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Abstract
The geology, evolution, and metallogenic potential of the Mesoarchaean Mosquito Creek Basin remains poorly understood, despite the presence
of several orogenic gold deposits. The basin is dominated by medium- to coarse-grained, poorly sorted and chemically immature sandstone and
conglomerates, characterised by very high Cr/Th, high Th/Sc, and low Zr/Sc relative to average continental crust. These features are consistent
with the presence of significant mafic rocks in the source terrain(s), a limited role for sediment recycling, and deposition in an increasingly distal
passive margin setting on the southeastern edge of the Palaeo- to Mesoarchaean East Pilbara Terrane.
New U–Pb SHRIMP data on 358 detrital zircons indicate a conservative maximum depositional age of 2972 + 14/−37 Ma (robust median; 96.1%
confidence). Zircon provenance spectra from conglomeratic rocks near the base of the unit are consistent with substantial derivation from the East
Pilbara Terrane, but finer-grained sandstones higher in the stratigraphy appear to have been sourced elsewhere, as their zircon age spectra are not
well matched by any of the exposed Pilbara terranes.
The Mosquito Creek Basin was deformed before and during collision with the northern edge of the Mesoarchaean Kurrana Terrane, which resulted
in the development of macroscopic north-verging folds, thrust faulting, and widespread sub-greenschist to greenschist facies metamorphism. This
collisional event probably took place at ca. 2900 Ma, based on two identical Pb–Pb model ages of 2905 ± 9 Ma from epigenetic galena associated
with vein-hosted gold–antimony mineralization. The metallogenic potential of the Mosquito Creek Basin remains largely unevaluated; however,
the possibility of a passive margin setting and continental basement points to relatively limited potential for the formation of major orogenic gold
deposits.
© 2007 Elsevier B.V. All rights reserved.
Keywords: North Pilbara Craton; Archaean; Mosquito Creek Formation; Detrital zircon geochronology; Geochemistry; Orogenic gold

1. Introduction
Turbidite-hosted orogenic gold deposits are well documented
throughout the world. Examples are Palaeoproterozoic deposits
in the Granites–Tanami Orogen of Northern Australia (Bagas
et al., 2007), and Palaeozoic deposits of southeastern Australia
(e.g. Bierlein et al., 2001, 2004), New Zealand (e.g. Christie and
Brathwaite, 2003), and North America (Goldfarb et al., 1997,
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1998; Böhlke, 1999; Bierlein et al., 2004). However, very little
has been published on Mesoarchaean deposits. Examples are
the epizonal deposits in the Mosquito Creek Basin (MCB) of
the Archaean North Pilbara Craton that have produced over 8 t
of gold (Ferguson and Ruddock, 2001).
Alluvial gold was discovered in the MCB near Nullagine
township in 1886 and gave impetus for further exploration for
gold and other precious metals in the region (Fig. 1), which
continues to this day (Noldart and Wyatt, 1962).
Since the 1980s, various research groups have proposed
that the structural history of the area involved either horizontal
compressional tectonics, or invoked a range of diapiric models for the emplacement of Archaean granitic complexes (Van
Kranendonk et al., 2002; Blewett et al., 2002, and references
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Fig. 1. Regional geological setting of the North Pilbara Craton.

therein). Hickman (1984) interpreted the MCB to have formed
through subsidence during the later stages of granitic diapirism
in the East Pilbara Terrane (EP), whereas Eriksson et al. (1994)
interpreted it as a forearc basin and accretionary complex situated to the north of a subduction complex. Tyler et al. (1992)
interpreted the Kurrana Shear Zone as a suture between two
distinct terranes (Fig. 2), which amalgamated between 3000
and 2760 Ma. Krapez and Eisenlohr (1998) suggested that the
MCB was equivalent in age to the ca. 3240 Ma Gorge Creek
Group in the EP. By contrast, Witt et al. (1998) interpreted
the MCB (Maitland, 1908; Noldart and Wyatt, 1962; Hickman,

1983, 2001) to be contemporaneous with the Mesoarchaean
De Grey Supergroup (Van Kranendonk et al., 2004, 2007;
Fig. 1).
This study presents new constraints on the age and provenance of the Mosquito Creek Formation based on SHRIMP
U–Pb dating of detrital zircons, which was documented as a
preliminary report including limited geochronological data by
Bagas et al. (2004). Zircons are durable and can survive the
processes of weathering and erosion, are largely unaffected
by metamorphism below amphibolite facies, and can survive
transport over distances of many hundreds or even thousands
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Fig. 2. Simplified interpreted bedrock geological map of the Mosquito Creek Basin and surroundings (modified after Bagas, 2005).

of kilometres (e.g. the Amazon deltaic fans of South American with sediments derived from the Andes). Examples of the
longevity of zircons are documented for the ca. 4370 Ma detrital zircons from Palaeoproterozoic conglomerate at Jack Hills
in Western Australia (Wilde et al., 2001; Harrison et al., 2005),

and Archaean zircons in Carboniferous metasedimentary rocks
from Patagonia in South America (Augustsson et al., 2006). The
distribution of U–Pb ages of detrital zircons can also give valuable clues to source regions for sedimentary rocks (e.g. Catalá
et al., 2004; Cawood et al., 2004), even though the rocks studied
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are Archaean. This aspect is particularly interesting considering that the rocks in the MCB are late Mesoarchaean in age and
are generally metamorphosed to sub-greenschist facies, and that
the MCB might also represent one of the earliest examples of a
Mesoarchaean accretionary margin.
The formation of orogenic gold deposits can be considered
an almost logical consequence of accretionary tectonics (e.g.
Goldfarb et al., 2001). However, there is enormous variation
in the overall endowment of orogenic gold provinces within
this framework, and in the distribution of particularly large
deposits (e.g. Bierlein et al., 2006). A critical factor for anomalously well-endowed orogenic gold provinces is thickness of the
subcontinental lithospheric mantle (SCLM) beneath a province
during gold mineralization, as they are more likely to develop
in orogens with high heat flux related to subducted oceanic
or thin continental lithosphere, rather than thick continental
lithosphere (Bierlein et al., 2006). Conversely, orogens with protracted pre-mineralization crustal histories are more likely to be
characterised by a thick SCLM that is difficult to delaminate and,
hence, such provinces will normally be poorly endowed. The
temporal and spatial distribution of orogenic gold deposits in
the MCB can, therefore, contribute substantially to understanding late Mesoarchaean plate tectonic processes in the Pilbara
Craton. Such knowledge, in turn, will aid the formulation of conceptual exploration strategies, and provide important insights
into the evolution of the crust and deeper mantle processes
that controlled the formation of orogenic gold deposits in the
MCB.
2. Regional geological setting
The Pilbara Craton has an exposed area of about 183 000 km2 .
The craton comprises Palaeo- to Mesoarchaean (3655–2830 Ma)
granite–greenstone successions of the North Pilbara Craton, and
the unconformably overlying Neoarchaean to Palaeoproterozoic (2770–2400 Ma) volcanic and sedimentary formations of
the Hamersley Basin (Thom et al., 1973; Lipple, 1975; Ingram,
1977; Hickman, 1983; Blake, 1993). Thorne and Trendall (2001)
and Van Kranendonk et al. (2002) summarized the stratigraphy
of the North Pilbara Craton and Hamersley Basin, respectively. Hickman (1983) grouped the older granite–greenstone
belts of the North Pilbara Craton into the Pilbara Supergroup,
and Hickman (2004) and Van Kranendonk et al. (2007) subdivided the North Pilbara Craton into the ca. 3270–2920 Ma
West Pilbara Superterrane (WPS), ca. 2790 Ma Mallina Basin,
ca. 3650–2830 Ma EP, MCB, and the Kurrana Terrane (Fig. 1).
Many of the successions are separated by regional unconformities or disconformities, and generally dip and young away
from granitic complexes that range in age from 3650 to 2850 Ma
(Smithies and Champion, 1998; Nelson et al., 1999). The
Mallina Basin developed around 2970 Ma over the boundary
between the EP the WPS (Fig. 1). The Hamersley Basin unconformably overlies these successions in the south, or forms
outliers in the North Pilbara Craton (Trendall, 1990; Blake,
2001).
Hickman (1983) grouped the oldest volcano-sedimentary
rocks across the North Pilbara Craton into the ‘Archaean Pil-

bara Supergroup’. Hickman (1990) and Van Kranendonk et al.
(2004) again modified this stratigraphic nomenclature to include
the Mosquito Creek Formation, the Lalla Rookh Sandstone,
and the Mallina Formation in the ca. 3020–2920 Ma De Grey
Supergroup. The Mallina Basin contains turbidite-hosted lodeAu deposits associated with sericite–carbonate–pyrite alteration
assemblages, lode-Au deposits associated with pyrophyllitebearing alteration assemblages, and lode Sb–Au deposits
(Huston et al., 2002a). The mineralization in this basin formed at
about 2900 Ma. There are many similarities between these basins
included in the De Grey Supergroup. Similar ‘late-stage basins’
are also present in other greenstone belts of Precambrian and
Phanerozoic ages throughout the world (e.g. Krapez et al., 2000).
However, as emphasised recently by Krapez (2007), it would
be “unwise to simply export either the physical characteristics
of these basins or their tectonic significance to other orogens”. Rather, detailed stratigraphic analysis of those orogens is
required before any generalisations can be made between them
and their proposed correlatives, or analogues. Consequently, we
are only just beginning to understand the significance of latestage basins and their role in the sitting of orogenic gold deposits
(Krapez, 2007).
The De Grey Supergroup was deposited in a number of
isolated but broadly contemporaneous clastic sedimentary packages across the North Pilbara Craton (Fig. 1). The supergroup
includes rocks of the Mallina Basin in the northwest, Paradise
Plains Formation in the north, Lalla Rookh Sandstone in the
central part of the EP, and the MCB in the southeast (Fig. 1)
that comprises the Coondamar Formation and the conformably
overlying ca. 2970 Ma Mosquito Creek Formation (Bagas, 2005;
Farrell, 2006).
In the southeastern part of the EP, the domical McPhee and
Yilgalong greenstone belts shown in Fig. 1 comprise dominantly
greenschist facies volcanic rocks of the Warrawoona Group,
which are intruded by ca. 3315 Ma granitic rocks. To the south
of the McPhee and Yilgalong greenstone belts, the Warrawoona
Group is unconformably overlain by, or faulted against, the
MCB. The EP and MCB are intruded (and stitched) by the
ca. 2770 Ma Black Range Dolerite Suite and the ca. 1800 Ma
quartz syenite—quartz monzodiorite bodies of the Bridget Suite.
They are also both unconformably overlain by the ca. 2770 Ma
Fortescue Group of the Hamersley Basin.
The exposed part of the MCB is approximately 60 km long
in a E–W direction and 30 km wide (Fig. 1). The Kurrana Terrane is exposed to the south of the MCB and locally includes
the ca. 3199–3178 Ma Golden Eagle Orthogneiss, and the posttectonic ca. 2838 Ma Bonney Downs Granite (Bagas, 2005).
The Golden Eagle Orthogneiss is a strongly deformed, amphibolite facies, lithologically layered orthogneiss consisting of
foliated protoliths of biotite-bearing monzogranite, granodiorite,
and tonalite interlayered with lenses of amphibolite, ultramafic
schist, and quartz–mica schist. The Bonney Downs Granite
is included in the Split Rock Supersuite that is characterized by post-tectonic tin–tantalum–lithium–beryl-bearing ca.
2890–2830 Ma granitic rocks in the North Pilbara Craton (Van
Kranendonk et al., 2004), and which are characterized by pronounced radiometric signatures.
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3. Mosquito Creek Basin
The Mosquito Creek Formation is a succession of Archaean
siliciclastic rocks that occupies much of the central part of the
MCB in the northern part of the Archaean Pilbara Craton of
Western Australia (Fig. 1). The formation is multiply deformed
and has been metamorphosed under low-grade (sub-greenschist
to greenschist) conditions. The MCB is wedge-shaped in crosssection (Fig. 2), as interpreted from a GSWA gravity study (S.
Shevchenko, written communication, 2004), and is separated
from ca. 3200 to 2840 Ma orthogneiss and granites in the Kurrana Terrane by the Kurrana Shear Zone (Bagas, 2005; Fig. 2).
The >1 km thick Coondamar Formation is exposed at the
base of the MCB, its age is poorly constrained between ca.
3200 and 2938 Ma (Bagas, 2005), and it is exposed along the
faulted northeastern and southern margins of the basin (Fig. 2).
In the northeastern part of the basin, the formation consists of
lithic sandstone containing subangular to subrounded basaltic
clasts. In the southern part of the basin, the formation consists
of chloritic metasedimentary rocks, metachert, metagabbro, and
metamorphosed mafic and ultramafic volcanic rocks. The composition of these rocks and their location at the base of the basin
suggest that the Coondamar Formation formed during a period
of crustal extension.
The conformably overlying Mosquito Creek Formation represents the remainder of the MCB succession (Figs. 1 and 2).
The total thickness of the formation cannot be accurately determined owing to the lack of suitable marker units, and because
its top is not exposed. Hickman (1983) proposed that the entire
MCB succession is about 5 km thick, but this is probably an overestimation due to tight folding and structural repetition. These
difficulties preclude construction of a rigorous lithostratigraphic
column; however, Fig. 3 is a schematic representation of the main
features of the succession.
Along the northwestern and northern edge of the basin,
the basal ∼200 m of the Mosquito Creek Formation is faulted
against the EP and consists of a succession of interbedded conglomerate, coarse-grained sandstone, siltstone, and shale that
unconformably overlies, or is in faulted contact with, the EP
(Fig. 3). Individual conglomerate beds are lenticular channel
deposits around 10 m thick, and contain rounded greenstone
clasts of rocks that are commonly found in the EP. These
clasts include vein quartz, chert, and basalt, and rare felsic
volcanic rocks up to about 200 mm in diameter, in a poorly
sorted sandstone matrix. The conglomerate beds are coarse
grained, and are sometimes interbedded with cross-bedded pebbly sandstone. The sandstone is moderately sorted, containing
subrounded chert and quartz pebbles, and well-rounded to subrounded grains of quartz, chert, white mica, feldspar, and rare
biotite.
Conglomerate beds in the southwestern part of the MCB are
lenticular. They are interbedded with, and overlie, wacke, siltstone, and shale successions. These beds do not appear to be
close to the base of the Mosquito Creek Formation, as suggested
by Noldart and Wyatt (1962), and possibly represent deposition
associated with syndepositional movement along the Middle
Creek Fault (Fig. 2). The conglomerate fines upwards and grades

Fig. 3. Partial and simplified stratigraphic section of the Mosquito Creek Formation (modified after T.S. Blake, quoted in Eriksson et al., 1994).

into a succession comprising interbedded wacke, siltstone, and
shale, which forms the bulk of the upper part of the Mosquito
Creek Formation.
The progradational character of the basal conglomerate and
sandstone was interpreted by Eriksson et al. (1994) to be con-
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sistent with a fan-delta depositional system, but no evidence
of wave- or tidal-influences has been documented. Eriksson et
al. (1994) further argued that the progradational trend of the
Mosquito Creek Formation as a whole suggests that it represents the response to either gradual, step-like falls in sea level,
or increasing tectonically driven source-region uplift and basin
subsidence.
The upper part of the Mosquito Creek Formation consists of
thinly bedded sandstone interbedded with siltstone and shale,
and has been metamorphosed at sub-greenschist to lower greenschist facies (Bagas, 2005; Farrell, 2006). The sandstone beds are
typically fine- to coarse-grained, well graded, and the only tractional structures observed are a weak horizontal lamination and
rare ripple marks. Sandstone beds typically have a sharp base,
with localized scour structures, and the lack of hummocky crossbedding suggests a deep-water depositional environment. The
contact with overlying siltstone and shale is commonly gradational, and full Bouma cycles are locally present. The sandstone
contains a variety of angular to subrounded clasts of quartz,
feldspar, chert, intraformation sandstone and shale, and rare felsic igneous rocks and quartz–sericite schist, in a finer-grained
pelitic matrix. The matrix characteristically consists of metamorphic white mica, chlorite, carbonate, rutile, very fine-grained
disseminated pyrite, and quartz, with detrital grains of quartz,
white mica, and feldspar. The sandstone beds are commonly
graded and form either thin interbeds with siltstone and shale
or massive graded beds up to 2 m thick. Siltstone and shale are
laminated or thinly bedded, and well cleaved. They constitute
a significant, although poorly exposed, part of the formation.
In places, these rocks contain fine cross-bedding and sole
marks (Fig. 4), and elsewhere graded beds have irregular bases
with flame structures associated with hydroplastic disruption of
the underlying shale (Fig. 5). The sandstone is recrystallized
to micaceous hornfels, close to intrusive rocks of the Bridget Suite, with cordierite and andalusite porphyroblasts in a
granoblastic matrix containing quartz, biotite, muscovite, and
feldspar.
Eriksson et al. (1994) classified the sandstone of the Mosquito
Creek Formation as lithic wacke and lithic sandstone.

Fig. 4. Finely cross-bedded, sole marked, and fine-grained sandstone interbedded with siltstone, and shale of the Mosquito Creek Formation (MGA 203775E
7571020N). Photograph taken looking southward.

Fig. 5. Graded and cross-bedded sandstone with a flame-structure at its irregular
base. The flame structure is associated with a hydroplastic disruption of the
underlying dark-coloured shale (MGA 203775E 7571020N).

3.1. Deformation events in the Mosquito Creek Basin
At least five phases of deformation (D1–5 ) are recognized in
the MCB (Table 1). Structures in the basement and deformation
events that predate the formation of the MCB are discussed by
Van Kranendonk et al. (2004) and are not considered in the
following.
3.1.1. D1–2 (between ca. 2972 and 2905 Ma)
A strong layer-parallel schistosity or cleavage (S1 ) is present
in all rocks of the MCB. The schistosity in the Coondamar
Formation trends east to northeast with a bedding–cleavage
intersection lineation (L1 ) that plunges steeply to the north.
A weak down-dip mineral lineation (L1 ) is present in places,
and this commonly plunges about 50◦ northeast (e.g. at MGA
212350E 7567800N). The intensity of the D1 deformation and
grade of regional metamorphism decrease northward towards the
Middle Creek Fault (Fig. 2). These features and the observation
that S1 is parallel to compositional layering suggest that D1 may
represent an extensional deformation event in a northerly direction involving westerly striking normal shearing at the contact
between the Kurrana Terrane and the MCB along the Kurrana
Shear Zone.
Rare isoclinal and reclined F2 folds are preserved in the
Coondamar Formation (Fig. 6). Where observed, the axes of
the F2 folds, which are defined by folded S0 and S1 (Fig. 6),
plunge shallowly northwards, and the folds commonly verge to
the east, suggesting west-over-east thrusting. The age of these
events are not well constrained, but are bracketed by the maximum age for deposition of the Mosquito Creek Formation
(2972 + 14/−37 Ma; see below) and the ca. 2905 Ma age of the
D3 event (see below).
3.1.2. D3 (ca. 2905 Ma)
Structures assigned to the D3 event include regionally significant, east-northeasterly trending, shallowly and commonly
doubly plunging, open to isoclinal folds and chevron-like or
angular folds (Fig. 7), penetrative slaty cleavage (S3 ), SSE-overNNW thrusting and reverse faults, and mineralized faults that
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Table 1
Deformational events recognized in the Mosquito Creek Basin (after Bagas, 2005; Farrell, 2006)
Event Age (Ma)

Structures

Tectonics

Comments

D1

S1 fabric, steeply plunging mineral lineation

Early ?extensional faults trendling
westward
West-over-east thrusting

Metamorphic peak between D1 and D2

SSE-over-NNW thrusting and
reverse faults

Steepening of faults in centre and south
(back ?rotation). Probably correlates with
the main fabric in the Mallina Basin. Faults
associated with this event host Au and base
metal occurrences in MCB (Blewett et al.,
2002). Disruption of metamorphic isograds
late in D2 . Possible reactivation of late-D2
thrust faults. Post-dates BDG(a) in KT(b)
Last widespread event. Conjugate
crenulation cleavages (trending 000–020◦
and 040◦ )
Probably in response to NE–SW
compression

D2

Between ca. 2972
and 2905
Between ca. 2972
and 2905

D3

ca. 2905

Rare isoclinal and reclined F2 folds plunging
shallowly northwards and commonly verge
to the east
Major ENE–WSW folds, S2 penetrative
slaty cleavage, NNW–SSE thrusting,
crenulation lineation, weak NNW-plunging
mineral lineation

D4

Between 2905 and
2765

North–south kink folds and kink bands,
upright local crenulation cleavage (S4 )

D5

<2717

Steeply dipping faults
5a. North to northwest
5b. West to northwest

East–west shortening

5a. Step down to east (oblique slip)
5b. Sinistral (north side up)

a: Bonney Downs Granite; b: Kurrana Terrane.

are generally parallel to the axial trace of F3 folds. During this
event, F2 folds are refolded by folds related to D3 (Fig. 8) that
deform the Kurrana Shear Zone and modify the S1 foliation.
The F3 folds are associated with vertical to steeply dipping axial
planar fabrics defined by a spaced cleavage (S3 ) in sandstone
of the Mosquito Creek Formation, a weak and shallow plunging crenulation (Fig. 8), and mineral lineation (L3 ) parallel to
the fold axes. The general orientation of these structures indicates a north-northwesterly–south-southeasterly compressional
regime. Based on the age of mineralization hosted by D3 structures (Table 2), the age of this deformation event is ca. 2905 Ma
(discussed below).
3.1.3. D4 (between 2905 and 2765 Ma)
The fourth deformation event (D4 ) resulted in the development of upright, northerly trending open macroscopic F4

Fig. 6. Reclined fold (F2 ) in foliated (S1 ) chlorite–actinolite schist of the
Coondamar Formation (photograph taken facing northward at MGA 234400E
7575250N). Partly annotated to highlight the reclined fold.

folds (e.g. at MGA 230300E 7593900N), a rare spaced and
steeply to vertically dipping crenulation cleavage (S4 ), and
small-scale kinks and crenulations. Dextral movement along the
east-northeasterly trending Sandy Creek, Blue Spec, and Middle Creek faults (Fig. 2) is also attributed to this event (Bagas,
2005), and the orientation of the folds and faults indicates
approximately east–west shortening. This deformation event did
not affect the ca. 2765 Ma Hardey Formation in the overlying
Hamersley Basin, indicating that it took place between 2905 and
2765 Ma.
3.1.4. D5 (<2717 Ma)
Southeasterly striking, dextral, and southwesterly striking,
sinistral F5 faults in the MCB, Kurrana Terrane, and the ca.
2717 Ma Maddina Formation in the Fortescue Group (Nelson,
1998, pp. 133–135) define the D5 event. These 10–30 km long
faults crosscut F3 and F4 folds (e.g. around MGA 230300E

Fig. 7. Folded (F3 ) banded pyritic siltstone interbedded with fine-grained poorly
sorted sandstone of the Mosquito Creek Formation (MGA 203100E 7570100N).
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Table 3
Gold production in the Mosquito Creek Basin (after Ferguson and Ruddock,
2001)

Fig. 8. Foliated (S1 ) and crenulated (D3 ) fine-grained ferruginous schist of the
Coondamar Formation (MGA 235850E 7568950N).

7593900N and 211900E 7692000N; Bagas, 2005), and the
overall orientation of these faults is consistent with northnorthwesterly–south-southeasterly shortening.
3.2. Gold deposits in the Mosquito Creek Basin
Major D3 shear zone host epizonal to mesozonal orogenic
Au(–Sb) deposits in folded, cleaved, and locally crenulated
pelitic and psammitic units of the Mosquito Creek Formation
(Fig. 2). Most of the deposits are located in the arcuate Middle Creek (predominantly Au with rare Sb) and the subparallel
Blue Spec (Au–Sb) fault zones, both of which are orientated
approximately east–west (Fig. 2). Several placer deposits are
situated west of the Blue Spec Fault Zone, north of Nullagine
township, and in the Neoarchaean Hardey Formation of the
Hamersley Basin (Fig. 2). Production and resources of deposits
hosted by the Mosquito Creek Formation account for around

District/deposit

Production (kg)

Au resource

Middle Creek ‘Line’
GOLDEN EAGLE
BARTON
HOPETOUN
Blue Spec ‘Line’
Blue Spec/GOLDEN SPEC
GOLDEN GATE
Mosquito Creek area
Eastern Creek area
Nullagine Common

1053
15
239
8
2953
2356
–
525
358
374

8.97 Mt at 1.96 g/t
17 Mt at 1.96 g/t
0.331 Mt at 2.5 g/t
2.60 Mt at 3.36 g/t
0.167 Mt at 21.4 g/t
2.43 Mt at 2.12 g/t

42 t Au, or about 50% of the total gold production from the
entire North Pilbara Craton (Table 3; Ferguson and Ruddock,
2001).
The Middle Creek Fault Zone hosts many smallscale deposits, including Golden Eagle, North Dromedary,
Shearers–Otway, Barton–Hopetoun, and Little Wonder (Fig. 2).
Since the 1880s, this group of deposits has produced about 1 t
Au from over 32 000 t of ore averaging 23 g/t Au (Ferguson and
Ruddock, 2001).
The Golden Eagle deposit (Fig. 2) is located in the northern
upright limb of a reclined F3 anticline that plunges gently to
the east (Blewett et al., 2002). The quartz vein-hosted deposit is
estimated to contain a resource of over 600 000 oz (or 17 t) Au
(D.J. Carmichael Pty Ltd., 2006). Mineralization is associated
with veined and disseminated pyrite, lesser disseminated rutile,
disseminated magnetite, chalcopyrite, gold, sphalerite, galena,
and feldspar (Blewett et al., 2002). Faults associated with D3 and
S3 cleavage intersecting the anticline appear to control the gold
mineralization, and the historical workings followed narrow ferruginous (pyritic) quartz veins with grades reaching 145 g/t Au
(Ferguson and Ruddock, 2001).
The Shearers and Otways deposits are located about 11 km
northeast of the Golden Eagle deposit (Fig. 2). The mineralization at the Shearers deposit is in a stockwork zone of quartz veins,
which are up to 1 m wide and hosted by dextral faults trending about 020◦ that crosscut the Middle Creek Fault (Ferguson
and Ruddock, 2001). The mineralization at the Otways deposit
is irregular and follows subvertical quartz veins that are parallel to, and north of, the Middle Creek Fault Zone. No grades

Table 2
Pb–Pb model ages on epigenetic galena from mineral deposits in the Mosquito Creek Basin
Deposit

Location MGA, Zone
51K

Description

Analytical
technique

Age (Ma)

Reference

Mosquito Creek in the
Mosquito Creek Formation

237565E 7586430N

Conventional

2905 ± 9

I.R. Fletcher, quoted in
Thorpe et al. (1992)

Coondamar Creek in the
Coondamar Formation

258931E 7572090N

From gold-bearing quartz veins
hosted by D3 structures in pelitic
schist
From a sulfide deposit (containing
sphalerite, chalcopyrite, pyrite, and
minor galena) interbedded with black
shale hosted in a D3 structure

Conventional

2905 ± 9

Huston et al. (2002a)
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or production figures are available for the Shearers and Otway
deposits.
The Barton and Hopetoun deposits have been the biggest
producers of gold along the Middle Creek Fault Zone (Fig. 2).
The deposits are at or near the intersection of two major faults
in the Middle Creek Fault Zone, and have a complex structural
history involving folding and refolding, with several generations
of shearing (Blewett et al., 2002). About 7000 t of ore with an
average grade of 36.5 g/t was mined between 1898 and 1926 for
a recorded production of over 240 kg of gold. The mineralization
is hosted in anastomosing quartz veins that trend north-northeast,
dip steeply southeast at about 60◦ near the surface, and become
shallower dipping with depth (Hickman, 1983). The ore plunges
northeast at about 40◦ , coinciding with the intersection of quartz
veins with cleavage in the country rocks (Hickman, 1983).
The Latest Surprise, Ard Patrick, Galtee More or Galteemore,
Off Chance, and Lands End 1 Au (–Sb) deposits form part of
the Mosquito Creek Mining Centre situated about 40 km east of
Nullagine (Fig. 2). Over 230 kg of gold was produced in this area
from about 7000 t of ore until 1913 (Hickman, 1983). The mineralization is in easterly trending, quartz veins up to 1 m in width
(Hickman, 1983). The veins are vertical or dip steeply to the
north, and contain gold, minor pyrite, and local concentrations
of scheelite and stibnite (Hickman, 1983).
Deposits hosted by the Blue Spec Fault Zone include the
Blue Spec, Golden Spec, Branchis, Billjim, and Parnell deposits
(Fig. 2). Of these, the Blue Spec deposit has been the most
productive with almost 2 t of gold, and concentrates containing 1500 t of antimony, produced from more than 110 000 t
of ore with an average grade of over 18 g/t Au (Hickman,
1983; Ferguson and Ruddock, 2001). These deposits differ from
deposits in the Middle Creek Fault Zone by containing significantly elevated concentrations of stibnite.
Lodes in the Blue Spec Fault Zone generally dip vertically
or steeply to the south, and appear to be located in sheared
flexures in the fault zone. This field relationship suggests that
shearing was at least in part synchronous with the mineralization (Hickman, 1983). Mineralization at the Blue Spec
deposit is located in an east-trending, 15–20 m-wide shear zone
that hosts quartz veins containing stibnite, aurostibnite, gold,
pyrite, pyrrhotite and carbonate, with minor scheelite, arsenopyrite, marcasite, sphalerite, chalcopyrite, magnetite, calaverite,
rickardite, and gudmundite (Hickman, 1983). Also present are
cervantite in the oxidized zone and traces of mercury (Hickman,
1983). This mineral association is characteristic of epizonal
(<6 km) orogenic Au deposits (Groves et al., 1998), suggesting
that significant Au–As–Te deposits might be present at depth
(Groves et al., 1998).
3.3. Age constraints for the Mosquito Creek Basin
The age of the structural evolution of the MCB remains
relatively poorly constrained due to a general lack of geochronological data. In order to better constrain both (1) the maximum
age for deposition of the Mosquito Creek Formation and (2)
the nature and evolution of potential sediment source terrains,
detrital zircons were separated from eight samples of medium- to
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coarse-grained sandstone (Fig. 2), and dated via sensitive highresolution ion microprobe (SHRIMP). The procedures used for
sample preparation, instrument setup, and data reduction are
described in Compston et al., 1984; Pidgeon et al., 1994; Stacey
and Kramers, 1975, Appendix 1.
A total of 358 analyses were obtained from 351 zircons, from
8 samples over 10 analytical sessions between 12 August 2002
and 26 October 2006 (details of which are summarised in Table
A1). Data for individual samples (with 1σ uncertainties) are presented in Appendix 2 (Tables A2.1–A2.8). In each table, the data
acquisition sequence is defined by the spot number, and multiple
analyses of a single grain are indicated by the “grain.spot” label.
For each analysis, f204 is the proportion of common 206 Pb as a
percentage of total measured 206 Pb (based on measured 204 Pb;
Appendix 1), and 238 U/206 Pb* and 207 Pb*/206 Pb* ratios and
dates (where “*” indicates data corrected for common Pb) were
calculated using the decay constants recommended by Steiger
and Jäger (1977). Percentage discordance is defined as

100 ×

207 Pb ∗ /206 Pb ∗

date − 238 U/206 Pb ∗ date
207 Pb ∗ /206 Pb ∗ date



All ages quoted in the text are 207 Pb*/206 Pb* ages, and their
uncertainties are quoted at the 95% confidence level, unless
otherwise indicated.
Within each table, every analysis has been allocated to a
group. Group D contains all analyses characterised by significant
discordance (>10%) or high common-Pb contents (f204 > 1.5%),
and these analyses are not used in the geological interpretation. Group 1 constitutes the youngest population of detrital
zircons (defined by ranking the analyses in order of increasing
207 Pb*/206 Pb* date, and calculating the weighted mean date of
the largest group for which all constituent analyses lie within 2.5
standard deviations of the weighted mean). Group 2 includes all
older detrital zircons (without further subdivision), and Group
C (sample 177131 only) denotes analyses of an anomalously
young grain attributed to contamination during sample processing.
Complete datasets for samples 169199, 169200, 177131, and
178010, and partial data for samples 169187 (spot numbers
1–32; Table A2.1) and 169194 (spot numbers 1–32; Table A2.2)
have previously been reported by Geological Survey of Western
Australia (2004, 2005), but have been reprocessed for presentation here. The remaining data have not previously been
published.
Maximum depositional ages for each sample (based on the
youngest group of detrital zircons as defined above) are summarised in Table 4. The sample with the youngest detrital
zircon population is 177131 (a conglomerate near the base of
the Mosquito Creek Formation), for which two analyses of
two zircons yielded a weighted mean 207 Pb*/206 Pb* age of
2930 ± 19 Ma (1σ; Table 4). However, this age is not distinguishable from the weighted mean age of 2941 ± 11 Ma (1σ;
Table 4) yielded by two analyses of a single zircon from sample
169200 (a finer-grained lithic sandstone high in the Mosquito
Creek Formation succession).
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Table 4
Summary of sample-specific constraints on the maximum age for deposition of the Mosquito Creek Formation, based on youngest detrital zircons (each Group 1 in
Appendix 2)
GSWA sample no.

Data table

Number of analyses

Number of zircons

207 Pb*/206 Pb*

169187
169194
169199
169200
177131
177252
177254
178010

A2.1
A2.2
A2.3
A2.4
A2.5
A2.6
A2.7
A2.8

11
1
5
2
2
1
1
4

11
1
5
1
2
1
1
4

All samples

See text

9

8

The validity of these sample-specific constraints on the maximum depositional age of the Mosquito Creek Formation are
debatable, as they are based in each case on one or two analyses
of one or two zircons. The fact that the absolute constraint is provided by the sample lowest in the stratigraphy means that it is not
possible to infer a maximum duration for base-to-top deposition
of the entire succession. However, the similarity in maximum
ages for deposition at opposite ends of the stratigraphic column
introduces the possibility of pooling the data from all eight samples, in an attempt to determine a single, statistically valid (and
conservative) maximum depositional age for the entire Mosquito
Creek Formation.
Combining the data from all eight samples yields a youngest
“group” comprising nine analyses of eight zircons, spanning
the Group 1 data from samples 177131 and 169200 described
above, the Group 1 data from samples 177252 (one analysis) and
177254 (one analysis), together with three analyses of “older
detrital zircons” (with post-2990 Ma 207 Pb*/206 Pb* ages) from
sample 177131. These nine analyses from four samples yield a
weighted mean 207 Pb*/206 Pb* age of 2971 ± 15 Ma (95% confidence; MSWD = 2.1), potentially representing a conservative
“best estimate” of the maximum depositional age. However, the
constituent data are not distributed evenly about this mean value,
and the associated MSWD value indicates discernible internal
scatter, so we consider the robust median of the nine analyses
(2972 +14/−37 Ma; 96.1% confidence) to be a better definition
of a conservative maximum age for deposition of the Mosquito
Creek Formation (Table 4). The siliciclastic turbidites that dominate the southern and eastern part of the Malina Basin located
in the western part of the North Pilbara Craton (Fig. 1) were
also deposited at or after ca. 2970 Ma and before ca. 2955 Ma
(Smithies et al., 2001). The maximum ca. 2972 Ma age for the
Mosquito Creek Formation therefore confirms the suggestion
made by Hickman (1983) that the turbiditic succession in the
Malina Basin in the western part of the North Pilbara Craton is
coeval with and a correlative of the Mosquito Creek Formation.
A probable minimum age for the Mosquito Creek Formation
is provided by a Pb–Pb model age of 2905 ± 9 Ma (Thorpe et
al., 1992; Table 2), derived from epigenetic galena associated
with lode gold mineralization hosted by D3 structures in the
Mosquito Creek mine area (Fig. 2). An identical Pb–Pb model
age of 2905 ± 9 Ma on epigenetic galena that is associated with
mineralization within the Coondamar Formation (Huston et al.,

age (Ma)

Confidence level

MSWD

3039 ± 6
2999 ± 10
3290 ± 14
2941 ± 11
2930 ± 19
2972 ± 13
2977 ± 8
3295 ± 10

95%
1σ
95%
1σ
1σ
1σ
1σ
95%

0.97
–
1.8
0.30
0.16
–
–
0.31

2972 + 14/−37 (robust median)

96.1%

–

2002b; Table 2). Gold in the Mallina Basin also has a similar
age of ca. 2900 Ma (Huston et al., 2002b), which suggests that
this mineralizing event was widespread across the North Pilbara Craton. In addition, the Pb evolution curve upon which the
model ages for the MCB are based is constrained by several
well-dated, syngenetic sulphide deposits Pilbara-wide (Thorpe
et al., 1992), and the Pb isotopic compositions measured in
the MCB galenas lie very close to the model curve, supporting the contention that these model ages approximate the true
timing of D3 -related mineralization, and provide a real minimum constraint on the depositional age of the Mosquito Creek
Formation. This event was also broadly synchronous with the
emplacement of 2897 ± 6 Ma monzogranites and granodiorites
in the Cooninia Inlier (Geological Survey of Western Australia,
2006), about 100 km to the south of the basin (Fig. 1).
4. Provenance and tectonic setting studies
Eight samples of sub-greenschist to greenschist facies,
medium-grained sandstone were collected from surface exposure and drill core in the northern part of the Mosquito Creek
Formation for dating (Appendix 2), and of these four were
geochemically analysed (Table 5, Eggins et al., 1997; Norrish
and Chappell, 1997; Norrish and Hutton, 1969; Pyke, 2000,
Appendix 3). Despite variable degrees of recrystallization, the
rocks show relatively limited compositional variation.
4.1. Preliminary geochemical discrimination studies
The assumption is made here that sandstone classifications
based on Phanerozoic systems can be applied to sediments
deposited during the Mesoarchaean. Similar discrimination
techniques have been used on Archaean metasandstones (e.g.
Fralick and Kronberg, 1997). It is also acknowledged that an
interpretation at a basin-scale on only four samples is not statistically reliable, and the interpretations made here are preliminary.
Applying a geochemical classification plot (K2 O/Na2 O versus SiO2 /Al2 O3 ; Wimmenauer, 1984), the sandstones of the
Mosquito Creek Basin are quartz-rich wackes and quartz-rich
arkoses (Fig. 9). The sandstones show a spectrum of chemical compositions resembling that of the bulk crust (Fig. 10a;
Rudnick and Gao, 2004), and have geochemical compositions
that are free of anomalously high concentrations of Ti, Zr, Hf
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Table 5
Whole-rock geochemical data for sandstone samples from the Mosquito Creek
Formation
GSWA no.
169187

169199

169200

177131

Major elements (%)
SiO2
90.59
TiO2
0.13
2.99
Al2 O3
Fe2 O3
1.11
FeO
1.59
MnO
0.02
MgO
1.09
CaO
0.08
Na2 O
0.17
K2 O
0.08
0.04
P2 O5

88.87
0.27
5.76
1.24
0.51
0.02
0.57
0.06
0.32
1.13
0.04

92.53
0.20
4.44
0.28
0.06
0.01
0.13
0.03
0.26
1.13
0.03

86.21
0.17
3.69
1.72
2.60
0.04
2.08
0.07
0.11
0.05
0.03

Trace elements (ppm)
Ba
46
Ce
10.94
Cr
83
Cs
0.14
Dy
2.13
Er
1.19
Ga
3.6
Gd
1.85
Hf
1.2
Ho
0.44
La
5.96
Lu
0.15
Mo
0.8
Nb
1.7
Nd
5.13
Ni
50
Pr
1.21
Rb
12.3
Sb
0.6
Sc
4
Sm
1.37
Sr
19.6
Ta
0.3
Tb
0.33
Th
3.5
Ti
761
Yb
0.91
Zr
46

302
29.49
257
0.85
1.78
1.20
7.3
1.99
3.5
0.42
17.39
0.23
1.1
4.2
12.62
61
3.2
33.1
2
6
2.37
36.0
0.5
0.29
8.8
1625
1.28
129

272
23.76
174
0.86
1.74
1.17
5.2
1.64
3.4
0.39
13.95
0.27
1.1
3.6
8.97
16
2.33
33.1
1.2
4
1.69
30.6
0.7
0.27
7.9
1187
1.41
119

123
20.14
157
0.12
2.24
1.37
4.8
2.08
1.4
0.49
11.86
0.22
1.7
2.0
9.26
117
2.22
15.2
2.3
22
2.01
19.5
0.3
0.35
3.5
1031
1.19
57

Fig. 9. Archaean sandstones of the Mosquito Creek Formation in the geochemical classification plot after Wimmenauer (1984).

Fig. 10. (a) Bulk-earth normalized (Rudnick and Gao, 2004) and (b) chondrite
normalized (Sun and McDonough, 1989) REE profiles for sandstones of the
Mosquito Creek Formation.

and Y (Fig. 10b). These elements would be concentrated by
hydraulic sorting of heavy minerals during the processes of
transportation and deposition of detrital material obscuring relations to the sources of such material (e.g. Cullers et al., 1987).
Studies by, among others, Bhatia (1983, 1985a, 1985b),
Bhatia and Crook (1986), Cullers et al. (1987), and McLennan et
al. (1993) have related systematic variations in the geochemical
compositions of sandstone to different tectonic environments.
Accordingly, the chemical compositions of sedimentary rocks
have commonly been used to help constrain the tectonic affinities
of provenances. Examples are the studies of the tectonic setting
for Palaeozoic flysch deposits in eastern Australia by Bhatia
(1985a, 1985b), and Palaeozoic sediments in New Zealand and
eastern Australia by Roser and Korsch (1986). Using such analyses, the sandstones from the Mosquito Creek Formation plot in
the passive continental margin field in Figs. 11 and 12.
La/Sc versus Ti/Zr ratios of sandstones have also been used
to discriminate between oceanic island arc, continental island
arc, active continental margin, and passive margin environments
(Bhatia and Crook, 1986). In Fig. 13a, the MCB sandstones
plot in the continental island-arc and passive margin fields. A
similar result is obtained in the Sc, Th, and Zr triangular plot
shown in Fig. 13b.
Most of the plots in Figs. 11–13 suggest a passive margin
affinity, but some also suggest a continental island-arc affinity. Discriminant function analysis is another method used to
help determine the provenance of sediments using geochemical
data. This statistical technique defines two values (discrimination functions) that separated samples into groups defined by the
tectonic settings of the source regions. Following Bhatia (1983),
discriminant function analysis is used to distinguish basin tec-
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Fig. 11. Sandstones plotted on selected published discrimination diagrams
emphasizing major element chemical variations (after Bhatia, 1983), which suggest a passive margin setting during deposition of the Mosquito Creek Formation.

tonic settings for sandstone samples from the MCB (Fig. 14a),
which plot in the passive margin field. The Roser and Korsch
(1988) diagram (Fig. 14b) is also based on a discriminant function analysis and is useful to discriminate the basin tectonic
setting of sandstones and mudstones. The MCB samples plot in

Fig. 13. (a) La/Sc vs. Ti/Zr (after Bhatia and Crook, 1986; modified by Bahlburg,
1998), and (b) Sc–Th–Zr/10 (after Bhatia and Crook, 1986) discriminant plots
for sandstone suggesting that the Mosquito Creek Formation was deposited in
a continental island-arc to passive margin tectonic setting.

Fig. 12. K2 O/Na2 O vs. SiO2 plot (from Roser and Korsch, 1986) of sandstones
from the Mosquito Creek Formation.

the recycled field, which corresponds to quartz-rich sediments of
mature continental or recycled provenance. This provenance is
commonly interpreted as representing clastic compositions typical of passive margin tectonic settings (Roser and Korsch, 1988).
Trace elements such as Cr are useful in identifying accessory
detrital components such as chromite, commonly derived from
mafic to ultramafic sources. The average Cr content of the upper
continental crust is 83 ppm (McLennan, 2001). Chromium values of the studied sandstones range from 83 ppm (for sample
169187) to 257 ppm (for sample 169199). The Cr/Th ratios of
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Fig. 15. Plot of sandstones from the Mosquito Creek Formation on a Th/Sc vs.
Zr/Sc diagram (after McLennan et al., 1993), suggesting that the sample closer
to the basin margin (177131) is sourced from more ‘primitive’ material, whereas
the other samples are from less ‘primitive’ material or relatively more recycled
sources.

Fig. 14. Plot of sandstones from the Mosquito Creek Formation in the discriminant function diagrams: (a) Discriminant function diagram (modified after
Bhatia, 1983) suggesting a passive margin tectonic setting during deposition and
(b) for the provenance signature of sandstone-mudstone suites based on major
element chemistry after Roser and Korsch (1988) suggesting various degrees of
source rock reworking.

between 22 (for sample 169200) and 45 (for sample 177131)
are higher than 7.8, which is the average upper continental crust
value (McLennan, 2001). Sample 177131 was collected from
close to the northern edge of the MCB and the high Cr/Th ratio
suggests that it was derived from mafic or ultramafic sources,
such as those located in basement rock located to the north of
the basin, which would also account for the continental island
arc affinity of this sample.
A good tracer of mafic source components is the compatible element Sc, particularly when compared with Th, which is
incompatible and enriched in felsic rocks. Both elements are
generally immobile under surface conditions and therefore preserve the characteristics of their source, making the Th/Sc ratio
a robust provenance indicator (Taylor and McLennan, 1985;
McLennan et al., 1990). In sandstones from the MCB, the Th/Sc

ratios increase from 0.88 for sample 169187 to about 2 for sample 169200 (Fig. 15), whereas the Th/Sc ratio for the average
upper continental crust is 0.79 (McLennan, 2001). Th/Sc and
Zr/Sc ratios can reveal compositional heterogeneity in provenances, if the samples show Th/Sc and Zr/Sc values along
the trend from mantle to upper continental crust compositions
(McLennan et al., 1993). The Zr/Sc ratio is commonly used as
a measure of the degree of sediment recycling leading to the
concentration of zircon in sedimentary rocks (McLennan, 1989;
McLennan et al., 1993). Such a trend is present in Fig. 15, with
the lower Th/Sc value from sample 177131 suggesting a stronger
input from a less evolved source, while the other samples suggest
a more evolved source. This suggestion is strongly supported by
the distribution profiles of U–Pb ages of detrital zircons from
the samples (discussed below).
Zirconium values range from 46 to 129 ppm, which are lower
than the average upper crustal value of 190 ppm (McLennan,
2001). Zr/Th ratios are another measure of the degree of recycling. Thorium is commonly abundant in the heavy minerals
zircon, monazite, titanite and epidote. Concentration of these
heavy minerals during recycling leads to an increase in Zr and
Th abundances. Zr/Th ratios of between 13.14 and 16.29 for
sandstones in the Mosquito Creek Formation are below the upper
crustal average of 17.76 and results from high Th concentrations
for samples 169199 and 169200, and lower Zr concentrations for
samples 169187 and 177131. These observations also suggest
that sample 177131 from the northern edge of the MCB has
the least evolved source, whereas the other samples have more
evolved (variably recycled) sources.
4.2. Detrital zircon studies
Relative cumulative-probability plots are commonly used to
visually assess the statistical similarities or differences between
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samples and potential source regions (e.g. Camacho et al., 2002).
The plots present summed probability density curves for concordant analyses (i.e. those analyses for which the calculated
238 U/206 Pb* date and 207 Pb*/206 Pb* dates agree within 10%),

assuming that the probability density of each analysis follows
a Gaussian distribution. The horizontal spread in the graphs for
each peak relates to the standard deviation, and generally reflects
the accuracy of the data.

Fig. 16. Probability density diagrams of SHIMP Pb–Pb zircon ages from the Mosquito Creek Formation and the East Pilbara Terrane (EP) (Nelson, 1996, 1997,
1998, 1999, 2000, 2001, 2002; Geological Survey of Western Australia, 2006) for (a) sample 177131; (b) sample 178010; (c) sample 177252; (d) sample 177254;
(e) 169200; (f) sample 169194; (g) sample 169199; and (h) sample 169187. Samples (a–d) are from the basal part of the formation, and samples (e–h) are from the
upper part of the formation. Only concordant data (discordance < 10%) are used in the construction of these graphs (n = number of analyses).
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profile for the EP. Peaks in these basal samples ca. 3290 Ma are
consistent with new data for the Yilgalong Granitic Complex in
the EP (Geological Survey of Western Australia, 2006; Fig. 1).
However, most of the samples also have peaks at ca. 3540 and
3200 Ma that are not represented in the plot for the EP. This
suggests that the basal fan deposits had a mixed provenance that
did not include the EP alone.
The second group contains samples from the upper turbiditic
part of the Mosquito Creek Formation. The samples have slightly
differing zircon age profiles and some are very closely spaced
apart (Fig. 2), but there are common peaks at ca. 3540, 3490,
3360, 3280, 3220, 3140, 3040, and 3000 Ma in some or all of
the samples, none of which are common in the plot for the
EP. Conversely, peaks at ca. 3470 and 3430 Ma in the samples from the base of the formation are not represented in the
zircon distributions for the upper part of the formation. These
observations suggest that the EP contributed detritus to the stratigraphically lower part of the Mosquito Creek Formation, but did
not form a significant source of detritus for the upper part of the
formation.
5. Discussion and conclusions

Fig. 17. Relative cumulative-probability diagrams of pooled SHRIMP Pb–Pb
zircon ages from the Mosquito Creek Formation compared to: (a) East Pilbara
Terrane (EP) and (b) West Pilbara Superterrane (WPS), both compiled from
data sourced from the Geological Survey of Western Australia (2006). Only
concordant data (discordance < 10%) are used in the construction of these graphs
(n = number of analyses).

Fig. 16 displays the distribution of ages for the samples from
the samples from the Mosquito Creek Formation and illustrates
that the MCB had a provenance supplying ca. 2938–3730 Ma
zircons. By comparing data against the pooled data for all rocks
dated from WPS and EP, it is apparent that the provenance for
the basin was not entirely the North Pilbara Craton (Fig. 17).
A significant proportion of the detrital zircons dated from
the Mosquito Creek Formation are appreciably older than the
pooled zircon data for the WPS (Geological Survey of Western
Australia, 2006; Fig. 17), and the detrital zircon age distribution
data do not correlate well with the pooled zircon data for the EP.
For example, prominent peaks at ca. 3540, 3360 and 3090 Ma in
the profile for the Mosquito Creek Formation are not represented
in the plot for the EP (Fig. 17). The implication is that the main
hinterland for the MCB was an area other than the exposed North
Pilbara Craton and one that contains zircons with ages of ca.
3540, 3360, and 3090 Ma.
When the detrital zircon data for the samples from
the Mosquito Creek Formation are considered individually
(Fig. 16), two groups emerge. One group comprises four samples (GSWA samples 177131, 178010, 177252, and 177254)
from the base of the formation, and the other group includes the
remaining samples (GSWA samples 169200, 169199, 169194,
and 169187). The basal samples have distribution peaks at ca.
3470 and 3425 Ma and a trough at ca. 3370 Ma, similar to the age

Various studies have observed that turbidity currents typically flow parallel to the long axis of elongate confined basins,
such as the MCB, parallel to basin-controlling normal faults (e.g.
Kneller et al., 1991; Flöttmann et al., 1998; Haines et al., 2001).
Despite the lack of palaeocurrents in the MCB, the long axis of
the basin trends in a northeasterly to easterly direction; thus, the
source of the material in the basin is likely to be an unknown terrane to the east (Fig. 1), or under the Hamersley Basin covering
the EP and to the southwest, west of the Mesoarchaean Sylvania
Inlier.
About two thirds of the Sylvania Inlier (Tyler, 1990, 1991)
consists of ca. 2793 Ma granites, and the remainder consists of
ca. 3500–3450 Ma greenstone successions, and dykes of ultramafic rocks, gabbro, anorthosite and ca. 3450 Ma monzonite
(Hollingsworth et al., 2001). The greenstone belts comprise
ultramafic to intermediate volcanic rocks, conglomerate, pelitic
schist, quartzofeldspathic schist, quartzite, chert, and banded
iron-formation (Hollingsworth et al., 2001). The granites contain xenocrystic zircons with SHRIMP U–Pb ages of ca. 3481,
3023, 2912, and 2832 Ma (Hollingsworth et al., 2001). One of
the dolerite dykes has been dated by Wingate (1999) at 2747 Ma.
Quartzite from the greenstone succession has SHRIMP U–Pb
detrital zircon ages of ca. 3665, 3612, 3600 and 3560 Ma. All
these ages are represented in various proportions in the probability density plots for samples 169187, 169194, 169199, and
169200 (Figs. 2 and 16). Although the Sylvania Inlier may not be
the exact source of the upper part of the MCB, the basin shares
more similarities in zircon profiles with the Sylvania Inlier than
with the EP.
A combination of evidence including the large volume of
the sediment now forming the bulk of the Mosquito Creek Formation (<5 km thick), the immaturity of the sediments, and
the fine-grained nature of the sandstone in the formation indicate derivation from a tectonically active but distal source (e.g.
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Fig. 18. Preliminary model for the proposed passive margin settings of the ca.
2972 Ma Mosquito Creek Formation in the Mosquito Creek Basin.

Haines et al., 2001). From the observations made above it is
clear that the EP did not form a significant source of detritus for
the upper part of the formation.
The detrital zircon and limited geochemical data discussed
above suggest that the MCB formed in a passive margin setting (Fig. 18) that developed before 2970 Ma (the maximum age
for the Mosquito Creek Formation). Passive continental margins
are usually the result of ocean floor spreading in a developing
intracontinental rift-system (e.g. Wilson, 1997). Such passive
margins are characterised by thick wedge-shaped deposits of
sediments in a post-rift phase, which is also the interpreted
shape of a cross-section of the MCB (Fig. 2) based on a recent
gravity survey by the GSWA (S. Shevchenko, written communication, 2004). The massive post-rift subsidence associated with
the thickened sediments may be due to factors such as sediment
loading (e.g. Allen, 2004) or gravitational collapse following the
termination of asthenospheric upwelling. In a model that invokes
subsidence of the MCB due to ongoing sediment loading, the
interbedded conglomerate and sandstone along the edges of the
basin were derived from the EP as fan or delta deposits. The turbiditic succession of sandstone, siltstone and shale further away
from the basin edge was probably derived from an exotic source
that is not exposed in the North Pilbara Craton. The change to
a compressional setting between ca. 2938 and ca. 2905 Ma led
to the development of an accretionary margin system during
D3 . Metamorphic reactions in deeper parts of the MCB during
basin inversion resulted in large-scale fluid migration into major,
deep-seated conduits such as the Blue Spec and Middle Creek
fault zones. At shallower crustal levels, these sulphur- and goldbearing hydrothermal fluids migrated into proximal second- and
third-order fault systems, with the formation of epizonal (i.e.
Au–Sb) to mesozonal (i.e. Au–As) lode systems late during the
deformation, shortening and exhumation of the inverted MCB
sequence. The close association of anomalously large (i.e. ≥30 t
Au) orogenic lode gold deposits with meta-sedimentary rocks
above ‘primitive’ oceanic crust in the majority of major lode
gold provinces implies that these oceanic rock sequences play
an important role in the ore-forming process (e.g. Bierlein et
al., 2002). Moreover, giant gold provinces and deposits are
generally sited in geodynamic settings involving lithospheric
thinning just prior to, or synchronous with, the gold event (e.g.
Bierlein et al., 2006). As indicated by the geochemical and
detrital zircon data presented above, development of the MCB
likely occurred on thickened, previously dehydrated crust of
continental origin that had also been punctuated by voluminous
granite intrusions during extensional tectonics. These conditions

are generally considered unsuitable for the formation of wellendowed orogenic lode gold provinces as they do not favour
the release of massive fluid volumes from underplated juvenile
and hydrated rocks within a relatively short time (Bierlein et al.,
2002). Therefore, the potential for the formation of anomalously
large orogenic gold deposits in the MCB is considered low. However, considering that relatively small-scale economic deposits
have been and are being mined in the basin, there is a possibility that concealed similar-sized deposits are present in the
area.
Geochronology and detailed mapping have identified that the
Mosquito Creek Formation is likely to have an age between ca.
2972 and 2905 Ma, which is similar in age to turbiditic siliciclastics in the Malina Basin (Fig. 1). The basal, conglomeratic
part of the Mosquito Creek Formation has a provenance that
includes the EP, but the WPS and EP cannot represent the main
provenances for the upper part of the Mosquito Creek Formation.
Our preliminary geochemical and geochronological data suggest
that the Mosquito Creek Formation was deposited in a passive
margin tectonic setting, and the provenance for the turbiditic
upper part of the formation is either to the south towards the
Sylvania Inlier, or the east under the Hamersley Basin (Fig. 1).
Further work will endeavour to shed more light on the exact
nature and provenance of the source region for the upper part
of the Mosquito Creek Formation and will further compare the
MCB with the Mallina Basin.
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