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Abstract

A large part of the deformation in the Archean Pilbara granitoid—greenstone terrain is localized in relatively narrow
shear zones. The Mulgandinnah shear zone (MSZ) is a major one of these, with a width up to 8 km, that can be
followed for over 70 km along strike in the Shaw Batholith in the eastern Pilbara. It forms part of the Mulgandinnah
Lineament, that can be traced to the Lalla Rookh Basin and the Carlindi Batholith in the north, giving it a total
length of over 150 km. The MSZ contains both mylonites and ultramylonites, both of which have foliations that are
subvertical to steeply dipping, with the ultramylonitic foliation overprinting the mylonitic foliation to form more
localized zones of high strain. Stretching lineations are mostly subhorizontal to shallow south plunging for both the
mylonites and ultramylonites, but can vary between 50°N and 50°S. Both foliations formed under upper-greenschist
to amphibolite grade conditions. The MSZ displays a consistent sinistral sense of shear, as indicated by ¢ and dé-type
rorghyraciass. §-C fadrics aud rotated gegrmadite velns. (ue myioaies dud ultramylonrtes dre (uergreed o adve
developed as part of a progressive deformation event leading to strain localization in the ultramylonites.

Timing constraints indicate that the MSZ has been active at ca. 2930 Ma, but it is likely to have been a long lived
structure that was reactivated at that stage, when it acted as a conjugate shear during a NW-SE crustal shortening
in the eastern Pilbara. The final juxtaposition of the various domains in the Pilbara granitoid-greenstone terrain
ceurreb borme Tms bdiormanon Pnase T YD Thsewner Stience BV .
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1. Introduction In recent years. terrane analysis, inciuding geo-

chronological and structural studies, have been

Major shear zones are important structural fea-
tures in crustal blocks of ali ages. In orogenic beits
a large part of the deformation is localized in such
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between different tectonostratigraphic terranes.”
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applied successfully to Archean cratons (Myers,
1995; de Ronde and de Wit, 1994; Jackson and
Cruden, 1995. The recognition, and the structural/

>The term terrane is used in the sense of tectonostratigraphic
terrane (Jones et al.. 1983). whereas the term terrain is used for
a geographic area, i.e. Pilbara terrain. Domain is a general term
for a geologic terrain that is thought. but not proven, to be a
tectonostratigraphic terrane.



234 T.E. Zegers et al. | Precambrian Rescarch 88 ( 1998) 233-247

kinematic study, of major shear zones is an impor-
tant step towards unraveling the often complex
tectonic evolution of such areas. From a more
fundamental point of view, the kinematics of major
shear zones can have important implications for
the rheological properties of the lithosphere. Sieep
(1992) showed that major (> 100 km) strike slip
zones are a kinematic consequence of rigid lith-
ospheric plates. In addition, major shear zones in
Archean terrains also have an important economic
significance because large lode gold deposits, late
in the history of the belts, tend to be spatially
associated with them (Bursnall, 1989; Eisenlohr
et al., 1989; Groves et al., 1992).

The Pilbara granitoid-greenstone terrain has
been subdivided into a number of tectonostrati-
graphic domains on the basis of lithostratigraphic
studies ( Krapez and Barley. 1987: Krapez. 1993).
Krapez and Barley (1987) studied the sedimentary
basins associated with some of the domain bound-
aries and concluded that these basins (the Lalla
Rookh and Whim Creek Basins) formed as pull-
apart basins in a strike-slip system. However, the
shear zones that form the north- to northeast-
trending domain boundaries have not been studied
in detail. Here, we report a detailed structural/
kinematic study of part of one of these boundary
structures, the MSZ. It consists of a set of anasto-
mosing ductile shear zones that occur along the
western part of the Shaw Batholith and which
truncate the Split Rock Shear Zone (SRSZ, Figs. 1
and 2). The SRSZ was a major extensional shear
zone during deposition of the Warrawoona Group
at ca. 3460 Ma (Zegers et al., 1996). The MSZ is
part of the north-trending Mulgandinnah
Lineament, which was previously called the Shaw
Batholith Fault by Krapez (Krapez. 1989) and
which consists of two major strands that extend
from the Shaw and Yule Batholiths to the Lalla
Rookh Basin in the north (Fig.1). The MSZ
forms the eastern strand of the Mulgandinnah
Lineament.

This contribution covers the geometry. the kine-
matics, the conditions of deformation and the time
constraints of the MSZ and will conclude with a
discussion on the tectonic significance of the craton
scale shear zones in the eastern Pilbara.

2. Regional setting

The Pilbara Craton consists of a granitoid—
greenstone terrain with ovoid outcrops of granit-
oids surrounded by greenstone belts, uncon-
formably overlain by the relatively undeformed
late Archean Fortescue Group. Four major strati-
graphic units are recognized in the greenstones
(Fig. 1); the Coonterunah Succession, the
Warrawoona Group, the Gorge Creek Group and
the Whim Creek Group (Hickman, 1983; Horwitz,
1990: Buick et al., 1995). The Coonterunah
Succession contains a bimodal suite of volcanic
rocks of which a rhyolite was dated at 351543 Ma
(U-Pb, single zircon, Buick et al., 1995).
The unconformably overlying, 3475-3435 Ma
Warrawoona Group is mainly comprised of basalt
with subordinate peridotitic komatiite, dacite and
rhyolitic tuff and agglomerates and minor sedi-
mentary rocks (Hickman, 1983; Thorpe et al.,
1992; Barley, 1993). The Warrawoona Group is
unconformably overlain by the 3325-3200 Ma
Gorge Creek Group, consisting of sandstone, con-
glomerate, BIF and basalt (Thorpe et al.. 1992;
McNaughton et al., 1993; Krapez. 1993). In the
western Pilbara, the Gorge Creek Group is uncon-
formably overlain by the Whim Creek Group,
dated between 3100 and 2900 Ma (Horwitz and
Pidgeon, 1993). The sediments of the Lalla Rookh
Basin (Fig. 1) are thought to be part of this group
(Krapez and Barley. 1987).

The granitoids show the same age range as the
greenstones. They typically consist of several plu-
tons or granitoid sheets, intruded during different
episodes. Age data on granitoids are largely
restricted to the eastern Pilbara. The earliest
recorded age is 3578 +4 Ma (U-Pb, single zircon,
McNaughton et al. (1988)) from an anorthositic
gabbro suite in the Shaw Batholith. A widespread
first intrusive event of granodiorite/tonalite is
dated between 3500 and 3400 Ma (Bickle et al.,
1993; McNaughton et al.. 1988, 1993; Thorpe
et al., 1992; Williams and Collins, 1990; Buick
et al., 1995). Sm-Nd isotopic systematics imply
their derivation from a heterogeneous source,
including crust and depleted mantle (Bickle et al..
1993). A second group of ages for tonalite/
granodiorite intrusives cluster around 3300 Ma
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Fig. 1. Schematic representation of the eastern Pilbara granitoid—greenstone terrain, based on previously published geological maps
{Krapez, 1993) and TM satellite images. MSZ =Mulgandinnah Shear Zone, SB=Shaw Batholith, ME =Mount Edgar Batholith,
STB = Strelley Batholith, CLB=Carlindi Batholith, TB=Tambourah Greenstone Belt. LR =Lalla Rookh Basin.

(Pidgeon, 1978; Williams and Collins, 1990; Bickle
et al., 1993) and can be modeled as remelt of a
pre-existing tonalitic/dacitic crust (Collins, 1993).
Intrusives of this group appear to be more
restricted than the 3450 Ma group. Late- to post-
tectonic adamellites, which are thought to repre-
sent remelts of the 3.5-3.3 Ma crust, have been
dated between 3050 and 2840 Ma (Bickle et al.,
1989).

Much of the metamorphic pattern in the Pilbara
appears to be related to the granitoid intrusions,
with the metamorphic grade increasing towards
the granitoids. The metamorphism is characterized
by low pressure/high temperature metamorphic
mineral assemblages. One exception is the rela-
tively high pressure (6.5 kb) assemblage in a pelitic
enclave in the South Dalton Pluton (Bickle et al.,

1985). Generally, *°Ar/*°Ar ages of metamorphic
hornblendes reflect the intrusion age of the adja-
cent granitoid. An exception is a group of ages
between 3.3 and 3.1 Ga, which may reflect a more
regional metamorphic event (Wijbrans and
McDougall, 1987. Dawvids et al., 1997; Zegers,
1996).

The structural evolution of the Pilbara granit-
oid-greenstone terrain was originally explained by
the diapiric rise of a granitic basement into the
overlying greenstones (Hickman, 1983, 1984). A
similar emphasis on diapirism has been given to
the evolution of the Mount Edgar Batholith by
Collins (1989). In the Western Shaw area, Bickle
et al. (1985) and Boulter et al. (1987) recognized
a fold and thrust event that they constrained to
between 3325 and 3200 Ma. The resultant struc-
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Fig. 2. Structural map of the Shaw Batholith. showing the Split Rock Shear Zone, the Mulgandinnah Shear Zone and the various
granitic lithologies in the Batholith. A-B is the Tambourah traverse on which Fig. 4 is based.



T.E. Zegers et al. | Precambrian Research 88 ( 1998) 233-247 237

tures were found to be overprinted by ‘steep struc-
tures’ that were thought to be related to diapirism
(Bickle et al., 1985). Krapez and Barley (1987)
describe N-NE trending strike-slip faults as being
active during deposition of the ca. 2950 Ma Whim
Creek Group in the Lalla Rookh Basin. Similarly,
Boulter et al. (1987) mention metre-wide north-
trending mylonite zones with subhorizontal linea-
tions in the area west of the Shaw Batholith.
Zegers et al. (1996) describe core complex type
extensional structures in the Shaw area, that devel-
oped during deposition of the Warrawoona Group
and the emplacement of the North Shaw Granitoid
Suite. The most significant extensional structure is
the SRSZ, which crops out within and adjacent to
the eastern margin of the Shaw Batholith (Figs. 2
and 3) and was dated at ca. 3460 Ma. The SRSZ
is cut in the west by the major north trending
MSZ (Figs.2 and 3), which is the subject of
this paper.

3. Field observations

The MSZ forms the western margin of the Shaw
batholith. It has reworked the granitoid rocks of
the Shaw Batholith and part of the greenstones of
the Tambourah Belt (TB in Fig. 1, part of the
Western Shaw Belt, Griffin, 1990). Lithologies
within the Shaw Batholith have extensively been
described b by Bettenay et al. (1981), and we will
only briefly summarize them, concentrating on the
precursor rocks of the MSZ (Fig. 2).

3.1. Migmatic gneiss and enclaves

The central part of the Shaw Batholith contains
extensive areas of migmatic gneiss with enclaves
of variable rock types. The paleosome of the
migmatic gneiss is mainly a biotite-granodiorite
and is light grey in colour. The foliation in the
fine grained light grey gneisses is formed by varia-
tions in biotite content and layer parallel pegma-
tite—aplite veins. The biotite-granodiorite is
interlayered with complex, medium grained clino-
pyroxene-bearing dioritic gneisses, with a strong
compositional banding. Both the grey and the
dioritic gneisses show a completely statically

recrystallized microstructure. The gneisses are
complexly deformed and the gneissic layering fre-
quently displays dm-scale folds with an associated
axial planar cleavage (see Fig. 5 (a)). Neither the
folds nor the cleavage have consistent orientations
(see Fig.2). Leucosomes are typically formed as
axial planar structures, but occasionally melting
has been so extensive that a nebulitic schlieren
textured gneiss has developed.

Enclaves that occur in the migmatic gneisses
include amphibolitic metabasalts, metasediments,
mostly pelites and calcsilicates (Bickle et al., 1985),
and coarse to very coarse-grained dioritic to gab-
broic anorthosites, which are the oldest rocks in
the Pilbara, having been dated at 3577+4 Ma
( U-Pb single zircon, McNaughton et al. (1988)).

3.2. North shaw suite

The North Shaw Suite granodiorite—tonalites
have been extensively studied by Bickle et al.
(1993) and they are separated from the migmatic
gneisses of the central part of the Shaw Batholith
by the SRSZ. That is, the North Shaw Suite is
structurally above the gneisses. The North Shaw
Suite has been dated at ~ 3460 Ma (Pidgeon, 1978;
McNaughton et al., 1988; Bickle et al., 1989, 1993)
and is inferred to be a syn-kinematic intrusion into
the SRSZ (Zegers et al., 1996).

Structures in the SRSZ and at the contact with
the adjacent Coongan Belt have been described in
detail by Zegers et al. (1996). The SRSZ is a
domal shaped zone (see Fig. 2) characterized by a
mylonitic foliation with a stretching lineation con-
sistently trending ENE. The sense of shear is E-up
with subsidiary sinistral movement on the E-W
trending part and a subsidiary dextral movement
on the N-S trending part.

3.3. Younger granitoids

The gneisses and North Shaw Suite rocks are
intruded by a number of younger, late-to post-
tectonic granitoids. The oldest of these is the
Garden Creek Adamellite which 1s dated at
3007 +48 Ma (Pb—Pb, Bickle et al. (1989)). Itis a
garnet-bearing muscovite—biotite adamellite that
occurs in the southern part of the Shaw Batholith.
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Fig. 3. Structural data from the SRSZ (areas A-E) and MSZ (areas F-H) in lower hemisphere equal area projections. Great circles
represent mylonitic (M) or ultramylonitic (UM) foliation planes, dots represent mineral and stretching lineations. in the plot for
area [, foliations with two stretching lineations are shown. The filled dots represent lineations belonging to the MSZ, the unfilled

dots represent lineations belonging to the SRSZ.






