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ThePilbararegion of Western Australiais one of only
two areason Earth—the other being the Kaapvaal Craton
of southern Africa — that contain well preserved, near-
continuous geological records of crustal evolution from
the Paleoarchean into the late Paleoproterozoic. The
Pilbara is famous for hosting fossil evidence of early
life (stromatolites and microfossils), and for containing
arecord of the early Archean atmosphere. The geological
record extends from granite-greenstone terranes and
overlying clastic basins of the 3.53-2.83 Ga Pilbara
Craton, acrossamajor unconformity, to a seriesof 2.78—
1.79 Ga vol canic and sedimentary successions. Between
3.563-3.23 Ga, a succession of mantle plume events
formed a thick volcanic plateau on older continental
crust, remnants of which include enclaves of c. 3.6 Ga
granitic gneiss and abundant 3.8-3.6 Ga inherited and
detrital zircons. During each of the plume events, the
volcanic plateau was intruded by crustally-derived
granitic rocks, leading to vertical deformation by partial
convective overturn. By 3.23 Ga, these processes had
established thick continental crust that was then rifted
into three microplates separated by c. 3.2 Ga basins of
oceanic crust. Subsequent platetectoni c processesto 2.90
Ga included subduction, terrane accretion, and orogeny.
From 2.78-2.63 Ga the northern Pilbara Craton was
affected by minor rifting, followed by deposition of thick
basaltic formations separated by felsic volcanic and
sedimentary rocks (Fortescue Basin). Rifting in the
southern Pilbara resulted in progressively deepening
marginal basin sedimentation, including thick units of
banded iron formation (Hamersley Basin: 2.63-2.45 Ga).
At c. 2.45 Ga, sedimentation in the southern Pilbara
changed to a mixed assemblage of clastic and carbonate
sedimentary rocks of the Turee Creek Basin, including
one unit of glacial diamictites. Deposition of the
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unconformably overlying 2.21-1.79 Ga Wyloo Group in
the Ashburton Basin followed the Ophthal mian Orogeny,
and all of these rocks were deformed by the Panhandle
(c. 2 Ga) and Capricorn (c. 1.78 Ga) orogenies.

I ntroduction

The Pilbararegion of Western Australiais one of only two areas
inthe world —the other being the Kaapvaal Craton of southern Africa
—that provides extensive exposures of well preserved Paleoarchean—
late Paleoproterozoic crust from which extensive information about
the evolution of crustal processes, the biosphere and atmosphere has
been obtained. The Pilbara contains three major Archean—
Paleoproterozoic tectonic divisions:. (1), the Pilbara Craton, composed
of early crust (3.80-3.53 Ga), granite-greenstone terranes (3.53-3.07
Ga), volcanosedimentary basins (3.05-2.93 Ga), and post-orogenic
granites (2.89-2.83 Ga); (2), the Fortescue, Hamerdley, and Turee
Creek basins (2.78-2.42 Ga), composed of a thick succession of
interbedded clastic and chemical sedimentary rocks and volcanic
rocks; and (3), the Ashburton Basin (2.21-1.79 Ga), composed of
the vol cano-sedimentary Wyloo Group.

From 1990 until 2007, the first two of these divisions were
combined as the ‘Pilbara Craton’ (Trendall, 1990) on the grounds
that there had been a continuum of depositional and igneous events
from Paleo- to Mesoarchean granite-greenstones (prior to 1990
referred to as the ‘ Pilbara Block’ in the N Pilbara) to the Proterozoic
Turee Creek Group. Accordingly, it was considered that ‘tectonic
stability’ (defining establishment of a craton) had not been attained
until 2.4 Ga. However, amajor geol ogical mapping project, conducted
jointly by the Geological Survey of Western Australiaand Geoscience
Australia between 1995 and 2002 (Huston et al., 2002a), provided a
much improved geological understanding of the craton (Van
Kranendonk et al., 2002, 2007a; Huston et al., 2002b). Van
Kranendonk et a. (2006) revised the lithostratigraphy and tectonic
units of the Paleoarchean and Mesoarchean rocks, and used the name
‘Pilbara Craton’ to encompass only units older than the Fortescue
Group (the lowermost stratigraphic group of the Hamersley Basin).
Hickman et a. (2006) explained that the change had been made
because the last major deformation event to affect the granite-
greenstones of the craton occurred at 2.90 Ga, after which there had
been a ¢.130 Myr period of crustal stability (apart from the intrusion
of post-orogenic granites). In 2006, the Fortescue, Hamersley, and
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Turee Creek groups of the Mount Bruce Supergroup were still
included withinthe‘Hamersley Basin’, but Tyler and Hocking (2008)
ascribed the succession to the Fortescue, Hamersley, and Turee Creek
Basins (see also Hickman et a., 2010). The status of the Ashburton
Basin has not changed since it was described by Thorne and Seymour
(1991).

Pilbara Craton

Regiond gravity and magnetic dataindicate that the Pilbara Craton
underlies 250,000 km? of the Pilbara region (Hickman, 2004), but
apart from a 60,000 km? area in the northern Pilbara, it is largely
conceal ed by unconformably overlying Neoarchean—Pal eoproterozoic
rocks of the Fortescue, Hamersley and Turee Creek basins (Figure
1). The tectonic subdivision of the northern Pilbara Craton was

established by Van Kranendonk et a . (2006), and revised by Hickman
et a. (2010).

Overview of tectonic evolution

The oldest part of the PilbaraCraton is 3.80-3.53 Gacrust, which
has been identified by geochronology in rare outcrops of gneissic
granite and gabbroic anorthosite. Geochemical and geochronological
evidence shows that the early crust was present and widely exposed
throughout the evolution of the craton.

Between 3.53-3.23 Ga, mantle plume activity resulted in the
deposition of at least eight successive volcanic cycles on the early
crust. The resulting volcanic plateau is now exceptionally well
preserved as the 15-20 km-thick Pilbara Supergroup. Large volumes
of granitic magma were intruded during the same period, and thick
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continental crust had been established by 3.23 Ga. A mgjor rifting
event between 3.23-3.16 Ga split this crust into three continental
microplates (Karratha, East Pilbara and Kurrana terranes; Figure 2)
separated by two NE-trending basins of oceanic crust. Early in the
rifting stage, clastic deposition on the edges of the microplatesformed
passive margin successions, including that of the Soanesville Basin,
whichisthebest preserved representative and unconformably overlies
the northwestern side of the East Pilbara Terrane. Later in therifting,
thick successions of pillow basalt and komatiitic basalt were erupted,
and the underlying crust was intruded by ultramafic and mafic dykes
and sills of the 3.18 Ga Dalton Suite.

Between 3.16-3.07 Ga, plate convergence caused part of the
oceanic crust of the northwest basin to be obducted acrossthe Karratha
Terrane, establishing the Regal Terrane. Further SE, a subduction
zone and intra-oceanic arc (Sholl Terrane; Figure 2) existed between
3.13-3.11 Ga. At 3.07 Ga, the NW-SE convergence responsible for
the formation of the Sholl and Regal terranes culminated in the
accretion of the Karratha, Sholl and Regal terranes to form the West
Pilbara Superterrane. At the same time, collision of this superterrane
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with the East Pilbara Terrane resulted in major deformation and
widespread granitic intrusion of the Prinsep Orogeny.

Crustal relaxation, extension, and moderate subsidence followed
the Prinsep Orogeny and led to the development of the 3.05-2.93 Ga
De Grey Superbasin across most of the northern Pilbara Craton. The
De Grey Superbasin unconformably overliesthe East Pilbara Terrane
and the West Pilbara Superterrane. In the W Pilbarait is composed of
three unconformity-bound basins: the basal 3.05-3.02 Ga Gorge
Creek Basin (banded iron formation and clastic sediments); the 3.01—
2.99 Ga Whim Creek Basin (volcanics); and the 2.97-2.94 Ga
Mallina Basin (sandstone, wacke, and shale). The Mallina Basin
records a history of alternating extension and compression during
which there were periods of sedimentation, volcanism, and both
felsic and mafic magmatic intrusion. In the SE Pilbara, the 2.98—
2.93 Ga Mosquito Creek Basin is lithologically similar to the
Mallina Basin but does not contain contemporaneous igneous
rocks. Deposition in both basinswas terminated by major deformation
(North Pilbara and Mosquito Creek orogenies) between 2.94—
2.90 Ga. Except for post-orogenic intrusion of highly fractionated
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granites between 2.89-2.83 Ga (Split Rock Supersuite) the craton
remained stable until c. 2.78 Ga.

Early crust (3.80-3.53 Ga)

The Warrawagine Granitic Complex (Figure 1) includes enclaves
of 3.66-3.58 Ga biotite tonalite gneiss within younger granodiorite
and monzogranite. Farther W, inthe Shaw Granitic Complex, xenoliths
of 3.58 Ga gabbroic anorthosite (McNaughton et al., 1988) occur
within 3.43 Gagranitic rocks. Many Paleoarchean and Mesoarchean
siliciclastic formations contain abundant 3.8-3.6 Ga detrital zircons,
indicating erosion of crust up to 300 Myr older than the East Pilbara
Terrane (Hickman et al., 2010). The pre-3.53 Ga crust or mantle
sources for rocks of the East Pilbara Terrane is also supported by Nd-
isotopic data (Jahn et al., 1981; Gruau et al., 1987; Bickle et a.,
1989; Van Kranendonk et al., 2007a, b; Tessalina et al., 2010).
Champion and Smithies (2007) provided evidence that most pre-3.3
Ga granites of the Pilbara Craton were sourced through infracrustal
melting of material that was older than 3.5 Ga.

East Pilbara Terrane (3.53-3.23 Ga)

The 3.53-3.23 GaEast Pilbara Terrane (Figures 2 and 3) provides
the world's most complete record of Paleoarchean crustal evolution.
Stratigraphy, structure, geochronology, and geochemistry collectively
testify that the evolution of thisterrane was dominated by volcanism,
magmatic intrusion, and deformation during repeated episodes of
heating and melting of underlying older crust (including felsic crust)
and mantle over 300 Myr (Van Kranendonk et al., 2002, 20073, b;
Smithies et d., 2005b).

The 3.53-3.23 Ga Pilbara Supergroup of the East Pilbara Terrane
ispredominantly volcanic (Figure4) and 15-20 km thick. Thick partia
sections of this succession are recognized in amost all greenstone
belts of the terrane, except in the NW where younger greenstones are
preserved. The three component groups (Warrawoona, Kelly, and
Sulphur Springs) of the Pilbara Supergroup are separated by two major
erosional unconformities (Figure 4; Buick et a., 1995, 2002; Van
Kranendonk et a., 2002). The time gap between the Warrawoona
and Kelly groups was c. 75 Myr (3.427-3.350 Ga), and the gap
between the Kelly and Sulphur Springsgroupswasc. 60 Myr (3.315—
3.255 Ga). In both cases, the long pause in volcanic activity was
preceded by deformation and metamorphism, and accompanied by
subaerial erosion and deposition of clastic sediments. Shallow-water
sediments between the Warrawoona and Kelly groups are preserved
as the Strelley Pool Formation (up to 1 km thick; Van Kranendonk,
20104), whereas siliciclastic rocks of the LeiliraFormation (up to 3.9
km thick; Van Kranendonk and Morant, 1998) occur at the base of
the Sulphur Springs Group.

Where best preserved, the Pilbara Supergroup is composed of
eight ultramafic-mafic-felsic volcanic cycles (Figure 4).
Geochronology on the felsic formations of successive cycles, and on
contemporaneous granitic intrusions, some of which are subvolcanic
(Hickman, 2012), indicates that most of the cycles spanned no more
than 10-15 Myr; these cycles are interpreted to have resulted from
successive mantle plume events (e.g., Arndt et al., 2001; Van
Kranendonk et a., 2007a, b; Smithies et a., 2005b).

A characteristic feature of the terrane is the regiona outcrop
pattern of granitic domes separated by arcuate belts of
volcanosedimentary rocks (greenstones) visible on geological maps
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(Figures 1, 2 and 3) and satellite imagery that has been variously
described as*“ dome-and-syncline’, “ dome-and-basin”, or “ dome-and-
keel” structure. Whereas some previous workers haveinterpreted this
pattern as either the result of cross-folding (e.g., Blewett, 2002) or
core complex formation (Zegers et a., 1996; Kloppenburg et a.,
2001), neither of these are consistent with the full set of geological
and geophysical features of theregion (Hickman and Van Kranendonk,
2004). The most widely accepted interpretation is that the dome-and-
keel structure arose from punctuated episodes of doming by partial
convective overturn of the thick, dense greenstone succession into a
partially molten granitic middle crust from 3.46-2.94 Ga (e.g.,
Hickman, 1975, 1984; Collins et al., 1998; Hickman and Van
Kranendonk, 2004; Van Kranendonk et a., 2004, 20073, b).

Geochemical evidence supporting growth of the East Pilbara
Terrane as athick volcanic plateau has been presented and reviewed
in several papers (Smithies et al., 2003, 2005b, 2007a, b; Van
Kranendonk et a., 2006, 20074, b). Detailed mapping, geochronol ogy,
and geochemical traverses have established that the 15-20 km
thickness of the Pilbara Supergroup is autochthonous and not the
result of tectonic duplication by folding or thrusting as proposed by
some workers (e.g., Bickle et a., 1980, 1985; Boulter et al., 1987,
van Haaften and White, 1998). Smithies et al. (2009) noted that
¢. 3.52 Ga basdts and andesites, well exposed near the base of the
Pilbara Supergroup, are enriched in K, LILE (large-ion lithophile
elements), Th, and LREE relative to typical Archean basalt. They
concluded that these 3.52 Garockswere derived from amantle source
enriched in felsic crustal components by previous episodes of crustal
recycling. They also suggested that these 3.52 Ga enriched volcanic
rocks, or chemically similar crustal material of similar age, were most
likely the source for Paleoarchean tonalite-trondhjemite-granodiorite
(TTG) intrusions in the East Pilbara Terrane.

Previous workers have interpreted a variety of tectonic settings
for parts of the East Pilbara Terrane, including mid-ocean ridge (Ueno
eta., 2001; Komiyaet a., 2002; Kato and Nakamura, 2003), oceanic
island arc (Komiya et al., 2002) and convergent margins involving
continental magmatic arcs above subduction zones (e.g., Bickle et
al., 1983, 1993; Barley et a., 1984). However, al of these settings
are invalidated by the current data. For example, not only is the
thickness of the succession too great for it to represent oceanic crust,
but the presence of thick, repeated felsic volcanic and shallow-water
sedimentary formationsall preclude amid-ocean ridge origin. Oceanic
island arc settingsfor the felsic volcanic formations are not supported
by the geochemical evidence (e.g. Smithies et al., 20073, b) and
geochronological evidencefor considerably older (c. 300 Myr. older)
crust underlying the Pilbara Supergroup. Interpretationsthat thefelsic
volcanics or granitic rocks of the terrane can be explained by
convergent margin settings are not supported by regional stratigraphy
and structure (Hickman, 2012), or by geochemistry which shows the
derivation of contemporaneousfelsic volcanic and granitic rocksfrom
thefractionation of tholiitic parental magmas and from melting across
a range of depths within the crust (Van Kranendonk et al., 2007g;
Champion and Smithies, 2007; Smithies et a., 20073, b).

Karrathaand KurranaTerranes(? 3.53-3.16 Ga)

From 3.23 Ga onwards, the cyclic volcanism of the Pilbara
Supergroup ceased, and the crustal evolution of the craton became
dominated by Phanerozoic-style plate tectonic processes (Hickman,
2004; Van Kranendonk et d., 2006, 20073, b, 2010). Crustal extension
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Figure 4 Generalised stratigraphy of the predominantly volcanic Pilbara Supergroup, which isrepresented in almost all greenstone belts of
the East Pilbara Terrane (after Hickman, 2011).

March 2012



established two NE-trending zones of rifting and crustal thinning
acrossthe East PilbaraTerrane. With continued spreading, these zones
developed into rift basins containing c. 3.2 Ga sedimentary and
volcanic passive margin successions and oceanic crust. The progenitor
tothe East Pilbara Terrane became divided into three separate segments
of continental crust: a NW microplate, the Karratha Terrane; a
remaining central segment of the East Pilbara Terrane; and a SE
microplate, the Kurrana Terrane. The Karratha and Kurrana terranes
are interpreted to be fragments of the East Pilbara Terrane based on
common early histories back to at least 3.45 Ga.

The main components of the Karratha Terrane are the undated
Ruth Well Formation and the intrusive 3.27-3.26 Ga Karratha
Granodiorite (Smith et al., 1998). The Ruth Well Formation is 2 km
thick and consists of metamorphosed ultramafic and mafic volcanic
rocks (peridotite to tholeiitic basalt) with a few thin chert
intercalations. The overlying Nikol River Formation includes felsic
volcaniclastic rocks dated at 3.27-3.25 Ga. Nd T,,, model ages of
3.48-3.43 Ga for the Karratha Granodiorite indicate that magma
generation involved older crust or enriched lithospheric mantle (Sun
and Hickman, 1998).

In the SE Pilbara, the present exposure of the Kurrana Terrane
represents only a small fraction of its total extent, most of which is
concealed by the Fortescue and Hamersley basins. Rift-related 3.20—
3.16 Gagranitic rocks of the Mount Billroth Supersuite are widespread
in this terrane and intrude undated, strongly deformed supracrustal
rocks. Evidence of Paleoarchean crust is provided by xenocrystic
zircons ranging in age between 3.58-3.46 Ga, and by Nd T,,, model
ages between 3.45-3.41 Ga (Van Kranendonk et al., 2007b). Mafic
and ultramafic sillsintruded a ong the northern boundary of theterrane
have not been dated, but are likely to be 3.18 Ga intrusions of the
Dalton Suite.

Soanesville Basin, and similar units (3.20—
3.165 Ga)

Subsidence along the rifted margins of the three separating
continental microplates was accompanied by the deposition of
shallow-water clastic successions and thick volcanic piles, in passive
margin settings. The best preserved succession is that of the
Soanesville Group on the NW margin of the East Pilbara Terrane
(Figure 3; Van Kranendonk et al., 2006, 2010; Hickman et a., 2010).
Similar successions are the Budjan Creek Formation on the SE side
of the East Pilbara Terrane, the Coondamar Formation on the NW
margin of the Kurrana Terrane, and the Nickol River Formation on
the Karratha Terrane (Hickman et a., 2010).

Withincreasing crustal extension, therifted marginswereintruded
by dykes and sills of dolerite, gabbro, and ultramafic rocks of the
Dalton Suite (3.18 Ga), and thick pillow basalt was deposited above
the clastic sediments (Van Kranendonk et a ., 2010). The Dalton Suite
asointruded the greenstone belts of the East Pilbara Terrane. Between
3.19 and 3.16 Gatherifted margins were locally intruded by granitic
intrusions of the Mount Billroth Supersuite (Van Kranendonk et a.,
2006).

Regal Terrane

From 3.20 Ga onwards, NW-SE extension between the East
Pilbara and Karratha Terranes opened up a basin floored by oceanic
crust (Hickman, 2004). Evidence for this basin is mainly

Episodes \ol. 35, no. 1

289

geochronological and geochemical (Ohta et al., 1996; Sun and
Hickman, 1998; Smithies et al., 2005a, 2007a), because most of it is
interpreted to have been destroyed by subduction from 3.13-3.07
Ga. However, the c. 3.2 Gabasaltic Regal Formation isinterpreted to
be a remnant of this Mesoarchean oceanic crust, forming the Regal
Terrane (Figures 2 and 5). The Regal Formation is a 2-3 km-thick
sequence of metamorphosed pillow basalt, local basal komatiitic
peridotite, and rare chert units that has a lithological composition
and geochemistry consistent with oceanic crust (Ohta et al., 1996;
Sun and Hickman 1998). The metabasdlt has flat REE patterns, eNd
of c. +3.5 (close to the depleted mantle value (3.2) at 3.20 Ga), and
no geochemical evidence of crustal contamination (Smithies et a.,
2007a). The Regal Terrane overlies the Karratha Terrane and the
Nickol River Formation above a major zone of horizontal thrusting,
the Regal Thrust (Hickman, 2001, 2004; Hickman et al., 2010). The
present interpretation is that the Regal Formation was obducted onto
the Karratha Terrane at some time between 3.16-3.07 Ga (Hickman,
2004; Hickman et a., 2010).

Sholl Terrane

The fault-bounded Sholl Terrane (Figures 2 and 5) is composed
of volcanic rocks of the 3.13-3.11 Ga Whundo Group, and granitic
and mafic rocks of the contemporaneous Railway Supersuite. The
Whundo Group is 10 km thick and consists of a lower volcanic
package of calc-akaline and boninite-like rocks, a middle package
of tholeiitic rocks with minor boninite-like rocks and rhyolite, and an
upper package of calc-alkaline rocks, including adakite, Mg-rich
basalt, Nb-enriched basalt and rhyolite (Smithies et al., 2005a).
Sedimentary rocks, which make up lessthan 1% of the group, include
chert, banded iron formation (BIF), and quartzite. The basal contact
of the group isthe Maitland Shear Zone, which was originaly alow-
angle thrust above the Railway Supersuite, and the group is
unconformably overlain by the 3.05-3.02 Ga Gorge Creek Group of
the De Grey Supergroup (see below).

Nd-isotopic compositions indicate that during its deposition, the
Whundo Group was not underlain by crust older than 3.25 Ga (Sun
and Hickman, 1998). This evidence, combined with the geochemical
features of the group and thefact that it isfault-bounded against crustal
remnants with distinct histories, prompted Smithies et al. (2005a) to
suggest an intra-oceanic arc origin for the Whundo Group at 3.13
Ga. Previous interpretations as a back arc setting (Krapez and
Eisenlohr, 1998; Smith et al., 1998; Smith, 2003) are not supported,
due to the lack of evidence for felsic basement, by the presence of
boninites, and by low Th/La, La/Nb, and Ce/Yb ratios that are more
consistent an intra-oceanic arc setting (Smithies et al., 2005a).

West Pilbara Superterraneand Prinsep Orogeny

At c. 3.1 Ga, the Sholl Terrane was isolated from the Karratha
and Regal terranes, and all three of these terranes devel oped separate
histories from the East Pilbara Terrane. However, at 3.07 Gathe Sholl
and East Pilbara terranes were each intruded by tonalite and
granodiorite of the Elizabeth Hills Supersuite (Van Kranendonk et
al., 2006). This intrusive event, present in both terranes, was
accompanied by recumbent folding, thrusting, and metamorphism
along the Regal Thrust, major sinistral strike-slip movement on the
Sholl Shear Zone, thrusting of the Whundo Group acrossthe Railway
Supersuite, and recumbent folding and thrusting on the NW side of
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the East Pilbara Terrane (Hickman, 2001, 2004; Hickman et a ., 2010;
Van Kranendonk et a., 2010). This tectonomagmatic event, referred
to asthe Prinsep Orogeny, marks the accretion of the Karratha, Regal
and Sholl terranesto form the West Pilbara Superterrane, and collision
of thiswith the East Pilbara Terrane (Van Kranendonk et a., 2007a,
2010).

De Grey Superbasin

The De Grey Superbasin unconformably overliesthe East Pilbara
Terrane and the West Pilbara Superterrane. It is composed of four
basins: the Gorge Creek Basin (3.05-3.02 Ga), Whim Creek Basin
(3.01-2.99 Ga), MallinaBasin (3.2-2.94 Ga), and the M osquito Creek
Basin (2.99-2.90 Ga).

The regionally extensive Gorge Creek Basin is composed of the
Gorge Creek Group, which in most areas consists of basal
conglomerate and sandstone overlain by a 1,000 m-thick unit of BIF,

chert, and black shale (Cleaverville Formation). Deposition was
initially in shallow-water, and included evaporite and fluviatile
deposits (Sugitani et al., 1998). Deposition of the group followed
widespread erosion after the 3.07 Ga Prinsep Orogeny, and was
probably developed in response to post-orogenic crustal relaxation
and subsidence.

The 3.01-2.99 Ga Whim Creek Basin is located immediately to
the SE of the Sholl Shear Zone and contains the Whim Creek Group
of volcanic, intrusive, and volcaniclastic rocks. Reactivation of this
shear zone by N-S convergence between 3.01-3.00 Ga resulted in
transpressional, tight to isoclinal folding of the Gorge Creek Group
and metamorphism of adjacent parts of the Whundo Group, prior to
deposition of the Whim Creek Group. The depositional setting of the
Whim Creek Group was interpreted as a pull-apart basin by Barley
(1987), but Pike and Cas (2002) suggested it formed in an ensialic
back-arc basin. Smith (2003) considered that the TTG of the
contemporaneous Maitland River Supersuite (3.00-2.98 Ga)
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represents the roots of a continental arc, and a subduction origin is
supported by the geochemistry of basalt in the group, in particular its
enrichment in Th and LREE, which is consistent with an enriched
mantle source. However, such mantle enrichment is also present in
magmeas that later intruded the Mallina Basin, and these have not
been related to subduction (Smithies et al. 2004). A within-
plate extensiona setting was interpreted by Van Kranendonk et a.
(20074).

The 250 x 100 km Mallina Basin (2.97-2.94 Ga) is filled by
metasedimentary rocks of the Croydon Group and overlies the
interpreted 3.07 Ga collision zone between the East Pilbara Terrane
and the West Pilbara Superterrane. This group comprises the
Bookingarra Formation (volcaniclastic and mafic-felsic volcanic
rocks) and the Constantine Sandstone and Mallina Formation in the
main part of the basin. The Mallina Formation is a 2-4 km thick
succession of conglomerate, sandstone, and shale deposited in
submarine fans (Eriksson, 1982). The stratigraphy and structural
history of the basin records periods of extension and rift-related
deposition of clastic sediments, intrusion of ultramafic-mafic sills,
and minor basaltic magmatism, aternating with folding, strike-dlip
faulting, and thrusting during NW-SE compression. Alkali granites,
monzogranites, and high-Mg diorites (sanukitoids) of the Sisters
Supersuite intruded the basin between 2.95-2.94 Ga. (Smithies and
Champion, 2000).

The Mosquito Creek Basin (Figure 2) originated at c. 3.2 Ga as
an ENE-WSW-trending rift basin between the East Pilbara and
Kurranaterranes. Juvenile basaltic crust isinterpreted to have formed
in the centre of the basin, but it was |later overlain and concealed by
clastic sediments of the Mosquito Creek Formation. Thickness
estimates for the complexely folded Mosqguito Creek Formation
range between 1 and 5 km, and the maximum age of deposition of the
formation is approximately 2.98 Ga (Nelson, 2004). Nijman et al.
(2010) used sedimentological and structural observations to interpret
the basin as a late-stage intramontane basin occupying a synclinal
depression between domes of the East Pilbara Terrane. However, the
northern and southern margins of the basin are in contact with 3.20—
3.16 Gaintrusive units (Mount Billroth Supersuite and Dalton Suite)
that in the NW Pilbara Craton are associated with rifting. Secondly,
most detrital zircons in the Mosquito Creek Formation have
crystallization agesinconsistent with derivation from the East Pilbara
Terrane, suggesting a more distant source, perhaps by longitudinal
currents within alarge rift basin (Bagas et al., 2004).

North Pilbara and Mosquito Creek orogenies

Two separate events of deformation and metamorphism affected
the NW and SE parts of the Pilbara Craton between 2.95-2.90 Ga. In
the NW Pilbara, large-scale NE-trending folds and faults associated
with the North Pilbara Orogeny deformed the West Pilbara
Superterrane between 2.95 —2.92 Ga (Hickman, 2001). In the central
Pilbara, the Mallina Basin was affected by regional transpression at
thistime, resulting in upright folding and strike-dlip faulting (Krapez
and Eisenlohr, 1998). In the central part of the East Pilbara Terrane,
complex folding and shear deformation of the Lalla Rookh—Western
Shaw structural corridor were formed under NW-SE compression at
2.93 Ga(Van Kranendonk and Collins, 1998; Van K ranendonk, 2008).

In the SE Pilbara, fold-thrust style deformation of the Mosqguito
Creek Formation at ¢.2.90 Ga (Huston et al., 2002b) during the
Mosquito Creek Orogeny was the final result of N-S closure of the
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Mosquito Creek Basin as the Kurrana Terrane was accreted to the
East Pilbara Terrane (Van Kranendonk et al., 2007a). Intrusion of
monzogranite and lesser amounts of other granitic rocks accompanied
both orogenies and, as with the deformation, was older in the NW
(Sisters Supersuite, 2.95-2.92 Ga) than in the SE (Cutinduna
Supersuite, 2.91-2.90 Ga).

Split Rock Supersuite

The Split Rock Supersuite consists of highly fractionated, Sn—
Ta-Li bearing, post-orogenic monzogranites that were emplaced in a
SE-NW-trending linear belt across the Kurrana and East Pilbara
terranes between 2.89-2.83 Ga (Van Kranendonk et al., 2007a). Nd
model age dataindicate derivation of the Split Rock Supersuite from
partial melting of much older granitic crust, commonly with model
ages of between 3.7-3.4 Ga (Bickle et a., 1989; Smithies et d.,
2003).

Fortescue, Hamersey and Turee Creek
basins (2.78-2.42 Ga)

The Neoarchean—Pal eoproterozoic successions of the Fortescue,
Hamersley, Turee Creek basins unconformably overlie the Pilbara
Craton and record a history that commenced with 2.78 Ga crustal
extension and vol canic plateau vol canism (Fortescue Group), through
passive margin settings (2.63-2.45 Ga Hamerdey Group), to basin
deposition (<2.45 to >2.21 Ga, Turee Creek Group), in advance of
the Ophthalmian Orogeny (>2.21 Ga; Figure 6).

Fortescue Basin

The Fortescue Basinisentirely composed of the Fortescue Group,
a6 km-thick, predominantly vol canic succession that unconformably
overlies the Pilbara Craton across 250,000 km?. In the N Pilbara, the
Fortescue Group was deposited in four distinct stages spanning
150 Myr: (1) 2.78-2.77 Ga crustal extension, with local rifting
and extrusion of basalt through a swarm of N-NE-tren