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Abstract

Structures in the granite—greenstone terrain of the eastern Pilbara were mapped in both the Coongan Belt greenstones
ind Shaw Batholith granitoids. Important structures that are coeval with an early magmatic event, in both the granitoids
ind the greenstones, were identified. In the Coongan greenstones a brittle extensional fault array is syn-kinematic with
‘elsic volcanics of the Duffer Formation, dated at 3452 + 16 Ma (Pidgeon, 1978a). In the underlying Shaw Batholith
1 major ductile shear zone was mapped at the contact with the Coongan Belt. Although the foliation in the shear zone
‘orms part of a domal structure, the stretching lineations constantly plunge to the ENE. The sense of shear as recorded
n the shear zone is consistently east up with subsidiary sinistral strike slip movement on the E-W-trending part and
lextral movement on the N-S-trending part. A wedge-shaped granitoid intruded into the shear zone during deformation.
Chis granitoid is part of the North Shaw Suite which has been dated at 3467 + 6 Ma (McNaughton et al., 1988). The
itructures in the greenstones and in the batholith have therefore formed during the same event at different crustal levels.
[he structural/kinematic, magmatic, metamorphic and geochronological data are consistent with a model in which these
tructures represent the downdip part of a dome with a core complex type of geometry. In turn, this implies that the domal
seometry of the Shaw Batholith was initiated, at mid crustal levels, at a very early stage (namely during deposition of
he Warrawoona Group) in the evolution of the Pilbara craton. As extension occurred during intrusion and extrusion of
arge volumes of magma, the original distribution and thickness of granitoid bodies and greenstones were probably largely
letermined by the extensional geometry. The initial domal shape of the Shaw Batholith has been enhanced during later
leformation phases, which caused steepening of N-S-trending structures.

l. Introduction were more dominant in the Archean than other times.

Their origin, in particular has remained controversial

Archean terrains can be subdivided in high-grade and is the subject of this paper.

rneiss terrains, intra-cratonic sedimentary basins and Archean granite—greenstone terrains have a long
rranite—greenstone terrains. The last are more abun- history of development, in which supra-crustals and
lant in the Archean than in the Proterozoic and intrusive granitoids occur episodically over what
herefore may reflect processes in earth history that may be short time spans (Condie, 1994). The net

result is a common basic geometry of granitoid-
Corresponding author. Fax: +31 (30) 2537725. gneiss domes bordered by keels of mafic volcanic-
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dominated supra-crustals that locally include komati-
ites. The large-scale outcrop pattern of the granitoid—
gneiss domains is generally linear (e.g. Yilgarn
craton, Abitibi Belt) for late Archean terrains but
is typically circular and reminiscent of batholiths
(Macgregor, 1951) for mid Archean terrains (Pil-
bara craton, Zimbabwe craton). Contacts between
the granitoid—gneiss domes and the greenstones are
generally intrusive or tectonic with the exception of
the Belingwe greenstone belt in Zimbabwe, where a
clear unconformity exists locally (Bickle et al., 1975;
Kusky and Winsky, 1995). The complex contact
geometries, lithostratigraphy of the supra-crustals
and overprinting relations have led to a variety
of genetic models for the overall development of
granite—greenstone terrains ranging from solid-state
diapirism to subduction-related accretionary mod-
els (e.g. Nisbet, 1987). A group of models propose
deposition of greenstones on a pre-existing conti-
nental crust with subsequent deformation through
solid-state diapirism (e.g. Gee et al., 1981; Hickman,
1984; Collins, 1989; Delor et al., 1991; Jelsma et
al., 1993; Bouhallier et al., 1993) or regional com-
pression (e.g. Snowden, 1984; Nisbet, 1987). Other
models portray greenstone belts as allochthonous
remnants of accreted oceanic crust, marginal basins
and island arc material, with supracrustals forming
contemporaneously with regional compressional de-
formation (De Wit, 1982; Barley et al., 1984; De
Wit et al., 1987, 1992; Kusky, 1989, 1990; Hoffman,
1991). Extensional models for greenstone genera-
tion include early extension along continental rifts
(Henderson, 1981, 1985; Park, 1982; Easton, 1985;
Williams and Whitaker, 1993), back-arc basin exten-
sion (Windley, 1984; Fyson and Helmstaedt, 1988),
and late-orogenic extension due to the collapse of
thickened crust (James and Mortensen, 1992; Kusky,
1993).

Depending on the point of view (structural, meta-
morphic or geochemical), elements supporting each
of these models exist in most mid-Archean granite—
greenstone terrains. However, this could be a func-
tion of their extended, multi-stage histories, espe-
cially those affected by the late Archean tectonism
(e.g. Yilgarn Craton and Abitibi Belt). The question
of the primary structural control of greenstone belt
development can be addressed in the eastern Pil-
bara which is a well exposed mid-Archean granite—

greenstone terrain that was not subjected to extensive
late Archean deformation.

The evolution of the eastern Pilbara granite—
greenstone terrain is marked by a number of distinct
magmatic events that occurred between 3600 Ma and
2800 Ma (Bickle et al., 1989). Boundaries between
the greenstone belts and granitoid domains are gov-
erned by a complex interplay of multiphase shear
zones and intrusive contacts, which formed during
separate events. Structural models for the eastern
Pilbara such as solid-state diapiric rise of granitoid—
gneisses into the overlying greenstones (Hickman,
1984; Collins, 1989) and horizontal compression re-
sulting in thrusts and recumbent folds (Bettenay et
al., 1981; Bickle et al., 1985; Boulter et al., 1987),
have concentrated on the post-depositional events. In
this paper we propose that we can see through these
and identify the syn-depositional structures.

We have studied the early (~3460 Ma) structural
evolution of the Shaw Batholith and its relation to
the coeval deposition of the Warrawoona Group in
the adjacent Coongan Belt in the eastern Pilbara. The
Warrawoona Group is currently regarded as the near
basal part of the Pilbara greenstones. In this paper
we show that there are early extensional structures,
which are coeval with the extrusion of volcanics and
emplacement of a major granitoid suite. These struc-
tures are most conspicuous around the eastern margin
of the Shaw Batholith, and combine both horizon-
tal extension and vertical doming. The structural data
imply that some kind of extensional tectonic regime
was responsible for this early deformation event.

2. Geological setting of the eastern Pilbara

The eastern Pilbara exhibits the classic charac-
teristics of a granitoid—greenstone terrain (Hick-
man, 1983). A variably deformed mafic—volcanic-
dominated supracrustal succession surrounds a num-
ber of oval-shaped granitoid batholiths (Fig. 1). It
evolved during two major magmatic events at 3460
Ma and 3300 Ma, followed by deformation and
metamorphism prior to 3200 Ma (Morant, 1984;
Bickle et al., 1985, 1989, 1993; Wijbrans and Mc-
Dougall, 1987; McNaughton et al., 1993). Two sub-
sequent, intrusive events involved contact metamor-
phism around 2950 Ma and 2850 Ma (Wijbrans
and McDougall, 1987; Bickle et al., 1989, 1993).
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Fig. 1. The Pilbara granitoid-greenstone terrain, the frame represents the study area in Fig. 2.

The area is intruded by a suite of NNE-trending
mafic dykes and is unconformably overlain by the
variably deformed, volcano-sedimentary sequence
of the Mount Bruce Supergroup in the Hamersley
Basin, which were deposited between ~2770 Ma
and ~2400 Ma (Nelson et al., 1990). Although many
details of the 800 Ma evolution of the granitoid-
greenstone terrain remain elusive, published data are
sufficient to temporally constrain structures found
in this study. Dates from the literature are sum-
marised in Fig. 3, and sample locations from the
Shaw Batholith area are shown in Fig. 2.

2.1. Supracrustals

Four major stratigraphic subdivisions are recog-
nised for the supracrustals in the eastern Pilbara:
the Coonterunah succession, the Warrawoona Group,
the Gorge Creek Group and the Whim Creek Group
(Hickman, 1983; Horwitz, 1990; Buick et al., 1995).
The Warrawoona Group is the most widely recog-
nised part of the succession in the eastern Pilbara
and is the subject of this paper. It comprises high-

Mg pillow basalts and massive tholeiites, subordinate
peridotitic komatiites, minor chert units, BIF’s and
clastic sediments. Felsic volcanics of the Duffer For-
mation divide the Warrawoona Group into a lower
Talga Talga Subgroup and an upper Salgash Subgroup
(Fig. 3). Geochronological data suggest deposition
of the Warrawoona Group between 3475 and 3435
Ma (Thorpe et al., 1992). The felsic volcanics of the
Duffer Formation give U-Pb zircon ages consistent
within error of the conventional U-Pb age of 3452 +
16 (Pidgeon, 1978a; Thorpe et al., 1992; McNaughton
et al., 1993). However, Hamilton et al. (1981) dated
a suite of samples from the North Star Basalt Forma-
tion with the Sm—Nd whole-rock method at 3560 +
32 Ma. This may be an indication that the base of the
Warrawoona Group is older. Recent ton microprobe
data by McNaughton et al. (1993) show that there
are still inconsistencies in the dates for the individual
members of the lower Warrawoona Group, but all are
in the above range. The Warrawoona Group uncon-
formably overlies the Coonterunah succession, and is
unconformably overlain by the Gorge Creek Group,
which mainly consists of clastic and BIF units, pil-






