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The ConnaucHToN® 1:100 000 map sheet covers the
southeastern part of the RupaLL 1:250 000 map sheet,

Geology of the Connaughton
1:100 000 sheet

by
L. Bagas and R. H. Smithies

Abstract

The Cownnauchron 1:100 000 sheet occupies the central part of the Paterson Orogen, and includes the
Palaeaproterozoic Rudall Complex, the Mesoproterozoic to Neoproterozoic Yeneena Supergroup, the
Neoproterozoic Tarcunyah Group of the greater Officer Basin, and local outliers of Permian sedimentary rocks
of the Canning Basin.

The Rudall Complex consists of a broad imbricate zone of northeasterly and easterly dipping thrust sheets
with cross-cutting relationships that indicate progressively younger thrusts towards the east. Some of the thrusts
are major faults separating three distinct tectono-stratigraphic terranes: the Talbot, Connaughton, and Tabletop
Terranes.

The Talbot Terrane, in the western part of the CoONNAUGHTON sheet, comprises a metamorphosed succession
of siliciclastic rocks. The Connaughton Terrane, in the central part of the sheet, comprises a succession of mafic
schist and gneiss, and associated metamorphosed chemical and clastic sedimentary rocks. The poorly exposed
Tabletop Terrane, in the eastern part of the sheet, comprises a sequence of amphibolite and metasedimentary
rocks, and is characterized by weakly metamorphosed tonalite and leucogranite.

The Throssell Group represents the Mesoproterozoic to Neoproterozoic Yeneena Supergroup on CONNAUGHTON
and is unconformably or disconformably overlain by the Neoproterozoic Tarcunyah Group. Both these groups
unconformably overlie or are faulted against the Rudall Complex.

The Paterson Orogen contains evidence of at least six major deformation events. The first two deformation
events (D, and D,) occurred during the Yapungku Orogeny between 2000 and 1760 Ma. The D; and D,
deformation events occurred during the Miles Orogeny between 1300 and 800 Ma. Structures associated with
the D deformation event may be contemporaneous with those in the Blake Fault and Fold Belt in the Savory
Basin, south of ConnaucnTON. The Jast deformation event (D;) occurred during the redefined Paterson Orogeny.

Peak regional M, metamorphism was syn- to post-D, in both the Talbot and Connaughton Terranes. The
Talbot Terrane was metamorphosed to intermediate-pressure amphibolite facies. The Connaughton Terrane,
however, was metamorphosed at high pressures to amphibolite-granulite facies. The progressive deformation
and high-pressure metamorphism assigned to the D,~M, event was clearly related to major crustal overthickening
involving overthrusting, and is consistent with a collisional orogeny. The D, structures were probably produced
by an advancing plate from the east during continued deformation associated with the Yapungku Orogeny,
between 1790 and 1760 Ma. The eastern plate may be the Tabletop Terrane or it may be concealed beneath the
Canning Basin further to the east. The extent of deformation suggests Himalayan-style continent—continent
collision.

KEYWORDS: Rudall Complex, Yeneena Supergroup, Tarcunyah Group, Talbot Terrane, Connaughton Terrane,
Tabletop Terrane, granulite facies metamorphism, plate tectonics

i between latitudes 22°30' and 23°30'S and longitudes
IntrOdUCtlon 122°30' and 123°00'E (Fig. 1). The area occupies the
eastern part of the Paterson Orogen (Williams and Myers,
1990) and straddles the boundary between the Great
Sandy Desert and the Little Sandy Desert (Fig. 2). The

#

Capitalized names refer to standard map sheets. Where 1:100 000 and
1:250 000 sheets have the same name, the 1:100 000 sheet is implied : ’
unless otherwise indicated. metamorphosed during the Proterozoic.

Paterson Orogen consists of sedimentary and igneous
rocks that were formed, intensely deformed, and variably
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Figure 1. Regional geological setting of CoNNnAUGHTON



GSWA Explanatory Notes

The Rudall River National Park (1 569 459 ha) covers
the northern two-thirds of ConnauGHTON and is centred
on the catchment area of the Rudall River, which drains
into Lake Dora, north of CONNAUGHTON.

The Parnngurr (Cotton Creek) Aboriginal community
is the only permanent settlement on CONNAUGHTON. The
nearest town is Telfer, about 100 km north-northwest of
the sheet area. A gravel road links the Rudall River
National Park to Telfer in the north and the Canning
Stock Route to the southeast. A good-quality, four-wheel
drive track connects the southern part of CONNAUGHTON
to Newman, via Balfour Downs Homestead and the Ethel
Creek — Jigalong road. Few other tracks are present in
the area, and off-road access within the park requires
prior approval from the Western Australian Department
of Conservation and Land Management (CALM).

Previous investigations

The isolation of the Rudall River area and the lack of a
permanent water supply impeded exploration until 1971,
when gold was discovered at the Telfer Dome, 100 km
to the north. The early exploration of the Rudall region
was summarized by Chin et al. (1980).

Reconnaissance mapping of the RubaLt (1:250 000)
map sheet was carried out during 1974-75 by R. J. Chin,
1. R. Williams, S. J. Williams, and R. W. A. Crowe of
the Geological Survey of Western Australia (Chin et al.,
1980), as part of the systematic 1:250 000 geological
mapping of Western Australia. The conclusions reached
from that work were first reported by Williams et al.
(1976), and later expanded by Williams and Myers
(1990).

The Geological Survey of Western Australia (GSWA)
located gossanous quartz veins with anomalous base-
metal concentrations at South Rudall Dome, Mount
Cotton, and the Wells Antiform during the mapping
of RupaLL (1:250 000) in 1975 (Chin et al., 1980). They
also located rare-earth element (La, Y, and Ce)
mineralization in a massive quartz vein north of Mount
Cotton (AMG 561829").

In 1984 the Bureau of Mineral Resources (now known
as the Australian Geological Survey Organisation) flew
a regional airborne magnetic survey over RupALL
(1:250 000), at a line spacing of 1.6 km and a sample
interval of 60 m.

In 1985 uranium was discovered at Kintyre on
BroabnursT, adding new impetus to mineral exploration.

The Geological Survey of Western Australia com-
menced a program of detailed 1:100 000 geological
mapping of the Rudall Complex in 1989, and by 1994
BroapHURsT (Hickman and Clarke, 1994), RubaLL
(Hickman and Bagas, in prep), THrosseLL (Williams and
Bagas, in press), and CoNNAUGHTON had been mapped.

* Localities are specified by the Australian Map Grid (AMG) standard six-
figure reference system whereby the first group of three figures (eastings)
and the second group (northings) together uniquely define position, on
this sheet, to within 100 m.

Geology of the Connaughton 1:100 000 sheet

These Notes and the accompanying 1:100 000
geological map are the result of detailed regional
mapping during 1993-94, using 1985 1:25 000 colour
airphotos and 1988 1:50 000 black-and-white airphotos.
Geophysical data supplied by CRA Exploration (now
known as Rio Tinto Exploration) and PNC Exploration
were used to interpret structures and lithologies hidden
by Cainozoic cover.

Physiography

The physiography of ConnavgaTON (Fig. 2) is the product
of several distinct events of erosion and deposition. The
most important events appear to have been Permian
glaciation, Tertiary peneplanation, and Cainozoic erosion
and deposition.

Permian land surface

The Permian land surface (Fig. 2) includes Permian
fluvial-glacial sedimentary rocks deposited in valleys
during glacial retreat. Late Permian to Cainozoic erosion
of high-relief areas probably contributed to deposition in
continental and shallow-marine settings in the south-
western part of the Canning Basin.

Tertiary land surface

Laterite, ferruginous duricrust, and silcrete deposits that
cap the plateaus (Fig. 2) represent unmodified remnants
of the Tertiary land surface. Smaller areas of the same
deposits also cap recent dissected plateaus and ridges.
The precise age of the Tertiary surface is uncertain, but
it may be correlated with the Hamersley Surface in the
Hamersley Ranges (Campana et al., 1964; Chin et al.,
1982) or the Ashburton Surface of central Australia
(Jennings and Mabbutt, 1971).

Calcrete deposits throughout CONNAUGHTON pre-date
the sandplains, and are probably related to channels and
lakes that were active during the Tertiary. These deposits
form small mounds in low-lying areas and are composed
of massive, nodular, and vuggy limestone locally replaced
by chalcedony.

Recent land surface

The recent land surface has been divided into erosional
and depositional surfaces.

Recent erosional land surface

Divisions within the recent erosional land surface
represent various stages in the erosion of Tertiary or pre-
Tertiary surfaces.

The least eroded division is the dissected plateau,
which is preserved in areas underlain by quartz arenite
of the Tarcunyah Group (Williams and Bagas, in prep.).
The boundary of this division is usually marked by a cliff
line and narrow gorges and ravines, against the more
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subdued landscape of adjoining divisions. Hickman and
Clarke (1994) and Hickman and Bagas (in prep.) noted
that the duricrust was the main barrier to erosion of the
arenite.

The Connaughton Hills include dissected and, in part,
sinuous quartzite ridges rising to about 450 m above sea
level, separated by valleys developed over less-resistant
metapelite and psammitic units. The valleys are locally
filled by a thin Permian cover, establishing a pre-Permian
origin for some of these narrow valleys; these areas are
too small to represent on Figure 2. The ridges are
bevelled to a height of about 400 m above sea level in
the western part of CONNAUGHTON.

The southwestern part of ConNaUGHTON has large
expanses of low hills subjected to active erosion by
headwater systems, and constitutes a dissected low-lying
peneplain that varies from rounded to more rugged and
quartz-strewn. The rock types present influence the form
of the hills — orthogneiss and paragneiss characteristic-
ally produce rounded hills and quartzite produces more-
rugged country.

Rock pavements and low outcrops are mainly found
in sandplain country in the central and northern parts of
CONNAUGHTON, but are also found as small areas within
the low hills. Erosion is restricted to wind action and
water movement in small streams, and represents the last
stage in the formation of a new peneplain.

Recent depositional land surface

Sandplains have been subdivided into seif dune and dune-
free sandplains, which collectively are found over at least
half of ConnauGHTON. The northern part of CONNAUGHTON
includes the western edge of the Great Sandy Desert. The
seif (Jongitudinal) dune sandplains include easterly to
southeasterly trending seif dunes that reach a maximum
height of 30 m, are many kilometres long, and spaced
up to 3 km apart. Their longitudinal profiles and steep
southern slopes are consistent with prevailing winds from
the east-southeast. Further descriptions of seif dunes are
provided by Crowe (1975).

The dune-free sandplains are found in areas subjected
to periodic flooding, and on the leeward sides of hills.
The Rudall River has incised its former Tertiary drainage
course, which is outlined by consolidated river gravel
covered by recent alluvium.

The scree, colluvium, sheetwash fans, and playa lakes
commonly flank sandplains and represent locally derived
clastic detritus from streams and channels draining hilly
divisions. Some of these deposits are dissected by the
present drainage.

Precambrian geology

CONNAUGHTON occupies part of the Paterson Orogen
(Williams and Myers, 1990), which was previously
referred to as the Paterson Province (Daniels and
Horwitz, 1969; Blockley and de la Hunty, 1975), and
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includes local outliers of Permian sedimentary rocks of
the Canning Basin (Fig. 1).

The term Paterson Orogen is applied to a north-
westerly trending belt of folded and metamorphosed
sedimentary and igneous rocks, ranging in age from
Palacoproterozoic to Neoproterozoic, that have a
common tectonic history (Williams and Myers, 1990).
Archaean rocks of the Pilbara and Yilgarn Cratons
flank the Paterson Orogen to the west and southwest
respectively (Fig. 1).

There are three subdivisions of the Paterson Orogen
on ConnNauGHTON: the Rudall Complex, Yeneena
Supergroup, and Tarcunyah Group (Williams and Bagas,
in prep.). The Yeneena Supergroup is a redefinition of
the ‘Yeneena Group’ of Williams et al. (1976), and
comprises the Throssell and Lamil Groups (Williams and
Bagas, in prep.). The Karara Formation, previously
regarded as younger than the ‘“Yeneena Group’, is
included in the Tarcunyah Group, which is now assigned
to the Officer Basin (Bagas et al., 1995) rather than the
“Western Succession of the Yeneena Group’ (Williams,
1990).

The term ‘Rudall Complex’ is restricted to Palaeo-
proterozoic rocks that have been deformed and meta-
morphosed by the “Yapungku Orogeny’ (see Structure).
Igneous rocks that are younger than this orogeny, but
probably older than the Yeneena Supergroup, have not
been assigned to a group.

The Rudall Complex is situated between the West
Australian and North Australian Cratons (Myers et al.,
1996). The relationship between the complex and the
West Australian Craton (consisting of the Yilgarn and
Pilbara Cratons) is obscured by sedimentary rocks of the
Throssell Group (of the Yeneena Supergroup), the
Tarcunyah and Savory Groups, and the Earaheedy and
Bangemall Basins (Fig. 1). Cover sequences of the
Canning and Officer Basins obscure the relationship
between the Paterson Orogen and the Precambrian North
Australian Craton to the east (Fig. 1).

The early Rudall basin possibly trended north—south,
and probably developed as a rift-basin on the eastern
margin of the Pilbara Craton, after the rifting and
fragmentation of Archaean continents (Myers et al.,
1996).

Rudall Complex

The Rudall Complex (Williams, 1990) consists of a broad
imbricate zone of northeasterly and easterly dipping
thrust sheets, with cross-cutting relationships that indicate
progressively younger thrusts towards the east. Some of
the thrusts are major faults separating distinct tectono-
stratigraphic domains (Hickman and Bagas, in prep.).

The Rudall Complex outcrops in the southwestern
part of ConNauGHTON. The complex is divided into two
distinct, tectonically juxtaposed packages of rocks
containing foliated augen orthogneiss. The two pack-
ages are referred to as the Talbot Terrane (after



L. Bagas and R. H. Smithies

H. W. B. Talbot, an earlier explorer of the Rudall region)
and the Connaughton Terrane (after the Connaughton
Hills).

The rocks in the Talbot Terrane are principally
siliciclastic sedimentary rocks and granitoids, meta-
morphosed to amphibolite facies. Similar rocks are also
found in the Rudall Complex on BrROADHURST and
RupaLL (Hickman and Bagas, in prep.). The Connaughton
Terrane comprises a succession of mafic volcanic and
intrusive rocks, banded iron-formation, pelite, chert,
felsic gneiss (including augen orthogneiss), minor
amounts of quartzite, and ultramafic intrusive rocks, all
metamorphosed to amphibolite—granulite facies. The
terrane extends into the Camel Domain of northeastern
RupaLL (Hickman and Bagas, in prep.).

A third, possibly exotic, terrane — the Tabletop
Terrane — has been identified east of the southeasterly
trending Camel-Tabletop Fault Zone. The fault separates
the Tabletop Terrane from the Talbot and Connaughton
Terranes. The Tabletop Terrane contains voluminous
granitoids, dolerite dykes, and possibly felsic volcanic
rocks dated at c. 1300 Ma by PNC Exploration (Smithies
and Bagas, 1997). This magmatic event was partly
contemporaneous with a major orogenic event that
occurred in the Albany—Fraser Orogen between 1300 and
1100 Ma (Myers, 1990b).

Most rocks of the Rudall Complex have undergone
retrogressive metamorphism to greenschist facies,
characterized by the following minerals: epidote,
actinolite, albite, quartz, chlorite, sericite, and calcite. To
avoid lengthy petrographic descriptions, only the higher
grade mineral assemblages and important retrogressive
assemblages will be discussed.

Connaughton Terrane

The tectonic setting of the Connaughton Terrane is
difficult to interpret because of the discontinuous nature
of the rocks, the structural complexity, pervasive
recrystallization, and a general lack of primary
sedimentary and igneous features. Metavolcanic rocks are
predominantly high-iron tholeiites in composition
(Appendix 1). In the lower part of the succession the
metavolcanic rocks are intimately interlayered with
metamorphosed chemical sedimentary rocks (e.g. banded
iron-formation and calc-silicate or carbonate rocks) and
shale. In the upper part they are interlayered with mixed
clastic sedimentary rocks. The contact between the
metavolcanic and clastic rocks is tectonically disrupted
to such a degree that it is impossible to accurately
establish stratigraphic relationships. There appears to be,
however, a tendency for the sedimentary rocks associated
with the metavolcanic rocks to coarsen upward. The top
and base of the Connaughton Terrane succession are not
exposed.

Basalt and chemical and clastic sedimentary rocks
were deposited in the Connaughton Terrane prior to
1780 Ma. The succession indicates extensive exhalative
activity associated with mafic volcanism in either a
shallow-water restricted continental basin or a deep-water

outer continental-shelf environment characterized by
near-saturation levels of iron, silica, and carbonate.

The term amphibolite is used here to describe
recrystallized medium-to coarse-grained amphibole- and
plagioclase-rich rocks in which no igneous textures are
preserved. Mafic granulite, which is subordinate to the
amphibolite, is characterized by the presence of brown
hornblende and orthopyroxene.

Garnet amphibolite (PRag)

Medium- to coarse-grained garnet amphibolite (BRag) is
common in and around the South Rudall Dome, and in
the Connaughton Synform where it is associated with
banded iron-formation, graphitic and sulfidic schist, and
lesser amounts of quartzite and calc-silicate or carbonate
rocks. In the Harbutt Range small outcrops of non-
garnetiferous amphibolite (BRam) have discontinuous
layers or lenses of garnet amphibolite.

The garnet amphibolite appears to be conformably
overlain by a quartz—magnetite banded iron-formation
(Bri) that is, in turn, overlain by a succession of silicified
carbonate rock (PRk); quartz—sericite—graphite—chloritic—
magnetite—carbonate schist (after calcareous black shale);
quartz—feldspar-biotite gneiss (ERnum); quartzite, possibly
after chert (PRg); banded iron-formation (BRi); and
garnetiferous amphibolite. The banded iron-formation is
gossanous in places, indicating that it may include
sulfidic horizons.

Garnet amphibolite locally shows distinct centi-
metre-scale banding due to metamorphic segregation of
amphibole-rich and plagioclase-rich layers (Fig. 3). In
rare cases (GSWA 113016, AMG 562674; GSWA
113019, AMG 572676; and GSWA 113095, AMG
682664), garnet cores preserve sigmoidal trains of fine-
grained epidote, hornblende, and titanite representing an
early foliation (Fig. 4).

Garnet amphibolite contains abundant hornblende and
plagioclase (andesine), a maximum of 20% quartz, and
is characterized by subrounded to prismatic garnet
porphyroblasts with a maximum diameter of 5 mm.
Clinopyroxene (diopside) is preserved in the South
Rudall Dome and Connaughton Synform areas (GSWA
112980, AMG 572694; and GSWA 113088, AMG
670655). Accessory minerals include titanite, magnetite
(leucoxene), rutile, apatite, and secondary epidote,
calcite, and sericite. In more foliated samples, hornblende
wraps around garnet and diopside porphyroblasts,
defining an early shear foliation, but no reaction
relationship has been observed between garnet, clino-
pyroxene, and hornblende.

Clinopyroxene and quartz-bearing amphibolite
(PRam)

Clinopyroxene and quartz-bearing amphibolite (PRam) is
a common, medium-grained rock type in the Harbutt
Range, where it is interlayered with thin units of
garnetiferous amphibolite, felsic orthogneiss, quartz—
biotite(—muscovite) schist, and quartzite. In the
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LB 85 28.04.98

Figure3. Centimetre-scale bandingingarnetamphibolite (PRag), showing metamorphic segregation of amphibolite-
richand plagioclase-rich layers (AMG 588743)

LB 86 04.05.98

Figure4. Garnet porphyroblasts in GSWA sample 113016 (AMG 562674). Cores preserve sigmoidal trains of fine-
grained epidote, hornblende, and titanite representing S,, whichis obliqueto S, defined by hornblende and
plagioclase . The garnet porphyroblastis 0.2 mm in diameter
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Connaughton Synform minor outcrops of medium-
grained amphibolite are associated with major shear
zones and faults, and interlayered with quartzite and
orthogneiss.

The amphibolite is very well foliated and locally
shows distinct centimetre-scale layering due to meta-
morphic segregation of amphibole-rich and amphibole-
poor layers. Plagioclase (andesine) and hornblende are
the main constituents. The amount of quartz varies
between 5 and 20%, and may be partly the product of
extensive retrogressive alteration of plagioclase to
epidote. Accessory minerals include titanite, apatite,
magnetite (or leucoxene), rutile, biotite, and zircon.

Although clearly mafic in composition, the proto-
lith of this rock is unclear. Some samples of the
amphibolite may represent sheared and retrogressed
garnet amphibolite; the least quartz-rich samples have
compositions very similar to the garnet amphibolite
(Appendix 1). However, the abundance of quartz in other
samples (GSWA 115729, AMG 574043; and GSWA
115840, AMG 818665) indicates that the protolith may
have locally included immature sediments.

Both garnet amphibolite and medium-grained
amphibolite show signs of migmatization. Felsic leuco-
somes form irregular, discontinuous segregations and, in
extreme cases, dyke-like bodies up to 1 m thick are
found. The leucosomes show the same structural fabrics
as their mafic hosts, and chemical analyses (GSWA
115854; Appendix 1) show them to be trondhjemite.

Fine-grained amphibolite (BRab)

Fine-grained amphibolite (PRab) outcrops 9 km north and
on the eastern side of South Rudall Dome. At the former
locality it is interlayered with minor amounts of chert
(PRic), quartz—mica schist (Brm), and quartzite (ERq); at
the latter locality it forms a thin layer within
K-feldspar augen orthogneiss (PRga) and is locally
epidotized (Brae). The rock is a recrystallized and highly
foliated metabasalt consisting of fine-grained hornblende
(altered to actinolite) in a very fine grained matrix of
quartz and plagioclase (altered to epidote and carbonate),
with accessory magnetite, epidote, carbonate, and rare
relict garnet. Outcrops north of South Rudall Dome are
tectonically attenuated and bound by layer-parallel
faults that have been folded and faulted (see Structure).
Xenoliths of fine-grained amphibolite are locally
preserved in K-feldspar augen orthogneiss (e.g. AMG
592841), indicating that the granite precursor to the
orthogneiss intruded the protolith to the amphibolite.

Orthopyroxene and clinopyroxene-bearing
amphibolite (PRac)

Medium- to coarse-grained, orthopyroxene- and
clinopyroxene-bearing amphibolite (ERac) outcrops
northeast of Harbutt Range, east of Mount Eva, and west
of Camel Rock as thin elongate pods or lenses in gneiss
(usually Brng), or interlayered with ironstone and chert.
The amphibolite is usually equigranular, well foliated to
massive, and has a well-developed granoblastic texture.

Amphibole (brown hornblende) and lesser amounts of
plagioclase (andesine) comprise 90-95% of the rock, and
are accompanied by minor amounts of clinopyroxene
(diopside) and orthopyroxene (hypersthene), and
accessory quartz, magnetite, titanite, and rutile.
Amphibolite, containing green hornblende and lacking
orthopyroxene, forms dyke-like bodies within the brown
hornblende-bearing variety and is present as inclusions
in leacogabbro-anorthosite (BRan, see below).

Coarse-grained leucocratic amphibolite (ERan)

Leucocratic, very coarse to coarse-grained amphibolite
(Bran) is derived from protoliths ranging from leuco-
gabbro to anorthosite. The amphibolite outcrops south of
Harbutt Range and there are two small outcrops about
6 km south and 5 km west of Camel Rock. Coarse
leucocratic amphibolite is commonly massive, but has a
well-developed foliation in places. South of Harbutt
Range (AMG 829604), a small outcrop of well-foliated
medium-grained amphibolite appears to be cross-cut and
enclosed by non-foliated coarse leucocratic amphibolite.
This relationship either indicates that some outcrops of
coarse leucocratic amphibolite may be younger than the
medium-grained amphibolite, or that coarse leucocratic
amphibolite was considerably more competent than
medium-grained amphibolite during deformation. Coarse
leucocratic amphibolite commonly preserves igneous
textures defined by interstitial clinopyroxene (now altered
to actinolite and rarely to hornblende) in a framework
of plagioclase (anorthite to bytownite) euhedra.
Plagioclase comprises between 60 (leucogabbro) and
90% (anorthosite) of the rock. Accessory minerals include
titanite, apatite, and magnetite (leucoxene).

Garnet amphibolite interleaved with granitic
gneiss (BRao)

Garnet amphibolite with minor interlayers of com-
positionally banded orthogneiss (PRao) is present in the
southwestern part of CONNAUGHTON and southeast of South
Rudall Dome. This unit is lithologically similar to the
compositionally layered orthogneiss (PRgo) except that
it has a greater proportion of amphibolite. Both units are
hybrids of the orthogneiss and garnet amphibolite.

Fine-grained amphibolite and schist (PRae)

Fine- to medium-grained quartz—epidote(—hornblende—
actinolite~biotite—sericite) amphibolite and schist (Erae)
outcrop about 5 km southwest of Harbutt Range and
east of South Rudall Dome. The unit is always in
contact with orthogneiss (PRga and PRgo), and forms
prominent outcrops parallel to the structural trend of the
area. Mineral proportions vary widely from a maximum
of 75% quartz to 70% epidote. In thin section, relic
domains comprising plagioclase and hornblende indicate
that the rock may be a silicified and epidotized garnet
amphibolite (PRag) or medium-grained amphibolite
(Bram). In places millimetre- to centimetre-scale
mineralogical banding is defined by alternating layers
rich in quartz, biotite, epidote, and rarely, hornblende.
The fine-grained gneiss and schist is commonly well
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foliated, but is massive and banded with well-developed
polygonal textures in places.

Ultramafic rock (PRu)

Medium-grained serpentine—tremolite—magnetite-bearing
rocks (Bru) are locally foliated, but commonly preserve
olivine cumulate textures that identify their protoliths
as either dunite or peridotite. Ultramafic rocks are
most abundant about 4 km east of Mount Eva and
throughout the Harbutt Range, where discontinuous
layers up to 5 km long outcrop within amphibolite and
metasedimentary rocks. In the Camel Rock arca
lenticular pods of ultramafic rocks, commonly less than
200 m wide, outcrop in orthogneiss. A small isolated
outcrop of ultramafic schist is present on the eastern side
of the Connaughton Synform near a major late fault.

Metamorphosed banded iron-formation (PRi)

Metamorphosed banded iron-formation (ERf) is the most
abundant rock type in the Connaughton Synform and
South Rudall Dome areas. The banded iron-formation in
the South Rudall Dome area is commonly interlayered
with garnet amphibolite (PRag), except at the dome itself,
where it structurally overlies garnet amphibolite and is
overlain by a very thin unit of calc-silicate or carbonate
rock (Brk). In the Connaughton Synform the banded iron-
formation is interlayered with garnet amphibolite, and
overlain by a succession of interlayered calc-silicate
rock, orthoquartzite (ERg), micaceous quartzite (BrRgm),
garnet amphibolite, and medium-grained amphibolite.
Banded iron-formation in the northwestern corner of
CONNAUGHTON outcrops near garnet gneiss (Erng), biotite
gneiss (PrRnm), and amphibolite (BRac). A similar outcrop
of banded iron-formation immediately to the west, on
RubpALL, forms an enclave in orthogneiss (Hickman and
Bagas, in prep.).

Banded iron-formation is fine to medium grained,
finely laminated, and consists of recrystallized quartz,
aligned magnetite, accessory muscovite, about 2% apatite,
and rare light-green amphibole, relict garnet, and epidote.
Some iron oxides may pseudomorph amphibole, which
is probably grunerite. The rock also contains sericite-rich
patches, possibly after feldspar. The laminations
commonly define a pervasive early foliation, and primary
surfaces have not survived recrystallization, except in
samples west of Camel Rock where original layering is
typically on a centimetre scale. The present grain size
does not reflect the protolith grain size, as indicated by
the very fine sand- to silt-sized quartz and iron oxide
grains preserved in garnet cores (e.g. GSWA 117773,
AMG 662793). These cores are rimmed by a second
growth of inclusion-free garnet associated with M,
metamorphism, similar to that observed in the garnet
amphibolite.

Metamorphosed chert and banded iron-
formation (PRic)

Outcrops of quartzite (after chert) and lesser banded iron-
formation (Pric) are found throughout the Harbutt Range,
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to the east of Mount Eva, and in the South Rudall
Dome — Connaughton Synform area. The unit commonly
forms prominent outcrops interlayered and folded
with mafic schist and gneiss and micaceous quartzite,
except in the far northwestern part of CONNAUGHTON
where metamorphosed chert forms enclaves within
gneiss (BrRrum). The unit is mineralogically diverse,
ranging from pure chert to quartz—magnetite rock,
although the dominant rock type is a ferruginous chert
variously comprising quartz—magnetite—garnet—diopside—
grunerite(—pseudomorphed apatite).

Metamorphosed graphitic sulfidic schist (BRir)

Metamorphosed graphitic and sulfidic schist thinly
interlayered with quartz—mica—garnet schist, amphibolitic
schist, and minor amounts of chert and quartz—carbonate
rock (BRir) outcrop at Mount Cotton. The rocks are
extensively recrystallized and commonly chloritized,
silicified, and carbonated. They are interpreted as
metamorphosed and metasomatized successions of
sulfidic black shale, chemical sedimentary rocks (banded
iron-formation), and sedimentary rocks derived from
mafic volcanic rocks.

The graphitic schist is very fine grained and consists
of quartz, mica (sericite and biotite), chlorite, graphite,
and disseminated sulfides (pyrrhotite, pyrite, chalco-
pyrite, sphalerite, and galena). The quartz—mica—garnet
schist is very fine grained and comprises chloritized
biotite, opaque minerals, sericite, remnant porphyroblasts
of sericitized and chloritized garnet, and rare dolomite.
The amphibolitic schist is fine grained and comprises
hornblende (?after pyroxene)—actinolite(—epidote—quartz—
biotite) sulfide schist, amphibole (anthophyllite—
cummingtonite)—graphite—biotite(—quartz—sericite) sulfide
schist, quartz—hornblende—epidote sulfide schist, and
clinopyroxene(—orthopyroxene)—quartz—garnet-biotite(—
dolomite) sulfide schist. The quartz—carbonate rock is
very fine grained and consists of carbonate, quartz,
sulfides (pyrrhotite, pyrite, chalcopyrite, galena, and
sphalerite), and variable amounts of sericite and graphite.

These mineral assemblages reflect metamorphism
at the amphibolite—granulite facies transition (see
Metamorphism). The presence of carbonate (dolomite
and ankerite), sericite, sulfides, chlorite, and epidote
possibly indicate a later metasomatic alteration at
greenschist facies. The sulfides also fill fractures as veins
parallel to the early foliation in the rocks.

Calc-silicate or carbonate rock (PRK)

The calc-silicate or metamorphosed carbonate rock (Brk)
unit outcrops as a thin horizon immediately above banded
iron-formation in the Rudall Dome. The unit is less than
20 m thick, poorly exposed, and heavily silicified.

Mica schist (ERm)

Fine- to medium-grained quartz-biotite—muscovite(—Fe-
oxide—tourmaline—garnet—K-feldspar) schist (Prm)
outcrops south of Harbutt Range and about 10 km
northeast of South Rudall Dome. South of Harbutt
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Range the unit is interleaved with medium-grained
amphibolite (PRam) and infolded with orthogneiss. North
of South Rudall Dome, the schist is interlayered with
quartzite (ERqg) and fine-grained amphibolite (PRab). The
protolith is an argillaceous sedimentary rock, possibly
incorporating a minor, locally derived mafic component.

Quartzite (PRq) and micaceous quarizite
(PrRqm)

The quartzite (PRg) consists of a recrystallized fine-
grained quartz mosaic with rare thin bands containing
amphibole (tremolite) and carbonate. The protolith was
either a chert or a fine-grained, pure quartz arenite.
Micaceous quartzite (Prgm) consists of recrystallized
quartz and muscovite with variable amounts of sericite
and opaque minerals.

Quartzofeldpathic gneiss and schist of
uncertain protolith

The mineralogy of some quartzofeldspathic gneiss and
schist is not consistent with derivation from an igneous
protolith. Other samples are sheared or recrystallized to
the extent that their protolith cannot be recognized. In
many outcrops, however, these rocks are associated with
various orthogneisses.

Medium-grained biotite gneiss (PRnb)

Medium-grained quartz—feldspar—biotite(—muscovite)
gneiss (ERnb) outcrops near Mount Eva, about 8 km west
and 5 km southwest of Mount Eva, and about 5 km south
of the Connaughton Synform. At the first two localities,
the gneiss is wedged between quartzite and augen ortho-
gneiss. The proportion of quartz roughly correlates with
the degree of shearing and decreases from 60% to about
30% close to the augen orthogneiss. The more highly
sheared rocks are muscovite rich, but biotite becomes the
dominant mica in less sheared rocks. Medium-grained
biotite gneiss west of Camel Rock is closely associated
with garnetiferous gneiss (Erng, see below), rather than
augen orthogneiss. Likewise, medium-grained biotite
gneiss south of the Connaughton Synform is wedged
between quartzite (PRg) and garnet amphibolite (Prag).

Microcline gneiss (ERnm)

A microcline-rich gneiss (PRnm) outcrops 5 km northeast
of Harbutt Range and 5 km east of Mount Eva, and is
associated with garnet gneiss (Brng). The rock is medium
grained, equigranular, and commonly shows a well-
developed polygonal (granoblastic) texture. Biotite is the
only mafic mineral. The amount of quartz varies up to a
maximum of 40%, and the feldspar is dominantly
microcline with plagioclase comprising less than 10% of
the feldspar.

Charnockite (Prnc)

Charnockite (Brnc) outcrops about 6 km northeast
of Harbutt Range and is a fine- to medium-grained
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quartz—microcline—plagioclase—garnet—clinopyroxene
(—hypersthene)-spinel-biotite gneiss. Discontinuous
1020 mm-thick bands show variations in grain size.
Discontinuous trails of garnet and hypersthene show a
preference for the medium-grained bands and accentuate
the gneissic fabric of the rock. Hypersthene and garnet
are altered to actinolite and biotite respectively. Where
only garnet remains, the rock closely resembles garnet
gneiss (Prng). Both charnockite and garnet gneiss have
peraluminous compositions (Appendix 1), and it is
possible that these rocks are metamorphosed immature
sedimentary rocks of a granitic provenance.

Garnet gneiss (PRng)

The garnet gneiss (ErRng) is medium grained, equi-
granular, and commonly rich in biotite and feldspar.
Discontinuous biotite-rich layers, or schlieren, are
common and complexly folded. Small subhedral grains
of garnet are distributed throughout the rock, usually as
an accessory or minor phase, although some samples are
garnet rich. Accessory phases include zircon, titanite,
allanite, apatite, and opaque minerals. The felsic
mineralogy may be consistent with derivation from
igneous protoliths ranging in composition from
granodioritic to granitic; however, the abundance of
garnet in many samples may reflect a sedimentary origin.

Mylonite (ERns)

Mylonitic quartz—sericite(—K-feldspar—-muscovite-biotite)
schist outcrops west of the Camel-Tabletop Fault Zone.
Early fabrics are destroyed by intense cataclasis, which
has granulated the quartz and sericitized feldspar and
biotite.

Talbot Terrane

The Talbot Terrane consists of a succession of siliciclastic
rocks that are complexly interleaved and further
complicated by thrusting during early deformation (the
Yapungku Orogeny). Hickman and Bagas (1994)
proposed a stratigraphy for the Talbot Terrane. On
RupaLt, the rock types and changes in facies and
thickness indicate that sedimentary rocks were deposited
in a deep-water basin oriented in a north—south or
northwest—southeast direction along a continental margin
(Hickman and Bagas, 1994). The succession may have
been deposited in a subsiding rift-basin along the eastern
margin of the Pilbara Craton, analogous to the Bryah,
Yerrida, Ashburton, and Earaheedy Basins of the
Capricorn Orogen (Thorne and Seymour, 1991; Pirajno
et al., 1996). The sedimentary rocks were intruded by a
range of granitoids (now banded orthogneiss — ERgx)
between 2015 and 1802 Ma (Nelson, 1995).

The basement to the Talbot Terrane is Archaean to
carly Palacoproterozoic in age and may include part of
the Connaughton Terrane. Xenocrystic zircons from a
sedimentary component in banded orthogneiss (Ergx) on
RupaLL have given Sensitive High-Resolution Ion
Microprobe (SHRIMP) U-Pb ages of 2715-2577 Ma
(Nelson, 1995).
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Psammitic paragneiss (PRs)

Psammitic paragneiss (ERs) consists of quartz—feldspar—
muscovite(-biotite) gneiss with minor amounts of quartz—
mica schist and quartzite. The unit represents meta-
morphosed sandstone and subordinate argillaceous
siltstone, and mainly outcrops in the northwestern
part of ConnauGHTON (AMG 486951). Rare, composition-
ally layered, rhythmic units less than 1 m thick are
composed of a lower feldspathic quartzite grading
upward into plagioclase—-quartz—mica paragneiss, and
overlain by a 0.1 m-thick layer of biotite—epidote-
quartz microgneiss. These rhythmic units are possibly
metamorphosed graded beds of a turbidite succession.

Banded paragneiss (ERb)

Banded paragneiss (PrRb) outcrops in the Connaughton
Hills in the western part of CoNNAUGHTON, and is the
eastward extension of the Butler Creek Formation
defined on RupaLL (Hickman and Bagas, in prep.). The
paragneiss consists of finely interlayered and meta-
morphosed shale, argillaceous quartzite, feldspathic
greywacke, and rare banded iron-formation or sulfidic
shale, which form bands up to 2 m thick. Close to a major
early fault at AMG 548860, the unit contains thin,
tectonically interleaved, fine-grained amphibolite (Erab).
The pelitic units contain quartz, biotite, muscovite or
sericite, secondary chlorite, and minor amounts of
plagioclase. The metagreywacke is fine to medium
grained and contains quartz, muscovite, minor amounts
of biotite, microcline, albite, and secondary sericite. The
argillaceous quartzite is fine to medium grained, and
contains quartz, minor amounts of biotite and sericite,
and accessory tourmaline. The metamorphosed banded
iron-formation consists of iron oxides, quartz, minor
amounts of sericite, and rare garnet. The relative
proportions of these rock types vary. The banded
paragneiss is interpreted to represent a turbidite sequence
with a source area dominated by felsic igneous rocks.

The banded paragneiss is complexly folded and
faulted. During deformation it formed an incompetent
layer, and its contacts with other units are commonly
tectonic. At and around AMG 500750, the banded
paragneiss structurally overlies and is tectonically
interleaved with K-feldspar augen orthogneiss (ERga),
and is structurally overlain by quartzite (ERq).

Quartzite (PRq)

Quartzite (PRg) is either massive or compositionally
layered, with a pervasive foliation defined by recrystal-
lized quartz grains. The unit consists of fine- to medium-
grained recrystallized quartz and various proportions of
sericite, muscovite, opaque minerals, and rutile. Quartzite
in the Connaughton Hills includes very thin intercalations
of quartz—-muscovite schist and structurally overlies
banded paragneiss.

Quartz-aluminosilicate schist (PRqa)

Medium-grained quartz—aluminosilicate schist (BRga) is
a general term used for sillimanite- or kyanite-rich
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metasedimentary rocks, which are rare. These include
quartz—garnet—sillimanite—feldspar schist east of
Mount Eva and quartz—kyanite—ilmenite(—sillimanite)
schist southeast and southwest of Mount Eva. The
former comprises anhedral porphyroblasts of garnet
and prismatic sillimanite in a medium-grained, well-
foliated groundmass of quartz, microcline, and
plagioclase. The porphyroblasts overprint the ground-
mass foliation and contain inclusions of quartz,
spinel, and sillimanite. The kyanite-bearing rocks vary
from well foliated to massive. Kyanite and ilmenite
form anhedral porphyroblasts in a granoblastic
quartz-rich matrix, but in well-foliated samples, kyanite
and ilmenite are stretched out along the foliation.
Sillimanite is a minor component of some samples and
is present as randomly orientated fibrolite in and around
kyanite.

Orthogneiss

About half of the Rudall Complex on CONNAUGHTON
is composed of orthogneiss. About half of the orthogneiss
comprises microcline—quartz—plagioclase—biotite(—
muscovite) gneiss (PRga) containing numerous augen
(deformed megacrysts) of K-feldspar.

K-feldspar augen orthogneiss (PRga)

The K-feldspar augen orthogneiss (BrRga) is the only
orthogneiss that outcrops in both the Connaughton and
Talbot Terranes. Typically it shows a strong foliation
defined by the alignment of mica; in rare cases, it
is weakly foliated (e.g. AMG 565784). Microcline augen
are often stretched out within the foliation plane, and are
sometimes recognizable only as spindles of granular
microcline. The strong mineral fabrics are the result of
an early deformation event (D,). No earlier deformation
event (D)) is evident. The protoliths to the augen
orthogneiss were mainly porphyritic biotite monzogranite
and biotite granite. Minor and accessory minerals
include zircon, garnet, titanite, allanite, apatite,
and opaque minerals. K-feldspar augen orthogneiss
(Brga) locally contains xenoliths of amphibolite (e.g.
AMG 592842).

On Rupart and ConnaucHTON, SHRIMP U-Pb zircon
dates of 1790 + 17, 1787 £ 5, 1769 £ 7, and 1765 £
15 Ma have been obtained from four samples of the
K-feldspar augen orthogneiss collected at four localities
up to 40 km apart (Nelson, 1995, 1996). The two older
dates are from highly foliated orthogneiss, and the other
two dates are from moderately foliated orthogneiss. The
correlation between decreasing intensity of foliation and
decreasing age of the augen orthogneiss possibly
indicates that the augen orthogneiss was pre- to syn-D,,
and that D, has a maximum age of c. 1790 Ma. The
1790 £ 17 Ma age, however, was from a sample
containing six populations of zircons. The youngest
population gave an age of 1790 + 17 Ma and this is
interpreted as the crystallization age of the orthogneiss
protolith. The older zircon populations gave ages that
reach a maximum of 2425 + 7 Ma, and are interpreted
to be xenocrystic.
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The augen orthogneiss (Prga), more than any other
group of felsic gneisses, forms a compositionally
coherent group, despite an intrusive age range of 1790
to 1765 Ma. This implies episodic melting of a relatively
compositionally homogeneous source region. This
orthogneiss is not restricted to the Talbot Terrane of the
Rudall Complex, but also outcrops in the Connaughton
Terrane, and it is likely that the source had a regional
extent.

Banded orthogneiss (ERgo)

Banded orthogneiss (ERgo) outcrops in the southwestern
part of ConnaugHTON and forms sheets within garnet
amphibolite and medium-grained amphibolite, or large
bodies that enclose and are interleaved with lenses of
amphibolite and quartzite. The orthogneiss is commonly
conspicuously banded, both in outcrop and on aerial
photographs. Thin layers of quartz—-feldspar—muscovite
gneiss alternate with biotite-rich gneiss, quartz—feldspar
gneiss, and gneissic pegmatite. The composition of the
gneiss ranges from granite to granodiorite. Numerous
inclusions of amphibolite and quartzite range from
centimetre scale to lenses several hundred metres long.

Chin and de Laeter (1981) published a Rb~Sr date of
1333 + 44 Ma for retrograded gneiss (their 48929 series).
They suggested that the date represented the age of
pervasive metamorphism of the Rudall Complex (our
M, event, see Metamorphism). The rocks sampled
are located between the foliated granite (Pge) and
the Throssell Group in the southern part of CONNAUGHTON,
and are apparently from an outcrop of banded ortho-
gneiss (BRgo) intruded by thin granitoid dykes.
About 4 km north of the sample site, the gneiss is
intruded by the foliated granite to monzogranite, which
contains amphibolite xenoliths and is affected by a late
deformation event (D,), but is not affected by earlier
deformation events (D,, see Structure). A sample of the
compositionally banded orthogneiss has a SHRIMP age
of 1777 +7 Ma (GSWA 113035, AMG 603680). This age
is interpreted as the crystallization age for the orthogneiss
protolith (Nelson, 1996). The geological significance of
the 1333 + 44 Ma age is therefore uncertain: it may be
the approximate age for the D, event and associated
metamorphism (M,) in the southern part of CONNAUGHTON;
the age of the foliated granite; or a meaningless
composite age of the orthogneiss modified by M,
metamorphism.

Amphibole-bearing orthogneiss (ERgh)

In Harbutt Range and northwest of Camel Rock,
amphibole-bearing orthogneiss (PRgh) is present as sheets
within amphibolite or as larger bodies enclosing blocks
of amphibolite (Prac), ultramafic rock (Bru), and chert
(BRic).

The orthogneiss (Ergh) differs from the banded
orthogneiss (Brgo) in that hornblende forms a primary
constituent. The gneiss is medium grained, equigranular,
and commonly well foliated. Plagioclase is the dominant
feldspar and biotite the dominant mafic mineral.
Hornblende is commonly rimmed by biotite, and appears
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to decrease in abundance with increasing abundance of
alkali feldspar. Accessory minerals include zircon,
allanite, titanite, and apatite. Although the gneiss
shows obvious signs of recrystallization (particularly of
quartz), granoblastic textures typical of K-feldspar
augen orthogneiss are not observed, and it is probable
that the amphibole-bearing orthogneiss has not been
metamorphosed higher than upper greenschist facies. The
protolith to amphibole-bearing orthogneiss ranged from
granodiorite to monzogranite.

Mica orthogneiss (PRgm)

Biotite-muscovite orthogneiss (PRgm) with a monzo-
granitic composition outcrops north of the Connaughton
Synform (AMG 624815). The rock is a fine- to medium-
grained, equigranular to slightly porphyritic, homo-
geneous gneiss interlayered with the K-feldspar augen
orthogneiss.

Late intrusive rocks

Late intrusive rocks are restricted to the Connaughton
Terrane.

Medium-grained foliated granite (Pge)

Non-porphyritic to slightly porphyritic, equigranular,
medium-grained granite to monzogranite (Ege) is a minor
constituent of the Rudall Complex on CoNNAUGHTON. The
unit outcrops east of South Rudall Dome (AMG 617688).
The monzogranite is massive to weakly foliated, contains
angular amphibolite xenoliths of various sizes, and
consists of quartz, microcline, oligoclase, muscovite,
biotite, and rare garnet. The unit forms a semi-circular
outcrop with a diameter of less than 2 km, and appears
to intrude the banded orthogneiss (Prgo), K-feldspar
augen orthogneiss (PRrga), and amphibolite (Brao). The
monzogranite is affected by the D, event (see Structure),
and its intrusive age may be post-D,,.

Massive to weakly foliated granitoid
(Egf, Bgl, Bgm, Egp)

Massive to weakly foliated leucocratic granitoids
comprise porphyritic (Bgf), equigranular (Bgl), or
megacrystic (Bgm) rocks, or pegmatite (Egp). Although
these rocks show some signs of recrystallization,
particularly of quartz, igneous textures are commonly
preserved and granoblastic textures, typical of many
samples of the K-feldspar augen orthogneiss, are not
observed. It is probable that the rocks have not been
metamorphosed higher than upper greenschist facies (M,
see Metamorphism). Intrusions of the equigranular
granite and pegmatite cross-cut D, fabrics. Porphyritic
granitoid is confined to a zone west of Mount Eva, while
the other granitoids are confined to the Harbutt Range
area.

Equigranular granite (Bgl) cross-cuts early (D,)
tectonic fabrics in the eastern part of ConnauGHTON. The
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rock has been partly recrystallized (M,), and is massive
to weakly foliated (S,, see Structure). A sample of the
granite collected east of the Camel-Tabletop Fault Zone
(AMG 851803) in the Tabletop Terrane has a SHRIMP
U-Pb zircon crystallization age of 1310 + 4 Ma (Nelson,
1996). The relationship between this granitoid and the
Throssell Group cannot be determined.

Samples of pegmatite (Egp), locally tectonized by a
late deformation event (D, see Structure) were collected
in the Connaughton Terrane (AMG 520062) near the
Camel-Tabletop Fault Zone. The pegmatite cross-cuts
early (D,) tectonic fabrics and has a SHRIMP U-Pb
zircon crystallization age of 1291 + 10 Ma (Nelson,
1995).

Amygdaloidal basalt (b, EPbe)

A fine-grained amygdaloidal basalt (Eb) outcrops south
of the Connaughton Synform (AMG 687863) in the
Connaughton Terrane. The basalt unconformably overlies
the Rudall Complex and is overlain by the Taliwanya
Formation of the Throssell Group. Although the latter
contact is not exposed, mafic clasts in conglomerate of
the Taliwanya Formation (AMG 700655) indicate that the
formation is younger than the basalt. The unit could be
an early sill exposed by erosion prior to deposition of
the Taliwanya Formation or the basal part of the
Taliwanya Formation. Basalt at this stratigraphic level is
unique to CONNAUGHTON.

The amygdaloidal basalt is a dark-green, non-foliated
rock consisting of altered clinopyroxene, saussuritized
plagioclase, accessory magnetite, and minor amounts of
altered orthopyroxene, olivine, and secondary amphibole.
The rock is heavily epidotized (Bbe) in places, and the
amygdales contain quartz and calcite.

Yeneena Supergroup

Williams (1990) defined the ‘Yeneena Group’ as
including three geographically separate packages of
fluvial-marine sedimentary rocks. These packages have
now been given ‘group’ status and, from west to east, are
named the Tarcunyah, Throssell, and Lamil Groups
(Williams and Bagas, in prep.). The “Yeneena Group’ has
accordingly been redefined as the Yeneena Supergroup,
but includes only the Throssell and Lamil Groups
(Williams and Bagas, in prep.). The Tarcunyah Group
unconformably or disconformably overlies the Throssell
Group (see below) and for this reason, it is excluded from
the supergroup. Both the Throssell and Tarcunyah Groups
unconformably overlie the Rudall Complex.

Chin et al. (1980) assigned rocks in the McKay Range
area to the Yeneena Group, but did not correlate it with
any particular formation. Hickman and Bagas (in prep.)
suggested that although the stratigraphic positions of
the Gunanya Sandstone and the conformably overlying
Waters Formation in the southeastern part of RUbALL were
uncertain, they were comparable to the lower part of the
‘“Western Zone succession’ (now formally named the
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Tarcunyah Group; Williams and Bagas, in prep.). These
formations lack the penetrative foliation (S,)
and greenschist facies metamorphic (M,) mineral
assemblages observed in rocks of the Throssell Group,
and may be facies equivalents of the Choorun and Nooloo
Formations of the Tarcunyah Group to the northwest
(Williams and Bagas, in prep.). The Karara Formation
(Crowe and Chin, 1979) has also been included in the
Tarcunyah Group based on its lithological, stratigraphic,
and structural similarities with the Gunanya Sandstone.

Throssell Group

In the absence of continuous outcrop, the Taliwanya
Formation (new name) and Pungkuli Formation (new
name) are tentatively included in the Throssell Group,
based on the similar tectonic fabrics, rock types,
lithological successions, and interpreted environments of
deposition. The Taliwanya Formation unconformably
overlies the Rudall Complex and is conformably overlain
by the Pungkuli Formation.

The Throssell Group can be regionally subdivided
into a basal sandstone and conglomerate unit (the
Coolbro Sandstone on THROSSELL, BROADHURST, and
RupaLL, and the Taliwanya Formation on CONNAUGHTON)
and a conformably overlying carbonaceous, pyritic,
and dolomitic shale and sandstone unit (the Broadhurst
Formation on THROSSELL, BrRoADHURST, and RuUDALL,
and the Pungkuli Formation on ConnaucuToN). The basal
unit of the Throssell Group is about 4 km thick on
BroADHURST and tens of metres thick on THroSSELL and
ConnaucHtoN. This variation in thickness was probably
controlled by the topography of the region during
sedimentation, or by growth faults. The conformably and
transitionally overlying shale unit appears to maintain its
thickness throughout the Throssell Group.

Taliwanya Formation (ETt)

The Taliwanya Formation (Brf) is here named after the
local name for the Talawana Track, in the southern part
of ConnaucHTON. The unit is the basal formation of the
Throssell Group in southern ConnAUGHTON and south-
eastern RupaALL, and is present on both sides of the
McKay Fault.

The Taliwanya Formation is up to 170 m thick and
principally composed of polymictic conglomerate and
arkosic sandstone with rare heavy-mineral bands. The
formation also contains rare thin interbeds of fine-grained
lithic wacke, siltstone, and shale, which become more
abundant towards the conformable contact with the
overlying Pungkuli Formation. The lowest beds are
commonly polymictic conglomerate containing pebbles
and boulders of quartzite, vein quartz, orthogneiss,
rare angular ironstone, and amygdaloidal basalt
(AMG 701655). The clasts are commonly rounded or
subrounded, supported by an arkosic matrix, and locally
display a crude upward fining into the overlying arkosic
sandstone. The conglomerate is lenticular and interpreted
as a channel-fill deposit. Cross-bedding and asymmetrical
ripple marks are locally preserved.
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Pungkuli Formation (BTp, PTpk)

The Pungkuli Formation (E7p) is here named after the
local name for McKay Range in the southern part of
ConnaucHTON. The formation consists of interbedded,
laminated, slightly micaceous, grey to dark-brown-black
shale, locally carbonaceous shale and siltstone, thin units
of sulfidic shale and sandstone, and minor amounts of
carbonate rocks and chert. Lenticular bedding is common
and rare wave-ripple marks are present. The Pungkuli
Formation is exposed in and north of the McKay Range.
The formation is about 900 m thick in the core of the
McKay Antiform, but Cainozoic and Permian cover
prevent an assessment of its thickness north of McKay
Range.

Light-pink, grey, to cream carbonate rock (recrystal-
lized dolarenite and dolostone) interbedded with light-
grey chert, calcareous shale, siltstone, and minor
amounts of black sulfidic carbonaceous shale and
sandstone (ETpk) are well exposed at the base of the
Pungkuli Formation in and north of the McKay Range
(AMG 536644 and 636635 respectively). Individual beds
are less than 0.3 m thick. Fine-scale cross-bedding and
flute marks (locally preserved in the interbedded
sandstone), and stromatolites (preserved in carbonate, e.g.
AMG 640633) indicate sedimentation in shallow-water
conditions. The interbedded sequence of carbonate and
clastic sedimentary rocks (E7pk) is at least 300 m thick
north of the McKay Range (AMG 636635), but thins out
at AMG 680650.

Tarcunyah Group

The Tarcunyah Group unconformably overlies the
Archaean Gregory Granitic Complex (Williams
and Trendall, in prep.), the Manganese Subgroup
(c. 1300 Ma) of the Bangemall Group (Williams and
Trendall, in prep.), and the Rudall Complex (Williams
and Bagas, in prep.). Palaeontological evidence from
stromatolites and acritarchs found in the Tarcunyah
Group indicates an age of c. 800 Ma (Bagas et al., 1995).
This implies that the Tarcunyah Group is part of
Supersequence 1 of the Centralian Superbasin (Walter et
al., 1995), and a correlative of the basal part of the Savory
Group (Williams, 1992).

The Pilbara Craton — Tarcunyah Group unconformity
is at a high angle and not tectonically disturbed, and the
basal conglomerate of the Tarcunyah Group contains
clasts from the Pilbara Craton (Williams and Trendall,
in prep.). The Throssell Group outcrops east of the
unconformity and its contact with the Tarcunyah Group
is a high-angle normal fault (the Vines Fault).

The contact between the Pungkuli Formation and the
overlying Tarcunyah Group is obscured by Cainozoic
sediments, except at AMG 593629 where highly cleaved
(S,) phyllite (Brp) is overlain by a thin granular
conglomerate at the base of the Gunanya Sandstone. The
rocks of the Pungkuli Formation are more deformed and
metamorphosed than the overlying rocks of the Gunanya
Sandstone, and the presence of a thin conglomerate at
the base of the sandstone indicates that this contact is at
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least disconformable. The Karara Formation shows a
similar relationship with the underlying Throssell Group
on Branche (Crowe and Chin, 1979). These observations
imply that deposition of the Throssell Group was pre-
tectonic and deposition of the Tarcunyah Group was
syn- to post-tectonic, with respect to the Miles Orogeny
(defined below). However, the differences in foliation
and metamorphism may also be due to structural
juxtaposition.

Gunanya Sandstone (Puu, Puup)

The Gunanya Sandstone (Buu) consists of medium- to
coarse-grained, characteristically light-pink to purple,
arkosic sandstone interbedded with thin pebbly horizons
and beds of feldspathic grit. Abundant trough cross-beds
and asymmetrical ripple marks indicate that the sandstone
was deposited by southwesterly directed currents,
presumably in a fluvial to deltaic environment.

Outliers of sandstone in the southeastern part of
ConnaucHToN are lithologically similar to the Gunanya
Sandstone in the McKay Range and the Karara Formation
on Brancee and CroniN, and have been labelled ?Puu.
Conglomerate (PUup) at the base of this sandstone is
matrix supported and contains well-sorted and rounded
pebbles of vein quartz, up to 20 mm in diameter. The
conglomerate is less than 10 m thick, lensoidal, and
upward fining.

Karara Formation (PUK)

The Karara Formation (Buk; Williams et al., 1976; Crowe
and Chin, 1979) is restricted to a small area (about 2 km?)
in southeastern CONNAUGHTON, where it unconformably
overlies sheared Rudall Complex in the Camel-Tabletop
Fault Zone. Although dominated by cross-bedded and
ripple-marked quartz arenite, the formation also includes
quartz—feldspar wacke, basal lenses of conglomerate, and
minor shale beds. The conglomerate contains subrounded
clasts with a maximum diameter of 1 m, derived from
the Rudall Complex, and fines upward to a well-bedded,
fine-grained, and distinctively pink-coloured sandstone.
The basal conglomerate is common within the Camel-
Tabletop Fault Zone, indicating that the zone may have
been an active growth fault during the deposition of the
Karara Formation under shallow-water conditions. The
Karara Formation closely resembles the Gunanya
Sandstone, and the two units are correlated here.

Minor intrusions (d), gossan (go),
quartz (q), and breccia (gb, fb)

Northerly trending dolerite dykes (d) intrude the Rudall
Complex in the southeastern part of CoNNAUGHTON, and
small pods of dolerite intrude the Rudall Complex in the
McKay Antiform. The dolerite clearly post-dates D,
and D, structures that affect the Throssell Group. No
intrusive contact has been observed in the field, although
aeromagnetic data indicate that they intrude the Throssell
and Tarcunyah Groups in the southeastern parts of
CoNNAUGHTON and BLANCHE.
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The dykes occupy late, extensional, northerly trending
fractures. Williams (1992) described similar dykes in the
then Savory Basin and implied a post-600 Ma age,
although no direct geochronology has been undertaken.
At AMG 978567 a dolerite dyke intrudes amphibolite and
mylonite (Prns). The dyke is lenticular, has a chilled
margin, is about 10 m wide, and consists of micro-
phenocrysts of plagioclase in a granular matrix of augite,
plagioclase, and opaque minerals.

Gossan or gossanous rock (go) units are limonite—
goethite concentrations formed by surface oxidation of
sulfide mineralization. Such sulfide mineralization is
either epigenetic (commonly accompanying quartz
veining) or syngenetic (developed from sulfide-rich layers
in the Throssell Group).

Silicified fault breccia (fb) is mainly associated with
late brittle faults. Examples are found on the northern
slopes of the McKay Range (AMG 487630). Angular
fragments of country rock are enveloped by a silicified
and ferruginized matrix of rock flour. Some micro-
crystalline pseudotachylyte veinlets are locally present.

Quartz veins (g) and quartz breccia (gb) are
widespread, and commonly located in faults and shear
zones. Some of the veins are limonitic, particularly along
their margins, indicating wallrock sulfidation. Other veins
contain limonite and goethite in late fractures. Some
veins contain tourmaline or rutile.

Permian geology

Paterson Formation (Pa)

Figure 2 shows the location of Permian sedimentary rocks
of the Paterson Formation, which form dissected valley
deposits. Glacial striae on the Proterozoic rocks indicate
that ice movement was northerly, as on BROADHURST and
RupaLL (Hickman and Clarke, 1994; Hickman and Bagas,
in prep.). The rocks consist of fluvioglacial sedimentary
rocks and tillite, and outcrop as isolated mesas or
partially dissected benches flanking larger hills. The
sedimentary rocks are assigned to the Paterson Formation
(Pa), previously described by Traves et al. (1956) and
Chin et al. (1980, 1982). The tillite deposits contain well-
rounded boulders, which locally exceed 5 m in diameter
and include quartzite, orthogneiss, and paragneiss from
a widely spread source region. Pink quartz arenite
observed in the southern part of CONNAUGHTON is possibly
sourced from the Tarcunyah Group.

The tillites pass upward into cross-bedded, medium-
to coarse-grained sandstone, siltstone, and mudstone,
with ripple marks and graded laminae.

Cainozoic geology

Areas of recent and active sedimentation are mapped as
Quaternary (Q). Units that contain older and significantly
dissected sediments are mapped as Cainozoic (Cz). Some
of the older sediments, such as laterite and silcrete, may
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be Tertiary or older in age (Idnurm and Senior, 1978),
but in the absence of empirical dating they have been
mapped as Cainozoic.

Most Precambrian outcrops on CONNAUGHTON show
some evidence of ferruginization, leaching, or silici-
fication, typical of lateritic profiles. Gently undulating
duricrust caps, including ferricrete or ironstone deposits
(Czl), silcrete deposits (Czz), silicified sandstone caprock
(Czzc), and extensively leached and silicified K-feldspar
augen orthogneiss (Czzg) have been recently dissected to
expose underlying bedrock. The duricrust represents
remnants of Cainozoic weathering profiles in which the
original rock structures or textures are poorly preserved.
The ferricrete grades downward into leached and
kaolinized deeply weathered rock. These sediments are
probably Tertiary in age and may represent a Tertiary
continent-wide weathering event (Idnurm and Senior,
1978).

Colluvium, sheetwash, fan deposits, and talus (Czc)
are composed of red-brown, ferruginous gravel, sand, and
silt, locally derived from a variety of sources.

Calcrete (Czk), consisting of massive, vuggy, or
nodular sandy limestone, is only a few metres thick and
found in drainage channels such as Cotton Creek.
Secondary silicification locally results in incomplete
replacement by a vuggy and opaline silica caprock. In
the northeastern part of CONNAUGHTON, calcrete of an old,
major drainage course is transgressed and overlain by seif
dunes.

Quaternary deposits

Locally derived colluvial sands, soil, and gravel (Qc)
form gently sloping scree and outwash fans. The
colluvium is weakly incised by watercourses. Extensive
colluvial fans locally grade downstream into alluvium.

Sand, containing laterite granules and pebbles
(Qp), in the western part of CONNAUGHTON produces
characteristically dark aerial photograph patterns. This
unit is a mixture of partly residual and partly transported
ferricrete granules, pebbles, and eolian sand, and
commonly overlies shale, pelitic schist, or nodular
laterite. The residual component indicates ferruginous
bedrock.

Flat to undulating sandplain (Qs) covers most of the
eastern and northern parts of ConnauGHTON. The
sandplain and seif dunes consist of dark-red eolian sand
and clayey sand. The sand is composed of iron-stained
quartz grains up to 0.5 mm in diameter. The dunes are
up to 30 m in height, many kilometres long, and have a
pronounced westerly to northwesterly orientation in the
direction of the prevailing winds. Sand movement is
confined to the dune crests, and their sides are stabilized
by a cover of spinifex and small bushy eucalypts. Some
dunes terminate on the eastern sides of outcrops or where
cut by drainage channels. The depth of the sand between
dunes is commonly less than 2-3 m, as revealed by
exposed pediments.
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Poorly developed red-earth sediments (Ow) cover the
central and western parts of ConNauGnTON. This unit is
covered with dense mulga, which grows in a distinctive
swayed pattern. The sediments have formed over mature
deeply weathered plains or after mature alluvium, and
contain varying amounts of ferricrete granules and, in
places, are calcareous.

The present drainage courses and associated flood-
plains contain alluvium (Qa), which consists of
unconsolidated clay, silt, sand, and gravel. The floodplain
deposits also contain sand and clay mixed with eolian
sands.

Playa lake deposits (Q/) consist of clay, silt, and
evaporites and are present in low-lying areas marginal
to drainage channels or at the termination of creeks
against sand dunes. Underlying the dry lake surface is a
mixture of black to brown mud, evaporites, and sand. The
dry lake surfaces are not vegetated except for seasonal
grasses and scattered eucalypts.

Structure

Previous work

Interpretations of the structural history of the Paterson
Orogen are presented by Chin et al. (1980), Myers
(1990a), Clarke (1991), Hickman and Clarke (1994),
Hickman et al. (1994), Hickman and Bagas (in prep.),
and Myers et al. (1996). The structural evolution of the
Paterson Orogen on CONNAUGHTON 18 discussed within the
general structural framework outlined by Hickman and
Clarke (1994). However, the Yapungku Orogeny has
been defined as the D, _, events, the Miles Orogeny as
the D, , events, and the Paterson Orogeny redefined as
the D, event (see Tectonic evolution).

Table 1 summarizes structures of the various
deformation events that have affected CONNAUGHTON.

Yapungku Orogeny (D, _,)

The Rudall Complex was intensely deformed and
metamorphosed between about 2000 and 1760 Ma during
two deformation events (D, and D,), collectively referred
to here as the Yapungku Orogeny. The orogeny is named
after the local name for the South Rudall Dome on
CONNAUGHTON.

D, structures

No large-scale D, structures are identified in the Rudall
Complex. Evidence for D, is preserved in banded
orthogneiss and in metasedimentary rocks, which contain
a penetrative S, foliation deformed by isoclinal F, folds
(Hickman and Clarke, 1994).

Pre-D, textures are preserved in the cores of garnets
from amphibolites on ConnauGHTON (GSWA 113016,
AMG 562674, GSWA 113019, AMG 572676; and GSWA
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113095, AMG 682664). These cores contain S-shaped
trails of fine-grained epidote, titanite, and hornblende
truncated against rims of inclusion-free garnet. They
are interpreted as reflecting garnet growth (D))
before granulite-facies metamorphism of the amphibolite
host (Fig. 4). The inclusion-free overgrowths are
interpreted as the product of the M, event (see
Metamorphism).

D, structures

The second deformation event (D,) is characterized by
tight to isoclinal, northerly to northeasterly trending folds
and layer-parallel foliation. A SHRIMP zircon age of
1778 £ 16 Ma (Nelson, 1995) was obtained from a post-
D, vein of aplite cross-cutting a ?syn-D,, ultramafic body
(BRu) that occupies a major D, fault zone on RupaLL
(Hickman et al., 1994). This relationship and the
minimum age for PrRga, which has D, fabrics, indicate a
minimum age of ¢. 1760 Ma for the D, event.

The South Rudall Dome provides the least deformed
exposure of the Rudall Complex. The dome is a doubly
plunging antiform and the result of interference between
a northerly plunging isoclinal F, anticline and a
southeasterly trending F, anticline. The northern end of
the dome plunges at about 35° to the north, whereas
the southern end plunges at about 20° to the south-
southwest. The units on the eastern and western sides dip
steeply away from the core of the dome. Preliminary
observations indicate that the F, anticline had a
subhorizontal, northerly to north-northeasterly trending
axis before the D, event.

A northerly trending fault separates amphibolite from
augen orthogneiss on the eastern flank of the dome. The
western flank is affected by minor cross-faulting, and
shows a variation in the thickness of the amphibolites.
Units near the dome show little internal deformation, and
slickensides are commonly developed on unit boundaries
as well as on joints and faults. Slip on lithological
contacts clearly played an important role during the
formation of the dome, while flattening of units was
minimal.

At Mount Cotton a doubly plunging, northerly
trending, asymmetric D, anticline is bound by north-
westerly trending D, faults that show only minor
movement. A northeasterly plunging and tectonically
disrupted D, anticline, the Wells Antiform, is possibly the
northern extension of this anticline.

Large-scale isoclinal F, folds are present in the
Connaughton Hills in the western part of CONNAUGHTON.
Here, two ridges formed by synforms of quartzite (BRg)
are separated by an antiform occupied by banded
paragneiss (PRb). Preliminary observations indicate that
these folds also had subhorizontal axes trending in a
north-northeasterly direction, before refolding and
rotation during the D, event.

The succession of amphibolite (ERab), chert (ERric),
quartz—mica schist (BrRm), and quartzite (PRg), 8 km
north of South Rudall Dome, is tectonically attenuated
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Table 1. Summary of deformation and metamorphism on CONNAUGHTON

Event and age

Structures

Metamorphism and magmatism

Yapungku Orogeny (D, ,; 2000-1760 Ma)
D, (2000-1800 Ma): regional layer-parallel

shear, direction unknown; identified on
BRroADHURST and RupaLL

D, (1790-1760 Ma): northerly-northeasterly

trending isoclinal folds and associated
thrusting

Between D, and D,: development of the
Throssell basin

Miles Orogeny (D, ; c. 1132-800 Ma)
D;: local recumbent folding affecting the
Throssell Group on BROADHURST;
deformation in response to southwesterly
directed compression

D,: regional deformation in response to
southwesterly directed compression

7D,: local deformation; west-northwest—
east-southeast directed compression after
D,; possibly related to the folding in the
Blake Fault and Fold Belt of the Savory
Sub-basin

Paterson Orogeny (D ; <610 Ma)

Dq: Brittle deformation in response to north-

northeast—south-southwest compression;
correlated with the Petermann Orogeny
600-540 Ma) of central Australia, King

S,: penetrative Jayer-parallel schistosity;
alignment of mica, quartz, and feldspar

D,:thrust zones with movement from east to west
F,: tight to isoclinal F, folds (axes were
subhorizontal and trended north-north-northeast
before D)

S,: schistosity due to alignment of mica and quartz
L,: stretching lineation within S, (Clarke, 1991)

None identified

Local faulting and quartz veining of the Rudall
Complex ~ Throssell Group unconformity

F,: upright, tight folding about northerly trending
axes; fold plunges low, mainly to the northwest
and southeast; limbs commonly sheared out

S,: axial surface cleavage inclined steeply northeast
L,: stretching lineations plunge down-dip on S,
(Hickman and Bagas, in press)

Northeasterly trending open folds, domal
structures in the Throssell Group in southern
ConnNaucHTON. Southwesterly plunging
crenulations and minor folds

D,: west-northwesterly and northwesterly striking
near-vertical strike-slip faults

S: spaced cleavage, axial to conjugate kink bands,
deforming S,

M,: amphibolite facies conditions; local
melting; granitoid intrusion

M, high-pressure amphibolite to granulite
facies; partial anatexis locally

Post-D, and pre-D, granitoids

None identified

M,: greenschist facies; locally intense
cataclasis and dynamic recrystallization

None identified

None identified

Leopold Orogeny (c. 560 Ma) in the
Kimberley region, and the 750540 Ma
breakup of Rodina (Myers et al., 1996)

along shears that juxtaposed it against K-feldspar augen
orthogneiss (PRga). This succession is included in the
Connaughton Terrane, and its contacts with the augen
orthogneiss are interpreted as major D, thrusts dipping
to the southeast. Porphyroblast tails in the augen
orthogneiss define C~S fabrics, which indicate that the
sense of movement along these thrusts was towards the
northwest. Originally the D, thrusts had a roughly north—
south strike, with movement towards the west. The
southeasterly dipping thrust along the northern boundary
of this succession marks the boundary between the Talbot
and Connaughton Terranes. Northeasterly dipping D,
faults disrupt this D, thrust contact to the east. The
southern extension of the thrust is disrupted by faults
associated with the McKay Fault. A pervasive, closely
spaced, layer-parallel schistosity (S,) is present in the
amphibolite and schist, parallel to the D, thrusts and the
axial planes of small-scale F, folds.
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Augen orthogneiss north of the Connaughton Terrane
was thrust over banded paragneiss (ErRb) and quartzite
(ERg) of the Talbot Terrane during the D, event. This
thrust dips towards the southeast and has the same sense
of movement as the thrusts further south, which mark the
contact between the Connaughton and Talbot Terranes.

The D, fabrics in the area have been folded and
crenulated by a major F, synform plunging about 65°
towards 120° (Fig. 5). This F, synform may be the
northwestern extension of the Connaughton Synform.

Ultramafic rocks on CoNNAUGHTON are largely
restricted to the Mount Eva and Harbutt Range areas,
where peridotite outcrops along D, faults that were folded
during the D, event. Therefore, the peridotite sheets were
emplaced during D, or late D,, and are apparently partly
controlled by D, shear zones.
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Figure5. Stereoscopic projection of poles to the schistose

S, foliation in fine-grained amphibolite (Brab) in the
Connaughton Terrane north of South Rudall Dome
(Schmidtequal area projection piotted on the lower
hemisphere, n=50, Greater Circle =210°%/25°W, F, =
120°/65°)

Aeromagnetic data indicate that a poorly exposed
dome, east of Harbutt Range and west of the Camel—
Tabletop Fault, is about 12 km long in a northwest—
southeast direction and about 6 km wide in a northeast—
southwest direction. Poorly exposed gneiss and
charnockite occupy the core of the dome. The surround-
ing rocks include banded iron-formation, amphibolite,
schist, and peridotite. The lithological contacts are
tectonized, and the northwesterly trending S, fabric and
D, faults (related to the Camel-Tabletop Fault Zone)
overprint the units. The dome may be the product of
F,/F, fold interference, similar to the Connaughton
Synform and South Rudall Dome.

Miles Orogeny (D, ,)

The Miles Orogeny (named after the Miles Range on
BroaDHURST) is the dominant event responsible for the
major northwesterly trending folds and faults
on CoNNAUGHTON, and does not affect the Tarcunyah
Group.

D, structures

No D, structures are recognized on CONNAUGHTON.
On BROADHURST, D, structures include reclined fold
axes striking at about 120°, thrusts, local S, cleavage
subparallel to bedding, and faulting along the Rudall
Complex ~ Throssell Group unconformity (Hickman et
al., 1994) and within the Throssell Group. In the eastern

18

part of BROADHURST, the F, fold axes and associated S,
cleavage trend about 120°. Anastomosing D, thrusting
has resulted in stratigraphic repetition, and D, structures
are crenulated by F, folds and cleaved by S, foliation.
The general orientation of the F, folds indicates a north-
easterly to southwesterly oriented compressional regime
similar to D, and therefore, both are grouped into the
Miles Orogeny.

D, structures

Chin and de Laeter (1981) reported a Rb—Sr isochron age
of 1132 +21 Ma for pegmatite veins cutting D, fabrics
in orthogneiss on RuparL. They proposed that either the
pegmatite was emplaced after the waning stages of
D,/M,, and consequent recrystallization during D,/M,
may have been responsible for resetting the Rb-Sr
isotopic system giving the younger age, or that the
pegmatite could have been generated during the earlier
part of of the D, event and not emplaced in the Throssell
Group. In either case the approximate age of the D, event
was 1132 £ 21 Ma (Chin and de Laeter, 1981).

Mineralization within the Broadhurst Formation of
the Throssell Group is hosted by D, structures. The
Broadhurst Formation is syn- to post-D, in age and has
provided Pb-model ages of between 940 and 520 Ma
(Blockley and Myers, 1990, Fletcher, I., 1993, pers.
comm.; Hickman and Clarke, 1994). The t76 model ages
alone, however, indicate that the age of galena
mineralization is about 940-820 Ma, that the minimum
age of the Broadhurst Formation is c¢. 900 Ma, and that
the D, event is older than c. 800 Ma. However, recent
Ar—-Ar studies of the Throssell Group suggest that the
minimum age for the D, event on BROADHURST and LamiL
i1s about 700 Ma (Reed, A. and Smith, S., 1995, pers.

comm.).

Several massive to weakly foliated granitoids intrude
the Lamil Group of the Yeneena Supergroup near Telfer,
and post-date structures assigned to the D, event
(Hickman et al., 1994). One of the weakly foliated
granitoids, the Mount Crofton Granite ‘Complex’, has
a Rb-Sr age of 598 £ 24 Ma (Trendall, 1974), a Pb-Pb
age of 690 + 48 Ma (McNaughton and Goellnicht,
1990; Goellnicht et al., 1991), and a SHRIMP U-Pb
zircon age of 621 &+ 13 Ma (Nelson, 1995). The nearby
Minyari monzogranite has a SHRIMP U-Pb zircon age
of 633 £ 13 Ma (Nelson, 1995). This demonstrates that
the D, event and the Lamil Group are older than
c. 630 Ma.

The dominant structures within the Throssell Group
on CONNAUGHTON are large-scale, overturned, tight,
northwesterly trending folds with a well-developed axial
planar S, cleavage. The axial planar cleavage dips
moderately to steeply to the northeast.

On RupaLL, BrRoOADHURST, and north of the McKay
Range on ConnavcHTON, F, folds are commonly
overturned to the southwest. The McKay Antiform, south
of the McKay Fault, plunges about 40° to the east-
southeast (instead of the more common southeast
direction) and has a steep northern limb and a shallower
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southern limb, which indicates overturning towards the
east-northeast. The difference in fold style may relate to
back-thrusting or local drag along the D, McKay Fault.
Alternatively, the McKay Antiform is a D, structure, as
F, folds are associated with the Vines Fault on THROSSELL
(Williams and Bagas, in prep.).

In the Rudall Complex, F, fold geometry is complic-
ated by late reactivation and interference with pre-
existing structures. The most obvious consequence of this
superimposition is that F, folds in the Rudall Complex
commonly plunge at an angle up to 65°. This is
significantly steeper than the angle of plunge of F, folds
in the Throssell Group, although plunge directions
(northwest or southeast) remain the same. An example
of this is the major synform in the Rudall Complex in
the eastern part of ConNaucHTON. Common features of
F, folds in the Rudall Complex are thrusting along the
southwestern limbs of antiforms and normal faulting
along northeastern limbs. Synclines are commonly
broader than anticlines.

Field and aeromagnetic data indicate that major
corridors of intense and anastomosing faulting or shearing
are separated by zones of folding and minor faulting. The
resulting structural pattern resembles augen structures in
gneiss. Examples are the Connaughton Synform and
structures in the Harbutt Range area. These structures are
truncated by the Camel-Tabletop Fault Zone, which is a
cataclastic Dy structure.

The Connaughton Synform is a tectonically complex
area of isoclinal F, folds and D, thrusts that have been
refolded, faulted, and rotated during the D, event. The
major structure in the area is a tight D, synform that
plunges to the southeast. An interesting feature of the
Connaughton Synform is the presence of a southeasterly
plunging F, anticline on its western side. If simple F,
folding were superimposed on a subhorizontal F, fold
trending in a northerly direction, the resulting plunge of
this refolded F, anticline would have been towards the
north. This discrepancy can be explained by a relative
anticlockwise block rotation of the anticline against the
near-vertical D, faults bounding it to the east and west.

Most of the D, faults have a lineation plunging steeply
to the northwest or southeast. The faults with the
northwesterly plunging lineations have a dextral
component of strike-slip movement and the faults with
the southeasterly plunging lineation have a sinistral
strike-slip component. As discussed above, faulting also
includes significant block rotation. The vertical
displacement of the D, faults on CONNAUGHTON cannot be
determined; however, mapping on RupaLL indicates that
vertical displacement ranges from a few hundred metres
to at least 3 km (Hickman and Bagas, in prep.).

D, structures

In the southern part of CoNNAUGHTON (AMG 640633), D,
folds and associated S, cleavage in carbonate and pelitic
rocks of the Pungkuli Formation are locally refolded and
crenulated by open folds plunging about 20° to the
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southwest. A D, syncline in the Throssell Group (8 km
east of AMG 640633), is similarly refolded by a
northeasterly trending open syncline. These later folds
are provisionally assigned to the D, event, but may relate
to a later folding event (?D,) not recognized elsewhere
in the Paterson Orogen or to transpressional folding
associated with the D, McKay Fault.

A regional reversal of the plunge of F, folds is
observed in the central part of RupaLL (Hickman and
Bagas, in prep.). This reversal is across a northeasterly
trending zone and may be the result of interference with
an open northeasterly trending anticline, similar in style
to the late F; folds observed in the southern part of
ConnauGHTON. Folds with similar orientations are noted
in the Blake Fault and Fold Belt of the Savory Group.
This folding event is referred to as the Blake Movement
(Williams, 1992), and its age is poorly constrained
between about 800 and 610 Ma (Williams, 1992;
Christie-Blick et al., 1995). The Blake Movement
occurred before the Paterson Orogeny.

Paterson Orogeny (D,)

Preliminary geochronological and biostratigraphic data
suggest that the age of the younger part of the Savory
Group (that has a D, fabric and unconformably overlies
the Tarcunyah Group in the southwestern part of RupatrL)
is about 600 Ma (Williams, 1992). This indicates that the
Paterson Orogeny (D) is younger than 600 Ma.

Major D, structures on CONNAUGHTON consist of a
conjugate set of northwesterly and west-northeasterly
striking faults and shear zones, and an associated spaced
cleavage (S,). These faults clearly post-date D, folding
and associated faulting, although they may follow pre-
existing structures. Northwesterly trending faults, such
as the Camel-Tabletop Fault Zone, display significant
vertical movement as well as dextral movements, and the
west-northwesterly trending faults, such as the McKay
Fault and minor faults in the Harbutt Range, display a -
sinistral component.

The Camel-Tabletop Fault Zone is a kilometre-scale
zone recognized in the Mount Eva area, and probably
consists of a number of closely spaced, anastomosing
faults. The Karara Formation, in the eastern part of
ConnauGHTON and western part of BLANCHE, outcrops in
the Camel-Tabletop Fault Zone. Basal conglomerates are
spread along this fault zone, which acted as a growth fault
during the deposition of the Karara Formation and before
the compressional D event. It is likely that this fault is
an early structure that was reactivated during the D,
event.

The Camel-Tabletop Fault Zone separates two
very different terranes. Aeromagnetic and field observ-
ations in the eastern parts of CONNAUGHTON and BLANCHE
(Yeates and Chin, 1979) indicate that basement rocks to
the east are Mesoproterozoic granitoids, whereas
Palaeoproterozoic orthogneiss predominates to the west.
The fault zone can be traced with airborne geophysical
data from BroapHursT to Runton (1:250 000). On RunTtOoN
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it joins the southeastern extension of the McKay Fault
and then continues to the southeast, coinciding with the
southern side of the Warri Gravity Ridge (Iasky, 1990).
This ridge separates the West Australian Craton from
continental crust to the northeast (Myers, 1993; Myers
et al.,, 1996) and is a major structure formed during the
600-540 Ma Petermann Orogeny of central Australia
(Grey, 1990; Camacho and Fanning, 1995; Walter et al.,
1995). The northern extent of the Warri Gravity Ridge
cannot be accurately traced due to the lack of detailed
geophysical data, but it appears to continue into the
Throssell Group in the eastern part of BROADHURST. This
implies that it may be a long-lived structure and that the
Connaughton and Tabletop Terranes were in contact
before deposition of the overlying Throssell Group.

The Gunanya Sandstone in the southwestern part of
CONNAUGHTON 18 extensively silicified, brecciated, and
veined by quartz and hematite along the McKay Fault.
This is a major, steeply south-southwesterly dipping fault
along the northeastern edge of the McKay Range,
associated with southwesterly trending sinistral splay
faults. The fault has truncated both the northern limb of
the McKay Antiform to the south and the contact between
the Connaughton and Talbot Terranes of the Rudall
Complex to the north. The antiform is east-southeasterly
plunging and contains a core of quartzite, schist, and
orthogneiss of the Talbot Terrane unconformably overlain
by the Throssell Group. North of the hinge zone to the
McKay Antiform, the Gunanya Sandstone is juxtaposed
against the Pungkuli Formation and the Connaughton
Terrane along the McKay Fault. This suggests that the
fault has a sinistral component of movement as well as
a vertical one. On geophysical evidence, the McKay Fault
also appears to continue to the northwest to link with the
Southwestern Thrust on RupaLt, which in turn joins with
the Vines Fault on ThrosseLL (Williams and Bagas, in
prep.). Movement on the Southwestern Thrust is
principally horizontal, with a displacement of many
kilometres (Hickman and Bagas, in prep.).

The faulted contact between the Gunanya Sandstone
and Talbot Terrane west of the South Rudall Dome dips
to the south-southwest and is a D, structure parallel to
the McKay Fault. Like the McKay Fault it is extensively
silicified, brecciated, and veined by quartz and hematite.

Collectively, the Camel-Tabletop Fault Zone and the
McKay Fault indicate maximum compression from the
north-northeast with extension towards the west-
northwest (Fig. 6), resulting in ‘escape’ of the fault block
between the two faults. The late dolerite dykes (d) have
a north-northwesterly trend and fill fracture zones that
may relate to this extension.

Metamorphism

The dominant structural and metamorphic features of the
Paterson Orogen were produced by the D, event. There
is abundant evidence that the Rudall Complex in the
southern and eastern parts of CONNAUGHTON was
metamorphosed to amphibolite—granulite facies before
deposition of the Yeneena Supergroup and the Tarcunyah
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Figure6. Cartoon showing the regional structures related

to the D, event.

Group, and that this metamorphism is related to the D,
event (Smithies and Bagas, 1997). Evidence for the M,
event is extremely scarce on CONNAUGHTON, since
subsequent tectonism and metamorphic recrystallization
were intense.

The only constraint on the timing of the M, event is
that it happened before emplacement of the post-D,
K-feldspar augen orthogneiss (Erga), and is therefore
older than 1790 Ma (the maximum age for ERga, see
Orthogneiss). The M, event relates directly to the D,
event, which deformed the augen orthogneiss. Intrusion
of the protolith to the augen orthogneiss and the D, event
occurred between 1790 and 1765 Ma (Nelson, 1995).

Greenschist metamorphism (M,) associated with the
D, event affected both the Rudall Complex and the
Throssell Group, but some greenschist assemblages in the
Rudall Complex may represent late-M, retrogression.
Peak M, occurred between c. 1132 and 800 Ma (see D,
structures).

Previous work

Chin et al. (1980) and Yeates and Chin (1979) recognized
two metamorphic events prior to deposition of the
Yeneena Supergroup. The first event, M,, was associated
with the D, event and produced amphibolite-facies
mineral assemblages. The second event, D, and M,,
was thought to be a greenschist-facies event. Later
metamorphism was of lower grade and dominated by
dynamic effects associated with their D, event (D, of this
report).

Clarke (1991) found that M, in the Yandagooge Inlier
on BROADHURST was a low-pressure event characterized
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by the assemblage andalusite—staurolite in pelitic rocks.
No evidence of M, assemblages was found on RupaLL
(Hickman and Bagas, in prep.). Clarke (1991) also
recognized a middle amphibolite-facies assemblage (M,),
and established that prevailing metamorphic conditions
in the Yandagooge Inlier of BRoapHURST peaked at
temperatures and pressures higher than 620 + 50°C and
600 £ 100 MPa respectively (G. L. Clarke, unpublished
data).

In the absence of evidence for the M, event on
RuparL, Hickman and Bagas (in prep.) assumed that most
of the medium- to high-grade mineral assemblages
related to the M, event. These included various combin-
ations of kyanite, sillimanite, staurolite, and garnet in
pelitic and semi-pelitic rocks; garnet, sillimanite,
hornblende, kyanite, and staurolite in paragneiss and
quartzite; hornblende and scapolite in amphibolite; and
grunerite and garnet in banded iron-formation.

The M, metamorphism associated with the D, event
did not exceed greenschist facies on BROADHURST
(Hickman and Clarke, 1994), RupaLL (Hickman and
Bagas, 1994), or ConnauGHTON. The effects of M, meta-
morphism are not uniformly distributed. Recrystallization
of mineral assemblages is most pronounced in zones of
deformation, but is apparent to some degree in all rocks
of the Rudall Complex and the Throssell Group. A
characteristic of M, is the overprinting assemblage of
epidote—actinolite—albite(—quartz—chlorite—calcite) or
sericite-quartz.

LB 87
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Rudall Complex

Mineral assemblages in the schist and gneiss on
ConnaucHTON reflect regional metamorphism at medium
to high grades.

Pelitic schist

Three pelitic units from CONNAUGHTON are distinctive in
terms of their metamorphic minerals, and are mapped as
micaceous quartz—aluminosilicate schist (ERga). These
are the quartz—sillimanite schist west-southwest of Camel
Rock, quartz—garnet-sllimanite—microcline assemblages
east of Mount Eva, and quartz—kyanite—muscovite—
magnetite assemblages south and southeast of Mount
Eva. These assemblages are indicative of medium to high
grades of metamorphism. The presence of kyanite reflects
moderate to high pressures. The kyanite schist southeast
of Mount Eva (AMG 699863, GSWA 115669) shows
prismatic kyanite rimmed by sillimanite (fibrolite, Fig. 7).
Much of the sillimanite lies within the foliation, but
randomly oriented fibrolite is also present, suggesting
both syn- and post-tectonic growth (with respect to the
D, event).

Gneiss

The presence of prograde garnet in charnockite (ErRnc)
and banded garnetiferous granodioritic gneiss (ERng)

31.07.98

Foliated kyanite schist, with prismatic kyanite (Ky) rimmed by sillimanite (fibrolite, Sil). GSWA sample

115669 from southeast of Mount Eva (AMG 699863). The field of view is 0.4 mm across
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CONNAUGHTON.

suggests that these rocks were recrystallized at medium
to high grades.

Mafic rocks

In the northeastern part of the Rudall Complex
on ConNnNAUGHTON, amphibolite (BRac) contains the
mineral assemblage brown hornblende—andesine—
diopside—hypersthene. The presence of brown hornblende
and hypersthene suggests high-grade metamorphism.
Garnet amphibolite (PRag) is the dominant mafic rock
of the South Rudall Dome — Connaughton Synform
area, and is characterized by the metamorphic assembl-
age hornblende—andesine—almandine or hornblende—
andesine—almandine—diopside. The presence of garnet
suggests that the assemblage formed under moderate to
high pressures and at middle to upper amphibolite facies.
In rare cases (e.g. GSWA 113016, AMG 562674; GSWA
113019, AMG 572676; and GSWA 113095, AMG
682664) the cores of garnet porphyroblasts preserve
sigmoidal trails of fine-grained epidote, hornblende, and
titanite, representing the S, foliation (Fig. 4). These
cores provide rare evidence for the M,/D, event on
CONNAUGHTON.

Distribution of M, indicator
assemblages

Figure 8 shows the distribution of prograde metamorphic
minerals on ConNaucHTON. Sillimanite is restricted to the
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northwestern part of CoNNauGHTON, and kyanite is found
in quartzofeldspathic rocks south of the sillimanite zone.
The transition between the two zones is disrupted by the
Mount Eva Thrust and the Camel-Tabletop Fault Zone.
However, the distribution of metamorphic indicator
minerals supports the hypothesis that the Rudall Complex
on CoNNAUGHTON can be divided into a northeastern
sillimanite zone and a southwestern kyanite zone.

Metamorphic conditions for M,

Quantitative assessment of the physical conditions that
prevailed during pre-D, metamorphism (Smithies and
Bagas, 1997) relies mainly on the mafic assemblages.
Representative chemical analyses of mineral phases from
these rocks are presented in Smithies and Bagas (1997).
Table 2 shows temperatures and pressures estimated using
a range of published thermobarometers.

The kyanite zone comprises the bulk of the Rudall
Complex on ConnaucHToN. Metamorphic assemblages
equilibrated at temperatures of around 780°C and
pressures of around 1200 MPa (Table 2). These
conditions are typical of high-pressure granulites. The
metamorphic minerals lie within the main regional S,
foliation, suggesting that this metamorphic event is
M,. Evidence of a metamorphic prehistory (M,) within
the kyanite zone is provided by a relict amphibolite
assemblage in the cores of some garnets in the garnet
amphibolite. The sillimanite zone comprises the
northeastern extremity of the Rudall Complex, extend-
ing from the northeastern part of RupaLL to the
southeastern part of ConnAUGHTON. Mafic rocks in this
zone equilibrated at 770-850°C (Table 2).

Pelitic schist at AMG 699863 (GSWA 115669) is
situated close to or within the boundary between the two
metamorphic zones, and shows kyanite being replaced
by sillimanite. Fibrolite rims kyanite, but the latter
remains abundant and is prismatic in habit, suggesting
that either the conditions of sillimanite crystallization
were close to the sillimanite—kyanite univariant curve or
short-lived. Since textural relationships indicate that the
sillimanite formed during the same event that foliated the
quartz—kyanite schist and peak metamorphic temperatures
appear slightly higher within the sillimanite zone, the
preserved kyanite-sillimanite relationship is prograde
rather than retrograde. This suggests that the boundary
between the sillimanite zone and the kyanite zone is an
isograd rather than a tectonic discontinuity, and that
pressures within the sillimanite zone must have
approached those at the kyanite—sillimanite univariant
curve.

Peak conditions prevailing during metamorphism of
the sillimanite zone, therefore, were in the order of 770-
850°C at about 850-900 MPa (pressures from kyanite—
sillimanite univariant curve). The change in conditions
from the kyanite zone to the sillimanite zone reflects
prograde decompression (Fig. 9) or a clockwise P~T—t
(pressure—temperature~time) path. Overthrusting of a
thick crustal slice (with at least 40 km of crust above the
level of the garnet amphibolite) is the only conceivable
way of achieving such trends (Carswell and O’Brian,
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Table 2. Pressure and temperature estimates for the M, event

Lithology and Mineral Pressure Temperature Method
GSWA sample no. assemblage (MPa) (°C)

Garnet amphibolite (BRag)

117762 gnt, hbl, plag 1150-1200 700-730 1,2,3
112980 gnt, hbl, plag 1160-1230 680-710 1,2,3
113016 gnt, hbl, plag 1240-1250 720 1,2,3
112978 gnt, hbl, plag 1200 720-730 1,2,3
117703 gnt, hbl, plag 1130-1170 730 1,2,3
113088 gnt, hbl, plag, cpx 1070-1150 730-750 1,2,3,4
119109 gnt, hbl, plag, cpx 1020-1100 740-770 1,2,3,4
Charnockite (BRnc)

115783 gnt, opx, plag 240-370 770860 5,6,7,8
Orthopyroxene- and clinopyroxene-

bearing amphibolite (BRac)

115642 hbl, plag @700 840 3
115644 hbl, plag @700 820 3
115658 hbl, plag @700 810830 3
115740 hbl, plag @700 830-840 3
Garnet gneiss (PRng)

115775 gnt, biot @700 700 9
115744 gnt, biot @700 660 9
NOTES: (a) assumed pressure gnt: garnet hbl: hornblende plag: plagioclase

cpx: clinopyroxene opx: orthopyroxene

SOURCES: I: Graham and Powell (1984)
4: Newton and Perkins (1982)
7: Lee and Ganguly (1988)

1993). Hence, metamorphic conditions during the D,
event are most consistent with collisional tectonics
involving doubly thickened crust.

Throssell Group

Greenschist facies metamorphism (M,) associated with
the Miles Orogeny has affected the Throssell Group in
the southern part of ConnaugHTON. The effects are seen
in pelites and carbonates of the Pungkuli Formation, but
not in the quartz arenites and shales of the Tarcunyah
Group. The common metamorphic features in the
Pungkuli Formation are sericite growth parallel to S,
schistosity, silica overgrowth of rounded to subrounded
quartz grains in pelite, and calcite veining parallel to and
cross-cutting S, foliation in carbonate rocks.

Economic geology

In 1971 Otter Exploration located gossans containing
subeconomic concentrations of base metals at Mount
Cotton and Camel Rock. In 1974 Newmont Limited in
a joint venture with Samin Limited, completed two
shallow diamond drillholes at Camel Rock. The drilling
totalled about 200 m in length and intersected sub-
economic concentrations of base metals and barium.

In 1977 CRA Exploration (CRAE) completed an air-
borne radiometric and magnetic survey over the

2: Kohn and Spear (1990)
5: Harley (1984)
8: Harley and Green (1982)
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biot: biotite

w

: Holland and Blundy (1994)
Bhattacharya et al. (1991)
: Indares and Martignole (1985)

XN

Rudall Complex on ConnaucHTON and in the southeastern
part of RupaLL. The targets were pegmatite, and
metamorphic- and hydrothermal-related uranium
mineralization analogous to the Alligator River region
of the Northern Territory and the Athabasca region
of northern Saskatchewan in Canada. Radiometric
anomalies were detected, but later investigations failed
to find economic mineralization, and the uranium
mineralization observed was thought to be the result of
secondary enrichment in calcrete.

127 — E,Zagn't
] - yanite zone

PRag
sillimanite zone

g
800
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Figure9. P-T grid showing the calculated peak
metamorphic conditions for various

assemblages from CoNNAUGHTON
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Newmont explored Mount Cotton and South Rudall
Dome for base-metal mineralization in 1978. Their
exploration program included geological mapping,
geochemical surveys, diamond drilling, and percussion
drilling.

The Paterson Orogen was explored for kimberlites by
CRAE during 197884, based on the investigation of
magnetic and geochemical anomalies.

In 1981 Aquitaine Minerals explored for uranium east
of Harbutt Range. Stockdale Prospecting completed a
stream-sediment geochemical survey in search of
diamonds on RupaLL and CONNAUGHTON in 1984,

Agip Australia explored the South Rudall Dome,
Wells Antiform, and Connaughton Synform during
1981-84 for base metals and uranium, and discovered
uranium mineralization in core drilled by Newmont at
Mount Cotton in 1978. CRA Exploration entered into a
‘farm-in’ agreement with Agip in 1984, but exploration
was suspended in 1987 when an Exploration Exclusion
Zone (EEZ) was imposed over the eastern part of RupaLL
and west of the Harbutt Range on CoNnNAUGHTON as part
of an Aboriginal land claim.

Since 1987 CRAE has been exploring the Rudall
Complex outside the EEZ on ConnauGHTON for uranium
and other mineral commodities and in 1991 they entered
into a joint venture with PNC Exploration. Exploration
has targeted unconformity vein-style uranium, base-metal,
gold, and platinum-group element (PGE) mineralization
using geochemistry and airborne geophysics.

Mineral occurrences

As mineral exploration on CONNAUGHTON is at an early
stage, no detailed information has been published on
the mineralization, although unpublished information
is available from company exploration reports, which
can be viewed at GSWA. Mineral occurrences are shown
on the ConnaucHTON (1:100 000) geological map
accompanying these Notes.

Geochemical investigation

GSWA mapping on ConnNaUGHTON included routine
sampling of gossans, ironstones, and sulfidic vein quartz.
The AMG locations and main geochemical characteristics
of anomalous samples, as well as the criteria used to
identify anomalous concentrations of elements, are shown
in Appendix 2.

Rare-earth elements

Anomalous concentrations of rare-earth elements
(REE) are found in gossan hosted by fine-grained
amphibolite (Brab), schist (Erm), and banded iron-
formation (BR{) about 10 km north of South Rudall Dome.
Sample GSWA 117747 is slightly anomalous
in copper (573 ppm Cu; Appendix 2), and sample
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GSWA 113000 is slightly anomalous in lead (516 ppm
Pb; Appendix 2).

Base and precious metals

Camel Rock

Camel Rock, in the northwestern part of CONNAUGHTON
(AMG 623040), is an isolated exposure with visible
copper mineralization. The rocks in the area include
regularly banded magnetite—chlorite—garnet—sericite
quartzite, metamorphosed banded iron-formation (ERi),
ankerite-rich banded iron-formation (BRri), and minor
amounts of chalcopyrite, quartz carbonate, sericite—
chlorite schist, and thin bands of medium-grained
amphibolite (Pram). The quartzite is strongly pitted after
pyrite and has minor amounts of malachite, and extensive
iron and manganese staining. The succession is tightly
folded (F,) and fold-hinge zones are strongly sheared.
Diamond drilling by Newmont in 1974 intersected copper
mineralization at depth with a maximum of 2% barium.
The richest copper mineralization, with an average of
0.43% copper, was found in a 2 m-thick stockwork of
magnetite, chalcopyrite, and pyrite veinlets in banded
iron-formation.

Newmont delineated an airborne magnetic anomaly
near Camel Rock that extends for about 8 km in a
southeast-northwest direction. The anomaly was
investigated but no major mineralization was detected.
This region is considered highly prospective for base-
metal mineralization.

Mount Cotton

Mount Cotton (AMG 594759) is a significant copper
lead—zinc—uranium prospect within the core of a doubly
plunging D, antiform that appears to continue northeast-
ward into the Wells Antiform. The mineralization is in
northeasterly trending gossanous quartz veins hosted by
garnetiferous and ferruginous schist (Erir) and banded
iron-formation (Bri). Work by Agip during 1981-84
indicates that the mineralization has maximum grades of
2% copper, 1.5% uranium, and 0.6% zinc, and contains
traces of silver and gold (Chin et al., 1980).

Wells Antiform

The Wells Antiform appears to be the northeastern
extension of the D, antiform at Mount Cotton. Sample
GSWA 117761, from ironstone in garnetiferous amphibo-
lite, assayed 2660 ppm lead. During 1981-84, Agip
sampled a malachite-stained quartz vein just east of this
locality (AMG 626792) that assayed 4.3% copper,
11 ppm silver, and 1.1 ppm gold. This area is considered
highly prospective for gold and base-metal mineraliz-
ation.

Connaughton Synform

Anomalous platinum, palladium, manganese, cobalt,
copper, zinc, phosphorus, and lead were detected
during a stream-sediment survey in the Connaughton
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Synform by CRAE in 1986. Sample GSWA 117787 of a
malachite-rich quartz vein exposed in alluvial rubble,
collected from the southern part of the Connaughton
Synform, assayed 19.4% copper, 70 ppm molybdenum,
and I g/t gold. Sample GSWA 117789 of a malachite-
rich quartz vein exposed in colluvium, from the northern
part of the Connaughton Synform assayed 4% copper,
2260 ppm lead, 445 ppm zinc, and 263 ppm arsenic. The
area is considered highly prospective for gold and base-
metal mineralization.

South Rudall Dome

The schist, carbonate, and amphibolite succession above
the prominently exposed banded iron-formation in South
Rudall Dome hosts base-metal and silver mineralization.

A poorly exposed, weakly mineralized, lenticular
gossan in the northern part of the dome (AMG 567731)
appears to have developed in a thin band of sulfidic and
graphitic schist in banded iron-formation. The gossan has
a boxwork texture after pyrite, pyrrhotite, and chalco-
pyrite and contains traces of galena and sphalerite. Rock-
chip samples collected by Agip during 1981-84 assayed
up to 1500 ppm copper.

Chrysocolla, galena, and minor amounts of malachite
are hosted by silicified carbonate veins in the southern
part of the South Rudall Dome. The veins are enveloped
by extensive silica, sericite, carbonate, and chlorite
alteration, and cross-cut poorly exposed graphitic and
micaceous schist (AMG 570697). Rock-chip samples
from costeans, analysed by Agip, had maximum grades
of 11.4% copper, 46 ppm silver, and 2.6% lead. Sample
GSWA 117728, from the same locality, assayed
16.8% copper, 300 ppm silver, and 520 ppm lead.
Drillhole samples analysed by Agip assayed 1.8% copper,
1.6% lead, 1.1% zinc, and 27 ppm silver.

Diamonds

A number of kimberlitic indicators and microdiamonds
have been detected in the region by CRAE, although no
kimberlites have yet been found. It is thought that these
kimberlitic indicators and microdiamonds probably
originated from Permian glacigene sedimentary rocks,
having a provenance to the south.

Mineral potential

The mineral potential of the Paterson Orogen became
apparent with the discovery of the Telfer Dome gold
deposit in 1971 and the Kintyre uranium deposit in 1985.
Comparisons between the Rudall Complex, the East
Alligator River region of the Northern Territory, and the
Athabasca region of Canada suggest that the potential for
discovering further unconformity vein-style uranium
deposits in the Paterson Orogen is high. The Rudall
Complex is also considered a potential source for
Palaeoproterozoic-style stratiform and stratabound base-
metal and gold deposits, and for ultramafic-related
platinum-group element mineralization.
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During the last twenty years of exploration, numerous
subeconomic (and rare economic), stratabound, fault-
controlled, vein-type mineral deposits, including gold,
base metals, uranium, and PGE, have been found
throughout the Paterson Orogen. Many of the deposits
in the Rudall Complex are hosted by carbonaceous or
sulfidic schist, are hydrothermal in origin, formed late
in the history of the complex, and are supergene-enriched
to varying degrees.

Vein-type deposits on CONNAUGHTON are commonly
hosted by sulfidic and calcareous pelites or quartz—mica
schist. They are commonly associated with chlorite,
sericite, or carbonate alteration and are probably late- to
post-D, events. Banded iron-formation and ferruginous
schist have potential for economic mineralization,
particularly near the late granitoids around and east of
the Camel-Tabletop Fault Zone.

The area north of South Rudall Dome and west of
Harbutt Range has not been extensively explored. Nickel,
chromium, and PGE mineralization may be present in the
thick, poorly exposed, layered ultramafic complexes and
serpentinite near Mount Eva. Geochemical explor-
ation shows anomalous PGE concentrations in the
Connaughton Synform. Economic concentrations of
gold, silver, base metals, and uranium are present at
South Rudall Dome, Mount Cotton, Wells Antiform,
Connaughton Synform, and Camel Rock.

The little-explored Pungkuli Formation of the
Tarcunyah Group, in the southern part of CONNAUGHTON,
contains locally sulfidic or gossanous shale and
carbonate, which could be prospective for Mississippi
Valley-type and Mount Isa-type base-metal deposits.

Water resources

Permanent and semi-permanent pools are present along
major watercourses where alluvium is sufficiently thick
and extensive to hold groundwater resources. Areas of
calcrete may contain large, although possibly saline,
groundwater supplies. Groundwater in the Rudall
Complex is likely to be restricted to shear and fault zones.
Significant groundwater supplies may be found in
fractured and sheared Gunanya Sandstone and Karara
Formation. Permian sandstone units in the southern and
northwestern parts of CONNAUGHTON may be potential
aquifers, although salinity levels are untested.

Tectonic evolution
Yapungku Orogeny

The present shape and extent of the Paterson Orogen are
primarily due to orogenic events after the Yapungku
Orogeny. Deformation in the Connaughton Terrane
may have been slightly younger as indicated by the
progressively younger thrusts eastward (Hickman and
Bagas, in prep.). This orogeny is similar in age to the
Capricorn Orogeny and is partly synchronous with the
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Strangways Orogen of central Australia (Bagas and
Smithies, 1997).

Fabrics associated with D, are poorly preserved and
restricted to bedding planes in the Talbot Terrane. On
BroapuursT and RupatL the existence of a layer-parallel
penetrative schistosity, folded by F, folds and, in places,
crenulated by a cross-cutting S, cleavage, indicates the
presence of at least one phase of regional deformation
prior to the D, event. The observation that S, is parallel
to compositional layering in the paragneiss units on
BroapHURST and RupaLL suggests that it may have formed
axial planar to large-scale reclined isoclinal folds
associated with subhorizontal thrusting (Hickman and
Bagas, in prep.). The rocks in the Connaughton Tetrane
have been extensively recrystallized during amphibolite—
granulite facies metamorphism associated with the M,
event. In this terrane the M, event is preserved only in
garnet cores contained within rocks with well-developed
D, fabrics.

The banded orthogneiss in the western part of RupaLt
contains both S, and S, fabrics and is intruded by
protoliths of the K-feldspar augen orthogneiss (Erga). No
structure younger than S, has been recognized in the
augen orthogneiss. This suggests that the emplacement
of the banded orthogneiss protolith was pre- to syn-D,,
and that the D, event occurred between 2000 and
1800 Ma. The age range for D, is synchronous with the
initial stages of the Capricorn Orogeny (1950-1830 Ma),
which formed the West Australian Craton by continental
collision of the Archaean Pilbara and Yilgarn Cratons
(Myers et al., 1996).

Hickman and Clarke (1994) established that the D,
event produced tight to isoclinal folds and a regional
schistosity (S,) in all major rock units of the Rudall
Complex. The S, cleavage has been rotated by F, folds
and is now commonly steeply inclined, principally to-
wards the northeast or southwest, but in the closures of
F, folds it commonly dips to the northwest or southeast.

The D, event is characterized by north—south oriented
isoclinal folding and faulting, overthickening of
the Connaughton Terrane, and the emplacement of
granitoids (e.g. the K-feldspar augen orthogneiss),
peridotite—dunite rocks (EPru), and gabbros (some of
PBrac) on CONNAUGHTON.

K-feldspar augen orthogneiss in the Connaughton
and Talbot Terranes is pre- to syn-D, with a crystalliz-
ation age ranging from 1790 to 1765 Ma. The augen
orthogneiss appears to relate to episodic melting of a
compositionally homogeneous source region underlying
both terranes of the Rudall Complex. The geochemistry
of the augen orthogneiss (Appendix 1) suggests a
dominantly igneous source region.

Peak regional M, metamorphism was syn- to post-
D, in both the Talbot and Connaughton Terranes. The
Talbot Terrane was metamorphosed to intermediate-
pressure amphibolite facies. The Connaughton Terrane,
however, was metamorphosed at high pressures (up
to 1200 MPa) to amphibolite—granulite facies.
The progressive deformation and high-pressure meta-
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morphism assigned to D,/M, was clearly related to
major crustal overthickening involving overthrusting,
and is consistent with a collisional orogeny driven by
plate tectonics (Smithies and Bagas, 1997). The D,
structures were probably produced by an advancing
plate from the east during continued deformation
associated with the Yapungku Orogeny, between
1790-1760 Ma. The eastern plate may be the Tabletop
Terrane or concealed beneath the Canning Basin further
to the east. The extent of deformation suggests continent—
continent collision (Himalayan-style), similar to that in
the Capricorn Orogen (Tyler, 1991).

Figure 10 is an attempt to reconstruct the Palaeo-
proterozoic tectonic evolution (i.e. the Yapungku
Orogeny) of the Rudall Complex, and depicts the
inferred positions of the various tectonic terranes. The
compression deformation began with thrust repetition of
the Connaughton-Talbot sequences, followed by major
crustal thickening and metamorphism as the now
concealed eastern crust was thrust westward.

The c. 1300 Ma magmatic event

Felsic rocks intruding the Tabletop Terrane have been
dated at c¢. 1300 Ma by PNC Exploration (Smithies and
Bagas, 1997). This magmatic event was synchronous with
granitoid emplacement in the Albany-Fraser Orogen
(Myers, 1990b) and the Musgrave Block (Camacho and
Fanning, 1995), and it is possible that they relate to a
single regional event. Clarke (1991) referred to this
magmatic episode as the ‘Watrara Orogeny’, but
correlated it with the D, event. Such correlations are not
consistent with new geochronological data, which place
the minimum age for the D, event on RupaLL at about
1760 Ma (see Structure). Therefore, it is recommended
that use of the name ‘Watrara Orogeny’ be deferred until
the significance of the ¢. 1300 Ma magmatic event is
better understood.

The possibility that this event is related to the Miles
Orogeny in the Throssell Group and that the orogeny
occurred over a long period of time cannot be discounted,
but an implication of this is that the Throssell Group may
be older than c¢. 1300 Ma and partly coeval with the
Bangemall Group. This would explain the higher
metamorphic grade of the Throssell Group, and the non-
conformable relationship between the Tarcunyah and
Throssell Groups on CONNAUGHTON.

Yeneena Supergroup and
Tarcunyah Group

Sedimentary environment of the
Throssell Group

The basal conglomerate of the Taliwanya Formation on
CONNAUGHTON is transitionally overlain by graded
sandstone, and channel-fill conglomerate is common in
the transitional zone. The conglomerate was deposited
in a fluvial environment, possibly from a braided river
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Figure 10. Tectonic model showing the evolution of the Rudall Complex during the interval between pre-2000
and1760 Ma

27



L. Bagas and R. H. Smithies

(Rust, 1981). The overlying sandstone contains unimodel
palaeocurrents and common cyclic trough cross-bedding
grading upward into planar bedded or massive sandstone
(Hickman and Bagas, in prep.). These sedimentary
features indicate that major channels were probably
formed in a fluvial—-deltaic environment (Rust, 1981). The
palaeocurrents from the sandstone also indicate that
sedimentation was from the southwest (Hickman and
Bagas, in prep.) and probably, but not necessarily, from
the Rudall Complex.

The sandstone is transitionally overlain by a shale unit
(the Pungkuli Formation on CoNNAUGHTON and the
Broadhurst Formation to the northwest). The finer grained
nature of the shale unit is indicative of a quieter
sedimentary environment. Sedimentary features of the
shale unit on ConnaUGHTON and THrosSELL (Williams and
Bagas, in prep.) indicate that it was deposited in a quiet
and restricted shallow-water environment. Hickman et al.
(1994) suggested that the Broadhurst Formation was
deposited in an anoxic pelagic environment that was
affected by periodic turbidity currents towards its base.
The turbidity currents were possibly produced by basin
subsidence (Hickman et al., 1994).

Deposition of the Throssell Group is interpreted to
have commenced in a transgressional continental
environment in an extensional regime (i.e. a rift basin).
Deposition progressed from a fluvial environment to a
deltaic shallow-water environment, probably due to
subsidence controlled by extensional growth faults. The
source of the deltaic shallow-water sediments was a
continental landmass to the west or southwest. Final
sedimentation was in a shallow-water and restricted
euxinic environment. Hickman et al. (1994) suggested
that the Throssell Group developed as a strike-slip basin
or, more probably, as a series of such basins.

In summary, present evidence indicates that the
Throssell Group was deposited in an extensional regime
(i.e. rift or sag basin) between the Pilbara Craton and the
?North Australian Craton. This was followed by
deformation (Miles Orogeny) and associated greenschist-
facies metamorphism.

Sedimentary environment of the
Tarcunyah Group

The Tarcunyah Group is a shallow-water succession
deposited in a near-shore, ?marine environment (Williams
and Bagas, in prep.). In contrast, the conglomerate at the
base of the Throssell Group is predominantly sourced
from the Rudall Complex (see above).

Palaeocurrent data from the Gunanya Sandstone and
Choorun Formation of the Tarcunyah Group support the
transport of clastic material from the southwest (Hickman
and Bagas, in prep.). Williams and Trendall (in prep.)
indicated that the Pilbara Craton was a topographic high
during the deposition of the Tarcunyah Group, and
that the present northwest-southeast trend of the group
broadly reflects the original orientation of the basin in
which it was deposited.
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Structural differences between the
Yeneena Supergroup and Tarcunyah
Group

The Yeneena Supergroup (Throssell and Lamil Groups)
and the Tarcunyah Group (Williams and Bagas, in prep.)
are commonly separated by major D, faults (e.g. the
Vines Fault, Southwest Thrust, and McKay Fault). The
contact between the Throssell and Tarcunyah Groups in
the southern part of CONNAUGHTON appears to be
unconformable (see above), and a discontinuity (fault or
unconformity) separates the Throssell and Lamil Groups
(Hickman et al., 1994). There are no direct constraints
on the age of the Throssell and Lamil Groups, other than
they are both younger than the Rudall Complex, and the
Throssell Group is older than the Lamil and Tarcunyah
Groups.

The metamorphic grade of the Throssell, Lamil, and
Tarcunyah Groups is commonly low, but in the southern
part of the Paterson Orogen the Throssell Group is
metamorphosed to greenschist facies and the Tarcunyah
Group is metamorphosed to a lower grade (Williams and
Bagas, in prep.). The regional grade of metamorphism
for the Lamil Group is not clear, but is low in its southern
exposure (Chin et al., 1982). Geochronological data
indicate that greenschist-facies metamorphism may have
occurred sometime after 1132 Ma in the Talbot and
Connaughton Terranes (see D, structures). This is
considered to be the maximum age for the Miles Orogeny
(D, ). A considerable amount of largely unpublished
isotopic data (Pb-Pb, K—Ar, and U-Pb) indicates
that hydrothermal events related to mineralization
occurred between 940 and 820 Ma in the Throssell
Group. The mineralization is hosted by D, structures,
suggesting that these hydrothermal events occurred
between 940 and 820 Ma in the Throssell Group, that
the events were syn- to post-D,, and that the D, event is
older than about 800 Ma. Therefore, the geochronological
data from the Paterson Orogen indicate that the Miles
Orogeny (D, ,) occurred sometime between 1132 and
800 Ma.

A further difference between the Throssell and
Tarcunyah Groups is the presence of a penetrative S,
foliation in the Throssell Group. These structural and
metamorphic differences suggest that the Throssell Group
has experienced an earlier deformation (D), although
each group has experienced compression in a northeast—
southwest direction. This implies that the Tarcunyah
Group may be younger than the D, event. Up to now it
has been thought that the northeasterly to southwesterly
orientated compression of the Paterson Orogen had
occurred during one deformation event (D,); however, the
evidence now points to a protracted period of episodic
deformation. Furthermore, palacontological evidence
from stromatolites and acritarchs indicate that the
Tarcunyah Group is equivalent to Supersequence 1 of the
Officer Basin (Walter et al., 1995; Bagas et al., 1995).
This suggests that the age of the Tarcunyah Group is
about 800 Ma, that the D, event was younger than
800 Ma, and the D, event was older than 800 Ma. The
Tarcunyah Group is unconformably overlain by the upper
Savory Group, which is younger than 610 Ma (Williams,
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1992; Walter et al., 1995), establishing the minimum age
for the group as older than 610 Ma.

The nature of the contact between the Throssell
Group and overlying Lamil Group remains ambiguous.
However, both groups appear to have experienced
deformation events associated with the Miles Orogeny.
If the contact is a tectonized conformity (considered the
most likely), then the Lamil Group is only slightly
younger than the Throssell Group and older than at least
some parts of the Tarcunyah Group.

Post-orogenic granitoids are present in the Lamil
Group near Telfer, where the Minyari monzogranite
(633 + 13 Ma) and Mount Crofton Granite (621 + 13 Ma)
form discrete circular to ovoid plutons (Chin et al., 1982).
Therefore, the minimum age for the Lamil Group and
the Miles Orogeny in the northern part of the Paterson
Orogen is 630 Ma.

Paterson Orogeny

Table 3 summarizes the geochronological and geological
data into a time sequence.

The last major event recorded in the Paterson Orogen
was the Paterson Orogeny (D), which reactivated earlier
structures. The D, event was also a compressional event
oriented in a northeast—north-northeast to southwest—
south-southwest direction, and was younger than 610 Ma
and possibly around 550 Ma. Myers (1990a) suggested
that the Paterson Orogen marked the collision and
combination of the West Australian Craton with sialic
crust to the northeast, between about 750 and 550 Ma.
It is inferred that this collisional event may be
synchronous with the Petermann Orogeny of central
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Australia, which occurred between 600 and 540 Ma
(Grey, 1990; Camacho and Fanning, 1995; Walter et al.,
1995); the King Leopold Orogeny of the Kimberley area,
which occurred c. 560 Ma (Shaw et al., 1992); the Wells
Foreland Basin of the upper Savory Group (Williams,
1992; Hocking et al., 1994); and the 750-540 Ma
breakup of Rodina (Myers et al., 1996).

Williams (1992) suggested that during the Paterson
Orogeny, the Wells Foreland Basin succession was
deposited in an incipient foreland basin along the
northeastern margin of the Savory Group. This orogeny
post-dates the deposition of the glacigenic Boondawari
Formation that is unconformably overlain by the foreland
basin succession.

Clarke (1991) used the term ‘Paterson Orogeny’ for
the deformation event responsible for the northwesterly
trending D, folds, faults, and associated greenschist-facies
metamorphism of the Throssell Group.

Recent authors have continued to call the D, event
the Paterson Orogeny (Hickman and Clarke, 1994;
Hickman et al., 1994; Hickman and Bagas, in prep.).
Myers (1993) stated that the tectonic features of the
Paterson Orogeny are thrusts and folds associated with
greenschist-facies metamorphism (typical of the D,
event). He also associated the Woodroffe Thrust (of the
Petermann Orogeny) in the Musgrave Block with the
Paterson Orogeny. Geophysical data indicate that
structures associated with the Woodroffe Thrust extend
to the northwest into the Paterson Orogen. These are now
recognized as Dy structures controlling the deposition of
the upper Savory Group succession and are younger than
610 Ma (Bagas et al., 1995). The D, , event is at least
older than about 700 Ma (Reed, A., and Smith, S., 1995,
pers. comm.) and younger than c. 1132 Ma.

Table 3. Summary of geochronological data relevant to the evolution of the Paterson Orogen

Age range (Ma)

Geological event

Crystallization of granitic protoliths included in the lithologically layered orthogneiss on RubALL

Deposition of the Connaughton Terrane succession and the older turbiditic/shale succession in the

Epigenetic galena mineralization in the Throssell Group, minimum age for the Broadhurst Formation

Evolution of the Savory Group (post-dating the Throssell Group, and including Supersequences 1, 3,

2015-1802
~2000-1760 Yapungku Orogeny (includes the D, and D, events)
pre-D,
Talbot Terrane
~2000-1802 D,
1801-1795 Crystallization of PRge protolith (post-dates D)
1790-1765 Crystallization of PRga, PRgd (on RupaLv), ERgm, and ERgo protoliths
pre-D, Deposition of the Fingoon Quartzite in the Talbot Terrane
17901760 D, partly synchronous with M,
1476-1286 Crystallization of post-D, and pre-D, intrusive rocks
post-D,, pre-D, Deposition of the Throssell Group
1290 Maximum age for D,/M, affecting the Throssell Group
1200 Maximum age for the Tarcunyah Group
1132 +21 Crystallization or metamorphism of pegmatite dykes, minimum age for the Throssell Group
940-820
820 Minimum age for D,
800 Possible age for the Tarcunyah Group
900-610
and 4)
630-620 Emplacement of post-D, granitoids before the Paterson Orogeny
<610

D, related to deposition of Supersequences 3 and 4 of the Savory Group, minimum possible age of the
Tarcunyah Group
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The term ‘Paterson Orogeny’ is now restricted to the
D event that post-dated the glacigenic Boondawari
Formation of the Savory Group (Williams, 1992) and
dated at c. 610 Ma (Walter et al., 1995), and is a
correlative of the Petermann Orogeny (Myers, 1990a).
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Appendix 1

Analytical data for rocks collected on ConnaugHTON

GSWA sample 115821 115831 115892 115900 115894 124805 115847 115853 115854 115893
Rock type Bgl Bgl Egl Bgl Bgf Ergh Ergh Ergh Trondhj - Brgh
Location (AMG) 830660 817682 838660 996801 851615 910707 766689 788659 788659 950619
Percentage
Sio, 74.85 75.50 75.10 75.30 55.70 67.70 63.50 68.60 73.90 65.60
TiO, 0.06 0.07 0.07 0.20 0.97 0.31 0.61 0.42 0.06 0.66
ALO, 13.27 13.34 13.10 12.53 16.55 16.50 14.70 13.68 14.43 14.95
Fe,O, 0.48 0.58 0.36 091 2.45 1.41 2.08 1.65 0.50 1.99
FeO 0.30 0.57 0.34 0.53 4.64 1.18 3.08 2.15 0.28 2.59
MnO 0.04 0.03 0.02 0.01 0.14 0.04 0.11 0.07 0.01 0.08
MgO 0.12 0.52 0.15 0.18 4.11 0.51 2.10 1.26 0.35 1.37
CaO 0.50 0.31 0.88 1.04 5.79 343 3.86 2.95 2.34 3.01
Na,O 3.99 3.92 3.82 2.82 273 4.83 3.35 3.40 545 2.76
K,0 4.75 4.87 4.94 5.65 3.51 2.62 3.92 3.76 1.51 4.28
PO, 0.02 0.03 0.02 0.02 0.41 0.12 0.18 0.10 0.01 0.21
S <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
H,O 0.25 0.19 0.03 0.08 0.11 0.06 0.10 0.13 0.05 0.08
H,0* 0.54 0.64 0.47 0.28 1.77 0.82 1.13 0.88 0.84 1.13
Co, 0.09 0.15 0.22 0.04 0.11 0.07 0.07 0.07 0.29 0.11
LO1 nd nd nd nd nd nd nd nd nd nd
Total 99.26 100.72 99.52 99.59 99.00 99.60 98.79 99.12  100.02 98.82
Parts per million

Ba 252 453 334 1296 1246 417 944 1222 567 1120
Ce 13.1 49.7 50.3 76.1 164.9 187.1 95.4 120.0 3.8 132.7
Co 2 4 3 2 29 5 18 12 2 15
Cr 5 7 7 17 71 10 71 43 10 20
Cu 38 7 5 4 28 2 15 15 10 11
Ga 19.2 20.1 17.5 17.6 26.4 21.8 23 20.3 135 21.8
La 73 22.7 36.3 389 68.6 100.9 382 56.7 2.6 61.2
Nb 17.8 18.7 2.8 2.8 17.9 9.0 16.2 16.3 1.2 15.7
Ni 11.0 3.0 2.0 3.0 43.0 2.0 31.0 17.0 6.0 14.0
Pb 23.0 23.0 36.0 30.0 21.0 54.0 36.0 41.0 64.0 28.0
Rb 227.0 169.0 187.0 185.0 175.0 52.0 187.0 131.0 34.0 146.0
Sr 15.0 57.0 43.0 93.0 298.0 100.0 264.0 244.0 124.0 170.0
Th 11.3 30.2 24.5 21.3 13.8 90.3 21.7 31.7 0.6 46.3
18) 1.7 4.6 7.7 3.4 1.9 2.5 4.5 14.2 1.8 2.3
\Y 3.0 5.0 3.0 7.0 147.0 13.0 87.0 52.0 12.0 72.0
Y 31.1 272 35.1 21.9 532 8.0 31.2 327 1.0 273
Zn 43.0 21.0 18.0 20.0 75.0 35.0 63.0 49.0 13.0 54.0
Zr 97.9 1141 136.5 147.3 308.4 791.4 193.1 215.0 112.4 306.2
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Appendix 1 (continued)

GSWA sample 115863 115865 115866 115878 115897 124806 115784 115656 115795 115797
Rock type Trondhj ERnc Bruc BRrRng Brng BRrRng PRac PRrac PRac BRrac
Location (AMG) 814638 852725 852726 817618 851722 909706 511064 663909 524059 531059
Percentage
Sio, 72.80 73.90 70.90 72.60 69.50 69.80 48.90 47.40 46.80 47.40
TiO, 0.32 0.23 0.38 0.30 0.60 0.56 0.20 0.85 0.80 0.82
AlO, 13.76 13.36 14.51 12.87 13.20 13.57 16.70 14.20 14.20 14.90
Fe,0, 1.10 0.58 1.18 0.92 1.63 1.18 1.63 1.39 1.08 1.75
FeO 0.93 1.34 1.85 1.07 2.95 2.49 5.14 9.02 945 9.16
MnO 0.02 0.08 0.08 0.04 0.09 0.09 0.18 0.23 0.18 0.19
MgO 0.52 0.51 0.80 0.36 0.87 0.81 10.15 3.93 8.09 9.36
CaO 3.72 1.48 2.28 0.98 2.39 2.00 13.90 12.90 15.00 12.70
Na,0 4.60 2.84 3.29 2.50 2.72 247 1.17 1.61 1.77 1.82
K,0 0.68 4.74 3.70 6.37 4.35 4.89 0.25 0.65 0.18 0.28
P,0, 0.08 0.08 0.06 0.07 0.16 0.14 0.02 0.07 0.10 0.06
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.05 <0.01
H,O 0.19 0.13 0.12 0.06 0.09 0.13 nd nd nd nd
H,0* 0.89 034 <0.01 0.64 0.70 0.88 nd nd nd nd
Co, 0.04 0.04 0.04 0.26 0.04 0.04 nd nd nd nd
LOI nd nd nd nd nd nd 1.71 1.69 2.98 1.60
Total 99.65 99.65 99.19 99.04 99.29 99.05 99.96 99.94 100.68 100.04
Parts per million
Ba 663 742 765 840 1 056 975 51 204 49 43
Ce 52.7 1577 69.0 264.4 524 521 <6 <6 <6 <6
Co 4 2 9 4 12 10 45 57 53
Cr 22 19 26 12 46 29 108 295 656 198
Cu 3 5 3 5 8 4 166 129 86 83
Ga 15.3 18.9 19.5 19.3 18.5 17.3 12 15 14 16
La 22 78.9 31.6 128.4 27.8 284 <3 5 4 4
Nb 4.7 10.3 2.2 20.9 44 6.0 <7 <7 <7 <7
Ni 6.0 4.0 8.0 3.0 13.0 6.0 154 186 205 105
Pb 35.0 16.0 28.0 55.0 23.0 28.0 <4 8 8 4
Rb 155.0 10.0 102.0 247.0 145.0 123.0 <2 7 2 3
Sr 128.0 459.0 178.0 138.0 125.0 105.0 111 146 145 122
Th 7.2 48.5 9.4 91.0 <0.5 <0.5 <2 <2 <2 <2
U 0.6 5.7 <0.5 8.4 <0.5 <0.5 <2 <2 <2 <2
v 22.0 19.0 30.0 14.0 50.0 41.0 157 304 234 318
Y 30.6 10.8 17.6 377 26.3 30.7 5 16 22 5
Zn 21.0 10.0 36.0 17.0 47.0 40.0 66 82 100 78
Zr 97.6 423.2 127.7 240.9 166.3 193.5 12 51 52 40
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Appendix 1 (continued)

GSWA sample 115798 115789 115792 115840 115841 115846 115885 115888 115890
Rock type ERac Eram Bram BRram Bram BRram BRram PRam ERam
Location (AMG) 544030 811686 811693 818665 818665 782690 830613 835620 838623
Percentage
SiO, 50.20 50.00 52.70 53.00 51.80 48.30 48.20 49.60 47.60
TiO, 0.35 1.81 0.46 0.43 0.42 1.21 1.33 1.50 1.51
ALO, 15.40 13.10 15.40 15.73 15.36 15.49 14.46 13.59 13.58
Fe O, 1.68 6.93 3.86 2.37 2.62 3.06 3.84 5.95 . 3.99
FeO 6.11 7.92 5.17 4.62 5.59 7.41 7.97 8.59 9.10
MnO 0.17 0.22 0.16 0.12 0.15 0.17 0.19 0.22 0.23
MgO 9.18 5.68 6.45 6.68 6.93 6.66 6.59 5.13 6.66
CaO 13.70 8.70 9.65 11.00 10.80 10.60 10.30 9.02 10.40
Na,O 1.19 2.94 1.69 1.51 1.71 2.68 242 2.54 2.37
K,0 0.44 0.65 1.34 0.63 0.49 1.16 1.26 0.47 1.35
P,O, 0.04 0.18 0.06 0.08 0.07 0.10 0.14 0.12 0.16
S 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01
H,O nd nd nd 0.13 0.14 0.20 0.21 0.18 0.12
H,0* nd nd nd 2.57 2.72 2.02 1.87 1.26 1.89
Co, nd nd nd 0.15 0.15 0.22 0.18 0.11 0.07
LOI 1.54 2.23 2.77 nd nd nd nd nd nd
Total 100.03 100.36 99.71 99.02 98.95 99.28 98.96 98.34 99.03
Parts per million
Ba 95 143 405 247 194 423 250 179 405
Ce 8 21 24 34 29 27 29 16 29
Co 45 59 45 36 40 48 52 53 57
Cr 65 87 59 76 61 108 170 44 136
Cu 132 59 73 41 75 33 92 198 151
Ga 15 19 14 19 19 22 20 22 23
La 6 12 11 17 14 12 14 7 13
Nb <7 13 <7 9 6 12 7 4 8
Ni 86 60 106 84 95 79 86 41 69
Pb 14 6 8 12 15 14 5 6 9
Rb 5 21 48 22 24 45 39 14 42
Sr 136 123 196 198 217 274 296 169 191
Th <2 <2 5 6 4 2 2 1 2
u 2 <2 <2 2 2 1 1 <0.5 1
v 213 375 204 140 149 240 232 362 290
Y 11 29 17 15 15 17 20 25 25
Zn 60 117 68 52 65 78 98 94 98
Zr 36 127 68 70 57 84 92 98 118
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Appendix 1 (continued)

GSWA sample 124804 113089 115876 115877 115886 115889 117722 117730 113096
Rock type Pram Eram Brag PRag BRrag BRrag BRag Brag ERrag
Location (AMG) 916722 675653 815629 819618 830613 843613 588741 632729 682664
Percentage
Si0, 48.40 48.50 49.00 49.10 48.20 47.40 49.30 45.50 48.50
TiO, 0.63 1.53 1.18 1.09 1.28 1.40 1.23 1.25 1.23
ALQ, 15.49 14.00 13.12 13.11 12.98 13.16 13.80 13.50 13.40
Fe,0, 4.15 4.70 4.26 2.56 3.18 4.56 391 3.01 3.28
FeO 7.33 7.53 8.40 9.39 10.10 8.94 9.16 9.30 9.19
MnO 0.20 0.19 0.19 0.21 0.21 0.21 0.20 0.22 0.19
MgO 6.97 6.00 6.62 7.18 6.28 6.11 6.93 5.49 5.80
CaO 10.80 11.20 10.90 10.30 10.50 10.20 11.10 14.20 11.50
Na,0 1.79 1.98 2.14 1.76 2.03 2.51 2.04 2.78 2.06
K,0 0.37 0.79 0.67 0.67 0.62 0.67 0.26 0.32 0.45
PO, 0.07 0.15 0.09 0.09 0.12 0.11 0.10 0.20 0.10
<0.01 <0.01 0.05 0.03 0.11 0.06 0.03 0.11 0.05
H,O 0.09 nd 0.13 0.07 0.11 0.06 nd nd nd
H,0" 2.49 nd 2.07 2.21 2.34 2.28 nd nd nd
Co, 0.07 nd 0.22 0.44 0.81 1.47 nd nd nd
LOI1 nd 2.74 nd nd nd nd 1.92 4.23 3.00
Total 98.85 99.31 99.04 98.21 98.87 99.14 99.98 100.11 98.75
Parts per million
Ba 109 304 183 119 170 151 96 120 65
Ce 29 18 15 14 16 16 <6 16 7
Co 57 54 58 59 51 58 60 -
Cr 101 111 117 131 104 98 192 169 179
Cu 3 192 146 143 88 211 200 84 217
Ga 18 17 20 21 21 22 17 17 16
La 13 6 7 6 7 7 6 11 <5
Nb 4 8 4 3 5 4 <7 <7 <7
Ni 102 78 83 82 61 62 121 107 103
Pb 13 7 10 11 7 6 5 7 7
Rb 8 31 20 25 16 19 5 7 20
Sr 136 218 304 192 229 37 196 157 172
Th 1 <2 1 1 1 1 <2 <2 <2
18] <0.5 <2 <0.5 <0.5 <0.5 <0.5 <2 <2 <2
v 227 355 286 310 337 323 397 353 383
Y 16 25 20 21 22 22 21 26 23
Zn 85 107 91 92 97 95 101 140 94
Zr 59 116 79 78 84 87 80 85 78

NOTES: Major- and trace-element analyses of mafic rocks by XRF, except FeO, which was determined titrimetrically. Trace-element concentrations of felsic rocks were determined by ICP-AES

(for Co, Cr, Cu, Ni, V, and Zn) or ICP-MS. All analyses preformed by Chemistry Centre (WA)

Localities are specified by the Australian Map Grid (AMG) standard six-figure reference system whereby the first group of three figures (eastings) and the second group (northings)
together uniquely define position, on this sheet, to within 100 m

nd: not determined

Rock type: codes are described in the text

Trondhj: trondhjemite
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Appendix 2

Analytical data for iron-rich and gossanous samples from CoNNAUGHTON

GSWA sample number Minor Major 112997 113000 113010 113012 113014 113024 113055 113059 113060 117761 117763 117787 117789
Location (AMG) anomaly anomaly 535752 564783 553680 558669 556654 575672 516579 532668 559665 624792 617798 662742 663775
Parts per million
Ag >50 >100 1 2 1 2 1 1 1 1 1 2 <l 11 10
As >100 >500 6 <4 23 29 19 6 14 <4 5 <3 5 <3 @263
Au (ppb) >100 >500 3 3 5 32 40 nd 16 i1 8 16 7 ®1 000 16
Ba >1 000 >10 000 142 62 37 77 51 705 153 117 ®1 008 21 261 343 552
Bi >50 >100 <4 <4 <4 16 <4 <4 <4 <4 <4 5 <4 @51 <4
Ce >200 >500 111 180 <6 <6 <6 132 31 <6 41 0.5 15.7 22.1 11.3
Co >500 >1 000 33 <3 12 65 <3 nd 16 36 <3 <3 70 121 18
Cr >500 >1 000 121 39 13 31 15 352 20 ®1 3559 69 7 ®1 740 25 8
Cu >500 >1 000 126 218 148 @584 4 46 67 152 23 29 108 ®194 000 ®39 900
Ga >50 >100 4 3 <3 <3 <3 20 <3 <3 5 4 7 6 4
Ge >10 >50 <3 <3 <3 <3 <3 <3 <3 <3 7 <3 <3 <3 4
La >100 >500 @200 @114 <5 <5 5 64 23 <5 21 0.4 72 8.2 6.3
Mn >10 000 >100 000 232 60 @11 050 355 <5 nd @18 260 1410 244 <5 1810 ®2 280 119
Mo >50 >100 5 13 12 2 4 <2 3 <2 2 4 1 @70 20
Nb >50 >150 29 <7 <7 <7 <7 @47 <7 <7 <7 <7 <7 <7 <7
Ni >500 >1 000 163 31 131 10 16 283 46  ®1 565 18 7 340 91 37
Pb >500 >1 000 21 @516 6 12 5 7 161 7 14 ® 660 9 13 2 260
Pd (ppb) >100 >500 nd nd nd nd nd nd nd nd nd 4 3 22 15
Pt (ppb) >100 >500 nd nd nd nd nd nd nd nd nd <2 8 6 40
Rb >100 >500 <2 <2 <2 3 <2 55 <2 <2 22 2 10 <2 2
Sb >50 >100 <4 <4 <4 <4 <4 <4 <4 <4 <4 4 <4 <4 4
Sc >50 >100 nd nd nd nd nd nd nd nd nd <1 35 2 2
Sn >500 >1 000 13 <4 7 4 <4 5 <4 <4 <4 <4 <4 29 <4
Sr >500 >1 000 39 21 23 14 45 567 76 6 37 <2 40 27 10
Ta >50 >150 nd nd nd nd nd nd nd nd nd <5 <5 <5 <5
Te >10 >50 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 7 <6
Th >50 >100 6 <2 <2 2 <2 10 <2 <2 4 <2 3 3 <2
U >50 >100 3 2 7 2 <2 2 2 5 <2 <2 <2 19 10
v >500 >1 000 89 25 88 23 50 189 53 43 164 7 173 150 63
w >50 >100 19 4 11 5 ®5] 6 <4 8 <4 <4 <4 <4
Y >100 >500 @217 19 14 37 <2 27 3] 4 23 <2 12 3 <2
Zn >500 >1 000 371 197 30 4 10 37 60 40 8 169 70 154 445
Zr >500 >1 000 230 17 12 10 5 388 39 12 32 18 32 20 16

NOTES: Trace elements in parts per million unless otherwise specified
nd: not determined
(a) minor anomaly
(b) major anomaly
Localities are specified by the Australian Map Grid (AMG) standard six-figure reference system whereby the first group of three figures (eastings) and the second group (northings) together uniquely define position, on this sheet, to within 100 m

satoN Liomupdxy YMSO

122Yys 000 001 [ HorSnvuuoy ayi Jo £80j025



8¢

Appendix 2 (continued)

GSWA sample number ~ Minor Major 113061 113069 113073 113094 117728 117739 117746 117747 117753
Location (AMG) anomaly anomaly 563583 601599 740604 682661 570697 713694 573823 560829 519837
Parts per million
Ag >50 >100 1 1 1 1 ®300 1 nd <1 <1
As >100 >500 4 <4 5 <4 49 <4 <4 3 <3
Au (ppb) >100 >500 5 4 4 nd nd nd nd 46 51
Ba >1 000 >10 000 @1 000 34 @1 115 263 <11 247 @1 140 101 @1 810
Bi >50 >100 <4 <4 <4 <4 5 <4 <4 <4 <4
Ce >200 >500 42 37 12 35 54 14 18.2 @265 @250
Co >500 >1 000 <3 <3 <3 nd 12 <3 48 42 110
Cr >500 >1 000 44 55 24 @628 16 18 170 33 18
Cu >500 >1 000 26 156 56 166 ®167 600 43 101 @573 225
Dy >3 >50 nd nd nd nd nd nd nd @34.8 @22.3
Er >5 >50 nd nd nd nd nd nd nd ®18.9 ®12.8
Eu >5 >50 nd nd nd nd nd nd nd @g.8 @52
Ga >50 >100 4 11 <3 16 <3 <3 18 <3 3
Gd >50 >100 nd nd nd nd nd nd nd ®58.9 31.5
Ge >10 >50 8 3 <3 <3 <3 <3 <3 <3 <3
Ho >10 >50 nd nd nd nd nd nd nd 7.2 5.1
La >100 >500 23 24 10 14 34 8 7.2 @270 @123
Lu >5 >25 nd nd nd nd nd nd nd 2.7 1.7
Mn >10 000 >100 000 236 ®21 150 317 nd 267 ®12 990 nd 375 5990
Mo >50 >100 3 <2 <2 <2 <2 <2 nd 2 4
Nb >50 >150 <7 <7 <7 9 <7 <7 nd <7 <7
Nd >50 >150 nd nd nd nd nd nd nd 1245 @82
Ni >500 >1 000 14 27 8 168 20 37 39 117 161
Pb >500 >1 000 12 4 13 8 @520 4 <4 63 16
Pd (ppb) >100 >500 nd nd nd nd nd nd nd 2 6
Pt (ppb) >100 >500 nd nd nd nd nd nd nd <2 <2
Pr >50 >150 nd nd nd nd nd nd nd @60 15.6
Rb >100 >500 22 4 <2 34 <2 <2 4 3 <2
Sb >50 >100 <4 <4 <4 <4 <4 <4 <4 <4 <4
Sc >50 >100 nd nd nd nd nd nd nd 9 24
Sm >50 >100 nd nd nd nd nd nd nd 48.6 18.1
Sn >500 >1 000 <4 15 <4 4 <4 <4 <4 5 <4
Sr >500 >1 000 38 28 19 165 3 33 247 12 59
Ta >50 >150 nd nd nd nd nd nd nd <5 <5
Tb >50 >150 nd nd nd nd nd nd nd 6.8 4.2
Te >10 >50 <6 <6 <6 <6 <6 <6 <6 <6 <6
Th >50 >100 5 <2 3 6 2 2 1.7 <2 <2
Tm >5 >25 nd nd nd nd nd nd nd 3 2.1
U >50 >100 <2 <2 <2 <2 4 <2 0.2 7 5
v >500 >1 000 169 120 41 336 104 27 339 73 335
W >50 >100 4 <4 5 nd <4 5 <4 20 23
Y >100 >500 25 25 5 24 18 12 21.6 @154 @203
Yb >50 >150 nd nd nd nd nd nd nd 16.7 10.9
Zn >500 >1 000 7 71 4 104 290 3 110 185 @750
Zr >500 >1 000 24 41 20 173 25 7 146 8 29
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o Qc  Colluvium—locally derived sand and gravel; in scree and outwash-fan deposits CONCBAIEM. ..o e e e e e e e e
§ Ql Playa and claypan deposits—clay and silt; saline and gypsiferous in part concealed, posttion uncertain... ——
Qp Lag and eolian deposits—sand with ferricrete pebbles and sand-sized particles o 75
A N A
) Qs Eolian sand; includes seif dunes and intervening sandy valleys thrust or reverse, showing dip
(] L Qw  Colluvial and alluvium—silt, sand, and gravel on distal outwash deposits in poorly drained areas; numerous small claypans lag L L L
o
E strike-slip, showing relative horizontal displ —
() o . _—
= Z| Fold, showing trend and plunge direction
S Czc Czk Ci Czz Czzc Czzg Y plung g
R icline: led +777
g:) anticline; exposed, conceale
2 Czc  Colluvium—variably cemented outwash talus; dissected by present drainage syncline; exposed, concealed **7* —>
E Czk Culcr‘ete—mussive, noduilur‘ and cuvernousl sandy limestone; locally silicifieq overtumed anticling; exposed, CONCealed. ... ﬁ —_
Cal Laterite—ferruginous duricrust on tops of hills; remnants of Tertiary peneplain . ’ﬁ
Czz  Silerete—siliceous caprock with angular quartz grains overturned synciing; exposed, CONCQIED. ... S
Czze Silicified sandstone cap rock with thin veneer of colluvium; restricted to tops of hills Minor fold, showing trend and plunge direction
L Czzg Leached and variably silicified granitic orthogneiss; alteration product of PRga minor anticline. S>>0
minor syncline. &>
= —
= S= minor fold, showing nature of vergence (Z, M or S profile). —o>10
E Pa PATERSON FORMATION : sandstone, claystone, conglomerate, and boulder beds; tillite and fluvioglacial deposits =2 ) . . '
i =@ Bedding, showing strike and dip
&= inclined %
7
overturned -
\ : )
| q ’ . ’go trend, from aerial photography..
‘ N Glacial strie, showing direction of ice movement.. o
| d Dolerite Way-up indicator
} q Quartz vein cross-bedding o=
| ab Quartz breccia o . Direction and sense of movement of sediment-bearing currents
fb Fault breccia and silicified rock adjacent to faults o N
| ) Gossan, or zone of gossanous rock asymmetrical fpple MATKS........cc.cevevrrrcovrrcvrrsiesssirrscins
} cross-stratification. Ead
— ) Metamorphic foliation, showing strike and dip
. 7
KARARA FORMATION : quartz arenite and quartz-feldspar wacke; minor beds of shale and conglomerate inclined =
§ vertical -4
e trend (section only) - —
s
¢ 800 Ma g GUNANYA SANDSTONE : arkose and medium- to coarse-grained sandstone; local beds of conglomerate and siltstone Cleavage, showing strike and dip
3 8
= il |' d —
'E Incline
i —
Conglomerate, sandstone, and siltstone vertcal
Lineation, showing direction of plunge
o o mineral lineation —
' ' " axis of crenulation —>0
o PUNGKULI FORMATION : shale, reddish brown to grey; minor sandstone, carbonate, and pyritic shale; metamorphosed
3 2 Airphoto lineament
=4 <]
g =4 structural trend -
> 900 Ma 3 3 Carbonate rock, grey, cream to pink and finely laminated; minor sandstone, shale, and pyritic shale; metomorphosed
gl ¢ NPRE— S
maintaine
;=_> = TALIWANYA FORMATION : arkose to arkosic sandstone, medium- to coarse-grained; local basal conglomerate cjor track
and coarse sandstone; metamorphosed THOOK. s
— — National park boundary. _
Breakaway. o L
Amygdaloidal basalt; metamorphosed Sand dune
Contour ling, 20 Metre iNterVal...........cco..vvroecersserrsrernnerneeins 52
Amygdaloidal basalt; heavily epidotized; metamorphosed Watercourse, ephemeral — 7 T
Rockhole o RH
T Abandoned (abd)
Bgp / Bgm Bgl / Bgf
..... LT i Prospect < Mt Cotton
Bgp  Pegmatite; quartz-K-feldspar-biotite-muscovite bearing; massive to weakly foliated Mineral occurrence
Bge Syenogrunﬁte and monzogramte‘; even-grained; massive to weakly foliated ‘ Geochemical anomaly from gossan assay (anomaly crieric:
13104 Ma Bgm Leucogrun!te, coar.se-gramed with K—f‘eldspur mggacrysts, musswye to weakly foliated > 1000 ppm, except for Ba > 1%; Mn > 10%; Au > 0.5 ppm) *
Bgl Leucogranite; medium- to coarse-grained; massive to weakly foliated ) A
Bgf  Granitoid rock with feldspar phenocrysts; massive to strongly foliated Arsenic s
— Barite Ba
Metamorphosed ultramafic rock; serpentinite Bismuth Bl
Cerium Ce
= — Chromium Cr
o I PRb—| BRnc BRnm BRng = Copper Cu
S PR o & Gold Au
N S L
] BRnb  Quartz-feldspar-biotite(-muscovite) gneiss z Lanthanum a
5 BRnc  Charnockite; quartz-K-feldspar-plagioclase-gamet-orthopyroxene gneiss ‘é’ Lead Pb
o BRnm  Quartz-microcline-plagioclase-biotite(-muscovite) gneiss = Manganese Mn
PRng  Quartz-K-feldspar-plagioclase-gamet(-muscovite) gneiss o "
BRns  Mylonite; quartz-sericite(-K-feldspar-plagioclase-muscovite-biotite) rock Molybdenum. 0
Niobium Nb
1765-1790 Ma PRgh / PRga | PReo | Silver. Ag
[ ] Tungsten. w
BRgh  Orthogneiss to strongly foliated granodiorite to monzogranite; hornblende-bearing; medium- to coarse-grained; Uranium u
53 generally interleaved with and containing inclusions of amphibolite Yitrium Y
é BRgm  Leucocratic, muscovite-rich orthogneiss derived from medium-grained granite Zinc. Zn
§ BRga  Orthogneiss derived from porphyritic biotite granitoid rock; generally contains K-feldspar augens
= BRgo  Compositionally layered orthogneiss derived from fine- to medium-grained granite or monzogranite;
3 alternating biotite- and feldspar-rich layers; lenticular inclusions of mafic rocks
IS
g
£ BRs BR B
¢ 4 ~BRgm PRqa
S
2 BRs  Psammitic paragneiss; includes fine-grained quartz-feldspar-muscovite gneiss, quartz-mica schist, and layers of quartzite
=
g BRq  Quortzite; commonly micaceous; thin intercalations of quartz-muscovite schist
B PRgm  Muscovite quartzite; subordinate intercalations of quartz-muscovite schist
f PRqa  Quartz-aluminosilicate schist; quartz-kyanite-ilmenite schist, quartz-sillimanite-K-feldspar schist, and quartz-sillimanite-K-feldspar-garnet schist
=
£
S| E—m | n oo/ f BRk
5 : / erc / BRI
=
oc
BRb  Banded paragneiss containing layers of quartz-feldspar(-biotite) gneiss, quartz-biotite schist, micaceous quartzite,
quartz-muscovite schist, and amphibole-chlorite schist
BRm  Quartz-mica schist; metamorphosed argillaceous sedimentary rock L’:
BRi Metamorphosed banded iron-formation, metachert, and pyrite-graphite schist GN
BRic Metachert and locally metamorphosed banded iron-formation MN
BRir Graphite-quartz-garnet-biotite-sulfide schist and metamorphosed banded iron-formation; minor metachert
PRk Calc-silicate gneiss and schist; metamorphosed carbonate rock and calcareous sandstone
GRID / MAGNETIC
o ANGLE 22°
BRan - BRab BRae BRam BRao BRac ~/ PRag
- ) . ) . . . . GRID
BRan  Amphibolite; leucocratic, coarse- to very coarse-grained, plagioclase-amphibole rock; massive to foliated; meta-leucogabbro and meta-anorthosite CONVERGENCE
BRab  Epidote and quartz-bearing amphibolite; fine-grained 01°
BRoe  Amphibolite; mesocratic to leucocratic, silicified and epidotized; foliated
PRam  Clinopyroxene and quartz-bearing amphibolite; foliated and locally gneissic
BRao  Gamet, clinopyroxene and quartz-bearing amphibolite interleaved with granitic gneiss (PRgo); foliated
BRac  Orthopyroxene and clinopyroxene-bearing amphibolite; massive to foliated and locally gneissic
L L PRag  Gamet, clinopyroxene, and quartz-bearing amphibolite; foliated and locally gneissic _
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