallisation, as well as recrystallisation of brown igneous biotite to a green variety with
exsolution of rutile needles.
In the Mangaroon Zone rotational and non-rotational shear-sense indicators in high-strain zones
indicate a complex structural evolution after D1m.
Kinematic shear-sense indicators can only be clearly
recognised adjacent to large-scale faults. For example,
adjacent to the Minga Bar Fault northwest of Mangaroon homestead (Figure 4), medium-grained porphyritic
biotite monzogranite is moderately to strongly foliated. The foliation strikes southeast and dips
steeply to the southwest. The absence of a stretching
lineation suggests that the rocks underwent nonrotational strain. Locally, a steeply dipping stretching
lineation deﬁned by biotite or chlorite is developed,
and is associated with asymmetric K-feldspar porphyroclast tails implying southwest-side-up on steep
normal or reverse faults.
Adjacent to the Edmund Basin, granites of the
Durlacher Supersuite are cut by narrow shear zones
that strike southeast and mostly dip steeply to the
southwest. They are commonly parallel to an igneous
foliation in the granites deﬁned by the alignment of
tabular K-feldspar phenocrysts. Most sense-of-shear
criteria indicate reverse movement (that is, southwestside-up), although normal movement is indicated in
places. At one locality (MGA 382980E 7373950N), weakly
to moderately foliated porphyritic biotite granodiorite is
intruded by northeast-striking dykes of muscovite –
biotite granite and pegmatite. The latter contain a
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foliation, but are not offset, suggesting that they have
undergone non-rotational strain. Therefore, granites of
the Durlacher Supersuite both intrude the shear zones
and are overprinted by them, indicating that supersuite
emplacement, at least in part, accompanied the deformation.
The fabrics developed in all these zones formed in the
greenschist facies, as indicated by assemblages of ﬁnegrained quartz, muscovite, chlorite, untwinned ?albite,
titanite and minor green-brown biotite, suggesting that
the shear zones formed syn- to post-D2m.
CONTACT METAMORPHISM

Narrow contact aureoles are developed in the Pooranoo
Metamorphics adjacent to granites of the Durlacher
Supersuite, with the exception of plutons of muscovite –
biotite granite, which commonly have no discernable
contact metamorphic aureole. Migmatitic hornfels are
located within about 20 m of the margins of granites.
Most of the migmatites have a nebulitic structure.
Pelitic granofels over a wide area north of the Mangaroon Syncline has a hornfelsed knobbly appearance, and
it is intensively veined by the Dingo Creek Granite.
Granite, and possibly some gabbro, may underlie much
of the area.

EDMUNDIAN OROGENY
The Neoproterozoic Edmundian Orogeny was responsible for the main structures that deform the Edmund and
Collier Groups, which overly the Gascoyne Complex
(Martin & Thorne 2004). The major structures consist of
northwest-trending upright folds and faults, which are
parallel to the structural grain in the Gascoyne Complex, including the Mangaroon Zone. The faults are
brittle – ductile structures formed at low to very low
grade. At least some of these faults are reactivated
basement structures that were active during the Capricorn Orogeny (e.g. Errabiddy Shear Zone: Occhipinti &
Reddy 2004). Along the Minga Bar Fault (Figure 4)
fabrics that formed during the Mangaroon Orogeny are
overprinted by narrow zones of shearing with locally
developed S – C fabrics indicating dextral strike-slip
movement. Structures with similar kinematics also
affect Bangemall Supergroup rocks farther south in
the Limejuice Zone, indicating that deformation is
related to the Edmundian Orogeny.

DISCUSSION
New precise and robust geochronology has enabled the
tectonic evolution of the Gascoyne Complex to be more
reliably constructed. Tectonic fabrics and metamorphic
mineral assemblages formed during the Mangaroon
Orogeny are much younger than those related to the
1830 – 1780 Ma Capricorn Orogeny. Identiﬁcation of the
regional-scale of the Mangaroon Orogeny indicates a
more complicated history for the Gascoyne Complex
than previously supposed. The complex, rather than
being the product of a single protracted orogeny, has

been shaped by three Palaeoproterozoic orogenic events:
the 2005 – 1960 Ma Glenburgh Orogeny, 1830 – 1780 Ma
Capricorn Orogeny and 1680 – 1620 Ma Mangaroon
Orogeny. There is no evidence of magmatic activity
between the orogenic events, although the intervening
periods may be marked, at least in part, by deposition of
sediments.
Prior to this study, deformation in the Mangaroon
Zone was attributed to the Capricorn Orogeny. Protoliths to high-grade metasedimentary rocks of the
Pooranoo Metamorphics have a maximum depositional
age of 1680 + 13 Ma. Therefore, deposition of the
precursor sediments took place nearly 100 million years
after the end of the Capricorn Orogeny. The Pooranoo
Metamorphics cannot be the higher grade equivalents of
the Ashburton Formation along the northern edge of the
Capricorn Orogen as previously thought (Williams 1986;
Myers 1990), because the Ashburton Formation is older
than 1786 + 5 Ma (Krapez & McNaughton 1999).
Rocks of the Morrissey Metamorphic Suite were
considered to be a single sedimentary package deposited
across much of the Gascoyne Complex (Williams 1986).
Recent SHRIMP geochronology shows that the ‘suite’
comprises at least three different sedimentary packages.
These are the ca 1680 Ma Pooranoo Metamorphics,
4 2000 Ma Moogie Metamorphics in the Glenburgh
Terrane (Occhipinti & Sheppard 2001), and 1840 – ?1790
Ma metasedimentary rocks in the Limejuice Zone
(Varvell 2001). Metasedimentary rocks in the Limejuice
Zone may be the same age as medium-grade metasedimentary rocks in the Boora Boora Zone (Figure 4).
The Boora Boora and Limejuice Zones appear to have
similar geological histories (Figure 3), suggesting that
this crust is contiguous under the Mangaroon Zone and
that the zone formed roughly in its current position. The
lack of any volcanic and plutonic activity immediately
preceding the Mangaroon Orogeny, either within or
ﬂanking the Mangaroon Zone, also precludes the
orogeny being related to closure of an ocean. Instead,
the Mangaroon Orogeny represents an episode of
intracontinental reworking. Existing geochronology
suggests that D1m/M1m and D2m/M2m may have taken
place over a short time, and that they closely followed
deposition of sediment precursors to the Pooranoo
Metamorphics. This suggests a rapid tectonic event,
albeit followed by a prolonged period of granite intrusion. The abundance of strongly peraluminous, twomica granites in the Durlacher Supersuite, and their
silicic nature, suggests that they were derived largely by
remelting of older crust that included a signiﬁcant
proportion of metasedimentary rock. This conclusion is
consistent with the abundance of inherited zircon
grains in the dated granites (Figure 9).
The high-T, low-P nature of the metamorphism, and
apparent spatial and temporal relationship to granites,
suggests that the Mangaroon Orogeny may be of similar
style to the ca 1820 Ma Stafford tectonic event in the
Arunta Inlier (Collins et al. 1991; Hand & Buick 2001).
The absence of megascopic compressional structures
during D1m may be consistent with regional metamorphism related to voluminous granite intrusion. In the
northern half of the Mangaroon Zone pelitic rocks
commonly have a hornfels texture that suggests the
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presence of large igneous intrusions just below the
current level of exposure. Preliminary gravity modelling suggests that the small exposed gabbro intrusions
are not part of much larger subsurface intrusions (S.
Shevchenko pers. comm. 2004), so that the voluminous
granitic rocks probably provided the heat. The Mangaroon Zone shows no substantial change in metamorphic
grade along or across strike, unlike the much smaller
Mt Stafford domain which displays a marked increase in
grade over a 10 km interval (Collins et al. 1991). There
may be a change in grade across the Mangaroon
Syncline, but this probably reﬂects differential uplift
during the Neoproterozoic Edmundian Orogeny.
Recognition of the Mangaroon Orogeny also has
important implications for the sedimentary basins
making up the Capricorn Orogen. In many of these
basins (e.g. Padbury, Bryah and Earaheedy Basins:
Jones et al. 2000; Pirajno & Occhipinti 2000) both the
age of the sequences and the deformation events that
affect them, are commonly poorly constrained.
Although pervasive reworking in the Gascoyne Complex appears to be concentrated within the Mangaroon
Zone, some reworking and reactivation of faults and
shear zones occurred in adjacent zones. Such structures
also could have been involved in the formation of
sedimentary basins, or in the inversion and deformation
of older basins. Therefore, it is quite likely that some
structures and mineral assemblages presently assumed
to be related to the Capricorn Orogeny, in fact formed
during the Mangaroon Orogeny. For example, deformation in Palaeoproterozoic siliciclastic rocks of the Mt
James Formation, which unconformably overlies the
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Glenburgh Terrane in the southern Gascoyne Complex,
has tentatively been attributed to the waning stages of
the Capricorn Orogeny (Occhipinti & Sheppard 2001).
However, it is possible that much of this deformation is
related to the Mangaroon Orogeny instead.
The Mangaroon Orogeny and Durlacher Supersuite
are the only known tectonic and magmatic events in the
West Australian Craton at this time. However, tectonothermal events of similar age are known from a
number of areas elsewhere in Australia; for example, in
the southern Arunta region (Wyborn et al. 1998; Close et
al. 2002; Scrimgeour et al. 2002) and Mt Isa Inlier and
McArthur Basin (Page et al. 2000) of the North Australian Craton, and in the western Gawler Craton (Ferris
2000), and Broken Hill and Olary Domains (Raetz et al.
2002) of the South Australian Craton (Figure 11).
Granitic rocks with igneous crystallisation ages of
1700 – 1600 Ma are also present in the Albany – Fraser
Orogen (Nelson et al. 1995). Nevertheless, the Capricorn
Orogen is distinguished from all the other Proterozoic
provinces shown in Figure 11 by its lack of earliest
Mesoproterozoic tectonic and magmatic activity.
Deposition of protoliths to the Pooranoo Metamorphics overlaps in time with deposition of
sedimentary packages in the Mt Isa and Broken Hill
regions; however, the latter are distinguished by much
longer periods of sedimentation and, in the Mt Isa
region, by eruption of extensive maﬁc magma (Figure
11). The geological history of the Capricorn Orogen
during the Late Palaeoproterozoic has little in common
with the Gawler Craton with one exception: the younger
granites in the Durlacher Supersuite of the Capricorn

Figure 11 Space – time plot of Late Palaeoproterozoic and earliest Mesoproterozoic events in the North and South Australian
Cratons and the Gascoyne Complex. Modiﬁed from Giles et al. (2004), with data for the Arunta region compiled from Close et
al. (2002, 2003) and Scrimgeour (2003).
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Orogen are of similar age to granites of the St Peter
Suite in the western Gawler Craton (Ferris 2000). The
younger granites of the Durlacher Supersuite represent
the end stages of a long-lived magmatic event, in
contrast to the apparently restricted period of magmatism in the western Gawler Craton.
Of all the provinces in Figure 11, the Warumpi
Province (southern part of the Arunta region) of Close
et al. (2002, 2003) and Scrimgeour (2003) shows the
greatest degree of similarity a priori to the Capricorn
Orogen. Overall, the two have a similar age range of
tectonism, metamorphism and igneous activity,
although, not surprisingly given the distance between
them, in detail there are notable differences. For
example, protoliths to the Pooranoo Metamorphics are
older than the sedimentary packages in the Warumpi
Province; volcanic rocks are abundant in the Warumpi
Province; and the Liebig Orogeny in the Warumpi
Province is characterised by high pressure (up to 900
MPa) and temperature (up to 9008C) and is associated
with charnockites. The nature of the metamorphism
during the Liebig Orogeny and the charnockitic granites contrast with the lower temperatures in the
Mangaroon Orogeny ( 5 7508C) and the peraluminous,
xenocryst-rich granites of S-type or mixed S/I-type
afﬁnity in the Durlacher Supersuite.
In their plate-tectonic reconstruction of Proterozoic
Australia, Myers et al. (1996) suggested that the West
Australian, North Australian and South Australian
Cratons did not amalgamate until 1300 – 1000 Ma. However, recent work suggests that the three cratons were
joined before ca 1500 Ma or, possibly even, ca 1600 Ma
(Wingate & Evans 2003; Giles et al. 2004). Giles et al.
(2004) proposed a model in which north- or northeastdirected subduction and progressive accretion to the
southern margin of the combined craton took place
between ca 1800 and ca 1600 Ma. The Warumpi Province
in the Arunta Inlier is interpreted to have developed
outboard of the craton, and to have been accreted to it
during the 1640 – 1630 Ma Liebig Orogeny (Scrimgeour
2003). If these interpretations of a contiguous latest
Palaeoproterozoic craton are correct, then the Mangaroon Orogeny may well be linked to tectonic events along
the southern margin of the craton.

results outlined above indicate that many structures,
metamorphic mineral assemblages, and granitic plutons
previously regarded as part of the 1830 – 1780 Ma
Capricorn Orogeny in fact belong to a much younger,
discrete orogenic event, the Mangaroon Orogeny.
The Mangaroon Orogeny involved pervasive reworking of crust in the northern Gascoyne Complex at 1680 –
1660 Ma, and coeval voluminous granitic magmatism,
followed by reactivation of faults and shear zones and
intrusion of granite plutons over a wide area of the
Gascoyne Complex until 1620 Ma. Formation or reactivation of faults and shear zones in other tectonic units
within the Capricorn Orogen also probably occurred at
this time. The lack of volcanic rocks of any sort in the
Pooranoo Metamorphics, the low-P nature of the metamorphism, and the S-type nature of many of the granitic
rocks of the Durlacher Supersuite, all argue against
subduction processes leading up to and during the
Mangaroon Orogeny. Therefore, the orogeny represents
a period of reworking within the West Australian
Craton.
Deposition of protoliths to the Pooranoo Metamorphics was coeval with the Argilke igneous event in
the southern part of the Warumpi Province in the Arunta
region (Figure 11). Both events coincide with the end of
arc-type granitic magmatism in the Ifould Complex and
the latter stages of the early Kararan Orogeny in the
western Gawler Craton (Figure 11). The end of the early
Kararan Orogeny may have been associated with plate
reorganisation that produced extension and sedimentation in the West Australian Craton. If the Warumpi
Province was indeed a microcontinent (Scrimgeour 2003),
then magmatism during the Argilke Igneous event was
possibly related to the same reorganisation. The peak of
metamorphism during the Mangaroon Orogeny, and
intrusion of the bulk of the Durlacher Supersuite,
precedes the Liebig Orogeny, which marks accretion of
the Warumpi microcontinent to the southern margin of
the Australian Craton. It is possible that intracontinental
reworking in the Capricorn Orogen largely ceased
because of terminal collision during the Liebig Orogeny.
Thereafter, tectonic activity, and coeval intraplate magmatism, shifted to the eastern margin of the craton with
formation of the Diamantina Orogen.

CONCLUSIONS
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APPENDIX 1: DEFINITION AND DESCRIPTION OF
STRATIGRAPHIC UNITS

Constituents Pimbyana Granite, Dingo Creek Granite,
Yangibana Granite and several other unnamed units.
Distribution Forms plutons, plugs and dykes mainly in
a southeast-trending zone about 50 km wide in the
northern Gascoyne Complex. However, large plutons
belonging to the supersuite are also present on the
central part of the Maroonah 1:100 000 sheet further
north (Martin et al. 2004), and on the Mt Phillips and
Daurie Creek 1:100 000 map sheets farther to the south
(Culver 2001; Nelson 2001, GSWA sample 169848). On the
Marquis 1:100 000 map sheet, large plutons of the ca 1620
Ma Discretion Granite intrude reworked Archaean
gneisses in the Yarlarweelor Gneiss Complex to the
southeast of the Gascoyne Complex (Sheppard & Swager
1999).
Lithology Mainly consists of monzogranite and granodiorite, with lesser syenogranite, and minor amounts of
tonalite and rare gabbro. The granodiorite, monzogranite and syenogranite are medium to coarse grained and
porphyritic (mainly tabular phenocrysts + megacrysts
of K-feldspar). They contain biotite only, biotite and
muscovite, or muscovite, biotite and tourmaline. Mesocratic granodiorite and tonalite phases are mostly
equigranular. Gabbro intrusions contain xenocrysts of
K-feldspar and quartz and contain mingling textures
with the granites.
Relationships Granites (and gabbro) of the supersuite,
extensively intruded rocks of the 5 1680 + 13 Ma
Pooranoo Metamorphics. However, where these granites intrude older rock, they cannot reliably be
distinguished from granites of the 1830 – 1780 Ma Moorarie Supersuite unless dated. Granites of the Durlacher
Supersuite are unconformably overlain by sedimentary
rocks of the Edmund Group (Bangemall Supergroup) on
the Maroonah and Mangaroon 1:100 000 map sheets.
Age Several phases of the supersuite have been dated,
including the Pimbyana, Yangibana and Dingo Creek
Granites. Most granites that intruded the Pooranoo
Metamorphics have igneous crystallisation ages between 1680 and 1660 Ma. However, granites with
crystallisation ages between ca 1650 and ca 1620 Ma

All grid references refer to the Map Grid Australia
(MGA), which is based on the Geocentric Datum of
Australia 1994 (GDA94). GDA94 is compatible within 1 m
of the WGS84 datum.

GOOCHE GNEISS
Name After Gooche Well (MGA Zone 50, 432233E
7325611N) on the northern part of the Mt Phillips
1:250 000 map sheet.
Distribution Scattered rafts and small inliers in an
east-southeast-trending belt on the southern parts of the
Mangaroon and Edmund 1:100 000 map sheets.
Type locality About 2.5 km southeast of the Kanes
Gossan REE prospect, on the Edmund 1:100 000 map
sheet (MGA Zone 50, 426850E 7357970N). Access is by a
station track from Gifford Creek Homestead via the
Spider Hill REE prospect. Augen gneiss and foliated
porphyritic granite is folded, and intruded by leucocratic granite and pegmatite, coarse-grained porphyritic
monzogranite, and medium- to coarse-grained equigranular monzogranite of the Durlacher Supersuite.
Lithology Foliated, porphyritic biotite granododiorite
and monzogranite, and pegmatite-banded augen gneiss.
Relationships Comprises a series of small ( 5 2 km2)
inliers faulted against the Pooranoo Metamorphics, and
rafts and inclusions within granites of the Durlacher
Supersuite.
Age A SHRIMP U – Pb zircon age of 1776 + 8 Ma is
interpreted as the age of igneous crystallisation of the
precursor granite (Nelson, 2002).

DURLACHER SUPERSUITE
Name After Durlacher Creek (MGA Zone 50, 407500E
7347400N) on the Edmund 1:100 000 map sheet.
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Reworking of the Capricorn Orogen
are known from elsewhere in the Gascoyne Complex
(Sheppard & Swager 1999; Culver 2001; Nelson 2001,
GSWA sample 169848).

Pimbyana Granite
Name After Pimbyana Creek at MGA Zone 50, 434000E
7350000N on the Edmund 1:100 000 map sheet.
Synonymy The name ‘Pimbyana Granite’ was ﬁrst used
by Pearson et al. (1996). A brief description was
provided, along with two whole-rock chemical analyses.
The synonym ‘Pimbyana Granitoid’ was introduced by
Krapez (1999) but no justiﬁcation is given for the name
change.
Distribution The Pimbyana Granite forms a northwesttrending belt at least 90 km long comprising numerous
intrusions extending from just north of Gifford Creek
Homestead to near Maroonah Homestead. The most
abundant rock type is a coarse-grained porphyritic to
megacrystic biotite ( – muscovite) monzogranite to syenogranite. The vast bulk of the intrusion contains squat
tabular megacrysts or phenocrysts of microperthite,
although between Bald Hill North and Henderson Bore
on the Edmund 1:100 000 map sheet, round K-feldspar
megacrysts with graphic textures predominate. A ﬁneto medium-grained, even-textured tonalite or granodiorite that is comingled with the megacrystic phase is also
included in the Pimbyana Granite.
Type locality About 0.5 km northwest of the Frasers –
Yangibana REE prospect on the Edmund 1:100 000 map
sheet (429500E 7351500N). Access is by a station track
from Gifford Creek Homestead via Fraser Bore.
Lithology The most abundant rock type is a coarsegrained porphyritic to megacrystic biotite ( – muscovite)
monzogranite to syenogranite. Fine- to medium-grained
biotite tonalite and granodiorite comprises an unnamed
member. It is only abundant in the area east and
southeast of the Star of Mangaroon Mine on the
Mangaroon 1:100 000 map sheet, and around the Frasers – Yangibana REE prospect on the Edmund 1:100 000
map sheet. Between the Yangibana South and Frasers –
Yangibana REE prospects, the Pimbyana Granite contains abundant inclusions metasedimentary and maﬁc
meta-igneous rocks and is mapped as a separate,
unnamed member.
Relationships The Pimbyana Granite intrudes foliated porphyritic granodiorite and augen gneiss of
the Gooche Gneiss, and metasedimentary rocks of the
Pooranoo Metamorphics. The megacrystic monzogranite to syenogranite phase is intruded by various
other units of the Durlacher Supersuite: namely the
Dingo Creek Granite and the Yangibana Granite, and
by extensive veins and dykes of muscovite – biotite
granite, and tourmaline-bearing granite and pegmatite.
Age Two samples of porphyritic biotite – muscovite
syenogranite have been dated at 1673 + 15 Ma (GSWA
sample 169060: Nelson, 2002) and 1673 + 11 Ma (GSWA
sample 178029: Geological Survey of Western Australia
2004). A sample of ﬁne- to medium-grained, eventextured biotite tonalite has an indistinguishable
SHRIMP U – Pb zircon age of 1674 + 8 Ma (GSWA sample
169054: Nelson 2002).
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Dingo Creek Granite
Name After Dingo Creek (MGA Zone 50, 409500E
7363500N) on the Edmund 1:100 000 map sheet.
Synonymy Dingo Granite (Pearson 1996; Pearson et al.
1996).
Distribution The unit comprises several elongate
plutons aligned in an east-southeast direction, along
with some small plugs and numerous dykes and veins.
The unit outcrops in two belts 5 10 km wide and up to
30 – 40 km long on the Mangaroon and Edmund 1:100 000
map sheets in the northern Gascoyne Complex.
Type locality About 5.5 km west-southwest of Red Hill
Bore on the Edmund 1:100 000 map sheet centred at
714300E 7367500N. The type locality can be accessed via a
station track from Red Hill Bore and then by travelling
off road. The main rock type here, as elsewhere in the
unit, is a medium-grained biotite – muscovite syenogranite with a trachytic texture deﬁned by thin tabular
phenocrysts of K-feldspar.
Lithology Mainly consists of medium- to ﬁne-grained
porphyritic biotite – muscovite syenogranite or syenogranite. K-feldspar phenocrysts comprise 40% or more
of the rocks, and deﬁne a trachytic texture. Contacts
between syenogranite and monzogranite phases with
slightly different composition, grainsizes or phenocryst
abundances are common within the plutons.
Relationships The Dingo Creek Granite intruded rocks
of the Pooranoo Metamorphics and the Pimbyana
Granite.
Age The Dingo Creek Granite has been dated at 1674 + 6
Ma (Pearson 1996) and 1674 + 8 Ma (Nelson 2002;
Geological Survey of Western Australia 2004).

Yangibana Granite
Name Yangibana Creek (MGA Zone 50, 411500E
7356300N) on the Edmund 1:100 000 map sheet.
Synonymy The unit was named and described by
Pearson (1996) and mentioned by Pearson et al. (1996).
This deﬁnition expands on the distribution of the unit as
described by Pearson (1996).
Type locality About 1.5 km south of the Frasers –
Yangibana REE prospect near the southern edge of the
Edmund 1:100 000 map sheet, centred at 430100E
7349400N. The locality can be accessed via station tracks
from Gifford Creek Homestead to the prospect, then
south off road. The locality is centred on a GSWA
geochronology samples site (GSWA sample 169055).
North of the site, toward the edge of the pluton, the
granite contains numerous thin schlieren of biotite.
About 500 m north of the sample site, there is a contact
with a phase of the Yangibana Granite that is rich in
inclusions of metasedimentary rock.
Distribution The Yangibana Granite forms two plutons
on the southern half of the Edmund 1:100 000 map sheet,
as well as dykes and veins in the surrounding metasedimentary rocks. The unit typically forms low rounded
hills covered in tors and boulders.
Lithology The Yangibana Granite is a massive, leucocratic, medium-grained biotite – muscovite syenogranite
to monzogranite, which ranges from being equigranular
to slightly porphyritic. Locally the granite contains clots
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of tourmaline. Large areas of the unit that are rich in
inclusions of metasedimentary rock have been assigned
to an unnamed member of the unit.
Relationships Dykes and veins of the Yangibana
Granite extensively intrude metasedimentary rocks of
the Pooranoo Metamorphics. Dykes and veins of the
granite intrude the Pimbyana Granite. The Yangibana
Granite is unconformably overlain by sedimentary
rocks of the Edmund Group (Bangemall Supergroup)
in the southeastern corner of the Edmund 1:100 000 map
sheet.
Age The granite has been dated at two localities on the
Edmund 1:100 000 map sheet: 4 km southeast of Fraser
Well (GSWA sample 169055: Nelson 2002) and 4 km
southeast of Yangibana Bore (GSWA sample 169059:
Nelson 2002). The two samples gave U – Pb SHRIMP ages
of 1659 + 10 Ma and 1660 + 9 Ma, respectively. These
ages are comparable to other units of the Durlacher
Supersuite. The Yangibana Granite is lithologically
similar to, and probably coeval with, other leucocratic
muscovite – biotite ( – tourmaline) granites of the Durlacher Supersuite farther to the west and northwest on the
Mangaroon and southern Maroonah 1:100 000 map
sheets.

POORANOO METAMORPHICS
Name After Pooranoo Well (at MGA Zone 50, 382300E
7363400N) on the Mangaroon 1:100 000 map sheet.
Distribution Outcrops extensively in a southeasttrending, fault-bounded terrane about 50 km wide in
the northern Gascoyne Complex. The unit is in faulted
contact with granites of the 1830 – 1780 Ma Moorarie
Supersuite, which contrasts with older metamorphic
units that are intruded by this supersuite.
Type locality Between Maroonah Homestead, Red Rock
Well and East Paddock Hill on the southern edge of the

Maroonah 1:100 000 map sheet. The area contains a welldeﬁned contact between the two main units (pelitic
gneiss and metamorphosed feldspathic sandstone). Also
present are layers of metamorphosed cobble and granule
conglomerate and quartz sandstone, and calc-silicate
gneiss and schist. The pelitic gneiss is accessible from a
station track and north – south fence-line east of Maroonah Homestead. Good exposures of metamorphosed
feldspathic sandstone are located 2.75 km south-southwest of Red Rock Well on the east side of a dolerite
dyke. Metamorphosed cobble and pebble conglomerate
and quartz sandstone are well exposed at East
Paddock Hill.
Thickness Unknown.
Lithology The Pooranoo Metamorphics comprises two
main units in roughly equal proportions: metamorphosed feldspathic sandstone and pelitic gneiss. The
metamorphosed feldspathic sandstone is interlayered
with minor pelitic rock and granule conglomerate.
Graded bedding is preserved in places in the metamorphosed feldspathic sandstone. Pelitic gneiss and
granofels are mainly non-migmatitic, but in the area
around the Star of Mangaroon Mine, migmatitic pelitic
gneiss is abundant. The migmatites include both
diatexites and metatexites. Interlayered metamorphosed cobble and pebble conglomerate, granule
sandstone, calc-silicate gneiss and schist, and amphibolite and actinolite schist are minor rock types.
Relationships The Pooranoo Metamorphics are juxtaposed with inliers of the ca 1770 Ma Gooche Gneiss
(Moorarie Supersuite) by layer-parallel faults, and are
intruded extensively by granites of the 1680 – 1620 Ma
Durlacher Supersuite. The Pooranoo Metamorphics are
unconformably overlain by sedimentary rocks of the
Edmund Group (Bangemall Supergroup).
Age Maximum depositional age of 1680 + 13 Ma,
and minimum depositional age of 1677 + 5 Ma (this
paper).

SUPPLEMENTARY PAPERS
Table 1 Ion microprobe analytical results for sample
169058: Gooche Gneiss, Kanes Gossan prospect. Sample
location: MGA Zone 50J, 426780E 7357910N.
Table 2 Ion microprobe analytical results for sample
169094: quartz – plagioclase – biotite – sillimanite gneiss
of the Pooranoo Metamorphics, Woorkadjia Pool. Sample location: MGA Zone 50J, 353090E 7402980N.
Table 3 Ion microprobe analytical results for sample
169056: metamorphosed feldspathic sandstone (quartz –
muscovite – biotite – plagioclase – epidote schist) of the
Pooranoo Metamorphics, Fraser Prospect. Sample location: MGA Zone 50J, 429490E 7351520N.
Table 4 Ion microprobe analytical results for sample
169091: metamorphosed feldspathic sandstone of the
Pooranoo Metamorphics, Hogan Well. Sample location:
MGA Zone 50J, 349810E 7412580N.

Table 5 Ion microprobe analytical results for sample
178027: biotite – muscovite granodiorite (diatexite), Mangaroon Homestead. Sample location: MGA Zone 50J,
363140E 7357610N.
Table 6 Ion microprobe analytical results for sample
169060: porphyritic syenogranite of the Pimbyana Granite, Yangibana Bore. Sample location: MGA Zone 50J,
419130E 7355190N.
Table 7 Ion microprobe analytical results for sample
169062: porphyritic syenogranite of the Dingo Creek
Granite, Contessis Bore. Sample location: MGA Zone
50J, 414280E 7367460N.
Table 8 Ion microprobe analytical results for sample
169092: un-named biotite – muscovite monzogranite, Red
Rock Bore. Sample location: MGA Zone 50J, 361420E
7409000N.

